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One of the major problems facing workers in the electronics field is the iden
tification and selection of semiconductor devices. Type numbers themselves 
are of little value since they indicate neither device parameters nor applications. 
Because it is difficult even to identify the many thousands of device type numbers, 
let alone evaluate their merits for a particular application, engineers often 
limit their designs to a few well-known device types - despite the fact that 
newer or more suitable devices may be available. 

This book identifies and characterizes all semiconductor devices with 1N---, 
2N---, and3N--- numbers registered with the Electronics Industries Association 
at the close of the production date for the book, as well as a broad line of devices 
with special in-house type numbers. It provides complete data-sheet specifi
cations for a wide range of semiconductors, encompassing devices ranging from 
diodes to integrated circuits. And in addition, to simplify the selection of the 
most useful semiconductor type numbers, itcontains carefully prepared selec
tor guides with recommended devices for specific applications. Properly used, 
it can be a valuable aid for the design engineer, the component engineer and 
the purchasing agent in narrowing the broad categories of potentially useable 
components to those best suited for a specific project. 

The information in this book has been carefully checked and is believed to be 
reliable; however, no responsibility is assumed for inaccuracies. Further
more, this information does not convey to the purchaser of semiconductor 
devices any license under the patent rights of any manufacturer. 
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HOW TO USE THE SEMICONDUCTOR DATA BOOK 

This book is designed to serve three specific functions: 

1. To permit quick identification of any semiconductor device bearing an EIA 
registered 1N, 2N, and 3N number, as well as special in-house numbers. 

2. To permit quick selection of preferred devices for specific circuit applications. 

3. To permit quick selection of preferred devices that best meet a desired set 
of electrical specifications. 

The following examples illustrate how the book can be used to quickly solve these device 
identification and preselection problems. 

EXAMPLE 1 

Known: EIA-registered type number or special house number. 
Needed Information: Identification, short-form specifications. 
Procedure: If the device type number begins with 1N, turn to the table on page 1-2 entitled 

1N Type Numbers - Complete Index, and Short-Form Device Specifications 

This table lists all 1N type numbers in numerical sequence and provides short-form 
specifications for these devices. 

If the device type number begins with 2N or 3N, turn to the table on page 1-104 entitled 

2N and 3N Type Numbers - Complete Index and Bi-Polar Transistor Short-Form 
Specifications 

This table serves two functions. It lists all 2N and 3N type numbers in numerical 
sequence, and it provides short-form specifications for all bi-polar transistor types. 
Those 2N type numbers representing semiconductor devices other than bi-polar tran
sistors (Le. SCRs, FETs, etc.) are identified in blocks (i.e. 2N-through2N-) and are 
referenced to a subsequent .table where they are individually tabulated and characterized. 

If the device type number is non-registered, turn to the index on page 1-180 which refers 
you to a page number in the book where complete data sheet specifications for the device 
are given. 

EXAMPLE 2 

Known: Desired application or desired device parameters. 
Needed Information: Specific type J).umbers of devices to fit known applications or device 
parameters. 
Procedure: This bookis divided.into 12 main data sheet sections, each containing data 
sheet specifications for major device categories (i. e. Power Transistors). Preceding 
the actual data sheet specification in each main section are a number of Quick Selection 
Charts and Tables in which the devices described in the section are broken down by major 
parameters and recommended applications. 

To find the recommended devices, refer to the appropriate main section of the book and 
consult Quick Selection Charts· and Tables at the· beginning of the section. Then turn to 
the specific data. sheets within the section (these are given in alpha-numerical sequence) 
for more detailed specifications. 

1-1 



--Numericallndex---

NUMERICAL INDEX 

1 N··· TYPE NUMBERS - COMPLETE INDEX and SHORT·FORM DEVICE SPECIFICATIONS 

The following table lists, in numerical sequence, all EIA-registered devices with IN--
type numbers, and provides major electrical specifications for these devices. Semicon
ductors included in this tabular listing are Rectifier Diodes, Zener Diodes, Reference 
Diodes, Signal Diodes and Varactor Diodes. 

Since the major electrical characteristics for devices in each of the above groups differ 
from one another, the table heading consists of four different sets of specifications, 
each applying to a specific group of devices. Specifications for the fifth group of de
vices - Varactor Diodes - are given in a separate table on page 1-99_ 

KEY 

TYPE 

Numerical Listing 
of Registered 
Type Numbers 

S= Silicon 
G = Germanium 

"'" 1:j REPLACE· 
:;: MENT 

'" 

Type number of recommended 
replacement or of nearest 
electrical equivalent fully 
characterized in this book 

PAGE 
NUMBER 

Page in this book on which the device or its 
replacement device is fully characterized 

RECTIFIER DIODES ZENER DIODES 

VR= DC Blocking Voltage Vz(min) = Minimum Zener 
VF= Average Forward Voltage Drop Breakdown Voltage (Volts) 

10 = Average Rectifier Forward 
Current 

IR = Average Reverse Current 

Isurge = Peak Surge Current 

1~;:::;: J~~ver's~',~urre~:t:j 
'" M:::::;:;(l1~!li,a!TIpst,,:~\;;:;::;_mr~r6arnPs 
,'N ,;::::::;na~1Oarnps: 

Vz (max) = Maximum Zener 
Breakdown Voltage (used only 
when a corresponding Vz (min) 
is specified. Otherwise, this 
column refers to Vz (nom) 
Nominal Zener Breakdown 
Voltage.) 
Tol = Tolerance, for specified 
Nominal breakdown Voltage 

Po= Maximum Power 
Dissipation. M = milliwatts, 
W=watts 

ZENER DIDDES 

The three codes listed below define the listed 
device and indicate the appropriate specification 
column heading: 

The seven following codes define signal diodes: 

GP - General Purpose 
HC - High Conductance (;"'20 mA @ ~ 1 V) 
HS - High Speed Switch (Max t" < 0.3 "5) 
CS - High Conductance, High Speed Switch 
MS - Medium Speed Switch 

R - Rectifier 
RD - Reference Diode 
ZD - Zener Diode 

1-2 

PA - Parametric Amplifier 
SP - Special Purpose 



-- Numerical Index --

1 N··· TYPE NUMBERS - INDEX & SHORT·FORM SPECIFICATIONS lN34-1N90 
RECTIFIERS 

:z: ZENER DIODES 

.... 0 
VR VF 10 IR Isurge V (min) Vz (nom) Tal 

"" 5 Po 
::l REPLACE· PAGE (volts) (volts) (Amps) (rnA) (Amps) z Vz(max) Vz % 

TYPE :;: MENT NUMBER ;:: 
;: SIGNAL DIODES REFERENCE DIODES 

::E 
~ PRY VF @ IF IR t" TC 

Vz 
T(min) T(max) 

(valls) (volts) (1-"5) %,·C ·C ·C 

IN 34 G GI' 60 1 8.5M 15· 
IN 34A G GI' 60 1 5M 3D. 
IN 35 G 51' 50 2M 
IN 38 G GP 100 1 7.5M 25-
IN 38A G GP 100 1 4M 6-
IN 388 G GP 100 1 4M 6-
IN 39 G GP 200 1 SM 40-
IN 39A G GP 200 1 5M 40. 
IN 398 G GP 200 1 4M 650-
IN 40 G 5R 25 
IN 41 G SP 25 
IN 42 G 5P 50 
IN 43 G GI' 60 1 5M 20* 
IN 44 G GP 115 1 3M 410· 
IN 45 G GP 75 1 3M 410· 
IN 46 G GP 50 1 3M 1.51'1 
IN 47 G GP 1 5M 400. 
IN 48 G GP 85 1 4M 833· 
IN 49 G GP 50 1 4M 
IN 50 G GP 50 I liM 
IN 51 G GP 50 1 2.5M 
IN 52 G GP 85 I 4M 150. 
IN 52A G GP 50 1 5M 100-
IN 54 G GP 35 1 5M 10· 
IN 54A G GP 50 1 5M 7. 
IN 55 G GP 150 1 3M .3M 
IN 55A G GP 150 1 liM 500* 
IN 558 G GP 190 1 5M 500· 
IN 56 G GP 30 1 15M 300* 
IN 56A G GP 40 1 15M 300. 
IN 57 G GP 80 1 3.6M 300* 
IN 58 G GI' 100 1 5M 800. 
IN 58A G GP 100 1 4M 600. 
IN 59 G GP 250 1 3M 800. 
IN 60 G GP 50 1 5M 40. 
IN 60A G GP 40 
IN 61 G GP 130 1 5M 300. 
1N 62 G GP 110 1 5M 700. 
IN 63 G GP 125 1 4M 50. 
IN 63A G GP 100 1 4M 50. 
IN 64 G GP 20 
IN 65 G GP 85 1 2.5M 200-
IN 66 G GP 60 1 5M 50· 
IN 66A G GP 60 1 5M 50· 
IN 67 G GP 80 1 4M S-
IN 67A G GP 100 1 4M 5· 
IN 68 G GP 100 1 3M 625-
IN 68A G GP 130 1 3M 625-
IN 69 G GP 75 1 5M 50· 
IN 69A G GP 60 1 5M 30-
IN 70 G GP 125 1 3M 25. 
IN 70A G GP 100 1 3M 25-
IN 71 G 5P 40 .. 1. i 15M .3M 
IN 73 G 5P 15M .05M 
IN 74 G 5P 1.8 15K .05M 
IN 75 G GP 125 1 2.5M 50. 
IN III b bl' ~u 1 ;>M IV· 

IN 81A G GP 40 1 3M 10-· 
IN 23 G GP 225 1 5M 3D· 
IN 84 G GP 12 1 60M .IM . 
IN 86 G GP 70 1 4M 50 .. 
IN 88 G GP 85 1 2.5M .114 ... 
IN 89 G GP 100. 1 3.5M 8. 
IN 9.0 G GP 75 . 1 5M 800 .. . ..•.. 

. 
R-Rectlfler, RD-Reference Diode, ZO-Zener Diode. GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max tor < 0.3>,s), 

CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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TYPE- REPlACE· 
MENT 

R-Rectifier, RD-Reference Diode, 

PAGE 
NUMBER 

--Numerical Irtdex--

CS- High Conductance, High Speed Switch, 

1·4 

". 
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-- Numerical Index --

lN201-1N268 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tal .. 

REPLACE· PAGE ~ (valls) (valls) (Amps) (mA) (Amps) z Vz(max) Vz % Po 
TYPE 

;;;: 
~ MENT NUMBER § .. SIGNAL DIODES REFERENCE DIODES 
'" ~ PRY VF @ IF IR I rr TC Vz T(min) T(max) 

(valls) (volts) (p.S) %!'C 'C 'C 

IN 201 S IO 9 150M 
IN 202 S IO 11 150M 
IN 203 S IO 13.5 150M 
IN 204 S ID 11 150M 
IN 205 S IO 20 150M 
IN 206 S ze 25 150M 
IN 207 S ZO 30 150M 
IN 208 S ZO 37 150M 
1N 209 S ZO 43 150M 
IN 210 S IO 52 150M 
IN 211 S IO 62 150M 
IN 212 S ZO 75 150M 
IN 213 S ZO 90 150M 
IN 214 S ZO 110 150M 
IN 215 S ZO 135 150M 
IN 216 S IO 170 150M 
IN 217 S ZO 200 150M 
IN 218 S IO 250 150M 
1N 219 S IO 300 150M 
IN 220 S IO 370 150M 
IN 221 S IO 430 150M 
IN 222 S ID 520 150M 
IN 225 S ZO 7.5 10 150M 
IN 225A S ZO 9.1 5 150M 
IN 226 S ZO 9 12 150M 
IN 226A S ID 10 5 150M 
IN 227 S ID 11 14.5 150M 
IN 227A S ZD 12 5 150M 
IN 228 S ZD 13.5 18 150M 
IN 228A S ZO 15 5 150M 
IN 229 S ZO 11 21 150M 
IN 229A S ZD 18 5 150M 
IN 230 S ZO 20 27 150M 
IN 231 S ZD 25 32 150M 
IN 232 S ID .30 39 150M 
IN 233 S ZD 37 45 150M 
IN 234 S ZO 43 54 150M 
IN 235 S ZD 52 64 150M 
IN 236 S ZD 62 80 150M 
IN 237 S ZO. 75 100 150M 
IN 238 S ZD 'JIU IO!U 

~~~~ IN 239 S ZD 110 145 
IN 248 IN248B 3-8 R 50 1.5 10 5 200 
IN 248A IN248B 3-8 R 50 1.5 20 5 250 
IN 2488 S IN248B 3-8 R 50 1.5 20 5 250 
IN 248(; S IN248C 3-8 R 39 1.2 20 3.8 350 
IN 249 IN249A 3-8 R 100 1.5 10 5 200 
IN 249A IN249B 3-8 R 100 1.5 20 5 250 
IN O!'fYB :. IN249B 3-8 R IUU I. :. <!u :. <!:JU 
IN 249(; S IN249C 3-8 R 77 1.2 20 3.6 350 
IN 250 IN250A 3-8 R 200 1.5 10 5 200 
IN 250A IN250B 3-8 R 200 1.5 20 5 250 
IN 250B S IN250B 3-8 R 200 1.5 20 5 250 
IN 250(; S IN250C 3-8 R 154 1.2 20 3.4 350 
IN 251 S HS 30 1 5M .1. .15 
IN 252 S HS 20 1 10M , •. 1 • ... 15 
II'! "''''' " .,,"'vv, J-'J IK. ,-' I. " . " IN 254 S IN4003 3-23 R 190 1.5 .4 1.5 
IN 255 S IN4004 3-23 R 380 1.5 .4 1.5 
IN 256 S IN4005 3-23 R 570 1.5 .2 1 
IN 265 G GP 90 •.....•. i! 3~2M 100* .';H," IN 266 G GP 60 4M 75 .• 
IN 267 G GP 25 

i .. <! 
3~5M 12~ Hii,'!;, IN 268 G GP 30 2.SM 20* 

R-Rectlfler, RD-Reference Diode, ID-Zener Diode, &P-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3J..1s), 
CS-High Conductance, High Speed Switch, MS-Mediurn Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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IN270 

TYPE 

IN 270 
IN 273 
IN 276 
IN 271 
IN 278 
IN 279 
IN 281 

11N 282 
IN 283 
IN 287 
IN 288 
IN .289 
IN 290 
IN 291 

I!~ ~~~ 

IN331 

~ REPLACE· 

=< MENT 
::IE 

G 
G 
G 
G 
G 
G 

I~ 
G 
G 
G 
G 
G 
G 

I~ 

PAGE 
NUMBER 

He 
He 
He 
He 
He 
He 

I~~ 
He 
He 
He 
He 
GP 
He 

I~~ 

--Numerical Index --

RECTIFIERS ZENER DIODES 

i~ g~ i ~~ I~'~!~ I>~ir in~ ,.~.i .... ~.~ .. :1 
IN 313 G He isle ......4011 1 10 .. 1 ..•. '. 
IN 314 G sp I, '" '.0511·· ... 
IN 315 G R 300 .48 .075 .3 25 
IN 315AG R 200 .48 .1 .16 25 
IN 316 S lN4001 3-23 R 50 2.0.2 2 
IN 317 S lN4002 3-23 R lOa 2.0.2 2 
IN 318 S lN4003 3-23 R 200 2.0.2 2 
IN 319 S lN4004 3-23 R 350 2.0.2 2 
IN 320 S lN4005 3-23 R 500 2.0.2 2 
IN 321 S lN4007 3-23 R 850 1.2 .25 1.0 10 
IN 322 S R 850 1.2 .25 1.0 10 
IN 323 S R 50 2.0.4 2 
IN 3211 S R 100 2.0.4 2 
IN 325 S R 200 2.0.4 2 
IN 326 S R 350 2.0.4 2 
IN 327 S R 500 2.0.4 2 

IN 328 S R ~~8iH50 1.2 ~'4 .06 10 
IN 329 S R l]iiii, .. {~2l .0 IN 330 S GP 
IN 331 S GP 

1-6 



-- Numerical Index --

1 N332 - 1 N399 

RECTIFIERS ZENER DIODES 
z: 

~ '" VR Vr 10 IR Isurge V (min) Vz (nom) Tal 
"" >= Po 

TYPE f:l REPLACE· PAGE ~ (valls) (valls) (Amps) (rnA) (Amps) z Vz (max) Vz % ... MENT NUMBER ~ SIGNAL DIODES REFERENCE DIODES "" ... 
'" ~ PRY VF @ Ir IR I" TC Vz T(rnin) T(max) 

(valls) (volls) (fl-S) %fPC ·C ·C 

IN 332 S IN4004 3-23 R 400 2 .4 .2 10 
IN 333 S IN4004 3-23 R 400 2 .2 .2 5 
IN 334 S IN4004 3-23 R 300 2 .4 .2 10 
IN 335 S IN4004 3-23 R 300 2 .2 .2 5 
IN 336 S IN4003 3-23 R 200 2 .4 .1 10 
IN 337 S IN4003 3-23 R 200 2 .2 .1 5 
IN 338 S IN4002 3-23 R 100 2 1 .2 20 
IN 339 S lN4002 3-23 R 100 2 .4 .1 10 
IN 340 S IN4002 3-23 R 100 2 .2 .1 5 
IN 341 S IN4004 3-23 R 400 2 .4 .5 10 
IN 342 S IN4004 3-23 R 400 2 .2 .5 5 
IN 343 S IN4004 3-23 R 300 2 .4 .5 10 
IN 344 S IN4004 3-23 R 300 2 .2 .5 5 
IN 345 S IN4003 3-23 R 200 2 .4 .5 10 
IN 346 S IN4003 3-23 R 200 2 .2 .5 5 
IN 347 S lN4002 3-23 R 100 2 1 .5 20 
IN 348 S IN4002 3-23 R 100 2 .4 .5 10 
IN 349 S IN4002 3-23 R 100 2 .2 .5 5 
IN 350 S He 70 1 20M .03" 
IN 351 S He 120 1 20M .03" 
IN 352 S He 170 1 20M .05· 
IN 353 S He 225 1 20M .1" 
IN 354 S He 325 1 20M .1* 
IN 355 G GP 100 1 4M 50 .. 
IN 359 S R 50 2.0 .1 2 
IN 360 S R 100 2.0 .1 2 
IN 361 S R 200 2.0 .1 2 
IN 362 S R 350 2.0 .1 2 
IN 363 S R 500 2.0 .1 2 
IN 364 S R 850 1.2 .1 .06 10 
IN 365 S R 1000 1.2 .1 .06 10 
IN 367 G SP 15 
IN 368 G R 200 .5 .1 .3 25 
IN 368A G R 200 .5 .1 .16 25 
IN 370 S ZO 1.5 2.2 200M 
IN 371 S ZO 2.0 2.7 200M 
IN 372 S ZO 2.5 3.3 200M 
IN 373 S ZO 3.1 3.9 200M 
IN 374 S ZO 3.7 4.5 200M 
IN 375 S ZO 4.3 5.4 200M 
IN 376 S IO 5.2 6.4 

~~~= IN 377 S ZO 6.2 8.0 
IN 378 S ZO 7.5 10 200M 
IN 379 S IO 9 12 200M 
IN 380 S ZD 11 14.5 200M 
IN 381 S ZO 13.5 18 200M 
IN 382 S ZO 17 21 200M 
IN 383 S ZO 20 27 200M 
IN 384 S ZO 25 32 200M 
IN 385 S ZO 30 39 200M 
IN 386 S ZD 37 45 200M 
IN 387 S ZO 43 54 200M 
IN 388 S lO 52 64 200M 
IN 389 S lO 62 80 200M 
IN 390 S 10 75 100 200M 
IN 391 S IO 90 120 200M 

~~ ~~~ 
S 10 llU 1'1:' !UUM 
S lO 135 180 200M 

IN 394 S IO 170 210 200M 
IN 395 S ZO 200 270 200M 
IN 396 S 10 250 320 200M 
IN 397 S IO 300 390 200M 
IN 398 S IO 370 450 200M 
IN 399 S IO 430 540 200M 

R-Rectifier, RD-Reference DIode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (:::::: 20 rnA@ ,,=:; 1 V), HS- High Speed SWItch (Max t" < O.3IJs), 
CS-High Conductance, High Speed Switch, MS-Medlum Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1- 7 



IN 
IN 

lN466B 

TYPE 

--Numerical Index--

2-10 
2-10 

2-10 
2-10 

2.0 3.2 
2.7 5 
2.7 1 

3.0 3.9 
3.3 
3.3 

R-Rectifier, RD- Reference Diode, ZD-Zener Diode, DP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 V), HS- High Speed Switch (Max tr, < 0.3I1S), 
CS-High Conductance, High Speed Switch. MS-Medium Speed. Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N467 1 N510 -
RECTIFIERS 

:z: ZENER DIODES 

--' 
co VR VF 10 IR Isurge V (min) Vz (nom) Tol .. 

REPLACE· PAGE ~ (volts) (volts) (Amps) (rnA) (Amps) z Vz(m.x) Vz % Po 
TYPE ::i 

=< MENT NUMBER >= SIGNAL DIODES REFERENCE DIODES 
:>l 

~ PRY YF @ IF IR t" TC 
Yz 

T(min) T(m.x) 
(volts) (volts) (P.S) %/OC 'C 'C 

IN 467 S 1N749 2.-10 ID 3.7 4.5 200M 
IN 467A S IN749A 2-10 lD 3.9 5 200M 
IN 467B S ID. 3.9 1 200M 
IN 468 S 1N750 2-10 lD 4.3 5.4 200M 
IN 468A S 1N750A 2-10 lD 4.7 5 200M 
IN 468B S ZD 4.7 1 200M 
IN 469 S 1N752 2-10 ZIl 5.2 6.4 200M 
IN 469A S 1N752A 2-10 ZD 5.6 5 200M 
IN 469B S ZD 5.6 1 200M 
IN 470 S IN754 2-10 ZD 6.2 B.O 200M 
IN 470A S IN754A 2-10 ZD 6.8 5 200M 
IN 470B S ZO 6.8 I 200M 
IN 471 S ZD 3.0 3.9 200M 
IN 471A S ZD 3.3 5 200M 
IN 472 S ZO 3.7 4.5 200M 
IN 472A S ZD 3.9 5 200M 
IN 473 S ZD 4.3 5.4 200M 
IN 473A S ZO 4.7 5 200M 
IN 4711 S IO 5.2 6.4 200M 
IN 474A S ZO 5.6 5 200M 
IN 475 S ID 6.2 8.0 150M 
IN 475A S lD 6.B 5 200M 
IN 476 G GP 90 1 2.5M U· 
IN 477 G GP 90 1 2.S'M . nil 
IN 478 G GP 90 1 5M 7- , 
IN 479 G GP 90 1 5M 7-
IN 480 G loiS 60 1 5M .5 
IN 4Bl G R 200 .5 .1 1.9 25 
IN 482 S He 36 1.1 100M .25*1" 
IN 482A 5 He 36 1 100M 25N 
IN 482B S He 36 1 100M 25N 
IN 483 S He 70 ; 1 100M 25N 
IN 4B3A S He 70 f} 100M 25N 
IN 483B S He 1 •• ,7Q 100M 25N 
IN 484 S He 130 :1'1 ',POM .25 .. 
IN 484A S He 130 100M 25N 
IN 484B S He 130 10011 125N 
IN 485 S He 180 1 10,OM ';25* 
IN 485A S He 160 1 100M 125N 
IN 485B S He 180 1 100M 25N 
IN 1I!l6 IS IHe 225 1 1,.1 10,OM ~25·. 
IN 486A S He 225 .1 100M .05-
IN 4866 5 He 225 I· 100M .05* 
IN 487 5 He 300 1.1 100M .25-
IN 487A 5 He 300 1 100M .1-
IN 487B S He 300 1 100M .1* 
IN 488 5 He 380 1.1 100M .25* 
IN 4B8A 5 He 380 1 100M .1* 
IN 488B 15 He 380 1 10011 .1* 
IN 490 G M5 I,' 90 1 5M .5 
IN 497 G GP 30 1 100M 20-
IN 1i98 G GP 60 1 100M 25" 
IN 499 G GP .. 75 1 100M 1·,30* 
IN 500 G GP 80 1 100M 40" 
IN 501 G GP 100 1 100M 40 .. 
IN 502 G GP 120 1 100M 50* 
IN :>U.1 s IK :>. l.l • .1, .:> 
IN 504 5 R 100 1.2 .33 .5 
IN 505 S R 200 1.2 .33 .5 
IN 506 5 R 300 1.2 .33 .5 
IN 507 5 R 400 1.2 .33 .25 
IN 508 S R 600 1.2 .33 .25 
IN 509 5 R 800 1.2 .33 .25 
IN 510 S R 1000 1.2 .33 -25 

R-Rectifier, RO-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@:::::; 1 V), HS-Hlgh Speed SWitch (Max t" < 0.31-'5), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA~ Parametric Amplifier, SP-Specia\ Purpose. 
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--Numerical Index --

lNSIl lNS89 -
RECTIFIERS z ZENER DIODES 

-' '" V. VF 10 I. Isurge Vz(nom) Tol ;:: Vz(min) Po 
~ REPLACE· PAGE ~ (yolts) (yolts) (Amps) (mA) (Amps) Vz(max) Vz% 

TYPE 
!;;: MENT NUMBER g;; \"i;Li' :SIt.:NAt,r·~"'''''''> i), ',,," ,REFERE~CEqlqQE~, ,,'.; .... 
::Ii5 

~ PRY ~F:'(fi!i'IF •• '''.' I>'R J'rr TC I>vz' T(min) T,{ffiax) 
(volts) ~VQlt$);;> , (p,S) %/OC ·C'" ~~C 

IN 511 S R 50 1.2 I .5 
IN 512 S R lOa 1.2 I .5 
IN 513 S R 200 1.2 I .5 
IN 514 S R 300 1.2 I .5 
IN 515 S R 400 1.2 I .25 
IN 516 S R 600 1.2 I .25 
IN 517 S R 800 1.2 I .25 
IN 518 S R 1000 1.2 1 .25 
IN 519 S R 50 1.2 1.25 .5 
IN 520 S R 100 1.2 1.25 .5 
IN 521 S R 200 1.2 1.25 .5 
IN 522 S R 300 1.2 1.25 .5 
IN 523 S R 400 1.2 1.25 .25 
IN 524 S R 600 1.2 1.25 .25 
IN 525 S R 800 1.2 1.25 .25 
IN 526 S R 1000 1.2 1.25 .25 
IN 527 G GP ;'10 .3 111 $0* ,''', 
IN 530 S IN4002 3-23 R 100 2 .3 .003 3 
IN 531 S IN4003 3-23 R 200 2 .3 3 
IN 532 S IN4004 3-23 R 300 2 .3 .01 3 
IN 533 S IN4004 3-23 R 400 2 .3 .015 3 
IN 534 S IN4005 3-23 R 500 2 .3 3 
IN 535 S IN4005 3-23 R 600 2 .3 .02 3 
IN 536 S IN4001 3-23 R 50 .5 .25 .4 15 
IN 537 S IN4002 3-23 R 100 .4 .25 .5 15 
IN 538 S IN4003 3-23 R 200 .3 .25 .5 15 
IN 539 S IN4004 3-23 R 300 

1~1~ 
.25 .3 :~ IN 540 S IN4004 3-23 R 400 .25 .3 

IN 541 G GP , ,45 ,10M 18* 
, 

IN 542 G SP ,> 

IN 543 S R 1000 .005 .1 
IN 543A S R 1000 8 .025 .1 
IN 5411 S R 1000 10 .015 .1 
IN 5114A S R 1000 10 .075 .1 
IN 547 S IN4005 3-23 R 600 1.1 .25 .35 15 
IN 5118 S R 900 1. 1 .3 .35 15 
IN 549 S R 1200 1.1 .3 .35 15 
IN 550 S IN4002 3-23 R 100 1.5 .5 4 
IN 551 S IN4003 3-23 R 200 1.5 .5 .001 II 
IN 552 S IN4004 3-23 R 300 1.5 .5 4 
IN 553 S IN4004 3-23 R 400 1.5 .5 4 
IN 554 S IN4005 3-23 R 500 1.5 .5 4 
IN 555 S IN4005 3-23 R 600 1.5 .5 .005 4 
IN 560 S IN4006 3-23 R 800 1.75 .25 .015 2 
IN 561 S IN4007 3-23 R 1000 1.75 .25 ,.02 2 
IN 562 S IN4006 3-23 R 800 IJ:H .4 .015 3 
IN 563 S IN4007 3-23 R 1000 .4 .02 

liH, 3 IN 566 G GP 220 20M '(F~j2M 

1lN'567 ~ HS .'WP' 

~i 
1m,"! ~!rs"M I:~b~ IN 568 G MS 7 ,,"511 ~'''! IN 569 G HC ,>12 2,50~ ~j05M r;, ,,', 

IN 570 S R li~250 I:;;~~ 
37.5 '" .1 

IN 571 G HC 20~~ fO:lJ* lj;>~ 
IN 573 G R 10 .25 
IN 574 G R 380 .15 .3 
IN 575 G R 380 .3 .35 
TN 575A IG R 380 .15 .35 
IN 576A G R 380 .15 .4 
IN 581 G 

~ 
380 .15 .25 

IN 582 G 380 .15 .3 
IN 583 G R 380 .15 .35 
IN 584 G R 380 .15 .4 
IN 588 S R 1500 1.75 .1 • I 5 
IN 589 S R 1500 1.75 .25 .1 10 

R~Rectifier, RD- Reference Diode, lD-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t •• < 0.3 ",s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N590 1 N658A 
RECTIFIERS ZENER DIODES 

--' 
~ VR VF 10 IR I surge V ( .) Vz(nDm) Tol .. 

REPLACE· PAGE 5 (volts) (volts) (Amps) (rnA) (Amps) z mm Vz(max) Vz% Po 
TYPE 1:l ;;: :;: MENT NUMBER ;: SIGNAL DtODES REFERENCE DIODES :c 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (ILS) %,OC ·C ·C 

IN 590 S R 1500 8 .075 .1 
IN 591 S Il 1500 8 .075 .1 .. 
IN 596 S lN4005 3-23 R 600 3 .125 .025 I 
IN 597 S lN4006 3-23 R 800 3 .125 .025 1 
IN 598 5 lN4007 3-23 R 1000 3 .125 .025 1 
IN 599 S lN4001 3-23 R 50 1.5 .3 .025 2 
IN 599A S lN4001 3-23 R 50 1.5 .3 .001 2 
IN 600 S 1N4002 3-23 R 100 1.5 3 075 ? 
IN 600A S lN4002 3-23 R 100 1.5 .3 .001 2 
IN 601 5 lN4003 3-23 R 150 1.5 .3 .025 2 
IN 601A S lN4003 3-23 R 150 1.5 .3 .001 2 
IN 602 S lN4003 3-23 R 200 1.5 .3 .025 2 
IN 602A S lN4003 3-23 R 200 1.5 .3 .001 2 
IN 603 S lN4004 3-23 R 300 1.5 .3 .025 2 

,:N 603A 
I ~ lN4004 3-23 R 300 1.5 .3 .001 ; N ';Oli 1N4004 3-23 IR linn 1 5 3 .0:>5 

IN 60liA S lN4004 3-23 R liOO 1.5 .3 2 
IN 605 S lN4005 3-23 R 500 1.5 .3 .025 2 
IN 605A S lN4005 3-23 R 500 1.5 .3 .002 2 
IN 606 S lN4005 3-23 R 600 1.5 .• 3 .025 2 
IN 606A S lN4005 3-23 R 600 1.5 .3 2 
IN 607 S lN4001 3-23 R 50 1.5 .8 .025 3 
IN 607A S lN4001 3-23 R 50 1.5 .8 .001 3 
IN 608 S lN4002 3-23 R 100 1.5 .8 .025 3 
IN 608A S lN4002 3-23 R 100 1.5 .8 .001 3 
IN 609 S lN4003 3-23 R 150 1.5 .8 .025 3 
IN 609A S lN4003 3-23 R 150 1.5 .8 .001 3 
IN 610 S lN4003 3-23 R 200 1.5 .8 .025 3 
IN 610A S lN4003 3-23 R 200 1.5 .8 .001 3 
IN 611 S lN4004 3-23 R 300 1.5 .8 .025 3 
IN 611A S lN4004 3-23 R 300 1.5 .8 .001 3 
IN 612 S lN4004 3-23 R liDO 1.5 .8 .025 3 
IN 612A S lN4004 3-23 R liOO 1.5 .8 1.5 3 
IN 613 S lN4005 3-23 Il 500 1.5 .8 025 3 
IN 613A 5 lN4005 3-23 R 500 1.5 .8 .002 3 
IN 61li S lN4005 3-23 R 600 1.5 .8 .025 3 
IN 614A 5 lN4005 3-23 R 600 1.5 .8 2.5 3 
IN 615 G R 300 .075 1.2 25 
IN 616 G SP 20 1 8M .414 
IN 617 G GP 115 1 3M 11. 
IN 618 G GP 115 1 5M 7. 
IN 619 S GP 30 1 3M .08. 
IN 622 S GP 150 1 7M .16. 
IN 625 S M5 1.5 liM h 1 
IN 626 S MS 1.5 liM 1· 1 
IN 627 S MS 1.5 liM 1* I 
IN 628 S M5 1.5 liM 1* I 
IN 629 5 1'5 1.5 4M h 1 

,NOTI G MS 60 .3 
IN 632 G MS 60 I 714 .3 
IN 633 G MS 80 1 125M .3 
IN 634 G GP 100 I 50M 45· 
IN 635 G GP 150 I 5014 175* .. 
IN 636 G GP 60 I 2.5M 10· 
IN 643 5 MS 175 I 10M h .3 
IN 64:iA S He 175 I 100M I. ~3 
1l~6115 -S- lN4004 3-23 He 

~f! 
r ,400M 

.Ol:)t~'Iil 
IN 645A 5 lN4004 3-23 He .~ 400M 
IN 646 5 lN4004 3-23 He 400M •. 2.1· ... 
IN 647 S lN4004 3-23 He } 400M .2. 
IN 648 5 lN4005 3-23 He 400101 .2.· 
IN 649 S lN4005 3-23 He !~X ·.l 400M .2it, 
IN 658 5 He !(I\:[~~ 100M .05-
IN 658A S He >1 100M 25N 

R-Rectifier, RD-Reference Diode, ZD- Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@61 V), HS-Hlgh Speed SWItch (Max tf • < O.3~s). 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, .SP-Special Purpose. 
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--Numerical Index --

1 N659 - 1 N711 

~~ ~~~A ~ ~~ I!jji~' Ijjmjij,jji~ :gg~j.~~:; jijjl;~;i 
IN 664 S ZD 
IN 665 S ZD 
IN 666 S ZD 
IN 667 S ZD 
IN 668 S ZD 
IN 669 S ZD 
IN 670 S ZD 
IN 671 S ZD 
IN 672 S ZD 
IN 673 S He '350 1 250M 
IN 614 S ZD 
IN 675 S ZD 
IN 676 S 1N4002 3-23 R 100 I .075 .2 3 
IN 677 S 1N4002 3-23 R 100 I .15 .2 5 
IN Mil S 1N4003 3-23 R 200 1 .075 .2 3 
IN 679 S 1N4003 3-23 R 200 1.15 .2 5 
IN 681 S 1N4004 3-23 R 300 1 .075 .2 3 
IN 682 S 1N4004 3-23 R 300 1.15 .2 5 
IN 683 S 1N4004 3-23 R 400 1 .075 .2 3 
IN 684 S 1N4004 3-23 R 400 1.15 .2 5 
IN 685 S 1N4005 3-23 R 500 1 .075 .2 3 
IN 686 S 1N4005 3-23 R 500 1 .15 .2 5 
IN 68 I S 1N4005 3-23 R 
IN 689 S 1N4005 3-23 R 
IN 690 S He 
IN 691 S He 
IN 692 S He 
IN 693 S He 
IN 695 G He 
IN 695A G MS 

~~ ~~~ ~ ~~ 
IN 698 G He 
IN 699 G He 
IN 70 I S ZD 
IN 702 S 1N4371 2-10 ZD 
IN 702A S 1N4371A 2-10 ZD 
IN 703 S 1N746 2-10 ZD 
IN (U~A !> 1N746A 2-10 ZV 
IN 704 S 1N749 2-10 ZD 
IN 704A S 1N749A 2-10 ZD 
IN 705 S 1N750 2-10 ZD 
IN 705A S 1N750A 2-10 ZO 
IN 706 S 1N752 2-10 ZO 
IN 706A S 1N752A 2-10 ZD 
IN 707 S 1N754 2-10 ID 

~~ ~~~A ~ ~~;~~A ~=~~ !~~ 
IN 708A S 1N752A 2-10 ZD 
IN 709 S 1N753 2-10 ZD 
IN 709A S 1N753A 2-10 ZO 
IN 710 S 1N957 2-11 ZD 
IN 710A S 1N957A 2-11 ZO 
IN 711 S 1N958A 2-11 ZIl 

10.8 
14.2 
16.2 
19.8 
24.3 

90 
135 

9.5 
2.0 
2.3 
3.0 

~."'~ 
3.7 
3.9 
4.3 

4.58 
5.2 
5.5 
6.2 

0.0:> 

8.2 
13.2 
15.8 
19.8 
24.2 
29.7 

68 
110 
165 

10 250M 
.25W 
.25W 
.25W 
.25W 
.25W 

5 250M 
.25W 
.25W 

4.7 10 250M 
6.2 5 250M 

10.5 
3.2 
2.9 
3.9 
~.o 

. 4.5 
4.3 
5.4 

5.12 
6.4 
6.1 
8.0 
.:>:> 
5.6 
5.6 
6.2 
6.2 
6.8 
6.8 
7.5 

.25W 
250M 
250M 
250M 

I~~~~ 
250M 
250M 
250M 
250M 
250M 
250101 

10 I~~~~ 
5 250M 

10 250M 
5 250M 

10 250M 
5 250M 

10 250M 

R-Rectifier, RD-Reference Diode, ID-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3~sJ, 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

IN71lA lN743 -
RECTIFIERS 

:z 
ZENER DIODES 

-' 
.. VR VF 10 IR Isurge V ( . ) Vz(nom) Tal .. 5 PD 

::l REPLACE· PAGE (volts) (volts) (Amps) (rnA) (Amps) z mm Vz(max) Vz% 
TYPE :;: MENT NUMBER u:: 

;: SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (IlS) %,·C ·C ·C 

IN .71lA S IN958B 2-11 Zf) 7.5 5 250M 
IN 712 S IN959A 2-11 ZIJ 8.2 10 250M 
IN 712A S IN959B 2-11 ZO 8.2 5 250M 
IN 713 S IN960A 2-11 lIJ 9.1 10 250M 
IN 7l3A S IN960B 2-11 Zf) 9.1 5 250M 
IN 714 S IN961A 2-11 ZO 10 10 250M 
IN 714A S IN961B 2-11 Zf) 10 5 250M 

I U/. 71 'i " lNQ~?, 2-11 ZO 11 10 250M 
IN 715A S IN962B 2-11 Zf) 11 5 250M 
IN 716 S IN963A 2-11 ze 12 10 250M 
IN 71M S IN963B 2-11 ZIJ 12 5 250M 
IN 717 S IN964A 2-11 ZO 13 10 250M 
IN 717A S IN964B 2-11 ZO 13 5 250M 
IN 718 S IN965A 2-11 ZIJ 15 10 250M 
IN 718A S IN965B 2-11 ZIJ 15 5 250M 
IN 719 S IN96liA 2-11 ZD 16 10 250M 
IN 719A S IN966B 2-11 Zf) 16 5 250M 
IN 720 S IN967A 2-11 lIJ 18 10 250M 
IN 720A S IN967B 2-11 ZIJ 18 5 250M 
IN 721 S IN968A 2-11 Zf) 20 10 250M 
IN 721A S IN968B 2-11 Zf) 20 5 250M 
IN 722 S IN969A 2-11 ZIJ 22 10 250M 
IN 722A S IN969B 2-11 ZIJ 22 5 250M 
IN 723 S IN970A 2-11 Zf) 24 10 250M 
IN 723A S IN970B 2-11 ZO 24 5 250M 
IN 724 S IN971A 2-11 ZO 27 10 250M 
IN 724A S IN971B 2"11 ZO 27 5 250M 
IN 725 S IN972A 2-11 ZO 30 10 250M 
IN 725A S IN972B 2-11 ZO 30 5 250M 
IN 726 S IN973A 2-11 ZO 33 10 250M 
IN 726A S IN973B 2-11 ZO 33 5 250M 
IN 727 S IN974A 2-11 ZO 36 10 250M 
IN 727A S IN974B 2-11 ZIJ 36 5 250M 
IN 728 S IN975A 2-11 ZO 39 10 250M 
IN 728A S IN975B 2-11 lIJ 39 5 250M 
IN 729 S IN976A 2-11 ZO 43 10 250M 
IN 729A S IN976B 2-11 ZD 43 5 250M 
IN 730 S IN977A 2-11 ZO 47 10 250M 
IN 730A 5 IN977B 2-11 Zf) 47 5 250M 
IN 731 S IN978A 2-11 ZO 51 10 250M 
IN 731A S IN978B 2-11 ZO -51 -S-[Z5IfM 
IN 732 5 IN979A 2-11 ZO 56 10 250M 
IN 732A S IN979B 2-11 Zf) 56 5 250M 
IN 733 S IN980A 2-11 ZIJ 62 10 250M 
IN 733A S IN980B 2-11 Zf) 62 5 250M 
IN 734 S IN981A 2-11 ZO 68 10 250M 
IN 734A S IN981B 2-11 ZO 68 5 250M 
IN 735 S IN982A 2-11 ZIJ 75 10 250M 
IN 735A S IN982B 2-11 Zf) 75 5 250M 
IN 736 S IN983A 2-11 ZO 82 10 250M 
IN 736A S IN983B 2-11 ZO 82 5 250M 
IN 737 S IN984A 2-11 ZO 91 10 250M 
IN 737A S IN984B 2-11 ZO 91 5 250M 
IN 738 S IN985A 2-11 ZO 100 10 250M 
IN 738A S IN985B 2-11 ZD 100 5 250M 
IN 739 S IN986A 2-11 ZD 110 10 250M 
IN 739A S IN986B 2-11 ZD 110 ""5 23UM 
IN 740 S IN987A 2-11 ZO 120 10 250M 
IN 740A S IN987B 2-11 ZO 120 5 250M 
IN 741 S IN988A 2-11 ZO 130 10 250M 
IN 741A S IN988B 2-11 ZO 130 5 250M 
IN 742 S IN989A 2-11 ZIJ 150 10 250M 
IN 742A S IN989B 2-11 ZO 150 5 250M 
IN 743 S IN990A 2-11 ZO 160 10 250M 

R-Rectlfter, RD-Reference Diode, ID- Zener DIOde, GP-General Purpose, HC- High Conductance (2 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch {Max t" < O,3lJsl, 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier. SP-Special Purpose. 
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1 N743A-l N793 

TYPE 

IN 743A S 
IN 744 S 
IN 744A S 
IN 145 S 
IN 145A S 
IN 746 S 
IN 146A S 
IN 141 S 
IN 141A S 
IN 148 S 
IN 148A S 
IN .149 S 
1N 149A S 
IN 150 S 
IN 150A S 
IN 751 S 
IN 151A S 
IN 152 S 
IN 152A S 
IN 153 S 
IN 153A S 
IN 154 S 
IN 154A S 
IN 755 S 
IN 755A S 
IN 156 S 
IN 156A S 
IN 151 S 
IN 151A S 
IN 158 S 
IN 758A S 
IN 759 S 
IN 759A S 

REPLACE· 
MENT 

IN990B 
IN991A 
IN991B 
IN992A 
IN992B 

IN 761 S N751A 
IN 762 S IN753A 
IN 763 S IN757 
IN 764 S IN959A 
IN 765 S IN961A 
IN 766 S IN964A 
IN 161 S IN966A 
IN 768 S IN967A 
IN 769 S N970 
IN 710 G 
IN 771 G 
IN 711A G 
IN 71IB G 
IN 712 G 
IN 712A G 
IN 713 G 
IN 713A G 
IN 714 G 
IN 71I1A G 
IN 715 G 
IN 716 G 
IN 771 G 
IN 718 S 

"IN"7T'T ""S" 
IN 181 G 
IN 781A G 
IN 189 S 
1N 190 S 
IN 791 S 
IN 792 S 
IN 193 S 

PAGE 
NUMBER 

2-11 
2-11 
2-11 
2-11 
2-11 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 I,_ln 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-11 
2-11 
2-11 
2-11 
2-11 
2-11 

--Numerical Index --

RECTIFIERS ZENER DIODES z: 
o VR VF 10 IR (surge V (min) Vz (nom) Tol p 5 (yolls) (valls) (Amps) (rnA) (Amps) Z Vz(max) Vz % D 

§ I: alGNAL DIODes " ", 'REFE~EN'CECllqDEa 
~ 

ZO 
ZO 
ZO 
zo 
zn 
zo 
zo 
ZO 
zo 
zn 
ZO 
zo 
zn 
zo 
zn 
ZO 
zo 
ZO 
ZO 
ZD 
ZO 
zn 
zn 
zn 
zo 
ZD 
ZO 
ZO 
ZD 
ZO 
ZO 
ZD 
zn 
ZD 
ZD 
ZD 
ZD 
ZO 
zn 
ZD 
zo 
ZO 
MS 
He 
He 
He 
He 
He 
HC 
He 
He 
He 
HC 
He 
He 
MS 
II\~ 

MS 
MS 
HS 
MS 
He 
He 
MS 

PRY 'VF:@ I~ 
(yolfs) (Yolls) 

20 ~42 5M 40* .35 
80 1 100M 25. 

I 801 200M 25!1 
1 80 I 400M 25. 

~g '," ~ ~g~= ~g: I: ,',:. 

Vz 

160 
180 
180 
200 
200 
3.3 
3.3 
3.6 
3.6 
3.9 
3.9 
4.3 
11.3 
4.7 
4.7 
5.1 
5.1 
5.6 
5.6 
6.2 
6.2 
6.8 
6.8 
1.5 
7.5 
8.2 
8.2 
9.1 
9.1 

10.0 
10.0 
12.0 
12.0 

4.3 5.4 
5.2 6.4 
6.2 8.0 
1.5 10.0 
9.0 12.0 

11.0 14.5 
13.5 18.0 
1(.0 21.0 
20.0 21.0 

T(lIIin) HIII.x) 
lie lie 

5 250M 
10 250M 

5 250M 
10 250M 
5 250M 

10 400H 
5 IIOOH 

10 400H 
5 IIOOH 

10 400H 
5 400H 

10 400H 
5 400H 

10 IIOOH 
5 400H 

10 IIOOH 
5 IIOOH 

10 400H 
5 40l)H 

10 400H 
5 400H 

10 400H 
5 400H 

10 400M 
5 400H 

10 400H 
5 400M 

10 400M 
5 400M 

10 1I00H 
5 1I00M 

10 400H 
5 400M 

250M 
250M 
250M 
250M 
250M 
250H 
250M 

1250M 
250M 

R-Rectifier, 

l;i';~,i~Lj.ll~'r~1·:< 
I;I';il, •• 'i'.l •• ~ ,~:!,O,OM 

~~L-__ L-_-L_-L_~ 
RD-Referencemode, IO-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), US-High Speed SWitch (Max t" < O.3~s), 

CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN794-1N858 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol 

"" REPLACE· PAGE ~ (volls) (volls) (Amps) (rnA) (Amps) Z Vz(max) Vz % Po 
TYPE l:l 

~ MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES ::s 
~ PRY V, @ IF IR I" TC 

Vz 
T(min) T(max) 

(volts) (volls) (f.tS) %/OC 'C 'C 

IN 794 S HS I 10M 5* .25 
IN 795 S HC 1 50M 5* .5 
IN 796 S HC I 100M 5" .5 
IN 797 S MS I 10M 1* .5 
IN 798 S HS 1 10M 5* .25 
IN 799 S HC 1 50M 5* .5 
IN 800 S HC 1 100M 5- .5 
IN 801 S MS 1 10M 1* .5 
IN 802 S '·15 1 50~1 5" .5 
IN 803 S MS 1 10M 5* .5 
IN 804 S HC 1 SaM 10* .5 
IN 805 G GP 40 1 3M 100* 
IN 806 S MS 100 1 4M .5* .3 
IN 807 S MS 180 1 4M .5* .3 
IN 808 S HC 100 1 100M 1- .3 
IN 809 S HC 200 1 100M I- .3 
IN 810 S HS 50 1 10M I- SO 
IN 811 S HS 20 1 1M 1* .25 
IN 812 S HS 30 1 1M .1- .25 
IN 813 S HS 15 1 ·5M .5- .25 
IN 814 S HS 40 1 2M .1- .25 
IN 815 S CS 15 1.5 100M .5* .25 
IN 816 S HC 6 1 100M .1-
IN 817 S GP 200 1.5 6M 20* 1 
IN 818 S MS 80 1.5 30M .25- .5 
IN 819 S HC 80 1 200M 25N 
IN 821 S 2-32 RD .01 6.500 -55 100 
IN 821A S 2-32 RD • 01 6.500 -55 . 100 
IN 822 S RD .01 6.500 -55 100 
IN 823 S 2-32 RD .005 6.500 -55 100 
IN 823A S 2-32 RD .005 6.500 -55 100; 
IN 824 S RD .005 6.500 -55 100 
IN 825 S 2-32 RD .002 6.500 -55 100 
IN 825A S 2-32 RD .002 6.500 -55 100 
IN 826 S RD .002 6.9 50 100 
IN 827 5 2-32 RD .001 6.500 -55 100 
IN 827A S 2-32 RD .001 6.500 -55 100 
IN 828 S RD .001 6.9 50 100 
IN 829 S 2-32 RD .OOOS 6.S sa; ;100 
IN 835 G GP 30 .5 5M 20- .5 
IN tj56 G PA 5 
IN 837 5 He 1 150M .1· .5 
IN 837A S HC 1 150M .1* .3 
IN 838 S HC I 150M .1- .5 
IN 839 S He 1 150M .1* .5 
IN 840 S He 1 150M .1- .3 
IN 841 S HC 1 150M .1" .3 
IN 842 S He 1 150M .1. .3 
IN 843 S HC 1 150M .1* .3 
IN 844 S HC 1 200M .1" .5 
IN 845 S HC 1 200M .1- .5 
IN 846 S IN4001 3-23 GP 50 .6 200M 20-
IN 847 S IN4002 3-23 GP lOa .6 200M 20" 
IN 848 S IN4003 3"23 GP 200 .6 200M 20-
IN 849 S IN4004 3-23 GP 300 .6 200M 20-
IN 850 S IN4004 3-23 GP 400 .6 200M 20-

~~ ~~~ ~ 
lN4UU:> j-Lj luI' ~~~ 

.0 .~~~~ zv· .... 

IN4005 3-23 GP .6 20-
IN 853 S IN4006 3-23 GP 100 .6 200M 20-
IN 854 S IN4006 3-23 GP 800 .6 200M 20-
IN 855 S IN4007 3-23 GP 900 .6 200M 20. 

... ;; IN 856 S IN4007 3-23 GP lK .6 200M 20-
IN 857 S IN4001 3-23 GP 50 .6 150M 20-

.. :; IN 858 S IN4002 3-23 GP 100 .6 150M 20-

R-Rectlfler, RD-Relerence DIOde, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS~Hlgh Speed SWitch (Max t" < 0.3,1.15), 
CS- High Conductance, High Speed Switch, MS~Medium Speed Switch, PA~Parametric Amplifier, .SP-Special Purpose. 
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1 N859-IN914 

TYPE 
REPLACE· 

MENT 
PAGE 

NUMBER 

--Numerical Index --

RECTIFIERS 

PRY. V(fSllr 
(volts) (volts) 

1 N 859 S IN4003 3-23 GPi()()i'.6 150M 20." 
IN 860 S IN4004 3-23 GP 300 .6 150M 20-
IN 861 S IN4004 3-23 GP .400 iii . •• 6 150M 20 .. 
IN 862 S IN4005 3-23 GP 500 .6 150M 20* 
IN 863 S IN4005 3-23 GP600 •. 6 150M 20* 

' .. 

.: 

IN 864 S IN4006 3-23 GP 700 1.6 150M 20.,,1 . 
1 N 865 S IN4006 3-23 GP 80.0.6 150M :!0 .. 1: 
1 N 866 S IN4007 3-23 GP900 ... i. (, 150M . 20* I( • 
IN 867 S IN4007 3-23 GP lK.6 150M 20 .. '· 
IN 868 S IN4001 3-23 GP 50.6 100M 20-
IN 869 S IN4002 3-23 GP 100 .6 100M 20* 
1 N 870 S IN4003 3-23 GP 200 .6 100M 20*. 
IN 871 S IN4004 3-23 GP 300 .6 100M 20* 
1 N 872 S IN4004 3- 23 GP 400 .6 100M 20* 
IN 873 S IN4005 3-23 GP 500 .6 100M 20* 
IN 874 S IN4005 3-23 GP600 .6 100M 20* 
IN 875 S IN4006 3-23 GP 700 .6 100M 20* 
IN 876 S IN4006 3-23 GP 800 .6 100M 20-
IN 877 S IN4007 3-23 GP 900 .6 10.01'1 20* I ..> 
IN 878 S IN4007 3-23 GP lK.6 100M 20.:: 
IN 879 S IN4001 3-23 GP 50.6 501'1 20* 
IN 880 S IN4002 3-23 GP 100 .6 SOM 20* 
IN 881 S IN4003 3-23 GP 200 .6 50M 20* 
1 N 882 S N4004 3-23 GP 300 • (, . 501'1 20* 
IN 883 S IN4004 3-23 GP 400 .6 501'1 20-
IN 884 S N4005 3-23 GP 500 .61 . .50M 20-
IN. 885 S N4005 3-23 GP 600 .6 501'1 20-
IN 886 S N4006 3-23 GP 700 .6 50M 20-
IN 887 S N4006 3-23 GP 80.0 .. 6 501'120", .. 
IN 888 S N4007 3-23 GP 9001.6 501'1 20* 
IN 889 S N4007 3~23 GP lKI. ~6 501'1 20.".1 
IN 890 S HC 601 20M 25N 
IN 891 S HC i.ili 1.1501'1 .1* 

!~ ~~~ ~ ~~ IlL "I ! ~g= :}:',:~ 
IN 894 G PA .~. 
IN 895 G PA I;~ 
IN 896 G PA 1;5 .. 
!~ ~~~ ~ ~~ I~:; ~ 10~~ .~:I· .. ~ 

.3 

ZENER DIODES 

:~ ~~~ ~ ~~;.;~:if.:.i{!n~IL·;i~;:I:[]I.i·T 

.lU}:L__ ,,_.~"~ !!,JJJb~~i~.""@:,-,i~.w.l"'v)'-HS"'~""H,.Llgh""s-pe-ced""SW""'tLCh"""IM-:-ax-'tL, -<-0.-3"....1,), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier. SP-Speclal Purpose. 
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-- Numerical Index --

lN914A-1N956 
RECTIFIERS ZENER DIODES 

-' 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol ... ~ PD 

fjj REPLACE· PAGE (yolls) (Yolls) (Amps) (mA) (Amps) Z Vz(max) Vz% 
TYPE 

=< MEHT HUMBER 
;;: 
;:: SIGNAL DIODES REFERENCE DIODES 

::IE 
~ PRY VF @ IF IR I" TC 

Vz 
T(min) T(max) 

(yolls) (yolls) (/-,5) %"C 'C ·C 

IN 914A S He 15 1 20M 5* 4 
IN 9148 S CS 15 1 100M 5* 4 
IN 915 S CS 50 1 SOM 5* 10 
IN 916 S MS '75 1 10M 5* 4 
IN 916A S He 15 1 20M 5* 4 
IN 9168 S CS 15 1 30M 5* 4 
IN 911 S HS 30 1 10M .05* 3 
IN 919 S MS 150 I 100M .5* .3 
IN 920 S He 36 1 SOOM .25* .3 
IN 921 S He 10 1 SOOM .25. .3 
IN 922 S HC 100 1 500M .25* .3 
IN 923 S He 130 1 SOOM .25* .3 
IN 925 S HS 32 1 5M I • • 15 
IN 926 S HS 32 1 5M .1. • IS 
IN 921 S HS 52 1 10M .1· .15 
IN 928 S HS 96 I 10M .1* .15 
IN 929 S HC 20 1 20M .1-
IN 930 S HC 50 1 20M .1. 
IN 931 S HC 100 1 20M • l-
IN 932 S He 200 1 20M .1* 
IN 933 G MS 100 1 14M 10* .4 
IN 934 S HC 60 1 30M 25N 1 
IN 935 S 2-32 RD .01 9.45 0 75 
Hi 935A S 2-32 RO .01 9.45 ,..55 roo 
IN '>';5!J13 :; 2-32 RO .01 9.4!:> -55 1~~ IN 936 S 2-32 RO .005 9.45 a 
IN 936A S 2-32 RD .005 9.45 -55 100 
IN 9368 S 2-32 RD .005 9.45 -55 150 
IN 931 S 2-32 RD .002 9.45 0 15 
IN 931A S 2-32 RD .002 9.45 -55 100 
IN 9318 S 2-32 RC .002 9.45 -55 ISO 
IN 938 S 2-32 RD .001 9.45 0 15 
IN 938A S 2-32 RD .001 9.45 -55 100 
IN 9388 S 2-32 RD .oor 9.45 -55 15.0 
IN 939 S 2-32 RD .0005 9.45 0 1.5 
IN 939A S 2-32 RD .0005 9.45 -55 .100 
IN 9398 S 2-32 RD .0005 9.45 -55 150 
IN 940 S RO .0002 9 0 15 
IN 940A S RD .0002 9 -55 faD 
IN 940B S RD .0002 9 -55 15'0 
IN y" .:. L-J;t 

I~~ .UI I <!.<!tl U l~b; IN 941A S 2-32 .01 12.28 -55 
IN 9418 S 2-32 RO .01 12.28 -55 150 
IN 942 S 2-32 RD .005 12.28 0 '15 
IN 942A S 2-32 RO .005 12.28 -55 1~0. 
IN 9428 S 2-32 RO .005 12.28 -55 150 
IN 943 S 2-32 RD .002 12.28 0 1.5 
IN 943A S 2-32 RO .002 12.28 -55 100 

:~ ~:~Il ~ 
;t-J;t RU :gg~ ~:.!.28 -!:>5 1!:>0 
2-32 RD 12.28 0 15 

IN 944A S 2-32 RO .001 12.28 -55 100 
IN 9448 S 2-32 RD .001 12.28 -55 150 
IN 945 S 2-32 RO .0005 12.28 0 15 
IN 945A S 2-32 RD .0005 12:'28 -55 100 
IN 9458 S 2-32 RO .0005 12.28 -55 150 
IN 946 S RO .0002 11.1 0 15 

;~ ~~~; .~ 
1«) • UUUL' . -~" . ;S~ RD • 0002 11.1 ,.,.55 

IN 941 S GP 
1'>36 ih~ 400M 2-

l; IN 948 S MS 10.0M .. 25-
IN 949 G GP 50 .39 10M 10. 
IN 950 
thru V rae tor ~Di des, seE tabl on p ge 1- 9 

IN 956 

R-Recbfler, RD-Reference Diode, ID-Zener Diode, GP-General Purpose, HC- High Conductance i~ 20 mA@:::::::; 1 V}, HS-Hlgh Speed SWitch (Max tr • < O.3J-1s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

IN957-IN977A 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol 

"" >= PD 
ill REPLACE- PAGE 5 (yolts) (volts) (Amps) (rnA) (Amps) z Vz(max) Vz% 

TYPE =: MENT NUMBER ~ .!. ·..SIGNALDIODES REFERENCEiOIODES • 
~ 

~ VF .@IF PRY 
IR t" TC 

Vz Temin) TCmax) 
(volts) (volts) (ILS) %!'C 'C 'C 

IN 957 S 2-11 ZO 6.8 20 40011 
IN 957A S 2-11 IO 6.8 10 40011 
IN 957B S 2-11 IO 6.8 5 40011 
IN 958 S 2-11 lO 7.5 20 40011 
IN 958A S 2-11 ID 7.5 10 40011 
IN 958B S 2-11 ID 7.5 5 400M 
IN 959 S 2-11 ID ~:~ ~~ 40011 
IN 959A S 2-11 lO Il1nnM 
IN 959B S 2-11 ZO 8.2 5 40011 
IN 960 S 2-11 ZD 9.1 20 40011 
IN 960A S 2-11 lO 9.1 10 40011 
IN 960B S 2-11 ID 9.1 5 400M 
IN 961 S 2-11 ID 10 20 40011 
IN 961A S 2-11 ID 10 10 400M 
IN 961B S 2-11 IO !~ ?~ ~~~~ IN 962 S 2-11 ZD 
IN 962A S 2-11 ZO 11 10 40011 
IN 9628 S 2-11 ZO 11 5 40011 
IN 963 S 2-11 IO 12 20 40011 
IN 963A S 2-11 IO 12 10 400M 
IN 963B S 2-11 ZO 12 5 40011 
IN 964 S 2-11 ZO 13 20 40011 
IN 964A S 2-11 ZO 13 10 40011 
IN 964B S 2-11 ZO 13 5 40011 
IN 965 S 2-11 ZO 15 20 40011 
IN 965A S 2-11 ZO 15 10 400M 
IN 965B S 2-11 lO 15 5 400M 
IN 966 S 2-11 ZO 16 20 400M 
IN 966A S 2-11 ZO. 16 10 40011 
IN 966B S 2-11 ZD 16 5 40011 
IN 967 S 2-11 ZD lB 20 40011 
IN 967A S 2-11 ZIl lB 10 40011 
IN 967B S 2-11 ZIl 18 5 40011 
IN 968 S 2-11 ZD 20 20 40011 
IN 968A S 2-11 ZD 20 10 40011 
IN 968B S 2-11 ZD 20 5 40011 
IN 969 S 2-11 ZO 22 20 40011 
IN 969A S 2-11 ZO 22 10 40011 
IN 969B S 2-11 ZO 22 5 40011 
IN 970 S 2-11 ZO 24 20 40011 
IN 970A S 2-11 ze 24 10 40011 
IN 970B S 2-11 ZO 24 5 40011 
IN 971 S 2-11 ZO 27 20 40011 
IN 971A S 2-11 IO 27 10 40011 
IN 971B S 2-11 lO 27 5 40011 
IN 972 S 2-11 ZO 30 20 40011 
IN 972A S 2-11 ZO 30 10 40011 
IN 972B S 2-11 ZO 30 5 40011 
IN 973 S 2-11 IO 33 20 40011 
IN 973A S 2-11 ZO 33 10 40011 
IN 973B S 2-11 ID 33 5 40011 
IN 974 S 2-11 ZD 36 20 40011 
IN 974A S 2"11 ZO 36 10 40011 
IN 974B S 2-11 ZD 36 5 400M 
IN 975 S 2-11 ZO 39 20 40011 
IN 975A S 2-11 ZD 39 10 400M 
TN 975B 2-11 ZD 39 5 40011 
IN 976 S 2-11 ZD 43 20 400M 
IN 976A S 2-11 ZO 43 10 40011 
IN 976B S 2-11 ID 43 5 40011 
IN 977 S 2-11 ZD 47 20 40011 
IN 977A S 2-11 ZO 47 10 400M 

R-Rectlfier, RD-Reference Diode, lD-Zener DIOde, GP-General Purpose, HC- High Conductance (~20 rnA@:=;:::: 1 V), HS- High Speed SWitch (Max t,r < O.3JLs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

IN977B-INI029 
RECTIFIERS ZENER DIODES 

~ VR VF 10 IR Isurge V (min) Vz (nom) Tal ~ ~ Po 
~ REPLACE· PAGE (valls) (valls) (Amps) (rnA) (Amps) Z Vz(max) Vz% 

TYPE ;:;: :;;: MENT NUMBER ;: SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR I" TC 
Vz 

T(min) T(max) 
(valls) (valls) (P.S) %/'C 'C 'C 

IN 9778 S 2-11 ZD 47 5 400M 
IN 978 S 2-11 ZD 51 20 400M 
IN 978A S 2-11 ID 51 10 400M 
IN 9788 S 2-11 ID 51 5 400M 
IN 979 S 2-11 lD 56 20 400M 
IN 979A S 2-11 lD 56 10 400M 
IN 9798 S 2-11 lD 56 5 400M 
IN 980 S 2-11 ZD 62 20 400H 
IN 98GA S 2-11 ZD 62 10 400M 
IN 9808 S 2-11 ZD 62 5 400M 
IN 981 S 2-11 ZD 68 20 400M 
IN 981A S 2-11 lD 68 10 400M 
IN 9818 S 2-11 ZD 68 5 400M 
IN 982 S 2-11 ZD 75 20 400M 
IN 982A S 2-11 ZD 75 10 400M 
IN 9828 S 2-11 'ZD 75 5 400M 
IN 983 S 2-11 ID 82 20 400M 
IN 983A S 2-11 ID 82 10 400M 
IN 9838 S 2-11 ID 82 5 400M 
IN 984 S 2-11 ID 91 20 400M 
IN 984A S 2-11 ZD 91 10 400M 
IN 9848 S 2-11 ZD 91 5 1I00M 
IN 985 S 2-11 ZD 100 20 1I00M 
IN 985A S 2-11 ZD 100 10 400M 
IN 9858 S 2-11 ZD 100 5 400M 
IN 986 S 2-11 ID 110 20 400M 
IN 986A S 2-11 ZIJ 110 10 400M 
IN 9868 S 2-11 ZD 110 5 400M 
IN 987 S 2-11 ZD 120 20 400M 
IN 987A S 2-11 ZD 120 10 400M 
IN 9878 S 2-11 ID 120 5 400M 
IN 988 S 2-11 ID 130 20 400M 
IN 988A S 2-11 ZD 130 10 IIOOM 
IN 9.888 S 2-11 ZD 130 5 IIOOM 
IN 989 S 2-11 ID 150 20 400M 
IN 989A S 2-11 ZD 150 10 IIOOM 
IN 9898 S 2-11 ZD 150 5 IIOOM 
IN 990 S 2-11 ZD 160 20 IIOOM 
IN 990A S 2-11 ID 160 10 400M 
IN 9908 S 2-11 ZD 160 5 IIOOM 
IN 991 S 2-11 ZD 180 20 400M 
IN 991A S 2-11 ZD 180 10 1I00M 
IN 9918 S 2-11 ZD 180 5 400M 
IN 992 S 2-11 ZD 200 20 400M 
IN 992A S 2-11 ZD 200 10 1I00M 
IN 9928 S 2-11 lD 200 5 400M 
IN 993 S MS 20 1.2 10M 1- 4 
IN 994 G HS 6.5 1 10M 3D .. 2 
IN 995 G HS 15 .5 10M 10- 6 
IN 996 G HC 20 .8 110M 15 .. .3 
IN 997 S HS 35 1 10M 25N .15 
IN 998 S HC 150 1 200M IN 
IN 999 S CS 100 I SOM IN 4 
INI005 G R 380 .15 .25 
IN1007 G R 380 .3 .35 
INI008 S R 380 .3 .4 

~~;~~~ I~ R 
~~~ :~~ 

.Z:l 

R .4 
IN1021 G R 380 .15 .25 
INI022 G R 380 .15 .3 
lN1G23 G R 380 .15 .35 
lNl024 G R 380 .15 .4 
IN1028 S R 50 1.5 .25 15 
lNl029 S R 100 1.5 .25 15 

R-Rectlfler. RD- Reference Diode, ZO-Zener OlOde, GP- General Purpose, He-High Conductance (:::=:: 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch {Max t" < O.3Ils}, 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch. PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 NI030 1 NI093 -
RECTIFIERS z ZENER DIODES 

~ 
<> •. " '-

Vz(nom) Tol .. ;:: Vz(min) Po i2 REPLACE- PAGE ~ _':("~' Om., (~ OW., Vz(max) Vz % 
TYPE ~ MENT NUMBER !!; 

To,1:' .""",r/, REFERENCEL01POE$ " .. t-

'" ~ 
5! W:T'~-V pc I ,'r' "I" TC 1{~iL H!liin~ I'R~t:~~) (voHs) R <I)'S) %l~c' ~C 

lNl030 S R 150 1.5 .25 15 
INI031 S R 200 1.5 .25 IS 
IN1032 S R 300 1.5 .25 15 
INI033 S R liOO 1.5 .25 IS 
INI034 S R 50 1.5 .5 15 
lNI035 S R 100 1.5 .5 15 
lNI036 S R 150 1.5 .5 15 
lNl037 S R 200 1.5 .5 IS 
1NI038 S R 300 1.5 .5 15 
lNI039 S R 400 1.5 .5 15 
IN1040 S R 50 1.5 .5 15 
lNl0lil 5, R 100 1.5 .5 15 
lNl0li2 S R 150 1.5 .5 15 
lNl043 5 R 200 1.5 .5 15 
INIOli4 5 R 300 1.5 .5 15 
lNl045 S R 400 1.5 .5 15 
IN1046 S R 50 1.5 .5 15 
INI047 5 R 100 1.5 .5 15 
lNI048 S R 150 1.5 .5 15 
lNl049 5 R 200 1.5 .5 15 
lNl050 S R 300 1.5 .5 15 
lNl051 5 R 400 1.5 .5 15 
lNl052 S R 50 1.5 .5 20 
INI053 S R 100 1.5 .5 20 
lNI054 5 R 150 1.5 .5 20 
lNl055 5 R 200 1.5 .5 20 
IN1056 5 R 300 1.5 .5 20 
lNI057 5 R 400 1.5 .5 20 
lNl058 S R 50 1.5 1.5 20 
lNI059 S R 100 1.5 1.5 20 
lNl060 S R 150 1.5 1.5 20 
lNl061 5 R 200 1.5 1.5 20 
INI062 5 R 300 1.5 1.5 20 
lNI063 5 R 400 1.5 1.5 20 
IN1064 S R 50 1.5 1.5 20 
lNl065 5 R 100 1.5 1.5 20 
lNI066 5 R 150 1.5 1.5 20 
INI067 S R 200 1.5 1.5 20 
IN1068 S R 300 1.5 1.5 20 
lNI069 S R 400 1.5 1.5 20 
INI070 5 R 50 1.5 1.5 20 
INI071 S R 100 1.5 1.5 20 
lNl072 S R 150 1.5 1.5 20 
lNl073 5 R 200 1.5 1.5 20 
lNl074 5 R 300 1.5 1.5 20 
IN1075 S R 400 1.5 1.5 20 
IN1076 5 R 50 1.5 5 50 
IN1077 5 R 100 1.5 5 50 

-fNfU78 5 R f511 1.5 -S ~u 

lNI079 S R 200 1.5 5 50 
lNl080 5 R 300 1.5 5 50 
lNl081 5 IN4002 3-23 R 100 1.5 .25 15 
lNl082 S IN4003 3-23 R 200 1.5 .25 15 
lNl083 5 IN4004 3-23 R 300 1.5 .25 15 
lNl084 S IN4004 3-23 R 400 1.5 .. 25 15 
lNl085 5 R 100 1.5 .6 24 
lN1086- -S IR ZOO •• '"5 ;l,- 24 
11'11087 5 R 300 1.5 .6 24 
lNl088 5 R 400 1.5 .6 24 
lNl089 5 R 100 1.5 2 24 
lNl090 5 R 200 1.5 2 24 
lNl091 5 R 

;92 :iF')\~~ g 24 
lNI092 5 R 

r:!~:lrr? I", r:i':i;fr~ lNI093 G MS li::i~' 
R-Recbfler, RD- Reference Diode, ZO-Zener Diode, GP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t •• < 0.3J.15), 

CS-lligh Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N1095 1 N1168 -
RECTIFIERS ZENER DIODES 

~ 
~ 

VR VF 10 IR Isure;e V (min) Vz (nom) Tol .. 
REPLACE· PAGE ~ (yolts) (yolts) (Amps) (mA) (Amps) z Vz(max) Vz % Po 

TYPE 1:j 
NUMBER § !;c MENT SIGNAL DIODES REFERENCE DIODES 

::E 

~ PRY V. @ IF IR t" TC 
Vz 

T(min) T(max) 
(yolts) (Yolts) (P.S) %,·c ·C ·C 

1Nl095 S IN4005 3-23 R 500 .5 .425 .3 15 
lN1096 S IN4005 3-23 R 600 .5 .4 .3 15 
lNllOO S IN4002 3-23 R 100 1.2 .25 .2 15 
INl101 S IN4003 3-23 R 200 1.2 .25 .2 15 
IN 1102 S IN4004 3-23 R 300 1.2 .25 .2 15 
IN1103 S lN4004 3-23 R 400 1.2 .25 .2 15 
INl104 S IN400S 3-23 R 500 1.2 .25 .2 15 
lN1105 S IN400S 3-23 R 600 1.2 .25 .2 15 
IN 110B S R BOO 3 .225 13.5 
IN 11 09 S R 1200 4.5 .212 12.7 
IN III a s R 1600 6 .2 12 
INlIll S R 2000 7.5 • I B7 11.2 
INI112 S R 2400 9 .175 10.5 
INl113 S R 2BOO 10.5 .162 9.7 
INI115 S IN4720 3-24 R 100 .65 .6 .4 15 
INI116 S IN4721 3-24 R 200 .65 .6 .3 15 
INl117 S MRI033A 3-24 R 300 .65 .6 .3 15 
IN11lB S IN4722 3-24 R 400 .65 .6 .3 15 
IN1119 S MRI03SA 3-24 R 500 .65 .6 .3 15 
1 N 1120 S IN4723 3-24 R 600 .65 .6 .3 15 
IN 1124 S IN472 1 3-24 R 200 1.1 .3 25 
IN 1124A IN472 1 3-24 R 200 3.3 .3 25 
IN 1125 S MRI033A 3-24 R 300 I. I .3 25 
IN1125A S MRI033A 3-24 R 300 3.3 .3 25 
IN 1126 S IN4722 3-24 R 400 1.1 I .3 25 
INI126A IN4722 3-24 R 400 3.3 .3 25 
lN1127 S MRI03SA 3-24 R 500 1.1 I .3 25 
INI127A S MRI03SA 3-24 R 500 3.3 .3 25 
lN112B S IN4723 3-24 R 600 I. I I .3 25 
INI128A IN4723 3-24 R 600 3.3 .3 25 
IN 1130 S R 1500 15 .3 .05 
INI131 S R 1500 IS .3 .05 
INI133 R 1500 IS .085 .025 3.5 
lNI134 R 1500 7.5 .115 .025 3.5 
INI135 R 1800 18 .075 .025 3.5 
lN1136 R 1800 9 .095 .025 3.5 
lN1137 R 2400 24 .057 .025 3.5 
IN 1138 R 2400 12 .070 .025 3.5 
lNI139 R 3600 27 .075 .025 3.5 
IN 1140 R 3600 18 .075 .025 3.5 

[IN"TIlIT R 4800 36 .01U .025 3.!> 
IN 1142 R 4800 24 .057 .025 3.5 
lN1I43 R 6000 45 .057 .025 3.5 
IN 1143A R 6000 30 .075 .025 3.5 
1N1144 R 7200 54 .057 .025 3.5 
IN 1145 R 7200 36 .070 .025 3.5 
IN 1146 R 8000 60 .050 .025 3.5 
lNI147 R 12K 60 .050 .025 3.5 

:-fNJT1i8 R 14K 52 .057 .025 3.5 
IN 1149 R 16K 60 .050 .025 3.5 
IN 1150 S R 1600 .75. B 
IN 1150A S R 1600 6.5 .375 1.0 10 
INI157 S R 50 20 200 
IN 1158 S R 100 20 
IN1159 S R 200 20 
lN1160 S R 300 20 

[lNTlOT -S- R 50 35 350 
INI162 S R 100 35 350 
IN1163 S R 200 35 350 
IN1164 S R 300 35 350 
1NI165 S R 50 lOa 1000 
IN1166 S R 100 lOa 1000 
IN1167 S R 200 100 1000 
INI168 S R 300 100 1000 

R-Rectlfier. RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max trr < 0.3I.'s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

INJl69 IN1204A -
RECTIFIERS ZENER DIODES z 

~ 
.. 

VR V, 10 IR Isurge V ( .) Vz(nom) Tal ;:: Po ~ REPLACE· PAGE ~ (yolts) (Yolts) (Amps) (mA) (Amps) z mm Vz(max) Vz % 
TYPE ~ MENT NUMBER i": . SIGNALtiiODES.i .•• • ...••.. . .·.·REFE~EIIIOEc)190ES co: 

::E 

~ PRY .V ... ··@ I.r IR 
t fr TC ···.Vz· T(mln) NrnaX) (volts) (yolts) (P.S) %/'C 'C ·c 

lN1169 S IN4004 3-23 R .5 
lNI169A S R I' 400 I\.>J 

,.5 .... 3 .• 5 ... IN 1170 G SP 50 11M I> 5* 
IN 1171 S R 50 20 
IN1112 S R 100 20 
INI173 S R 200 20 
INI174 S R 300 20 
1 N 1175 S P. 50 35 350 
lNI116 S R 100 35 350 
IN 1117 S R 200 35 350 
INI118 S R 300 35 350 
IN 1119 S R 50 100 1000 
lN1180 S R 100 100 1000 
IN 1181 S R 200 100 1000 
IN 1182 S R 300 100 1000 
IN1183 S IN1183 3-10 R 50 1.7 35 10 500 
INI183A S MR1200FL 3-32 R 50 1.3 !f0 2.5 800 
IN118!f S IN1l84 3-10 R 100 1.1 35 10 500 
INI184A S MR1201FL 3-10 R 100 1.3 !f0 2.5 800 
IN 1185 S IN1185 3-10 R ISO 1.1 _ 35 10 500 
IN1185A S MR1202FL 3-32 R 150 1.3 !f0 2.5 800 
lNI186 S IN1l86 3-19 R 200 1.1 35 10 500 
IN 1186A S MR1203FL 3-32 R 200 1.3 !f0 2.5 800 
INI187 S INIl87 3-10 R 300 1.7 35 10 500 

INlIll7A S MR1205FL 3-32 R 300 1.2 !f0 2.5 800 
IN1188 S IN1188 3-10 R !faa 1.1 35 10 500 
IN 1188A S MR1207FL 3-32 R 400 1.2 !f0 2.2 800 
IN 1189 S INIl89 3-10 R SOD 1.1 35 10 SOD 
IN1189A S R 500 1.2 !f0 2 800 
IN 1190 S IN1190 3-10 R 600 1.1 35 10 500 
IN 1190A S R 600 1.2 40 1.8 800 
INI191 S IN1191 3-8 R 50 2.35 18 5 220 
lNI191A S R 50 2 22 2.5 500 
IN 1192 S INll92 3-8 R lOa 2.35 18 5 220 
INI192A S R lOa 2 22 2.5 500 
IN 1193 S IN1l93 3-8 R ISO 2.35 18 5 220 
IN1193A S R ISO 2 22 2.5 500 
IN119!f S IN1194 3-8 R 200 2.35 18 5 220 
IN 119!fA S R 200 2 22 2.5 500 
IN1195 S IN1195 3-8 R 300 2.35 18 ·5 220 
~A 15 IN1195A 3-8 R """300 .6 20 3.2 350 
INI196 S IN1196 3-8 R 400 2.35 18 5 220 
IN1196A S IN1196A 3-8 R 400 .6 20 2.5 350 
lN1197 S IN1197 3-8 R 500 2.35 18 5 220 
INI191A S IN1197A 3-8 . R 500 .6 20 2.2 350 
IN1198 S IN1198 3-8 R 600 2.35 18 5 220 
lN1198A S IN1198A 3-8 R 600 .6 20 1.5 350 
lN1199 S MR1120 3-28 R 50 12 10 
~A IS MRIl20 3-28 R 50 1.35 12 3 2!f0 
IN 11998 S R 50 1.2 12 .9 250 
lNI200 S MR1l2I 3-28 R 100 12 10 
INI200A S MR1121 3-28 R 100 1.35 50 2.5 12 
lN12008 S R 100 1.2 12 .9 250 
lN1201 S MR1122 3-28 R 150 12 10 
lNI201A S MR1122 3-28 R 150 1.35 50 2.25 12 
lN12018 S R ISO 1.2 12 .9 250 

I1'IT2U7 -S- >llUTZT ""T-Zlr 1< 7Im 12 2~g lNI202A S MR1l22 3-28 R 200 1.35 50 12 
lN1202B S R 200 1.2 12 .9 250 
IN1203 S MR1l23 3-28 R 300 12 10 
lN1203A S MRIl23 3"28 R 300 1.35 50 1.15 12 
IN12038 5 R 300 1.2 12 .9 250 
lN120!f S MR1l24 3-28 R 400 12 10 
INI204A S MR1l24 3-28 R 400 1.35 50 1.5 12 
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-- Numerical Index--

1 N1204B-l N1244A 
RECTIFIERS ZENER DIODES 

z: 
~ 

Q v. VF 10 I. Isurge V (min) Vz (nom) Tol 
"" REPLACE· PAGE g (Yolts) (Yolts) (Amps) (rnA) (Amps) Z Vz(max) Vz % Po 

. TYPE 1:l 
=< MENT NUMBER SIGNAL DIODES REFERENCE DIODES 
:IE 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(yolts) (Yolts) (IL5) %/oC ·C ·C 

INI204B S R 400 1.2 12 .9 250 
IN1205 S MR1l25 3-28 R 500 12 10 
INI20SA S MR1l25 3-28 R 500 1.35 50 1.25 12 
IN120SB S R 500 1.2 12 .9 250 
INI206 S MR1l26 3-28 R MO 12 10 
INI206A S MR1l26 3-28 R 600 1.35 50 1.0 12 
INI206B S R 600 1.2 12 .9 250 
IN1217 S IN4001 3-23 R 50 1.0 1.6 1.5 20 
INI217A S IN4001 3-23 R 50 1.5 1.6 .05 
1N1217B S R 50 1.7 1.35 .3 25 
INI218 S IN4002 3-23 R 100 1.0 1.6 1.5 20 
1N1218A S IN4002 3-23 R 100 1.5 1.6 .05 
INI218B S R 100 1.7 1.35 .3 25 
lNI219 S IN4003 3-23 R ISO 1.0 1.6 1.5 20 
INI219A S IN4003 3-23 R ISO 1.5 1.6 .05 
INI219B S R 150 1.7 1.35 .3 25 
lNl220 S IN4003 3-23 R 200 1.0 1.6 1.5 20 
IN1220A S IN4003 3-23 R 200 1.5 1.6 .05 
IN1220B S R 200 1.7 1.35 .3 25 
IN1221 S IN4004 3-23 R 300 1.0 1.6 1.5 20 
INI221A S IN4004 3-23 R 300 1.5 1.6 .05 
IN1221B 5 R 300 1.7 1.35 .3 25 
IN1222 S IN4004 3-23 R 400 1.0 1.6 1.5 20 
INI222A S R 400 1.5 1.6 .05 
INI222B 5 R 400 1.7 1.35 .3 25 
INI223 S IN4005 3-23 R 500 1.0 1.6 1.5 20 
INI223A S R 500 1.5 1.6 .05 
IN1223B S R 500 1.7 1.35 .3 25 
IN1224 S IN4005 3-23 R 61"0 1.0 1.6 1.5 20 
IN1224A S IN4005 3-23 R 600 1.5 1.6 .05 
lN1224B S R 600 1.62 1.25 .3 25 
lNI225 S IN4006 3-23 R 700 1.0 1.6 1.5 20 
INI22SA S IN4006 3-23 R 700 1.55 I. I .5 25 
lNI225B 5 R 700 1.62 1.25 .3 25 
lNI226 5 IN4006 3-23 R 800 1.0 1.6 1.5 20 
lN1226A S IN4006 3-23 R 800 1.50 1. I .5 25 
lNI226B S R 800 1.58 1.15 .3 25 
lN1227 S IN4719 3-24 R 50 1.0 1.6 1.5 20 
lN1227A S R 50 1.5 1.6 .05 
lN1228 S IN4720 3-24 R 100 1.0 1.6 1.5 20 
IN1228A S R 100 1.5 1.6 .05 
INI229 S IN4721 3-24 R 150 1.0 1.6 1.5 20 
lN1229A 5 R 150 1.5 1.6 .05 
lN1230 S IN4721 3-24 R 200 1.0 1.6 1.5 20 
lNI230A S R 200 1.5 1.6 .05 
lN1231 S MR1033A 3-24 R 300 1.0 1.6 1.5 20 
lN1231A 5 R 300 1.5 1.6 .05 
IN1232 5 IN4722 3-24 R 400 1.0 1.6 1.5 20 
lN1232A S R 400 1.5 1.6 .05 
lN1233 S MR1035A 3-24 R 500 1.0 1.6 1.5 20 
lN1233A S R 500 1.5 1.6 .05 
lN1234 5 IN4723 3-24 R 600 1.0 1.6 1.5 20 
lNI234A 5 R 600 1.5 1.6 .05 
IN1235 S IN4724 3-24 R 100 1.0 1.6 1.5 20 
lNI236 5 IN4724 3-24 R 800 1.0 1.6 1.5 20 
lNI237 S R 1600 .15 8 

:~:~~~ ~ 
R 1600 ./5 !l 
R 2800 .5 5 

INI240 S R 50 1 .25 .5 5 
IN1241 S R lOa I .25 .5 5 
1N12lj2 S R 200 1 .25 .5 5 
lNJ243 S R 300 1 .2 .5 5 
lN12lj4 S R 400 1 .15 .5 
lN12lj4A S R 400 1 .2 .5 5 

I-Rectifier, RD-Reference Diode, lD-Zener Diode, GP-General Purpose, HC- High Conductance ('?::: 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (MaX t" < O.3~s}, 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index--

1N1245-1N1314A 

z RECTIFIERS ZENER DIODES 

.... Q VR V, 10 IR Isurge .. ;:: 

TYPE ~ REPLACE· PAGE ~ (valls) (valls) (Amps) (mA) (Amps) z mm Vz(max) Vz% 0 

:. MENT NUMBER := 1:::;'.iU: .,:"; ... ,, J~O:";::;;';';" :E 
~ I;;~~ '.!; ~;.·;·I.· Iq,~; • 1" ['n1' I'(ILS) 

INI245 s R 500 I .13 .4 
INI246 S R 600 I .115 .3 
INI247 S R 700 I .1 .2 
INI248 S R 800 I .08 .1 
INI249 S R 900 I .065 .1 
INI250 s· R 1000 I .05 .1 
lNI251 S IN4002 3-23 R 50 I .25 .5 5 
IN1252 S 1N4002 . 3-23 R lOa I .25 .5 <; 
INI253 S 1N4003 3-23 R 200 I .25 .5 5 
IN1254 S 1N4004 3-23 R 300 I .2 .5 5 
lN1255 S 1N4004 3-23 R 400 I .15 .5 
INI255A s· R 400 1 .2 .5 5 
IN1256. S R 500 I .13 .4 
INI257 S R 600 I • .115 .3 
INI258 S R 700 I . • I .2 
IN1259 S R 800 I .08 • I 
IN1260 S R 900 1 .065 .1 
INI261 S R 1000 I .05 .1 -
IN1262 S R 4500 .25 2.5 
INI263 S R 50 ISO 1500 
INI263A S R 50 200 2000 
lNI264 S R 100 ISO 1500 
INI264A S R 100 200 2000 
INI265 S R 200 ISO 1500 
INI265A S R 200 200 2000 
INI266 S R 300 ISO 1500 
IN1266A S R 300 200 2000 
INI267 S R 50 ISO 1500 
IN1267A S R 50 200 2000 
lN1268 S R 100 150 1500 
IN1268A S R 100 200 2000 
lN1269. S R 200 ISO 1500 
lN1269A S R 200 200 2000 
INI270 S R 300 150 1500 
lN1270A S R 300 200 2000 
lN1271 S R 50 160 40 
lNI272 S R 100 160 40 
lN1273 S R 150 160 40 
IN1274 S R 200 160 40 
IN1275 S R 300 160 40 
lN1276 S R 400 160 40 
lN1277 S R 500 lhO 40 
IN128.1 S R 50 160 40 
IN1282 S R 100 160 40 
lNI283 S R 150 160 40 
IN1284 S R 200 160 40 
lN1285 S R 300 160 40 
IN.l286 S R 400 160 40 
lNI287 S R 500 160 40 
IN1291 S R 50 160 40 
lN1292 S R 100 160 40 
IN1293 S R 150 160 40 
lN1294 S R 200 160 40 
lN1295 S R 300 160 40 
IN 1296 S R 400 160 40 
lN1297 S R 500 160 40 
INI,jU I S R 50 .6,j 11.5 15 3UU 
INI302 S R 100 .63 17.5 5 300 
IN1304 S R 200 .63 17.5 5 300 
lN1306 S R 300 .63 17.5 5 300 
INUB S 2-12 ZD 8 5 150M 
INI313A S 2-12 lO 9.1 5 150M 
lN1314 S 2-12 ZD 10 5 150M 
lN1314A S 2-12 lO 10 5 150M 

R-Rectlfler, RD~Reference Diode, ZD-Zener Diode, GP-General Purpose. HC- High Conductance (:2:: 20 rnA @ ~ 1 V), HS-Hlgh Speed Switch (Max t, < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

I NI3IS-1 NI3SSA 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 I. Isurge V (min) Vz (nom) Tol .. 5 Po 

1il REPLACE· PAGE (volts) (volts) (Amps) (rnA) (Amps) Z Vz(max} Vz % 
TYPE ;::: 

~ MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRV VF @ IF I. t" TC Vz T(min) T(max) 
(volts) (volts) (/J.S) %/OC 'C 'C 

1N1315 S 2-12 ZO 12 5 150M 
1N1315A S 2-12 ZO 12 5 150M 
1N1316 S 2-12 ID 15 5 150M 
lN1316A S 2-12 ZD 15 5 150M 
lN1317 S 2-12 ZD 20 5 150M 
lNI317A S 2-12 ZD 18 5 150M 
1N1318 S 2-12 ZD 25 5 150M 
1N1318A S 2-12 zn 22 5 150M 
lN1319 5 2-12 ZD 30 5 150M 
lN1319A 5 2-12 ZD 27 5 150M 
lN1320 5 2-12 ZD 35 5 150M 
lN1320A S 2-12 In 33 5 150M 
lN1321 5 2-12 zn 40 5 150M 
IN 1321 A 5 2-12 ZD 39 5 150M 
lN1322 5 2-12 ZD 50 5 150M 
INl'l??A S 2-12 ZD 47 5 150M 
IN1323 S 2-12 ID 60 5 150M 
lN1323A 5 2-12 ZD 56 5 150M 
IN 1324 S 2-12 ZD 70 5 150M 
IN 1325 S 2-12 ID 90 5 150M 
IN 1326 S 2-12 ZD 105 5 150M 
1N1327 S 2-12 ZD 125 5 150M 
lN1329 S R 1500 1.3 .1 .02 2 
lN1330 S R 50 240 50 
1 N 1331 S R 100 240 50 
lNI332 S R 150 240 50 
IN1333 S R 200 240 50 
1N1334 S R 300 240 50 
IN 1335 S R 400 240 50 
IN1336 5 R 500 240 50 
1N1341 .5 MR1l20 3-28 R 50 1.6 6 4 150 
lN1341A S MR1l20 3-28 R 50 1.4 6 3.0 150 
1N1341B 5 R 50 1.2 6 .45 160 
lN1342 S MRn2l 3-28 R 100 1.6 6 4 150 
1NI342A S MR1l21 3-28 R 100 1.4 6 2.5 150 
lN1342B S R 100 102 6 .45 160 
1N1343 5 MR1l22 3-28 R 150 1.6 6 4 150 
lN1343A S MR1l22 3-28 R 150 1.4 6 2.25 150 
lN1343B S R 150 1.2 6 .45 160 
IN1344 S MR1l22 3-28 R 200 1.6 6 4 150 
lNI344A S MR1l22 3-28 R 200 1.4 6 2.0 150 
1N1344B 5 R 200 1.2 6 .45 160 
lN1345 S MR1l23 3-28 R 300 1.6 6 4 150 
1N134SA S MR1l23. 3-28 R 300 1.4 6 1.75 150 
lN1345B S R 300 1.2 6 .45 160 
1N1346 S 'MR1l24 3-28 R 400 1.6 6 4, 150 
lN1346A 5 MRliz4 3-28 R 400 1.4 6 1.5 150 
1N1346B S R 400 1.2 6 .45 160 
1N1347 S MR1l25 3-28 R 500 1.6 6 4 150 
lN1347A S MR1l25 3-28 R 500 1.4 6 1.25 150 
IN 1347B S R 500 1.2 6 .45 160 
lN1348 S MR1l26 3-28 R 600 1.6 6 4 150 
lN1348A S MR1l26 3-28 R 600 1.4 6 1.0 150 
lN1348B S R 600 1.2 6 .45 160 
1 N 1351 S IN2974A 2-18 ID 10 10 lOW 
lN1351A S IN2974B 2-18 ID 10 5 lOW 
IN 1352 S IN2975A 2-18 ZD I 1 10 lOW 
IN1352A S IN2975B 2-18 In 11 5 lOW 
IN1353 S 1N2976A 2-18 In 12 10 lOW 
lN1353A S 1N2976B 2-18 ZD 12 5 lOW 
lN1354 S 1N2977A 2-18 zn 13 10 lOW 
IN 1354A S 1N2977B 2-18 ZD 13 5 lOW 
IN1355 S 1N2979A 2-18 In 15 10 lOW 
lNI355A S 1N2979B 2-18 In 15 5 lOW 

R-Rectlfler, RO- Reference DIOde, ZD-Zener DIOde, GP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier. SP-Special Purpose. 
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-- Numerical Index --

1 N1356-1N1414 

z RECTIFIERS ZENER DIODES 
~ 

C> VR V, 10 IR Isurge . Vz (nom) Tol .. 
REPLACE· PAGE ~ (Yolts) (yolts) (Amps) (rnA) (Amps) Vz(mln) Vz(max) Vz% Po ;;: .. TYPE li MENT NUMBER § SIGNAL DIODES ••• y. " REFEREN¢EOIPOES 

::E :5 '.Jz ...• s PRY. . V(,@ .IF IR t,rr TC J(",i~) T(max) 
(yolts) (yoltS) (",5) %/~C tc ;oC, 

lNI356 S IN2980A 2-18 lO 16 10 lOW 
lN1356A S IN2980B 2-18 lO 16 5 lOW 
lN1357 S IN2982A 2.-18 lO 18 10 lOW 
lN1357A S IN2982B 2-18 lO 18 5 lOW 
IN1358 S IN2984A 2-18 lO 20 10 lOW 
IN 1358A S IN2984B 2-18 lO 20 5 lOW 
lN1359 S IN2985A 2-18 lO 22 10 lOW 
lN1359A S IN2985B 2-18 lO 22 5 lOW 
lN1360 S IN2986A 2-18 lO 24 10 lOW 
lN1360A S IN2986B 2-18 ZO 24 5 lOW 
IN1361 S IN2988A 2-18 ZD 27 10 lOW 
IN1361A S IN2988B 2-18 lO 27 5 lOW 
IN1362 S IN2989A 2-18 lO 30 10 lOW 
IN 1362A S IN2989B 2-18 ZO 30 5 lOW 
IN 1363 S IN2990A 2-18 lO 33 10 lOW 
IN1363A S IN2990B 2-18 lD 33 5 lOW 
lN1364 S IN2991A 2-18 ZO 36 10 lOW 
lN1364A S lN2991B 2-18 lO 36 5 lOW 
IN 1365 S IN2992A 2-18 ZO 39 10 lOW 
IN1365A S IN2992B 2-18 lD 39 5 lOW 
IN 1366 S IN2993A 2-18 lO 43 10 lOW 
IN1366A S IN2993B 2-18 ZO 43 5 lOW 
IN1367 S lN2995A 2-18 ZO 47 10 lOW 
lN1367A S IN2995B 2-18 lO 47 5 lOW 
IN136!:! IS IN2997A 2-18 lO 51 10 lOW 
lN1368A S IN2997B 2-18 ZO 51 5 lOW 
IN 1369 S IN2999A 2-18 lO 56 10 lOW 
IN1369A S IN2999B 2-18 lO 56 5 lOW-
IN 1370 S IN3000A 2-18 ZO 62 10 lOW 
INI370A S IN3000B 2-18 lO 62 5 lOW 
IN1371 S IN3001A 2-18 lO 68 10 lOW 
IN1371A S IN3001B 2-18 ZO 68 5 lOW 
IN1372 S IN3002A 2-18 lO 75 10 lOW 
IN1372A S IN3002B 2-18 lO 75 5 lOW 
IN1373 S IN3003A 2-18 lO 82 10 lOW 
IN1373A S IN3003B 2-18 lO 82 5 lOW 
IN1374 S IN3004A 2-18 lO 91 10 lOW 
lN1374A S IN3004B 2-18 lO 91 5 lOW 
IN1375 S IN3005A 2-18 ZO 100 10 lOW 
IN1375A S IN3005B 2-18 ZO 100 5 lOW 
TNT3T6 ~ R 

I~~ 2'1U 50 
lN1377 R 240 50 
IN1378 S R ISO 240 50 
IN1379 S R 200 240 50 
IN1380 S R 300 240 50 
IN 1381 S R 400 21f0 50 
lNI382 S R SOD 21f0 50 
IN 1396 S MR1210SB 3-35 R 50 1.55 70 IS 1200 

rTNI39r S MRI211SB 3-35 R 100 1.55 70 IS 1200 
IN139S S MR1212SB 3-35 R ISO 1.55 70 15 1200 
lN1399 S MRI213SB 3-35 R 200 1.55 70 15 1200 
IN1400 S MR1215SB 3-35 R 300 1.55 70 15 1200 
INI401 S MR1217SB 3-35 R 400 1.55 70 IS 1200 
lNI402 S R 500 1.55 70 15 1200 
IN1403 S R 600 1.55 70 15 1200 
lNI406 S R 600 5.0 .1 .1 3.5 
TI'fTlIU7 rs- tlUU !).u .~ .1 3.5 
INI40S S R 1000 5.0 .1 3.5 
lN1409 S R 1200 5.0 • I .1 3.5 
IN1410 S R 1500 6.25 • I .1 3.5 
INI411 S R 1800 7.5 .1 • I 3.5 
lN1412 S R 2000 6.25 .1 .1 3.5 
lN1413 S R 2400 7.5 .1 .1 3.5 
INII.14 S R 400 1.25 10 I 100 

R-Rectlfler, nD~Reference DIOde lO-Zener Diode, GP-General Purpose, IIC- High Conductance (~ 20 rnA @ ~ 1 V), US-High Speed SWitch (Max t" < O.3ps). 
CS-High Co~ductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN1415 lN1477 -
RECTIFIERS ZENER DIODES 

~ 

;§ 
VR VF 10 IR Isurge V (min) Vz (nom) Tol .. 

REPLACE· PAGE 5 (volts) (volts) (Amps) (rnA) (Amps) z Vz(max) Vz% PD 
TYPE 15 

NUMBER § :;;: MENT SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (MS) %/OC ·C ·C 

INI415 S GP I. I IA 1* 
INI416 5 1N2972B 2-18 ID 8.2 5 lOW 
INI417 5 1N2976B 2-18 ID 12 5 lOW 
1N1418 S 1N2979B 2-18 ZC 15 5 lOW 
1N1419 S 1N2982B 2-18 ZD 18 5 lOW 
1NI420 S 1N2985B 2-18 ZD 22 5 lOW 
1NI421 S 1N2988B 2-18 lC 27 5 lOW 
IN1422 S 1N3001B 2-18 ZD 68 5 lOW 
IN 1423 S 1N3005B 2-18 ID 100 5 lOW 
IN1424 5 lN3011B 2-18 ZD ISO 5 lOW 
1NI425 S 1N3018B 2-19 ze 8.2 10 IW 
1N1426 5 1N3022B 2-19 zn 12 10 IW 
1N1427 S 1N3024B 2-19 ZD IS 10 1W 
INI428 S 1N3026B 2-19 ZD 18 10 IW 
INI429 5 1N3028B 2-19 ZD 22 10 IW 
INI430 S 1N3030B 2-19 u; 27 10 111 
1NI431 5 1N3040B 2-19 Z[] 68 5 IW 
INI432 5 1N3044B 2-19 ZI) 100 5 11/ 
IN1433 5 1N3048B 2-19 Z[] ISO 5 II/ 
INI434 5 R 50 1.2 30 5 
IN1435 5 R lOa 1.2 30 5 
INI436 S R 200 1.2 30 5 
INI437 5 R 400 1.2 30 5 
INI438 S R 600 1.2 30 5 
IN 1440 S R 200 1.2 .75 .5 30 
INI441 S R 300 1.2 .75 .5 30 
INI442 S R 400 1.2 .75 .5 30 
IN1443 5 IN4007 3-23 R 1000 1.0 1.6 1.5 20 
INI443A S R 1000 1.45 I. I .5 25 
INI443B 5 R 1000 1.55 I. I .3 25 
INI444 S IN4725 3-24 R 1000 1.0 1.6 1.5 20 
INI445 S R 360 2 .2 4 
INI446 S R 100 2 2 
INI447 S R 200 2 2 
INI448 S R 300 1.4 2 
INI449 S R 400 2 2 
INlLi50 S R 100 I.Li 5 
INI451 S R 200 1.4 5 
INI452 S R 300 1.4 5 
INI453 5 R 400 1.4 5 
INI454 S R 100 1.5 25 25 
INI455 5 R 200 1.5 25 25 
INI456 S R 300 1.5 25 25 
INI457 5 R 400 1.5 25 25 
INI458 5 R 100 1.5 35 25 
INI459 S R 200 1.5 35 25 
INI460 S R 300 1.5 35 25 
INI461 S R 400 1.5 35 25 

,NI462 5 R 100 1.5 50 50 
INI463 S R 200 1.5 50 50 
INI464 S R 300 1.5 50 50 
INI465 S R 400 1.5 50 50 
INI466 S MR1221FB 3-38 R 100 1.5 75 50 
INI467 S MR1223FB 3-38 R 200 1.5 75 50 
INI468 S MR1225FB 3-38 R 300 1.5 75 50 
INI469 S MR1227FB 3-38 R 400 1.5 75 50 
INI470 S R 100 1.5 lao lao 
INI471 s R 200 1.5 100 100 
INI472 S R 300 1.5 100 lOa 
INI413 S R 400 1.5 100 100 
INI474 S R 100 1.5 ISO 100 
INI475 S R 200 1.5 ISO 100 
INI476 S R 300 1.5 ISO 100 
INI477 S R 400 1.5 ISO IDa 

R-Rectifier. RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < 0.3/Js), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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lN1478-1N1539 

~ 

TYPE 
ii1j REPLACE-
!;;1 MENT 
== 

IN1478 S 
lN1479 S 
lN1480 S 
lN1481 S 
lN1482 S 
lN1483 S 
lN1484 S 
IN1485 S 
lN1486 S 
lNl487 S 
INl4e8 S 
lN1489 S 
lN1490 S 
lN1491 S 
lN1492 S 
lN1507 S 
lNI507A S 
lN1508 S 
1N1508A S 
lN1509 S 
INI509A S 
1NI510 S 
lNI510A S 
lN1SI1 S 
INl llA S 
IN1S12 S 
INl512A S 
INl513 S 
INI513A S 
1N1514 S 
INl514A S 
INl515 S 
IN1515A S 
lNI516 S 
INI516A S 
lN1517 S 
lNI517A S 
lNI518 S 
1N1518A S 
1N1519 S 

N 19A S 
1N1520 S 
lNI520A S 
lN1521 S 
lN1521A S 
lNl522 S 
IN1522A S 
lNI523 S 
lNI523A S 
1NI524 S 
IN1524A S 
lNI525 S 
lN1525A S 
lN1526 S 
lN1526A S 
lN1527 S 

MR1241SB 
MR1243SB 
MR1245SB 
MR1247SB 
1N3995A 
1N3998A 
1N3825A 
1N3828A 
1N4005 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N3823 
1N3823A 
1N3825 
1N3825A 
1N3827 
1N3827A 
1N3016A 
1N3016B 
1N3018A 
1N3018B 
1N3020A 
1N3020B 
1N3022A 
1N3022B 
1N3024A 
1N3024B 
1N3026A 
1N3026B 
1N3028A 
1N3028B 
1N3030A 
1N3030B 
1N3823 
1N3823A 
1N3825 
1N3825A 
1N3827 
1N3827A 
1N3016A 
1N3016B 
1N3018A 
1N3018B 
1N3020A 
1N3020B 
1N3022A 
1N3022B 
1N3024A 
1N3024B 
1N3026A 
1N3026B 
1N3028A 

1Nl528 
1N1528A 
1NI530 
lN1530A 
lNI537 
IN1538 
1NI539 

IN3028B 
S 1N3030A 
S 1N3030B 
S 1N3156 
S 1N3157 
S 
S 
S 

1N4002 
1N4003 

PAGE 
NUMBER 

3-44 
3-44 
3-44 
3-44 
2-24 
2-24 
2-23 
2-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
3-23 
2-23 
2-23 
2-23 
2-23 
2-23 
2-23 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-23 
2-23 
2-23 
2-23 
2-23 
2-23 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 

3-23 
3-23 

R 
R 
R 
R 
ze 
lC 
ZD 
ZD 
R 
R 
R 
R 
R 
R 
R 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RC 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 
RD 

RC 
RD 
RD 
RD 
R 
R 
R 

-- Numerical Index--

500 
100 
200 
300 
400 
500 
600 

50 
lOa 
150 

RECTIFIERS 

I. S 
1.5 
1.5 
1.5 

.55 

.55 

.55 

.55 

.55 

.55 

1.5 
1.5 
1.5 

200 
200 
200 
200 

.5 
.25 
.25 
.25 
.25 

1.6 
1.6 
1.6 

100 
100 
100 
100 

3.5 
.4 
.3 
.3 
.3 
.3 
.3 

.05 

.05 

.05 

15 
15 
15 
15 
15 
15 

ZENER DIODES 

1t·47 
5.90 
4.47 

4.93 
6.50 
4.93 
6.2 5 

lOW 
lOW 

11/ 
11/ 

R-Rectifjer, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@:::::; 1 V), HS- High Speed Switch (Max t" < 0.3/,1s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-$pecial Purpose. 
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-- Numerical Index --

1 N1S40-1 N159SA 
RECTIFIERS ZENER DIODES :z: 

-' '" VR VF 10 IR Isurge V (min) Vz (nom) Tol ... ;::: Po 
TYPE ~ REPLACE· PAGE 

~ 
(volts) (volts) (Amps) (mA) (Amps) Z Vz(max) Vz% 

~ MENT NUMBER SIGNAL DIODES REFERENCE DIODES :e 
~ PRY VF @ IF IR t" TC 

Vz 
T(min) T(max) 

(volts) (volts) (fLS) %/OC ·C ·C 

IN 1540 S 1N4003 3-23 R 200 1.5 1.6 .05 
IN 1541 S 1N4004 3-23 R 300 1.5 1.6 .05 
lN1542 S 1N4004 3-23 R 400 1.5 1.6 .05 
lN1543 S 1N4005 3-23 R 500 1.5 1.6 .05 
lN1544 S 1N4005 3-23 R 600 1.5 1.6 .05 
lN1551 S R 100 1.4 1 
lN1552 S R 200 1.4 1 
lN1553 S R 300 1.4 1 
lN1554 S R 400 1.4 1 
lN1555 S R 500 1.4 1 
lN1556 S R 100 1.4 1 
lN1S57 S R 200 1.4 1 
lN1558 S R 300 1.4 1 
lN1559 S R 400 1.4 1 
lN1560 S R 500 1.4 1 
1N1561 G HC 25 .4 12M 25-
1N1562 G HC 25 .4 8M 25-
lN1563 S R 100 1.5 1 .003 70 
lN1563A S R 100 1.5 1.5 .003 70 
lN1564 S R 200 1.5 1 .003 70 
lN1564A S R 200 1.5 1.5 .003 70 
lN1565 S R 300 1.5 1 .003 70 
1N1565A S R 300 1.5 1.5 .003 70 
lN1566 S R 400 1.5 1 .003 70 
1N1566A S R 400 1.5 1.5 .003 70 
lN1567 S R 500 1.2 1 .005 70 
1N1567A S R 500 1.5 1.5 .003 70 
1N1568 S R 600 1.2 1 .005 70 
lN1568A S R 60G 1.5 1.5 .003 70 
1N1569 S R 100 1.5 1 .005 70 
1N1570 S R 20e 1.5 1 .005 70 
1N1571 S R 300 1.5 1 .005 70 
lN1572 S R 400 1.5 1 .005 70 
lN1573 S R 500 1.5 1 .005 70 
1N1574 S R 600 1.5 1 .005 70 
lN1575 S R 100 1.5 3.5 .005 70 
1N1576 S R 200 1.5 3.5 .005 70 
lN1577 S R 300 1.5 3.5 .005 70 
lN1578 S R 400 1.5 3.5 .005 70 
1N1579 S R 500 1.5 3.5 .005 70 
lN1580 S R 600 1.5 3.5 .005 70 
lN1581 S MR1l20 3-28 R 50 1.5 3 5 40 
1N1582 S MR1l21 3-28 R 100 1.5 3 5 40 
lN1583 S MR1l22 3-28 R 200 1.5 3 5 40 
1N1584 S MR1l23 3-28 R 300 1.5 3 5 40 
lN1585 S MR1l24 3-28 R 400 1.5 3 5 40 
lN1586 S MR1l25 ·3-28 R 500 1.5 3 5 40 
lN1587 S MR1l26 3-28 R 600 1.5 3 5 40 
1N1588 S 1N3993 2-24 RD 3.9 

I~,~l' 
1N1588A s 1N3993A 2-24 RD 3.9 
lN1589 S 1N3995 2-24 RD 4.7 
lN1589A S 1N3995A 2-24 RD 4.7 

ii lN1590 s 1N3997 2-24 RD 5.6 
1N1590A 5 1N3997A 2-24 RD 5.6 
1N1591 S 1N2970R 2-18 RD 6.8 ....•............ 
HI1591A S 1N2970RB 2-18 RD . 6.8 ... 
IN I ~"L ~ lN2Y/2RA L-l~ K!; 

I·~H lN1592A S 1N2972RB 2-18 RD ..•.... 
lN1593 S 1N2974RA 2-18 RD .... 
1N1593A S 1N2974RB 2-18 RD ...•.. 

I 1~ ······i; 

s',il 
lN1594 S 1N2976RA 2-18 RD 
lN1594A 5 1N2976RB 2-18 RD I: 

·.·· .. ·!·· .• ·i~·i I;!:· •• ·~.~· /i lN1595 s 1N2979RA 2-18 RD 
lN1595A S 1N2979RB 2-18 RD 

R- Rectifier, RD- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@ ==::: 1 V), HS-Hlgh Speed SWitch (Max t" < O.3ilS), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Nvmericallndex --

lN1596 lN1646 -
RECTIFIERS 

z: ZENER DIODES 
-' 

Q VR VF 10 IR Isurge V ( -) Vz (nom) Tal cr: 
REPlACE- PAGE 5 (valls) (volts) (Amps) (rnA) (Amps) z min Vz(max} Vz% Po 

TYPE 1il 
=< MENT NUMBER § ...•.. : •.• SIGNA.L DIODES RE.FERENCEDIPDES .. 
::E 

~ PRV Vr.@ Ir IR I" I·· .TC Vz T(rri;n) T(rnax) 
(valls) (volts) (p.S) %I"C 'C 'C 

INI596 S 1N2982RA 2-18 RD 18 . 
INI596A S 1N2982RB 2-18 RD '. I. 18 
INI597 S 1N2985RA 2-18 RO .' I; · ~~ IN1597A S 1N2985RB 2-18 RD 
lN1598 S 1N2988RA 2-18 RD 

I(; 1·!~~~1 Ii lN1598A s 1N2988RB 2-18 RD IE ..•. ~. INI599 S 1N3993 2-24 RD 
lN1599A S 1N3993A 2-24 RD 
lNI600 S 1N3995 2-24 RD 

i: 
~;- :rf7j 0{ lN1600A S 1N3995A 2-24 RD 

I;;~H lNI601 s 1N3997 2-24 RD 

I·:::![· lN1601A S 1N3997A 2-24 RD 

1 •..•••• 
1 •.•• 

INI602 s 1N2970A 2-18 RD 

••••••• 

l. :~: INI602A S 1N2970B 2-18 RD . 
INI603 S 1N2972A 2-18 RD • I'Jo: I· ...... 
IN1603A S 1N2972B 2-18 RD .' 
lN1604 S 1N2974A 2-18 RD 

.: lii:l iI1 
lNI604A s 1N2974B 2-18 RD 

I·;·~··!! I;~ir~ IN1605 S 1N2976A 2-18 RD 
INI605A S 1N2976B 2-18 RD 

iJi !kj!lll~ 
lN1606 s 1N2979A 2-18 RD 
lNI606A S IN2979B 2-18 RD I;:'! 
lNI607 S 1N2982A 2-18 RD .. ) 
INI607A S 1N2982B 2-18 RD ••••••• 
lNI608 S IIN2985A 2-18 RD 

I.~ I: ~ i:-~ rj) .•• J IN1608A S 1N2985B 2-18 RD 
lN1609 S 1N2988A 2-18 RD ).;. 
IN1609A S 1N2988B 2-18 RD ii' :iiji2:t } .. ' 
IN1612 S MR1l20 3-28 R 50 1.5 5 1 
lNI613 S MR1l21 3-28 R 100 1.5 5 I 
INI614 S MR1l22 3-28 R 200 1.5 5 I 
lNI615 S MR1l24 3-28 R 400 1.5 5 I 
lNI616 S MR1l26 3-28 R 600 1.5 5 I 
INI617 S 1N4002 3-23 R 100 1.2 1.5 60 
IN1618 S 1N4003 3-23 R 200 1.2 1.5 60 
INI619 S 1N4004 3-23 R 300 1.2 1.5 60 
INI620 S 1N4004 3-23 R 400 1.2 1.5 60 
lNI621 S R 100 1.2 10 80 
INI622 S R 200 1.2 10 80 
INI623 S R 300 1.2 1() 80 
INT02lf rs- R 4~~ I.~ IU 80 
lNI625 R .015 .005 
1NI625A R 48 I .015 .01 
IN 1626 R 96 2 .015 .005 
lN1626A R 96 2 .015 .01 
lNI627 R 48 I .027 .08 
lNI628 R 96 2 .027 .08 
lNI629 R 144 3 .027 .08 
INIO.jU IK IYZ 4 ;027 ;U8-
INI631 R 240 5 .027 .OB 
INI632 R 288 6 .027 .08 
IN1633 R 336 7 .027 .08 
lNI634 R 384 8 .027 .08 
1NI635 R 48 I .108 .25 
INI636 R 96 2 .108 .25 
IN1637 R 144 3 .108 .25 
Il\lT03Cf ',,- " • IU8 .2~ 
lN1639 R 240 5 .108 .25 
lN1640 R 48 1 .028 .240 .55 
INI641 R 96 2 .028 .240 .55 
lNI61j2 R 144 3 .028 .240 .55 
1N1644 S R 50 .5 .25 .4 15 
lN1645 S R lOa .5 .25 .4 IS 
1 N1646 S R ISO .5 .25 .3 IS 

R-Rectifler, RD-Reference Diode, lD-Zener DIOde, GP-General PIJrpOSe, IIC- High Conductance (~2~ rnA @. ~ 1 VJ. HS-~Igh Speed SWitch (Max t.., < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametnc Amplifier, SP-Speclal Purpose. 
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-- Numerical Index --

1 N1647 -1 N1734A 
RECTIFIERS ZENER DIODES z: 

~ 
<> VR VF 10 IR I surge V (min) Vz (nom) Tol "'" ;:: Po 

~ REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) Z Vz(max) Vz % 
TYPE 

!;;: ME NT NUMBER u:: 
;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (p.S) %/OC ·C ·C 

INI647 S R 200 .5 .25 .3 15 
INI648 S R 250 .5 .25 .3 15 
INI649 S R 300 .5 .25 .3 15 
INI650 S R 350 .5 .25 .3 15 
INI651 S R 400 .5 .25 .3 IS 
INI652 S R 500 .5 .25 .3 IS 
INI653 S R 600 .5 .25 .3 IS 

11N1MO ~ MIl 210SH 3-3<; ~n An Itn 
INI661 S MR1211SB 3-35 R 100 160 40 
INI662 S MR1212SB 3-35 R 150 160 40 
INI663 S MR1213SB 3-35 R 200 160 40 
INI664 S MR1215SB 3-35 R 300 160 40 
INI665 S MR1217SB 3-35 R 400 160 40 
INI666 S R 500 160 40 
INI670 S R 50 240 50 

II, ,71 <; R 100 240 50 
INI672 S R 150 240 50 
INI673 S R 200 240 50 
INI674 S R 300 240 50 
INI675 S R 400 240 50 
INI676 S R 500 240 50 
INI680 S R ISO I. I 50 25 700 
INI681 S R 250 I. I 50 25 700 

111 j 1 I>R? S ,00 1 1 SO ;>5 700 
INI683 5 R 350 I. I 50 25 700 
INI684 S R 400 I. I 50 25 700 
INI685 S R 450 I. I 50 25 700 
INI686 S R 500 I. I 50 25 700 
INI687 5 R 600 I. I 50 25 100 
INI688 S R 700 I. I 50 25 100 
INI689 S R 800 I. I 50 25 100 
l,j 1 ,Qn ~ ~ 9.<L0 11 50 25 700 
INI691 S R 1000 1.1 50 25 700 
IN 1692 S lN4002 3-23 R 100 .6 .25 .5 20 
INI693 S lN4003 3-23 R 200 .6 .25 .5 20 
INI694 5 lN4004 3-23 R 300 .6 .25 .5 20 
INI695 S lN4004 3-23 R 400 .6 .25 .5 20 
INI696 S lN4005 3-23 R 500 .6 .5 20 
INI697 S lN4005 3-23 R 600 .6 .5 20 
IN1698 5 R 6600 33 .062 
INI699 S R 10K 37 .058 
IN 1700 S R 12K 45 .05 
IN 170 I S lN4001 3-23 R 50 1.3 .3 .2 8 
INI702 S lN4002 3-23 R 100 1.3 .3 .2 8 
IN 1703 S lN4003 3-23 R 200 1.3 .3 .2 8 
IN1704 S lN4004 3-23 R 300 1.3 .3 .2 8 
lN1705 S lN4004 3-23 R 400 1.3 .3 .2 8 
IN1706 S 1>14nn, 1_?1 R 500 1.3 .3 .2 8 
IN1707 S iN4001 3-23 R 50 1.15 .5 .2 10 
IN1708 S lN4002 3-23 R lao 1.15 .5 .2 10 
IN 1709 S lN4003 3-23 R 200 1.15 .5 .2 10 
IN1710 S lN4004 3-23 R 300 1.15 .5 .2 10 
IN1711 S lN4004 3-23 R 400 I. IS .5 .2 10 
INI712 S lN4005 3-23 R 500 1.15 .5 .2 10 
INI730 S lN4007 3-23 R 1000 5 • I 2.5 
INI730A S R 1000 .35 6 
IN 1731 S 3-6 R 1500 5 .1 2.5 
IN1731A S R 1500 .35 6 
lN1732 S 3-6 R 2000 9 .1 2.5 
IN1132A S R 2000 .35 6 
IN1733 S 3-6 R 3000 12 • I 2.5 
IN1733A S R 3000 .35 6 
IN1734 S 3-6 R 5000 18 • I 2.5 
IN1134A S R 5000 .35 6 

R-Rectlfler, RD-Reference DIode, ZD..-Zener Diode, GP-General Purpose, HC- HIgh Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWItch (Max t" < 0.3115), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

IN1735 INl777 -
RECTIFIERS 

z: ZENER DIODES ... co VR VF 10 IR Isurge V ( . ) Vz(nom) Tal 
"" REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) z min Vz(max) Vz % Po 

TYPE ::l .. 
=< MENT NUMBER § :' :.·.it. "SIGNAl ole 01;;;5': :: :R~f~R~"lC,1;;; i;l!{jDes 
~ 

~ :P~lf:: If,'@IF : : 1R I" TC !vi T(mi~l 1;(ma~) 
(valls) ~VOIIS); .. <lotS) %"C ·C 'C 

IN1735 S lN821 2-32 ZD 6.2 5 200M 
lN1736 S 1N941A 2-32 ZD 12.4 5 400M 
IN 1736A S 1N942A 2-32 IO 12.4 5 400M 
IN 1737 S lN1737 2-32 ZD 18.6 5 600M 
IN1737A S lN1737A 2-32 ZO 18.6 5 600M 
IN 1738 S lN1738 2-32 ZO 24.8 5 800M 
IN1738A S lN1738A 2-32 ZO 24.8 5 800M 

ilN173.9 S lN1739 2-32 ZO 31.0 5 lW 
IN1739A S 1N1739A 2-32 IO 31.0 5 lW 
IN 1740 S lN1740 2-32 ZO 37.2 5 I.2W 
IN 1740A S lN1740A 2-32 ZO 37.2 5 I.2W 
lN1741 S lN1741 2-32 ZD 43.4 5 I.4W 
IN1741A S lN1741A 2-32 ZO 43.4 5 1.4W 
lN1742 S lN1742 2-32 ZO 49.6 5 1.6W 
IN 1742A S lN1742A 2-32 ze 49.6 5 I.6W 

11N1743 S ZO 10 5 lOW 
IN 1744 S ZD 10 10 IW 
IN1745 S R 1500 15 .32 .2 3.5 
INI746 S R 1500 7.5 .5 .2 3.5 
lN1747 S R 1800 18 .31 .2 3.5 
IN1748 S R 1800 9 .38 .2 3.5 
lN1749 S R 2400 24 .37 .2 3.5 
lN1750 S R 2400 12 .32 .2 3.5 
1 N 1751 S H 3600 27 .42 .2 3.5 
IN1752 S H 3600 18 .41 .2 3.5 
IN1753 S R 4800 36 .38 .2 3.5 
IN1754 S R 4800 24 .37 .2 3.5 
IN 1755 S R 6000 45 .33 .2 3.5 
IN1756 S R 6000 30 .41 .2 3.5 
IN1757 S R 7200 54 .33 .2 3.5 
IN1758 S R 7200 36 .38 .2 3.5 
lN1759 S R 8000 60 .29 .2 3.5 
IN1760 S R 12K 60 .29 .2 3.5 
lN1161 S R 14K 52 .34 .2 3.5 
IN 1762 S R 16K 60 .29 .2 3.5 
IN1763 S lN4004 3-23 R 400 3 .5 • I 35 
IN 1763A S R 400 1.2 1 .5 25 
lN1764 S lN4005 3-23 R 500 3 .5 • I 35 
IN1764A S R 500 1.2 I .5 25 
IN1765 S ze 5.6 10 IW 
lN1765A S ze 5.6 5 IW 
lN1766 S zo 6.2 10 lW 
INI766A S ZD 6.2 5 IW 
IN1767 S lN3016A 2-19 ID 6.8 10 lW 
IN1767A S lN3016B 2-19 IC 6.8 5 lW 
lN1768 S lN3017A 2-19 ze 7.5 10 HI 
IN 1768A S lN3017B 2-19 ZO 7.5 5 IW 
lN1769 S lN3018A 2-19 ZD 8.2 10 lW 
lN1769A S lN3018B 2-19 IC 8.2 5 HI 
lNI77e S lN3019A 2-19 ZD 9.1 10 lW 
lNI770A S lN3019B 2-19 IO 9.1 5 110 
lNI771 S lN3020A 2-19 IO 10 10 IW 
lNI771A S 1N3020B 2-19 ZC 10 5 IW 
INI772 S lN3021A 2-19 ze 11 10 lW 
IN1772A S lN3021B 2-19 ZD 11 5 lW 
INI773 S lN3022A 2-19 IO 12 10 110 
lNI773A S lN3022B 2-19 IO 12 => lW 
INI774 S lN3023A 2-19 ZO 13 10 11/ 
IN 17711A S lN3023B 2-19 ZO 13 5 IW 
IN177S S lN3024A 2-19 lD 15 10 110 
INI775A S lN3024B 2-19 ZD 15 5 110 
lNI776 S lN3025A 2-19 ID 16 10 lW 
lN1776A S lN3025B 2-19 ID 16 5 110 
IN1777 S lN3026A 2-19 IO 18 10 IW 

.. R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (2 20 rnA @ ~ 1 V), HS- High Speed SWitch (Max 4, < 0.3t.1s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lNI777A lN1809 -
RECTIFIERS ZENER DIODES 

-' 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol 

"" REPLACE· PAGE 5 (Yolts) (yolts) (Amps) (mA) (Amps) z Vz(max) Vz % Po 
TYPE :!j 

MENT NUMBER § !;;; SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRV VF @ IF IR t" TC Vz T(min) T(max) 
(yolts) (Yolts) <itS) %/oC 'C 'C 

lNI777A S 1N3026B 2-19 IO 18 5 IW 
lNI778 S 1N3027A 2-19 In 20 10 lW 
INI778A S 1N3027B 2-19 Ia 20 5 IW 
IN 1779 S 1N3028A 2-19 In 22 10 lW 
lN1779A S 1N3028B 2-19 ZD 22 5 III 
IN1780 S 1N3029A 2-19 Ia 24 10 lW 
IN1780A S 1N3029B 2-19 za 24 5 lW 
lN1781 S 1N3030A 2-19 ZD 27 10 lW 
lN1781A S 1N3030B 2-19 Ia 27 5 lW 
lN1782 S 1N3031A 2-19 zn 30 10 lW 
lN1782A S 1N3031B 2-19 In 30 5 III 
lN1783 S 1N3032A 2-19 zn 33 10 lW 
IN 1783A S 1N3032B 2-19 ZO 33 5 lW 
1 N 1784 S 1N3033A 2-19 Ie 36 10 lW 
lN1784A S IN3033B 2-19 za 36 5 III 
lN1785 S 1N3034A 2-19 Ie 39 10 lW 
IN 1785A S 1N3034B 2-19 ZD 39 5 lW 
1 N 1786 S 1N3035A 2-19 ZD 43 10 III 
lN1786A S 1N3035B 2-19 ZD 43 5 lW 
lN1787 S 1N3036A 2-19 ID 47 10 lW 
lN1787A S 1N3036B 2-19 ze 47 5 lW 
lN17eS S 1N3037A 2-19 zn 51 10 lW 
lN1788A S 1N3037B 2-19 za 51 5 lW 
lN1789 S 1N3038A 2-19 ZD 56 10 lW 
lN1789A S 1N3038B 2-19 In 56 5 lW 
IN 1790 S 1N3039A 2-19 Ia 62 10 lW 
IN 1790A S 1N3039B 2-19 ZD 62 5 lW 
IN 1791 S 1N3040A 2-19 ZO 68 10 lw 
lN179IA S 1N3040B 2-19 ZO 68 5 lW 
IN 1792 S 1N3041A 2-19 In 75 10 Iii 
IN 1792A S 1N3041B 2-19 ID 75 5 lW 
1 N 1793 S 1N3042A 2-19 In 82 10 lW 
lN1793A S 1N3042B 2-19 ZD 82 5 lW 
lN1794 S 1N3043A 2-19 ZO 91 10 lW 
IN 1794A S 1N3043B 2-19 ZD 91 5 lW 
lN1795 S 1N3044A 2-19 Ia 100 10 lW 
lN1795A S 1N3044B 2-19 In 100 5 lW 
IN 1796 S 1N3045A 2-19 ze 110 10 lW 
IN 1796A S 1N304SB 2-19 ZD 110 5 lW 
lN1797 S 1N3046A 2-19 ze 120 10 lW 
lN1797A S 1N3046B 2"19 ZD 120 5 lW 
lN1798 S 1N3047A 2-19 ze 130 10 lW 
IN 1798A S 1N3047B 2-19 ZO 130 5 lW 
lN1799 S 1N3048A 2-19 ze 150 10 lW 
lN1799A S 1N3048B 2-19 za 150 5 lW 
11'11800 S 1N3049A 2-19 ze 160 10 lW 
IN 1800A S 1N3049B 2-19 zn 160 5 lW 
lN1801 S 1N30S0A 2-19 ID 180 10 lw 

INTeO fA S 1N30S0B 2-19 za 180 5 III 
11'11802 S 1N30S1A 2-19 za . 200 10 III 
lN1802A S 1N30S1B 2-19 Ia 200 5 lW 
lN1803 S 1N3997 2-24 In 5.6 10 lOll 
IN 1803A S 1N3997A 2-24 ZD 5.6 5 lOW 
lN1804 S 1N3998 2-24 In 6.2 10 lOW 
lN1804A S 1N3998A 2-24 zn 6.2 5 lOW 
IN 1805 S 1N2970A 2-18 Ie 6.8 10 lOW 
IN I eC~A S 1N2970B 2-18 ,In 6.8 5 lOW 
lN1806 S 1N2971A 2-18 ZD 7.5 10 lOW 
lN1806A S 1N2971B 2-18 zn 7.5 5 lOW 
lN1807 S 1N2972A 2-18 zn 8.2 10 lOW 
lN1807A S 1N2972B 2-18 ZD 8.2 5 lOW 
lN1808 S 1N2973A 2-18 zn 9.1 10 lOW 
lN1808A S 1N2973B 2-18 ID 9.1 5 lOW 
lN1809 S 1N3007A 2-18 ZD 110 10 lOW 

R-Rectifier, RD- Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~ 2~ rnA @. ~ 1 V), HS-~Igh Speed SWitch (Max tr • < 0.3,1.15), 
CS-High Condllctance, High Speed Switch, MS-Medium Speed Switch, PA-Parametrlc Amplifier, SP-Speclal Purpose. 
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-- Numerical Index --

INI809A INI847 
RECTIFIERS z: ZENER DIODES 

.... Q VR VF 10 IR Isurge V (min) Vz (nom) Tol .. 
REPLACE· PAGE ~ (Yolls) (Yolts) (Amps) (rnA) (Amps) Z Vz(max) Vz % PD 

TYPE ::l .. 
=< MENT NUMBER § 

•••••••••• :siQJ'.I~LriIODES .....•.•.••• . .. ·.REFERENCE!OIODES. < 
:IE 

~ pRY. V,,@ IF IR 
t,r .!. TC vi T(min) T(m"x) 

(YoIIS) (valls) <MS) %/OC ·c ·c 
INI809A S 1N3007B 2-18 ID 110 5 lOW 
INI810 S 1N3008A 2-18 lD 120 10 lOW 
1N1810A S 1N3008B 2-18 ID 120 5 lOW 
IN1811 S 1N3009A 2-18 ID 130 10 lOW 
IN1811A S 1N3009B 2-18 ZIJ 13D 5 lOw 
1NI812 S 1N3011A 2-18 ID 150 10 lOW 

!~!~!~A ~ 1N3011B 2-18 I~~ !;~ 1~ lOW 
1N3012A 2-18 1m 

1NI813A S 1N3012B 2-18 ZD 160 5 lOW 
INI814 S 1N3014A 2-18 ZD 180 10 lOW 
1NI814A S 1N3014B 2-18 ID 180 5 lOW 
IN1815 S 1N3015A 2-18 ZD 200 10 lOW 
1N1815A S 1N3015B 2-18 ID 200 5 lOW 
1N1816 S 1N2977A 2-18 ID 13 10 lOW 

:~~:~*A ~ 1N2~~?B 2-18 I~g ~; I~ ~g~ 1N29 9A 2-18 
INI817A S 1N2979B 2-18 ID IS 5 lOW 
INI818 S IN2980A 2-18 ID 16 10 lOW 
INI818A S 1N2980B 2-18 ID 16 5 IDOl 
INI819 S 1N2982A 2-18 ID 18 10 lOW 
INI819A S 1N2982B 2-18 ID 18 5 IDOl 
INI820 S 1N2984A 2-18 ID 20 10 IDOl 
INI820A S 1N2984B 2-18 ze 20 5 10.01 
INI821 S 1N2985A 2-18 ID 22 10 lOW 
INI821A S 1N2985B 2-18 ID 22 5 lOW 
INI822 S 1N2986A 2-18 ID 24 10 IDOl 
INI822A S 1N2986B 2-18 ID 24 5 lOW 
INI823 S 1N2988A 2-18 ID 27 10 lOW 
INI823A S 1N2988B 2-18 ze 27 5 lOW 
INI824 S 1N2989A 2-18 lD 30 10 lOW 
INI824A S 1N2989B 2-18 ZD 30 5 IDOl 
IN182" S 1N2990A 2-18 Ie 33 10 lOW 
INI825A S 1N2990B 2-18 ZD 33 5 lOW 
IN1826 S 1N2991A 2-18 lD 36 10 lOW 
INI826A S 1N2991B 2-18 ze 36 5 lOW 
INI827 S 1N2992A 2-18 lD 39 10 lOW 
INI827A S 1N2992B 2-18 ZIJ 39 5 lOW 
INI828 S 1N2993A 2-18 ZIJ 43 10 lOW 
IN1828A S 1N2993B 2-18 ZIJ 43 5 lOW 
INI829 S 1N2995A 2-18 ZIJ 47 10 lOW 
INI829A S 1N2995B 2-18 ZIJ 47 5 lOW 
INI830 S 1N2997A 2-18 ZD 51 10 lOW 
INI830A S 1N2997B 2-18 ZO 51 5 lOW 
INI831 S 1N2999A 2-18 ZO 56 10 lOW 
INI83lA S 1N2999B 2-18 lD 56 5 lOW 
1NI832 S lN3000A 2-18 ZO 62 10 lOW 
INI832A S 1N3000B 2-18 ID 62 5 lOW 
INI833 S 1N3001A 2-18 ID 68 10 lOW 
INI833A S 1N3001B 2-18 ZIJ 68 5 lOW 
INI834 S 1N3002A 2-18 lO 75 10 lOW 
INI834A S 1N3002B 2-18 ZIJ 75 5 lOW 
INI835 S 1N3003A 2-18 ID 82 10 lOW 
INI835A S 1N3003B 2-18 ID 82 5 lOW 
INI836 S 1N3004A 2-18 ZIJ 91 10 lOW 
IN 1836A S 1N3004B 2-18 ID 91 5 lOw 
1N1839 S R 6.8 .085 .26 
IN1840 S R 10 .077 .23 
INI841 S R IS .063 .19 
INI842 S R 22 .05 .15 
INI843 S R 33 .04 .12 
INI844 S R 47 .03 .095 
INI845 S R 68 .023 .001 .072 
INI846 S R 100 .016 .001 .050 
INI847 S R 150 .011 .003 .035 

R-Rectlher, RD- Reference Diode, ID-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWItch (Max trr < O.3tJs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN1848 lN1911 -
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isur[!e V (min) Vz (nom) Tal .. 5 Po 

ffi REPLACE· PAGE (Yolls) (yolts) (Amps) (rnA) (Amps) Z Vz(max) Vz % 
TYPE ;;: 

!;;: MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 
'" ~ PRV VF @ IF IR I" TC Vz T(min) T(max) 

(yolts) (Yolls) (p,S) %loe ·C ·C 
INI84H S R 220 .OC9 .005 .02e 
INI849 S R 330 .005 .024 
INI85C S R 470 .OC6 .005 .020 
INIS51 S R 6.8 .085 .26 
INI852 S R 10 .077 .23 
INI853 S R 15 .063 .190 
INI85 11 S R 22 .05 .150 
INI855 S R 33 .04 .120 
INI856 S R 47 .C3 .095 
INI857 S R 68 .023 .001 .072 
INI858 S R 100 .016 .001 .050 
INI859 S R ISO .011 .003 .035 
INI860 S R 220 .009 .005 .028 
INI861 S R 330 .005 .024 
INI862 S R 470 .006 .005 .020 
INI863 S R 6.8 .085 .260 
INI864 S R 10 .077 .230 
INI865 S R IS .063 .190 
INI866 S R 22 .05 .150 
IN 1867 S R 33 .04 .120 
INI868 S R 47 .C3 .095 
INI869 S R 68 .023 .001 .072 
INI870 S R 100 .016 .001 .050 
INI871 S R 150 .011 .003 .035 
INI872 S R 220 .009 .005 .028 
INI873 S R 330 .005 .024 
INI874 S R 470 .006 .005 .020 
INI875 S 1N3018A 2-19 ZO 8.2 10 114 
lNI876 5 1N3020A 2-19 ZD 10 10 114 
INI877 5 1N3022A 2-19 ze 12 10 114 
IN 1878 S 1N3024A 2-19 In 15 10 114 
lNI879 S 1N3026A 2-19 zn 18 10 114 
lN1880 S 1N3028A 2-19 z() 22 10 114 
IN 1881 S 1N3030A 2-19 z() 27 10 114 
INI882 S 1N3032A 2-19 ZD 33 10 114 
IN1883 S 1N3034A 2-19 zn 39 10 114 
IN1884 S 1N3036A 2-19 ZD 47 10 114 
INI885 S 1N3038A 2-19 ID 56 10 114 
IN1886 S 1N3040A 2-19 za 68 10 114 
IN1887 S 1N3042A 2-19 za 82 10 114 
IN 1888 S 1N3044A 2-19 ZO 100 10 114 
lNI889 S ze 120 10 Iii 
lNI890 5 ZO 150 10 1\; 
lNHl91 S 1N2972A 2-18 ZO 8.2 10 1014 
lNI892 S 1N2974A 2-18 ze 10 10 lOW 
INI893 S 1N2976A 2-18 lO 10 10 lOW 
INI894 5 1N2979A 2-18 le 15 10 lOW 
INI895 S 1N2982A 2-18 lO 18 10 lOW 
INI896 S 1N298SA 2-18 ZO 22 10 lOW 
lNI897 S 1N2988A 2-18 ze 27 10 lOW 
lNI898 5 1N2990A 2-18 ze 33 10 lOW 
lNI899 S 1N2992A 2-18 ZO 39 10 lOW 
INI900 S 1N299SA 2-18 IO 47 10 lOW 
INI901 S 1N2999A 2-18 ZO 56 10 lOW 
INI902 S 1N3001A 2-18 ZO 68 10 lOW 
INI903 S 1N3003A 2-18 ID 82 10 lOW 
IN 19U4 :; 1N300SA 2-18 ID 100 10 lOW 
INI905 S ZD 120 10 lOW 
INI906 5 Z() ISO 10 lOW 
lNI907 S 1N4001 3-23 R 50 1.0 1.5 .01 30 
lNI908 5 1N4002 3-23 R 100 1.0 1.5 .01 30 
lNI909 S 1N4003 3-23 R 200 1.0 1.5 .01 30 
INI910 5 R 300 1.0 1.5 .01 30 
IN 1911 S 1N4004 3-23 R 400 1.0 1.5 .01 30 

R-Recttfler, RO-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@"=::; 1 V), HS-Hlgh Speed SWitch (Max t,., < 0.3115), 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

IN1912-1 NI975 
RECTIFIERS ZENER DIODES z: 

~ 
co VR VF 10 IR Isurge V (min) Vz (nom) Tal :s REPlACE· PAGE 5 (valls) (valls) (Amps) (mA) (Amps) z Vz(max) Vz% Po 

TYPE '" ~ MENT NUMBER § 'i",.'.; .... ,,, ...... '" ,<,l REFERENQ~lpid[)I$S ... 
~ 

~ !'!I" (v!it~)~ ~(tlF, IR '. I" Tt !.Vz} ~(ml":) I~~~b:r) (volls) (p,S) %!'Ci O'C" 

INI912 S 1N4005 3-23 R 500 1.0 1.5 .01 30 
IN1913 S 1N4005 3-23 R 600 1.0 1.5 .01 30 
IN1914 S 1N4006 3-23 R 700 1.0 1.5 .01 30 
IN1915 S 1N4006 3-23 R 800 1.0 1.5 .01 30 
INI916 S 1N4007 3-23 R 900 1.0 1.5 .01 30 
INI917 S R 50 1.0 4 .01 30 
IN1918 S R 100 1.0 4 .01 30 
lN1919 S R 200 1.0 4 .01 30 
IN 1920 S R 300 1.0 4 .01 30 
IN 1921 S R 400 1.0 4 .01 30 
INI922 S R 500 1.0 4 .01 30 
lN1923 S R 600 1.0 4 .01 30 
IN 1924 S R 700 1.0 4 .01 30 
lNI925 S R 800 1.0 4 .01 30 
INI926 S R 900 1. a 4 .01 30 
INI927 S LN748 ~-10 ZIl 3.9 10 200M 
lNI928 S 1N750 2-10 ZD 4.7 10 200M 
lN1929 S 1N752 2-10 zn 5.6 10 200M 
lN1930 S 1N754 2-10 ZD 

I 
6.8 10 200M 

lNI931 S 1N959A 2-11 lD 8.2 10 200M 
lN1932 S 1N961A 2-11 zn 10 10 200M 
lN1933 S 1N963A 2-11 ZO 12 10 200M 
lN1934 S 1N965A 2-11 ZD 15 10 200M 
INI935 S 1N967A 2-11 ZD 18 10 200M 
lN1936 S 1N969A 2-11 lD 22 10 200M 
lNl937 S 1N971A 2-11 lD 27 10 200M 
lNl938 S 1N973A 2-11 In 33 10 200M 
IN1939 S 1N975A 2-11 lO 39 10 200M 
INI940 S 1N977A 2-11 lD 47 10 200M 
INI941 S 1N979A 2-11 lD 56 10 200M 
IN1942 S 1N981A 2-11 lD 68 10 200M 
INI943 S 1N983A 2-11 lD 82 10 200M 
INI944 S 1N985A 2-11 ZO 100 10 200M 
IN1945 S 1N987A 2-11 ZD 120 10 200M 
lNI946 S 1N988A 2-11 ZD 150 10 200M 
lN1947 S 1N991A 2-11 ZD 180 10 200M 
lN1948 S lD 220 10 200M 
IN1949 S zn 270 10 200M 
lN1950 S lD 330 10 200M 
lN1951 S lD 390 10 200M 
lN1952 S lD 470 10 200M 
lNI953 S lD 560 10 200M 
lN1954 S 1N748 2-10 lD 3.9 10 4001' 
IN1955 S 1N750 2-10 ZD 4.7 10 4001' 
lNI956 S 1N752 2-10 ZD 5.6 10 4001' 
lN1957 S 1N754 2-10 ZD 6.8 10 4001' 
lN1958 S 1N959A 2-11 lD 8.2 10 4001' 
lN1959 S 1N961A ?_1 lD 10 10 4001' 
lNl960 S 1N963A 2-11 ZIl 12 10 4001' 
lNl961 S 1N965A 2-11 ZD 15 10 4001' 
lNI962 S 1N967A 2-11 ZD 18 10 4001' 
lNl963 S 1N969A 2-11 lD 22 10 4001' 
lN1964 S 1N971A 2-11 lC 27 10 4001' 
lN1965 S 1N973A 2-11 ZIl 33 10 4001' 
lN1966 S 1N975A 2-11 ZD 39 10 4001' 
lNI967 S 1N977A 2-11 lD 47 10 4001' 
lN196/j S 1N979A 2-11 ZD 

~~ 
10 4001' 

lN1969 S 1N981A 2-11 ZD 10 4001' 
lN1970 S 1N983A 2-11 ZD 82 10 4001' 
lN1971 S 1N985A 2-11 ZO 100 10 4001' 
lN1972 S 1N987A 2-11 zn 120 10 400M 
INI973 S 1N989A 2-11 ID 150 10 4001' 
lN1974 S 1N991A 2-11 ZD 180 10 4001' 
lN1975 S ZD 220 10 4001' 

R-Rectlfler, RO-Reference DIOde, In - Zener Diode, GP-General Purpose, HC- High Conductance (2 20 rnA @ ~ 1 V), HS -High Speed SWitch (Max t" < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier. SP-Special Purpose. 
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-- Numerical Index --

lN1976-1N2039 
RECTIFIERS ZENER DIODES 

~ VR VF 10 IR Isurge V ( . ) Vz(nom) Tol ~ ~ Po 
:!i REPLACE· PAGE (volts) (volts) (Amps) (mA) (Amps) z min Vz(max) Vz% 

TYPE ;:: :;;: MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES :e 
~ PRY VF @ IF IR t" TC Vz T(min) T(max) 

(volts) (volts) (1"5) %,·C ·c ·C 

IN1976 S Ie 270 10 1i00M 
INI977 S ZD 330 10 1i00M 
lN1978 S ZD 390 10 1i00M 
lN1979 S ZO 1i70 10 1i00M 
lNI980 S lD 560 10 1i00M 
IN1981 S lN748 2-10 zn 3.9 10 150M 
lN19B2 S lN750 2-10 ID 1i.7 10 150M 
INI9B3 S lN752 2-10 ze 5.6 10 150M 
lN19BIi S lN754 2-10 ID 6.B ~~ 150M 
lNI9B5 S lN959A 2-11 ZD 8.2 150M 
lNI9B6 S lN96lA 2-11 ZD 10 10 150M 
lN19B7 S lN963A 2-11 ZD 12 10 150M 
lNI9B8 S lN965A 2-11 ZD 15 10 150M 
lNI9B9 S IN967A 2-11 ZD lB 10 150M 
lNI990 S lN969A 2-11 ze 22 10 150M 
lN1991 S INQ71 ?_11 ze 27 10 150M 
lN1992 S lN973A 2-11 ZD 33 10 150M 
lN1993 S lN975A 2-11 ZD 39 10 150M 
lN1991i S lN977A 2-11 ZD 47 10 150M 
lN1995 S lN979A 2-11 ZD 56 10 150M 
lN1996 S lN98lA 2-11 ZD 68 10 150M 
lN1997 S lN983A 2-11 ZD B2 10 150M 
lN1998 S lN985A 2-11 ZD 100 10 150M 
lN1999 S lN987A 2-11 ZD 120 10 150M 
IN2000 S lN989A 2-11 ZD 150 10 150M 
lN2001 S lN991A 2-11 ZD 180 10 150M 
lN2002 S ZD 220 10 150M 
lN2003 S ze 270 10 150M 
lN2004 S ZD 330 10 150M 
lN2005 S ZD 390 10 150M 
lN2006 S ZD 1i70 10 150M 
lN2007 S ZD 560 10 150M 
lN2008 S lN3005A 2-18 ZD 100 10 lOW 
lN2009 S lN3007A 2-18 ZD 110 10 lOW 
lN2010 S lN3008A 2-18 ZD 120 10 lOW 
1 N20 11 S lN3009A 2-18 ZD 130 10 lOW 
lN2012 S lN3011A 2-18 ID 150 10 lOW 
lN20 13 S R 50 1.2 .25 .25 10 
lN2Cl1i S R 100 1.2 .25 .25 10 
lN2015 S R 150 1.2 .25 .25 10 
INzUlb S R 2UU 1.2 .2~ .2~ IU 
lN20 17 S R 250 1.2 .25 .25 10 
lN2018 S R 300 1.2 .25 .25 10 
lN2019 S R 350 1.2 .25 .25 10 
lN2020 S R 1i0O 1.2 .25 .25 10 
lN2021 S R 150 1.5 10 5 110 
lN2022 S R 250 1.5 10 5 110 
lN2023 S R 300 1.5 10 5 110 
IN2U24 S R 35U 1.5 10 5 110 
lN2025 S R 1i00 1.5 10 5 110 
lN2026 S R 50 2 I .5 25 
lN2027 S R 200 2 I .5 25 
lN2028 S R 300 2 I .5 25 
lN2029 S R 400 2 1 .5 25 
lN2030 S R 500 2 I .5 25 
IN2031 S R 600 2 1 .5 25 
'N,W"" I" ILN'o,:> ~-~~ cu q.-, :>.q 

~~~~ lN2033 S lN3826 2-23 ZI) 5.2 6.1i 
lN2031i S lN3829 2-23 ZD 6.2 B.O 750M 
lN2035 S lN30l8A 2-19 ZD 7.5 10.0 750M 
lN2036 S lN3020A 2-19 ID 9.0 12.0 750M 
lN2037 S lN3023 2-19 ZD 11.0 lli.5 750M 
lN2038 S lN3025A 2-19 ze 13.5 IB.O 750M 
IN2039 S lN3027A 2-19 II) 17 .0 21.0 750M 

R-Rectlfler, RD-Reference Diode, ZD- Zener DIOde, GP -General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3JLs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Specia\ Purpose. 
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-- Numerical Index --

1N2040-1N2111 
RECTIFIERS 

z: ZENER DIODES 
~ '" VR VF 10 IR Isurge V (min) Vz (nom) Tal .. ;:: Po a: REPLACE· PAGE ~ (Yolts) (yolts) (Amps) (rnA) (Amps) Z Vz(max) Vz % 

TYPE ~ MENT NUMBER !;; 1, .. '[", SIG.NALDIODES 
,. 

.···REFERENCEDIODES ..•.. .. I-
::E 

~ PRV Vf'@ IF IR t" TC 
Vz 

T(min) T(max) 
(yolls) (volts) (ILS} %I'C ·C ·C 

IN2040 S 1N3029A 2-19 lD 20.0 27.0 750M 
IN2041 S 1N3995 2-24 lD 4.3 5.4 101/ 
IN2042 S 1N3997 2-24 ZD 5.2 6.4 101/ 
IN2043 5 1N3997A 2-24 ZD 6.2 8.0 101/ 
IN2044 5 1N2973A 2-18 ZO 7.5 10.0 101/ 
IN2045 5 IN2974A 2-18 ZO 9.0 12.0 101/ 
IN2046 5 1N2977A 2-18 ZD 11.0 14.5 lOW 
IN2047 S 1N2Q80A 2-18 ze 13.5 18.0 lOW 
IN2048 S 1N2983A 2-18 ZD 17 .0 21.0 lOW 
IN20li9 S 1N2986A 2-18 ZD 20.0 27.0 101/ 
IN2054 S MR1230SB 3-41 R 50 1.6 250 55 4500 
lN2055 S MR1231SB 3-41 R 100 1.6 250 55 4500 
IN2056 S MR1232SB 3-41 R 150 1.6 250 55 li500 
IN2057 5 MR1233SB 3-41 I{ 200 1.6 250 55 4500 
lN2058 5 MR1234SB 3-41 R 250 1.6 250 55 4500 
IN2059 S MR123'SR 3-41 R 300 1.6 250 55 4500 
IN2060 S MR1236SB 3-41 R 350 1.6 250 55 4500 
lN2061 S MR1237SB 3-41 R 400 1.6 250 55 4500 
IN2062 S R 450 1.6 250 55 4500 
IN2063 S R 500 1.6 250 55 4500 
IN2064 S R 600 1.6 250 55 4500 
lN2065 5 R 700 1.6 250 55 4500 
lN2066 S R 800 1.6 250 55 4500 
IN2067 S R 900 1.6 250 55 4500 
lN2068 S R 1000 1.6 250 55 4500 
IN2069 1N4003 3-23 R 200 .6 .75 .2 22 
lN2069A 1N4003 3-23 R 200 .5 .75 .05 22 
lN2070 1N4004 3-23 R 400 .6 .75 .2 22 
lN2070A 1N4004 3-23 R 400 .5 .75 .05 22 
lN2071 1N4005 3-23 R 600 .6 .75 .2 22 
lN2071A 1N4005 3-23 R 600 .5 .75 .05 22 
IN2072 S 1N4001 3-23 R 50 1.1 .625 .25 30 
lN2073 S 1N4002 3-23 R 100 1.1 .625 .25 30 
lN2074 S 1N4003 3-23 R 150 1. I .625 .25 30 
lN2075 S 1N4003 3-23 R 200 1.1 .625 .25 30 
IN2076 S 1N4004 3-23 R 250 1. 1 .625 .25 30 
IN2077 5 1N4004 3-23 R 300 1. 1 .625 .25 30 
IN2078 5 1N4004 3-23 R 400 1. I .625 .25 30 
IN2079 5 1N4005 3-23 R 500 1.1 .625 .25 30 
IN2080 S R 50 .75 .5 • 35 IS . 
IN2081 5 R 100 .75 .5 .35 15 
lN2082 5 R 200 .75 .5 .35 IS 
IN2083 5 R 300 .75 .5 .35 15 
lN2084 S R 400 .75 .5 .35 IS 
IN2085 5 R 500 .75 .5 .35 IS 
lN2086 5 R 600 .75 .5 .35 15 
lN2088 5 R 500 1.2 .75 .5 30 
IN2089 5 R 600 1.2 .75 .5 30 
lN2090 S R 50 .5 .5 .25 IS 
IN2091 S R 100 .5 .5 .25 15 
IN2092 5 R 200 .5 .5 .25 15 
IN2093 5 R 300 .5 .5 .25 15 
lN2094 S R 400 .5 .5 .25 15 
IN2095 5 R 500 .5 .5 .25 IS 
IN2096 5 R 600 .5 .5 .25 15 
IN2103 S 1N4001 3-23 R 50 1.2 .75 .3 10 
1112104 

1 5 1N4002 3-23 R 100 1.2 .75 .3 10 
IN2105 5 1N4003 3-23 R 200 1.2 .75 .3 10 
lN2106 S 1N4004 3-23 R 300 1.2 .75 .3 10 
IN2107 S 1N4004 3-23 R liOO 1.2 .75 .3 10 
lN2108 S 1N4005 3-23 R 500 1.2 .75 .3 10 
lN2109 S R 50 1.2 2 .3 10 
lN211 0 S R 100 1.2 2 .3 10 
lN2111 S R 200 1.2 2 .3 10 

R-Rectifier, RD-Reference Diode, ZD-Zener DIode, GP-General Purpose, He-HIgh Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWItch (Max tf< < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, fA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN2112-1N2169 
RECTIFIERS ZENER DIODES 

-' 
i!§ 

VR VF 10 IR Isurge V ( .) Vz (nom) Tal .. 
REPLACE· PAGE 5 (valls) (valls) (Amps) (rnA) (Amps) z mm Vz(max) Vz% Po 

TYPE ::l 
=< MENT NUMBER § SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR I" TC 
Vz 

T(min} T(max} 
(valls) (valls) (1-"5) %/·C ·c ·c 

1 N2112 S R 300 1.2 2 .3 10 
1 N2113 S R 400 1.2 2 .3 10 
lN2114 S R 500 1.2 2 .3 10 
1 N2115 S R 365 .8 .2 .25 10 
lN2116 S R 400 1.4 .5 .4 IS 
lN2111 S R 120 1.3 .15 .010 15 
lN2128 S MR1200FL 3-32 R 50 2.0 60 10 100 
lN2128A S MR1200FL 3-32 R 50 2_0 60 10 900 
lN2129 S MR1201FL 3-32 R 100 2.0 60 10 100 
lN2129A S MR1201FL 3-32 R 100 2.0 60 10 900 
lN2130 S MR1202FL 3-32 R ISO 2.0 60 10 700 
lN2130A S MR1202FL 3-32 R 150 2.0 60 10 900 
lN2131 S MR1203FL 3-32 R 200 2.0 60 10 700 
lN2131A S MR1203FL 3-32 R 200 2.0 60 10 900 
lN2132 S MR1204FL 3-32 R 250 2.0 60 10 100 
lN2132A S MR1204FL 3-32 R 250 2.0 60 10 900 
lN2133 S HR1205FL 3-32 R 300 2.0 60 10 100 
lN213.3A S MR1205FL 3-32 R 300 2.0 60 10 900 
lN2134 S MR1206FL 3-32 R 350 2.0 60 10 700 
lN2134A S MR1206FL 3-32 R 350 2.0 60 10 900 
lN2135 S MR1207FL 3-32 R 400 2.0 60 10 100 
lN2135A S MR1207FL 3-32 R 400 2.0 60 10 900 
lN2136 S R 450 2.0 60 10 100 
lN2136A S R 450 2.0 60 10 900 
IN2137 S R 500 2.0 60 10 700 
lN2131A S R 500 2.0 60 10 900 
lN2138 S R 600 2.0 60 10 700 
lN2138A S R 600 2.0 60 10 900 
lN2139 S R 20K 60 .052 .2 3.5 
lN2146 S CS 120 1. I 500M 1 .. • I 
lN2147 S R 50 1.2 6 .5 150 
lN2141A S R 50 1 6 • 1 150 
lN2148 S R 100 1.2 6 .5 ISO 
IN2148A S R 100 1 6 .1 150 
lN2149 S R 200 1.2 6 .5 150 
lN2149A S R 200 1 6 .1 150 
lN2150 S R 300 1.2 6 .5 150 
lN2150A S R 300 1 6 .1 150 
lN2151 S R 400 1.2 6 .5 150 
1N2151A S R 400 1 6 .1 150 
lN2152 S R 500 1.2 6 .5 150 
lN2152A S R 500 I 6 .1 150 
lN2153 S R 600 1.2 6 .5 150 
lN2153A S R 600 1 6 .1 150 
lN2154 S lN1l83 3-10 R 50 .6 25 5.0 300 
lN2155 S 1N1l84 3-10 R 100 .6 25 4.5 300 
lN2156 S 1N1l86 3-10 R 200 .6 25 4.0 300 
lN2151 S 1N1l87 3-10 R 300 .6 25 3.5 300 
IIN2l:>8 S 1N1l88 3-10 R 400 .6 25 3.0 300 
lN2159 S 1N1l89 3-10 R 500 .6 25 2.5 300 
lN2160 S 1N1l90 3-10 R 600 .6 25 2.0 300 
lN2163 S 1N2621 2-32 RD .005 9.8 0 10 
lN2163A S RD .005 9~<~ (t 10 
lN2164 S 1N2621A 2-32 RD .005 9.8 .,.55' 125 
lN2164A S RO .005 9.6 .,.55 125 
lN2165 S 1N2621B 2-32 RD .005 9.8 "".55 185 

I:~~:~~A I~ RD .005 9.6 -55 185 
1N2623 2-32 RD .001 9.8 0 70 

lN2166A S RD .001 9.6 0 70 
lN2167 S 1N2623A 2-32 RD .001 9.8 -55 125 
lN2161A S RIl .001 9.6 ""55 125 
IN2168 S 1N2623B 2-32 RIl .001 9.8 ";'55 185 
lN2168A S RD •. 001 .,9.6 ";'55 185 
IN2169 S 1N2624 2-32 RD .0005 9.8 0 1.0 

R-Rectifier, RD-Reference Diode, ZD- Zener Diode, GP- General Purpose, IIC- HIgh Conductance (~20 rnA @ ~ 1 V), liS-High Speed SWitch (Max trr < 0.3~s), 
CS-High Conductance, High Speed Switch, MS-Mediurn Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

IN2169A IN2227A -
RECTIFIERS 

z: ZENER DIODES 

.... co VR VF 10 I • Isurge Vz (nom) Tol 
~ REPLACE· PAGE ~ (volls) (volts) (Amps) (rnA) (Amps) Vz(min) Vz(max) Vz% 

PD 
TYPE '" !;;: MENT NUMBER ~ ,;'t'JIU.; SI~NAl..blC>bES' '.. REFER~CE;t)JPOg~t .. 

== ffi 
5! tPRY', .. V{@I, IR trr Te 

.. ,;V;. T(tn:in) T(Ili.i) 
(vllfts)! (volts).;· ;' (ILS) %/·C ~C: 'iCL~ 

lN2169A S RO ;0005 9 .• 6 I;·~~·~··· ··70 
lN2170 s IN2624A 2-32 RO .0005 9.8 125 
lN2170A S RD .OOC5 9.6 

I~U 
125 

1 N2 171 S IN2624B 2-32 RD .0005 9.~8 185 
lN2171A S RD .0005 1:J.6 11lfi: 
1N2172 s R 50 1.5 50 .25 525 
1N217 3 S R 100 1.5 50 .25 525 
1N2174 S R 200 1.5 50 _25 525 
1N2176 S R 50 1.1 3 .3 15 
lN2177 S R 100 1.1 3 .3 15 
lN217A S R 150 1.1 3 .3 15 
1N2179 S R 200 1.1 3 .3 15 
lN2180 S R 300 1.1 3 .3 15 
lN2181 S R 400 1.1 3 .3 15 
lN2182 S R 500 1.1 3 .3 15 
IN2183 S R 600 1.1 3 .3 15 
1N2184 S R 50 1.5 3 5 40 
lN2185 S R 100 1.5 3 5 40 
lN2186 S R 150 1.5 3 5 40 
1N2187 S R 200 1.5 3 5 40 
lN2188 S R 300 1.5 3 5 40 
1N2189 S R 400 1.5 3 5 40 
1N2190 S R 500 1.5 3 5 40 
lN2191 S R 600 1.5 3 5 40 
1N2192 S R 800 1.5 3 5 40 
lN2193 S R 1000 1.5 3 5 40 
lN2194 S R 50 1.25 6 10 100 
1N2195 S R 100 1.25 6 10 100 
lN2196 S R 150 1.25 6 10 100 
1N2197 S R 200 1.25 6 10 100 
lN2198 S R 300 1.25 6 10 100 
1N2199 S R 400 1.25 6 10 100 
lN2200 S R 500 1.25 6 10 100 
1N2201 S R 600 1.25 6 10 100 
1N2202 S R 800 1.25 6 10 100 
lN2203 S R 1000 1.25 6 10 100 
IN2204 S R 50 1.25 12 10 200 
lN2205 S R 100 1.25 12 10 200 
lN2206 S R 150 1.25 12 10 200 
lN2207 S R 200 1.25 12 10 200 
IN2208 S R 300 1.25 12 10 200 
IN2209 S R 400 1.25 12 10 200 
lN2210 S R 500 1.25 12 10 200 
IN2211 S R 600 1.25 12 10 200 
lN2212 S R 800 1.25 12 10 200 
lN2213 S R 1000 1.25 12 10 200 

:'6 125 1N2214 s IN3827P 2-23 RD .03 25 
lN2217 S R 50 1.5 .003 20 
'N2n8 S R -SUO 1.2 .4 .003 20 
1N2219 S R 500 1.5 .003 20 
lN2220 S R 600 1.2 .4 .003 20 
lN2221 S R 600 1.5 .003 20 
lN2222 S R 800 1.2 .3 .003 20 
lN2222A S R 800 1.2 .3 .003 20 
1N2223 S R 800 1 .003 20 
lN2223A S R 800 1 .003 20 
lN2224 S R 1000 1.2 .3 .003 20 
lN2224A S R 1000 1.2 .3 .003 20 
lN2225 S R 1000 1 .003 20 
1N2225A S R 1000 1 .003 20 
1N2226 S R 1200 1.2 .3 .003 20 
lN2226A S R 1200 1.2 .3 .003 20 
1N2227 S R 1200 1 .003 20 
lN2227A S R 1200 1 .003 20 

R-Rectifier, RD~ Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 mA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3JJs), 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N2228 -1 N2259A 
RECTIFIERS ZENER DIODES 

-' 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol .. 

REPLACE· PAGE ~ (volts) (volls) (Amps) (rnA) (Amps) Z Vz (max) Vz % PD 

TYPE ~ u: :;;; MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES :s 
~ PRV VF @ IF IR I" TC 

Vz 
T(min) T(max) 

(volts) (volls) (fLS) %,·C ·C .·C .. 

1N2228 S R 50 1.2 1 .003 100 
1N2228A S R 50 1.2 1.6 .003 100 
1N222.9 S R 50 5 .003 100 
1N2229A S R 50 5 .003 100 
1N2230 S R 200 1.2 1 .003 100 
1N2230A S R 200 1.2 1.6 .003 100 
1N2231 S R 200 5 .003 100 
1N2231 A S IR 200 5 .003 100 
1N2232 S R 300 1.2 1 .003 100 
lN2232A S R 300 1.2 1.6 .003 100 
lN2233 S R 300 5 .003 100 
lN2233A S R 300 5 .003 100 
lN2234 S R 400 1.2 1 .003 100 
lN2234A S R 400 1.2 1.6 .003 100 
lN2235 S R 400 5 .003 100 
1N2235A S IR 400 5 003 100 
1N2236 S R 500 1.2 1 .003 100 
1N2236A S R 500 1.2 1.6 .003 100 
lN2237 S R 500 5 .003 100 
lN2237A S R 500 5 .003 100 
lN2238 S R 600 1.2 1 .003 100 
lN2238A S R 600 1.2 1.6 .003 100 
lN2239 S R 600 5 .003 100 
lN22:39A S R 600 5 .003 100 
1N2240 S R 800 1.2 1.5 .003 100 
lN2240A S R 800 1.2 1.5 .003 100 
lN2241 S R 800 5 .003 100 
lN2241A S R 800 5 .003 100 
lN2242 S R 1000 1.2 1.5 .003 100 
lN2242A S R 1000 1.2 1.6 .003 100 
lN2243 S R 1000 5 .003 100 
lN2243A S R 1000 5 .003 100 
lN2244 S R 1200 1.2 1.5 .003 100 
lN2244A S R 1200 1.2 1.6 • 00.3 100 
lN2245 S R 1200 5 .003 100 
lN2245A S R 1200 5 .003 100 
lN2246 S R 50 1.2 3 .005 200 
lN2246A S R 50 1.2 3 .003 200 
lN2247 S R 50 10 .005 200 
1N2247A S R 50 10 .003 200 
1N2248 S R 100 1.2 :3 .005 200 
lN2248A S R 100 1.2 3 .003 200 
lN2249 S R 100 10 .005 200 
lN2249A S R 100 10 .003 200 
lN2250 S R 200 1.2 3 .005 200 
lN2250A S R 200 1.2 :3 .003 200 
1N2251 S R 200 5 .005 200 
1N2251A S R 200 10 .003 200 
1N2252 S R 300 1.2 3 .005 200 
1N2252A S R 300 1.2 3 .003 200 
1N2253 S R 300 10 .005 200 
lN2253A S R 300 10 .003 200 
lN2254 S R 400 1.2 3 .005 200 
lN2254A S R 400 1.2 :3 .003 200 
lN2255 S R 1100 10 .005 200 
lN2255A S R 1100 10 .003 200 
lN2256 S R 500 1.2 :3 .005 200 
lN2256A S R 500 1.2 3 .003 200 
lN2257 S R 500 10 .005 200 
lN2257A S R 500 10 .005 200 
1N2258 S R 600 1.2 3 .005 200 
lN2258A S R 600 1.2 3 .003 200 
lN2259 S R 600 10 .005 200 
1N2259A S R 600 10 .003 200 

R-Rectlfler, RD- Reference DIOde, ZD-Zener DIOde, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-~Igh Speed SWitch (Max t" < O.3/ls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Speclal Purpose. 
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-- Numerical Index--

I N2260-IN2312 
RECTIFIERS :z ZENER DIODES 

~ '" VR VF 10 IR (surge Vz (min) Vz (nom) Tol .. 
REPLACE· PAGE :i (Yolts) (Yolts) (Amps) (rnA) (Amps) Vz% Po 

TYPE 
;;: <> Vz(max) 
~ MENT NUMBER g; 

" I " REFERENcl:1 DIODES: .. I- SIGNAL DIODES 

'"' ffi 
S PRV VF@ IF 

I" 
tir TC Vz " T(min) T(max) 

(yolts) (volts) (lkS) %,!'C 'C ·C 

lN2260 S R 800 1.2 3 .003 200 
lN2260A S R 800 1.2 3 .005 200 
lN2261 S R 800 10 .01 200 
1N2261A S R 800 10 .005 200 
1N2262 S R 1000 1.2 3 .010 200 
lN2262A S R 1000 1.2 3 .005 200 
lN2263 S R 1000 10 .01 200 
lN2263A S R 1000 10 .005 200 
1N2264 S R 1200 1.2 3 .010 200 
IN2264A S R 1200 1.2 3 .005 200 
lN2265 S R 1200 10 .01 200 
lN2265A S R 1200 10 .005 200 
IN2266 S R 50 1.2 .3 .003 20 
IN2267 S R 50 1 .003 20 
lN2268 S R 500 1.2 .3 .003 20 
lN2269 S R 500 I .003 20 
lN2270 S R 600 1.2 .3 .003 20 
lN2271 S R 600 1 .003 20 
lN2212 S R 50 1.2 6 1. a 400 
lN2213 S R lOa 1.2 6 1. a 400 
IN2214 S R 200 1.2 6 1.0 400 
lN2215 S R 300 1.2 6 1.0 400 
IN2276 S R 400 1.2 6 1.0 400 
lN2277 S R 500 1.2 6 I. a 400 
lN2278 S R 600 1.2 6 , .0 400 
lN2279 S R 800 1.2 6 1.0 400 
lN2280 S R 1000 1.2 6 1.0 400 
lN2281 S R 1200 1.2 6 1.0 400 
IN2282 S R 300 1.5 20 5.0 400 
lN2283 S R 400 1.5 20 5.0 400 
IN2284 S R 500 1.5 20 5.0 400 
lN2285 S R 600 1.5 20 5.0 400 
lN2286 S R 800 1.5 20 5.0 400 
lN2287 S R 1000 1.5 20 5.0 400 
lN2288 S R 1200 1.5 20 5.0 400 
lN2289 S R 100 1.5 .003 20 
lN2289A S R 100 1.5 .003 20 
lN2290 S R 100 5 .003 100 
lN2290A S R 100 5 .003 100 
lN2291 S R 200 1.5 .003 20 

lN22lT1A S R 200 1.5 .003 20 
IN2292 S R 300 1.5 .003 20 
lN2292A S R 300 1.5 .003 20 
1N2293 S R 400 1.5 .003 20 
1N2293A S R 400 1.5 .003 20 
IN2294 S R 50 1.1 22 10 160 
lN2295 S R 100 1.1 22 10 160 
lN2296 S R 150 1.1 22 10 160 
IN229 

1 5 IR 200 1. 1 22 10 160 
lN2298 5 R 250 1.1 22 10 160 
lN2299 S R 300 1.1 22 10 160 
lN2300 S R 350 1.1 22 10 160 
lN2301 S R 400 1. 1 22 10 160 
lN2302 S R 50 1.1 22 10 160 
lN2303 S R 100 1.1 22 10 160 
lN2304 S R 150 1.1 22 10 160 
Tf.I23US s 2U' 1.1 22 IU IbU 
IN2306 S R 250 1. 1 22 10 160 
lN2307 S R 300 1.1 22 10 160 
lN2308 S R 350 1.1 22 10 160 
lN2309 S R 400 1.1 22 10 160 
lN2310 S R 50 1.1 35 20 300 
lN2311 S R 100 1.1 35 20 300 
lN2312 S R 150 1.1 35 20 300 

R-Rectifier, RD-Reference Diode, lll-Zener DIOde, GP-Generat Purpose, IIC-Hlgh Conductance (~20 rnA@"::::;l V), US-High Speed SWitch (Max trr < O.3J.ts), 
CS-High Condtlctance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN2313-1N2381 
RECTIFIERS ZENER DIODES z: 

:;;! '" VR VF 10 IR Isurge V ( .) Vz(nom) Tol >= Po 
TYPE ~ REPLACE· PAGE 

~ 
(volts) (volts) (Amps) (rnA) (Amps) z mm Vz (max) Vz % 

:;;: MENT NUMBER SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR t" Te 
Vz 

T(min) T(max) 
(volts) (volts) (p.5) %/OC ·C ·C 

IN2313 S R 200 I. I 35 20 300 
IN2314 S R 250 I. I 35 20 300 
IN2315 S R 300 I. I 35 20 300 
IN2316 5 R 350 I. I 35 20 300 
IN2317 S R 400 I • I 35 20 300 
IN2318 5 R 50 I. I 35 20 300 
IN2319 5 R lOa I. I 35 20 300 
IN2320 S R 150 1 I 35 :>0 300 
IN2321 S R 200 1.1 35 20 300 
IN2322 5 R 250 I. I 35 20 300 
IN2323 5 R 300 1.1 35 20 300 
lN2324 5 R 350 I. I 35 20 300 
IN2325 S R 400 I. 1 35 20 300 
IN2326 G GP I .150 2M 
IN2327 5 HC 300 3.3 400M 1.5-
IN232e 5 HC 300 3.3 1I00M 1.5. 
IN2348 S R 50 I. I 3 .3 15 
IN2349 S R 100 I. I 3 .3 15 
IN2350 S R ISO 1.1 3 .3 15 
IN2357 S R 11100 .• 4 .001 15 
lN2358 S R 1500 .4 .001 15 
lN2359 5 R 1600 .11 .001 15 
IN2360 S R 1800 .4 .001 15 
1N2361 S R 2000 .4 .001 15 
lN2362 S R 1400 I .001 IS 
IN2362A S R 1400 5 .001 20 
IN2362B S R 1400 10 .001 25 
IN2363 S R 1400 I .001 15 
1N2363A S R 1400 5 .001 20 
IN2363B S R 1400 10 .001 25 
IN2364 S R 1500 1 .001 15 
lN2364A S R 1500 5 .001 20 
1N2364B S R 1500 10 .001 25 
IN2365 S R 1500 1 .001 15 
1N2365A S R 1500 5 .001 20 
lN2365B S R 1500 10 .001 25 
IN2366 S R 1600 I .001 15 
IN2366A S R 1600 5 .001 20 
IN2366B S R 1600 10 .001 25 
lN2367 S R 1600 I .001 15 
lN2367A S R 1600 5 .001 20 
lN2367B S R 1600 10 .001 25 
IN2368 S R leoo 1 .001 15 
IN2368A S R 1800 5 .001 20 
IN2368B S R 1800 10 .001 25 
IN2369 S R 1800 I .001 15 
IN2369A 5 R 1800 5 .001 20 
lN2369B S R 1800 10 .001 25 
lN2370 S R 2000 1 .001 15 
lN2370A S R 2000 5 .001 20 
lN2370B S R 2000 10 .001 25 
lN2371 S R 2000 I .001 15 
IN2371A 5 R 2000 5 .001 20 
lN2371B 5 R 2000 10 .001 25 
lN2372 5 R 1000 2 .2 .5 12 
lN2373 5 lN4005 3-23 R 600 3.0 .1 .250 12 

;~~~;~ 1:- lN4007 3-23 R IUUU .j.U • I .2!:l0 12 
5 MR991 3-26 R 1500 4.5 .1 .250 12 

IN2376 5 MR992 3-26 R 2000 7.5 .1 .250 12 
lN2377 5 MR993 3-26 R 21100 9.0 .075 .250 12 
IN2378 5 MR994 3-26 R 3000 9.0 .075 .250 12 
IN2379 S lN2382 3-6 R 11000 15.0 .05 .250 12 
IN2380 5 lN2383 3-6 R 6000 22.5 .05 .250 12 
IN2381 S lN2385 3-6 R 10K 37.5 .025 .250 12 

R-Rectlfler, RD-Reference Diode, ZD-Zener DIOde, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 Vt HS-Hlgh Speed SWitch (Max tr • < O.3tJs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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I 

--Numerical Index --

1 N2382 1 N2498 -
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol :$ REPLACE· PAGE ~ (volts) (volts) (Amps) (rnA) (Amps) z Vz(max) Vz% Po 

TYPE '" <> 
~ MENT NUMBER !;; ~jG~ALpIODES • <.: ••.•..• • •••• ·RE:I'"EREN9EQI9QE;S .. 0-

'"' ~ P/'!V I/F.@ IF IR .• trr TC • ·Vz T.(ritiri) 'r(m.x) 
(vplts) (volt!;) (",5) %l°C :oC, ·C'; 

IN23B2 S 3-6 R 4000 18 • IS .2 6 
IN2382A S R 4000 6 .35 .2 6 
IN2383 S 3-6 R 6000 27 • I .2 6 
IN2383A S R 6000 9 .35 .2 6 
IN2384 S 3-6 R 8000 27 .07 .2 6 
IN2384A S R 8000 12 .275 .2 6 
IN2385 S R 10K 39 .07 .2 6 
IN2385A S R 10K IS .2 .2 6 
IN2386 G PA s--C::- .... 

• ·.00.1: I.t. I:l·~si IN2387 S 1N3031B 2-19 RIl !O 25 
IN2389 S R 1600 4.8 .6 .5 

~~I IN2390 s R 50 1.2 1.5 .3 
IN2391 S R lOa 1.2 lotS 

.31 ~~t lN2392 S R 200 1.2 1.5 1 03 
IN2393 S R 300 1.2' 1,5 I:!> 3 3~i-. 
IN2394 S R 400 1.2 !.5 ........J.. 35 
IN2395 S R 500 1.2 1.5 .3 35 
lN2396 S R 600 1.2 1.5 .3 35 
IN2397 S R 700 1.2 1.5 .3 35 
IN2398 S R 800 1.2 1.5 .3 35 
lN2399 S R 50 1.2 1.5 .3 35 
lN2400 S R lOa 1.2 1.5 .3 35 
lN2401 S R 200 1.2 1.5 .3 35 
lN2402 S R 300 1.2 1.5 .3 35 
IN2403 S R 400 1.2 1.5 .3 35 
lN2404 S R 500 1.2 1.5 .3 35 
lN2405 S R 600 1.2 1.5 .3 35 
IN2406 S R 700 1.2 1.5 .3 35 
1N24C7 S R 800 1.2 1.5 .3 35 
IN2408 S R 50 1.2 1.5 .3 35 
lN2409 S R 100 1.2 1.5 .3 35 
IN2410 S R 200 1.2 1.5 .3 35 
IN2411 S R 300 1.2 1.5 .3 35 
1N2412 S R 400 1.2 1.5 .3 35 
1N2413 S R 500 1.2 1.5 .3 35 
IN2414 S R 600 1.2 1.5 .3 35 
1N2415 S R 700 1.2 1.5 .3 35 
IN2416 S R 800 1.2 1.5 .3 35 
IN2417 S R 50 1.2 1.5 .3 35 
IN2418 S R lOa 1.2 1.5 .3 35 
IN2419 S R 200 1.2 1.5 .3 35 
IN2420 S R 300 1.2 1.5 .3 35 
lN2421 S R 400 1.2 1.5 .3 35 
lN2422 S R 500 1.2 1.5 .3 35 
IN2423 S R 600 1.2 1.5 .3 35 
IN2424 S R 700 1.2 1.5 .3 35 
IN2425 S R 800 1.2 1.5 .3 35 
IN21182 S 1N4003 3-23 R 200 1.2 .75 .5 30 
lN2483 S IN4004 3-23 R 400 1.2 .75 .5 30 
lN2484 S IN4005 3-23 R 500 1.2 .75 .'5 30 
lN21185 S IN4003 3-23 R 200 1.2 .75 .5 30 
lN2486 S IN4004 3-23 R 300 1.2 .75 .5 30 
lN2487 S IN4004 3-23 R 400 1.2 .75 .5 30 
IN2488 S IN4005 3-23 R 500 1.2 .75 .5 30 
lN2489 S IN4005 3-23 R 600 1.2 .75 .5 30 
IN21190 S R 1600 4.8 .5 .5 15 
IN2491 S R 50 1.5 6 2 150 
IN2492 S R 100 1.5 6 2 150 
IN2493 S R 200 1.5 6 2 ISO 
IN2494 S R 300 1.5 6 2 150 
IN2495 S R 400 1.5 6 2 150 
IN2496 S R 500 1.5 6 2 ISO 
IN2497 S R 600 1.5 6 2 150 
IN2498 S 2-14 ZI) 10 10 lOW 

R-Rectifier, RD-Reference Diode, lD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-~Igh Speed SWitch (Max tr• < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Speclal Purpose. 
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-- Numerical Index --

1 N2498A 1 N2562 -
RECTIFIERS ZENER DIODES 

~ 
VR VF 10 IR Isurge V (min) Vz (nom) Tal ;;;! ~ Po 

~ REPLACE· PAGE (volts) (volts) (Amps) (rnA) (Amps) Z Vz(max) Vz% 
TYPE NUMBER <:: ::. MENT ;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRV VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (ft5) %,·c ·C ·C I 

IN2498A S 2-14 ZO 10 5 lOW 
IN2499 S 2-14 ZO II 10 lOW 
IN2499A S 2-14 ZO 11 5 lOW 
IN2500 S 2-14 ZO 12 10 lOW 
IN2500A S 2-14 ZD 12 5 lOW 
IN2501 S R 800 1.7 .15 .2 2.5 
IN2502 S R ~~~~ ~ ~; .:~ .2 2.5 
11N?'>n~ I ~ II .? ?'> 
IN2504 S R 1500 1.7 .15 .2 2.5 
lN2505 S R 800 1.7 .3 .2 2.5 
1N2506 S R 1000 1.7 .3 .2 2.5 
lN2507 S R 1200 1.7 .3 .2 . 2.5 
lN2508 S R 1500 1.7 .3 .2 2.5 
lN2512 S R 100 1.1 .002 30 

I !~~~!~ ~ : ~~~ !. ! ~~~~ ~g 
lN2515 S R 400 1. I .002 30 
IN2516 S R 500 1.1 .002 30 
IN2517 S R 600 1.1 .002 30 
lN2518 S R 100 1.1 .002 30 
lN2519 S R 200 1.1 .002 30 
IN2520 S R 300 1. I .002 30 
I~N2521 S R 400 1.1 .002 30 

N2522 S R 500 1.1 .002 30 
lN2523 S R 600 1. I .002 30 
lN2524 S R 50 1.2 2.5 .5 50 
lN2525 S R 100 1.2 2.5 .5 50 
IN2526 S R 200 1.2 2.5 .5 50 
lN2527 S R 300 1.2 2.5 .5 50 
lN252B S R 400 1.2 2.5 .5 50 
IN2529 S R 500 1.2 2.5 .5 50 
lN2530 S R 600 1.2 2.5 .5 50 
IN2531 S R 700 1.2 2.5 .5 50 
IN2532 S R 800 1.2 2.5 .5 50 
lN2533 S R 900 1.2 2.5 .5 50 
IN2534 S R 1000 1.2 2.5 .5 50 
lN2535 S R 50 1.0 2.5 .1 50 
lN2536 S R 100 1.0 2.5 .1 50 
IN2537 S R 200 1.0 2.5 • I 50 
lN2538 S R 300 1.0 2.5 .1 50 
lN2539 S R 400 1.0 2.5 .1 50 
lN2540 S R 500 1.0 2.5 .1 50 
lN2541 S R 600 1.0 2.5 • I 50 
IN2542 S R 700 1.0 2.5 .1 50 
IN2543 S R 800 1.0 2.5 .1 50 
lN2544 S R 900 1.0 2.5 .1 50 
IN2545 S R 1000 1.0 2.5 .1 50 
lN2546 S R 50 1.5 2.5 1.0 50 
lN2547 S R 100 1.5 2.5 1.0 50 
lN2548 S R 200 1.5 2.5 1.0 50 
lN2549 S R 300 1.5 2.5 1.0 50 
lN2550 S R 400 1.5 2.5 1.0 50 
lN2551 S R 500 1.5 2.5 1.0 50 
lN2552 S R 600 1.5 2.5 1.0 50 
lN2553 S R 700 1.5 2.5 1.0 50 
IN2554 S R 800 1.5 2.5 1.0 50 
IN2555 S R 900 1.5 2.5 1.0 50 
lN2556 S R 1000 1.5 2.5 1.0 50 
lN2557 S R 700 1.2 6 .5 150 
IN2558 S R BOO 1.2 6 .5 150 
IN2559 S R 900 1.2 6 .5 150 
lN2560 S R 1000 1.2 6 .5 150 
lN2561 S R 700 1.0 6 • I ISO 
IN2562 S R 800 1.0 6 • I ISO 

R-Rectifier. RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@::::::; 1 V), HS-Hlgh Speed SWitch (Max t" < 0.3/1s). 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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I 

-- Numerical Index --

1 N2563 1 N2622 -
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tal .. ;:: PD 

ffi REPlACE· PAGE ~ (valls) (valls) (Amps) (rnA) (Amps) z Vz(max) Vz % 
TYPE =: MENT NUMBER !;; 

,:' "SIGNAL DIODES ',REFERENC,EDIODES t-
::E 

~ PRY VF @ IF IR I" TC 
Vz " 

T(min) T(max) 
(valls) (valls) (fJ.S) %/OC 'C ~C 

lN2563 S R 900 1.0 6 • I 150 
IN2564 S R 1000 1.0 6 .1 150 
lN2565 5 R 50 1.5 6 1.0 150 
IN2566 S R 100 1.5 6 1.0 150 
lN2567 S R 200 1.5 6 1.0 150 
lN2568 S R 300 1.5 6 1.0 150 
lN2569 S R 400 1.5 6 1.0 150 
lN2570 S R 500 1.5 6 1.0 150 
lN2571 S R 600 1.5 6 1.0 150 
lN2572 S R 700 1.5 6 1.0 150 
lN2573 S R 800 1.5 6 1.0 150 
lN2574 S R 900 1.5 6 1.0 150 
lN2575 5 R 1000 1.5 6 1.0 ISO 
lN2576 5 R 50 1.2 12 1.0 250 
IN2577 5 R 100 1.2 12 1.0 250 
lN2578 5 R 200 1.2 12 1.0 250 
lN2579 S R 300 1.2 12 1.0 250 
lN2580 S R 400 1.2 12 1.0 250 
IN2581 5 R 500 1.2 12 1.0 250 
IN2582 5 R 600 1.2 12 1.0 250 
IN2583 S R 700 1.2 12 1.0 250 
lN2584 5 R 800 1.2 12 1.0 250 
IN2585 S R 900 1.2 12 1.0 250 
lN2586 S R 1000 1.2 12 1.0 250 
lN2587 5 R 50 1.0 12 .2 250 
lN2588 S R 100 1.0 12 .2 250 
IN2589 5 R 200 1.0 12 .2 250 
IN2590 S R 300 1.0 12 .2 250 
IN2591 S R 400 1.0 12 .2 250 
IN2592 S R 500 1.0 12 .2 250 
IN2593 S R 600 1.0 12 .2 250 
lN2594 S R 700 1.0 12 .2 250 
1 N2 59 5 S R 800 1.0 12 .2 250 
lN2596 S R 900 1.0 12 .2 250 
lN2597 S R 1000 1.0 12 .2 250 
lN2598 S R 50 1.5 12 2.0 250 
lN2599 S R 100 1.5 12 2.0 250 
lN2600 S R 200 1.5 12 2.0 250 
IN2601 S R 300 1.5 12 2.0 250 
IN2602 S R 400 1.5 12 2.0 250 

IIN2603 S R 500 1.5 12 2.0 250 
IN2604 S R 600 1.5 12 2.0 250 
IN2605 S R 700 1.5 12 2.0 250 
lN2606 S R 800 1.5 12 2.0 250 
lN2607 S R 900 1.5 12 2.0 250 
IN2608 S R 1000 1.5 12 2.0 250 
IN2609 S IN4001 3-23 R 50 1.1 .75 .3 30 
IN2610 S IN4002 3-23 R 100 1. 1 .75 .3 30 
lN2611 5 IN4003 3-23 R 200 I. 1 .75 .3 30 
IN2612 5 IN4004 3-23 R 300 I. 1 .75 .3 30 
IN2613 5 IN4004 3-23 R 400 1.1 .75 .3 30 
lN2614 5 IN4005 3-23 R 500 I. 1 .75 .3 30 
IN2615 S IN4005 3-23 R 600 I. 1 .75 .3 30 
lN2616 S IN4006 3-23 R 800 1.1 .75 .3 30 
lN2617 S IN4007 3-23 R 1000 1.1 .75 .3 30 
IN2618 S R 1200 1.1 .75 .3 30 
lN26 9 S R 1500 1. 1 .75 ." 30 

I ~oj 

lii~t 
175 lN2620 S 2-32 RO 0 

IN2620A S 2-32 RO I> .01 

iff! 
100 

lN2620B S 2-32 RO .,01, 150 
I N2621 S 2-32 RO .00S 

I.ii~i!l IN2621A s 2-32 RO .005 
IN2621B S 2-32 RO .005 
lN2622 5 2-32 RO .0,02 .'S~[ 

R-Rectifier, RD-Reference Diode, ZD-Zener DIOde, GP-General Purpose, He-High Conductance (~20 rnA@:::::;l V), HS-Hlgh Speed SWitch (Max tft < O.3JLs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N2622 1 N2725 -
RECTIFIERS ZENER DIODES 

:z 
~ '" VR V, 10 IR Isurge V (min) Vz (nom) Tal 
"" REPLACE· PAGE I (volts) (volts) (Amps) (mA) (Amps) Z Vz(max) Vz % PD 

TYPE l:j 
:. MENT NUMBER SIGNAL DIODES REFERENCE DIODES :e 

PRY V, @ I, IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (ILS) %/oC 'C 'C 

IN2622A S 2-32 RO .002 9.7 -55 lOa 
IN2622B s 2-32 RO .002 9.7 -55 ISO 
IN2623 S 2-32 RO .001 9.7 0 75 
IN2623A S 2-32 RO .001 9.7 -55 lOa 
IN2623B s 2-32 RO .001 9.7 -55 ISO 
IN2624 S 2-32 RD .0005 9.7 0 75 
IN2624A S 2-32 RO .0005 9.7 -55 100 
IN2624B S ?-11 RO .0005 9.7 -55 ISO 
IN2625 S RO .0002 9.4 0 75 
IN2625A S RO .0002 9.4 -55 100 
IN2625B S RO .0002 9.4 -55 ISO 
IN2626 S RD .0001 9.4 0 75 
IN2626A S RD .0001 9.4 -55 lOa 
IN2626B s RO .0001 9.4 -55 150 
lN2627 V rae tor Di pdes, seE 
IN?6?A 

tab1 on p ge 1- 9 

IN2629 G PA 5 
IN2630 S R 1500 2.25 .085 .5 5 
IN2631 S R 1600 3.0 .6 .5 5 
IN2632 S I~ 2800 6.0 " .2 .5 5 
IN2633 S R 1600 3.0 .6 .5 5 
IN2634 S R 1600 3.0 .6 .5 5 
IN2635 S R 1500 2.25 .085 .5 5 
IN2636 S R 1500 2.25 .085 .5 5 
lN2637 S R 28.0 .25 .5 5 
IN2638 S R 100 1.3 1.5 .3 15 
IN2641 S R 200 1.3 1.5 .3 IS 
IN2644 S R 300 1.3 1.5 .3 IS 
lN2647 S R 400 1.3 1.5 .3 15 
lN2650 S R 600 2.6 1.5 .3 15 
IN2653 S R 800 2.6 1.5 .3 15 
lN2656 S R 1200 3.9 1.5 .8 IS 
lN2659 S R 1600 5.2 1.5 .8 IS 
lN2662 S R 2000 6.5 1.5 .8 15 
IN2664 S R 2400 7.8 1.5 .8 IS 
IN2666 S R 3200 10.4 1.5 .8 IS 
IN2667 S R 4000 13 1.5 .8 15 
lN2668 S R 4800 15.6 1.5 .8 15 
lN2669 S R 100 1.3 3.6 .3 15 
IN2673 S R 200 1.3 3.6 .3 15 
lN2677 S R 300 1.3 3.6 .3 IS 
IN2681 S R 400 1.3 3.6 .3 15 
lN2685 S R 600 2.6 3.6 .3 15 
11<2687 S R 800 2.6 3.6 .3 15 
IN2689 S R 900 3.9 3.6 .8 15 
IN2690 S R 1200 3.9 3.6 .8 15 
IN2691 S R 1600 5.2 3.6 .8 15 
lN2692 S R lOa 1.3 7.2 .3 15 
lN2694 S R 200 1.3 7.2 .3 15 
lN2696 S R 300 1.3 7.2 .3 IS 
IN2698 S R 400 1.3 7.2 .3 IS 
IN2700 S R 600 2.6 7.2 .3 15 
IN2701 S R 800 2.6 7.2 .3 15 
IN2702 S R lOa 1.3 3 .2 15 
IN2705 S R 200 1.3 3 .2 15 
IN2708 S R 300 1.3 3 .2 IS 

:~~~:~ IS R 4UO I. :I 3 .2 IS 
S R 600 2.6 3 .2 15 

IN2717 S R 800 2.6 3 .2 15 
IN2720 S R 1200 3.9 3 .8 15 
IN2722 S R 1600 5.2 3 .8 15 
IN2723 S R 2000 6.5 3 ."8 15 
IN2724 S R 2400 7.8 3 .8 15 
IN2725 S 1N4720 3-24 R lOa 1.3 3 .3 IS 

R-Rectlfler, RD-Reference Diode, ZD- Zener Diode, GP-General Purpose, He - High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max trr < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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I 

-- Numerical Index--

1 N2728 1 N2806A -
RECTIFIERS 

z: ZENER DIODES 
~ 

C> VR VF 10 IR Isurge V (min) Vz (nom) Tal ;:: Po ~ REPLACE· PAGE :3 (yolts) (yolts) (Amps) (rnA) (Amps) z Vz(max) Vz % 
TYPE ~ MENT NUMBER !;; , ,.' REFERENC:EU:)IOOES· "" ... SIGNAl., DIO,DES, " 

::E 

~ PRY VF@ IF IR 
.trr TC VZ T(min) .T(in,,!,) 

(yolts) (yolts) , (P.S) %r·C o:C ·C 
lN2728 5 IN4721 3-24 R 200 1.3 3 .3 15 
lN2731 S MRI033A 3-24 R 300 1.3 3 .3 15 
lN2734 S IN4722 3-24 R 400 1.3 3 .3 15 
lN2737 S IN4723 3-24 R 600 2.6 3 .3 15 
lN2738 5 IN4724 3-24 R BOO 2.6 3 .3 15 
lN2739 S R 1200 3.9 3 .B 15 
lN2740 S R 100 1.3 3.6 .3 15 
lN2742 S R 200 1.3 3.6 .3 15 
lN2744 S R 300 1.3 3.6 .3 15 
lN2746 S R 400 1.3 3.6 .3 15 
lN2748 S R 600 2.6 3.6 .3 15 
lN2749 S R 800 2.6 3.6 .3 15 
lN2750 S R 100 1.3 3 .3 15 
lN2753 S R 200 1.3 3 .3 , 15 
lN2756 S R 300 1.3 3 .3 15 
lN2759 S R 400 1.3 3 .3 15 
lN2762 S R 600 2.6 3 .3 15 
lN2763 S R 800 2.6 3 .3 15 
lN2764 S R ,1200 3.9 3 .8 15 
lN276S S ze 6.8 5 
lN2765A S ZD 6.8 5 
lN2766 S ZO 13.6 5 
lN2767 S 2-32 ZD 20.4 5 
lN2768 S 2-32 ZO 27.2 5 
lN2769 S 2-32 ZO 34 5 
lN2770 S 2-32 ZO 40.8 5 
lN2772 5 R 700 1.8 .5 l~ 
lN2773 S R 800 1.8 .5 15 
lN2774 5 R 900 I.B .5 15 
lN2775 5 R 1000 1.8 .5 15 
lN2776 S R 1100 1.8 .5 15 
lN2777 S R 1200 1.8 .5 15 
lN2778 S R 1300 1.8 .5 15 
lN2779 S R 1400 1.8 .5 15 
lN2780 S R 1500 1.8 .5 15 
lN27Bl S R 1600 1.8 .5 15 

.oo~~i I!itiii·~~ :i;·'~~ 
", .. ' .. ' lN2782 S SP 5 2* 

lN2783 S RD ,125 
lN2784 S R 200 1.5 8 5.0 200 
lN2785 S R 400 1.5 8 5.0 200 
IN2786 S R 200 1.2 10 10.0 180 
lN2787 S R 400 1.2 10 10.0 180 
IN2788 S R 200 1.3 12.5 5.0 340 
lN2789 S R 400 1.3 12.5 5.0 340 
lN2790 S ZD 8.5 5 HI 
lN2791 S He 1.3 50M .05" 4 
IN2793 5 IN1l83 3-10 R 50 1.25 5 5 75 
lN2794 S IN1l84 3-10 R 100 1.25 5 5 75 
lN2795 S lNIT85 ~ R 150 1.25 5 5 75 
IN2796 5 IN1l86 3-10 R 200 1.25 5 5 75 
IN2797 S IN1l87 3-10 R 250 1.25 5 5 75 
IN279B S IN1l88 3-10 R 300 1.25 5 5 75 
IN2799 5 IN1l88 3-10 R 350 1.25 5 5 15 
IN2800 S lN1l88 R 400 1.25, 5 ,5 75 
lN2BOl G HS 20 ~36 5M 2- 1500 
lN2803 s R 400 1.2 250 36 3500 
lN2804 S l-D zo 6.8 ~g 5~W 
IN2804A S 2-15 ZO 6.8 50W 
lN28048 S 2-15 ZO 6.8 5 50'"1 
lN2B05 S 2-15 zo 7.5 20 SOW 
lN2805A S 2-15 ZO 7.5 10 SOW 
IN2805B 5 2-15 ze 7.5 5 SOW 
lN2806 S 2-15 ze 8.2 20 SOW 
IN2806A 5 2-15 ZO 8.2 10 sow 

R-Rectlfler, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 \~, HS-Hlgh Speed SWItch (Max. t,e < 0.3ItS), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1·48 



--Numerical Index--

1 N2806B -1 N2827B 
RECTIFIERS ZENER DIODES 

-' 
~ 

VR VF 10 IR Isurge V (min) Vz (nom) Tal .. 5 Po 
TYPE 1:l REPLACE" PAGE (volts) (volts) (Amps) (rnA) (Amps) z Vz(max) Vz% 

!;;: MENT NUMBER § SIGNAl. DIODES REFERENCE DIODES ::s 
~ PRY VF @ IF In t" TC Vz T(min) T(max) 

(volts) (volts) (/LS) %I"C 'C 'C 
IN2806B S 2-15 za 8.2 5 SOW 
lN2807 S 2-15 Ie 9.1 20 sow 
lN2807A S 2-15 za 9.1 10 sow 
lN2807B S 2-15 za 9.1 5 sow 
lN280B S 2-15 Ia 10 20 sow 
lN2B08A S 2-15 za 10 10 sow 
lN2808B S 2-15 za 10 5 sow 
lN2809 S 2-15 za 11 20 sow 
lN2809A S 2-15 ZD II 10 sow 
lN2809B S 2-15 ZD 11 5 SOW 
IN2810 S 2-15 za 12 20 sow 
IN2810A S 2-15 Ia 12 10 sow 
IN2810B S 2-15 ZD 12 5 sow 
IN2811 S 2-15 za 13 20 SOW 
IN281lA S 2-15 ZD 13 10 SOW 
IN2811B S 2-15 za 13 5 SOW 
IN2812 S 2-15 ZD 14 20 "sow 
IN2812A S 2-15 ZD 14 10 sow 
IN28128 S 2-15 ZD 14 5 sow 
IN2813 S 2-15 za IS 20 sow 
IN2813A S 2-15 za IS 10 sow 
IN28138 S 2-15 za IS 5 sow 
IN2811; S 2-15 za 16 20 SOW 
lN2814A S 2-15 za 16 10 sow 
lN2814B S 2-15 za 16 5 ""5"OV 
IN2815 S 2-15 za 17 20 sow 
lN2815A S 2-15 ZO 17 10 sow 
lN2815B S 2-15 za 17 5 sow 
IN2816 S 2-15 za 18 20 SOW 
lN2BI6A S 2-15 ZD 18 10 sow 
IN2816B S 2-15 ZD 18 5 SOW 
1 N2 817 S 2-15 ZD 19 20 SOW 
lN2817A S 2-15 ZD 19 10 !lOW 
lN2817B S 2-15 za 19 5 sow 
lN2818 5 2-15 za 20 20 SOW 
lN2B18A S 2-15 ZD 20 10 SOW 
lN2818B S 2-15 za 20 5 sow 
lN2819 S 2-15 za 22 20 SOW 
lN2819A S 2-15 Ia 22 10 sow 
lN2819B S 2-15 za 22 5 SOW 
lN2820 S 2-15 ZD 24 20 "SOl'l 
IN2820A S 2-15 za 24 10 sow 
lN2820B S 2-15 IO 24 5 sow 
lN2821 S 2-15 IO 25 20 sow 
lN2821A S 2-15 za 25 10 sow 
IN2821B S 2-15 za 25 5 sow 
lN2822 S 2-15 ZD 27 20 sow 
lN2822A S 2-15 za 27 10 SOW 
lN2tJ12B S 2-15 Ia U !l "Surf 

lN2823 S 2-15 ZD 30 20 sow 
IN2823A S 2-15 ZD 30 10 SOW 
lN2823B S 2-15 za 30 5 sow 
IN2824 S 2-15 Ia 33 20 sow 
lN2821;A S 2-15 Ia 33 10 sow 
IN2824B S 2-15 IO 33 5 sow 
IN2825 S 2-15 za 36 20 sow 
IN~tJ;<~A 

~ 
2-15 ILlJ .jo IU ~uw 

lN2825B 2-15 za 36 5 sow 
IN2826 S 2-15 ZD 39 20 SOW 
lN2826A S 2-15 ZD 39 10 sow 
IN2826B S 2-15 ID 39 5 sow 
lN2827 S 2-15 ID 1;3 20 sow 
lN2827A S 2-15 le 43 10 SOW 
IN2827B S 2-15 Ie 43 5 sow 

R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP- General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t-r < O.3/-1s}, 
CS- High Conductance. High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N2828 - 1 N2855 
RECTIFIERS ZENER DIODES 

z: 
~ 

co 
VR' YF"I .. lo IR I,surge '.' Vz(nom) , ... Tol I)'I'~ 

111 
;:: \Ii(~ln)Vz(inax) Vi%I' "'-

TYPE 
REPLACE· PAGE 

~ 
{Y~lts) (volts) (AmpS) (mA) (Amps) 

~ MENT NUMBER , ..•..•• ,. "'··,.·'·SiGNAL DIODES .. ' ... 'REFERENCEDIODES • .. 
~ 

~ PRY VF @ IF IR I" TC 
Vz 

T(min) T(max) 
(volls) (volts) (ILS) DlaloC ·C ·C 

1N2828 S 2-15 za 45 20 SOW 
lN2828A S 2-15 ZD 45 10 SOW 
lN2828B S 2-15 zo 45 5 SOW 
lN2829 S 2-15 :1O 47 20 SOW 
lN2829A S 2-15 ze 47 10 SOW 
lN2829B S 2-15 ZO 47 5 SOW 
lN2830 S 2-15 ZO 50 20 SOW 
1N2830A S 2-15 ZD 50 10 SOW 
lN2830B S 2-15 Zil 50 5 SOW 
lN2831 S 2-15 Zil 51 20 SOW 
1N2831A S 2-15 Ia 51 10 SOW 
lN2831B S 2-15 Ia 51 5 SOW 
lN2832 S 2-15 Ia 56 20 SOW 
lN2832A S 2-15 ZD 56 10 SOW 
lN28328 S 2-15 ZD 56 5 SOW 
lN2833 S 2-15 ID 62 20 SOW 
lN2833A S 2-15 ZD 62 10 SOW 
lN2833B S 2-15 za 62 5 SOW 
lN2834 S 2-15 ID 68 20 SOW 
lN2834A S 2-15 ZO 68 10 SOW 
1N2834B S 2-15 za 68 5 SOW 
lN2835 S 2-15 ZO 75 20 SOW 
lN2835A S 2-15 ZO 75 10 SOW 
lN2835B S 2-15 ZO 75 S SOW 
lN2836 S 2-15 za 82 20 50W 
lN2836A S 2-15 ZO 82 10 SOW 
lN2836B S 2-15 ZO 82 5 SOW 
lN2837 S 2-15 ZO 91 20 50W 
lN2837A S 2-15 ID 91 10 SOW 
lN2837B S 2-15 ZO 91 S 50W 
lN2838 S 2-15 lO 100 20 SOW 
lN2838A S 2-15 lO 100 10 SOW 
lN2838B S 2-15 ze 100 5 50W 
lN2839 S 2-15 ZO 105 20 SOW 
lN2839A S 2-15 ZD lOS 10 50101 
lN2839B S 2-15 ZD 105 5 SOW 
1 N2840 S 2-15 ZD 110 20 SOW 
lN2840A S 2-15 ZO 110 10 50W 
lN2840B S 2-15 ZO 110 5 50W 
lN2841 S 2-15 ZO 120 20 50W 
1N2841A S 2-15 ZO 12U to !lUW 
1N2841B S 2-15 ZO 120 S SOW 
1NZS42 S 2-15 ZO 130 20 SOW 
1N2842A S 2-15 ZO 130 10 50W 
1N2842B S 2-15 ZO 130 S 50W 
1N2843 S 2-15 ZO 140 20 50W 
1N2843A S 2-15 ZO 140 10 50W 
1N2843B S 2-15 ZO 140 5 50W 
1N2844 S 2-15 ZO 160 20 50W 
lN2844A S 2-15 ZO 160 10 50W 
1N2844B S 2-15 ZO 160 S 50W 
1N2845 S 2-15 ZO 180 20 50W 
1N2845A S 2-15 ZO 180 10 SOW 
lN2845B S 2-15 ZO 180 5 50W 
lN2846 S 2-15 ZO 200 20 SOW 
lN2846A S 2-15 ZO 200 10 50W 
tN2846B S 2-15 za 2UU ~ ~Ulj 

lN2847 S R 100 2.0 1.5 .3 15 
lN2848 S R 200 2.0 11.5 .2 15 
lN2849 S R 300 2.0 11.5 .2 15 
1N2850 S R 400 2.0 11.5 .2 15 
lN2851 S R 500 2.0 11.5 .2 15 
1N2852 S R 600 2.0 11.5 .2 15 
lN2855 S R 600 1.2 250 25 3500 

R-RectlfJer, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA@:::::::; 1 V), HS-Hlgh Speed SWitch (Max t,. < O.3/ls), 
CS-High Conductance, High Speed Switch. MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N2856 - 1 N2921 

RECTIFIERS ZENER DIODES 

~ 
~ 

VR VF 10 IR Isurge V (min) Vz (nom) Tal 
"" ~ Po 
ill REPLACE· PAGE (valls) (valls) (Amps) (rnA) (Amps) Z Vz(max) Vz % 

TYPE to: :;: MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR I" TC 
Vz 

T(min) T(max) 
(volts) (valls) (p.S) %/OC ·C ·C 

IN2856 S R 800 1.2 250 20 4500 
IN2857 S R 1000 1.2 250 IS 4500 
IN2858 S IN4001 3-23 R 50 1.2 .75 .3 40 
IN2858A S R 50 1.2 1 .3 25 
IN2859 S IN4002 3-23 R 100 1.2 .75 .3 40 
IN2859A S R 100 1.2 1 .3 25 
lN2860 S IN4003 3-23 R 200 1.2 .75 .3 40 
IN2860A S R 200 1.2 I .3 25 
lN2861 S IN4004 3-23 R 300 1.2 .75 .2 40 
IN2861A S R 300 1.2 1 .3 25 
IN2862 S IN4004 3-23 R 400 1.2 .75 .2 40 
lN2862A S R 400 1.2 1 .3 25 
lN2863 S IN4005 3-23 R 500 1.2 .75 .2 40 
lN2863A S R 500 1.2 1 .3 25 
lN2864 S IN4005 3-23 R 600 1.2 .75 .2 40 
1N2864A S R 600 1.2 1 .3 25 
1N2865 S R 1000 2.5 .7 .1 7 
lN2866 S R 1500 2.5 .7 .1 7 
1N2867 S R 1000 2.5 .1 .1 7 
IN2868 S R 1500 2.5 .1 .1 1 
lN2878 S IN4006 3-23 He 100 2 250M .5* 
1N2879 S IN4006 3-23 He 100 2 250M .5* 
1N2880 S IN4007 3-23 He lK 2 250M .5* 
lN2881 S IN4007 3-23 He IK 2 250M .5* 
1N2tl82 S IN4007 3-23 He ~;~ ~ 250M .5* 
1N2883 S IN4007 3-23 He 250M .5* 
lN2B84 S ~991 3-26 He 400 4 250M .5-
lN288S S ~991 3-26 He 400 4 250M .5-
lN2886 S ~991 3-26 He 500 3 250M .5-
1N2B87 S ~991 3-26 He 500 3 250M .5* 
1N2888 S He 150 5 250M .5-
1N2BB9 S ~992 3-26 He 150 5 250M .5-
1N2890 S ~992 3-26 He 2K 4 25uM .!l-
lN2891 S ~992 3-26 He 2K 4 250M .5-
lN2892 S MR993 3-26 He 100 6 250M .5-
lN2893 S ~993 3-26 He 100 6 250M .5-
lN2894 S ~994 3-26 He 450 7 250M .5-
lN2895 S ~994 3-26 He 450 1 250M .5-
lN2896 S ~994 3-26 He 500 5 250M .5· 
lN2891 S ~994 3-26 He 500 5 250M .5" 

;~~~;~ 1 ~ I~~ ~~~ ~ I~~~~ 
.!l" 
.5-

lN2900 S He 3K 6 250M .5· 
1N2901 S He 3K 6 250M .5" 
1N2902 S He 150 9 250M .5* 
1N2903 S He 150 9 250M .5-
1N2904 S He 500 1 250M .5-
1N2905 S He 500 1 250M .5* 
IV" 'ua I" 1\ .. 

~~~ 
IU ~!lUM .~-

lN2901 S He 10 250M .5-
lN2908 S He 850 11 250M .5-
lN2909 S He 850 11 250M .5* 
lN2910 S He 4K 8 250M .5* 
lN2911 S He 4K 8 250M .5-
lN2912 S He 200 12 250M .5* 
1N2913 S He 200 12 250M .5-

''''''+ I" lL ::Juu L~':'M .:>if 

lN2915 S He 500 9 2SCM .5" 
lN2916 S He 550 13 250M .5* 
lN2911 S He 550 13 250M .5" 
1N2918 S He .5K 10 250M .5* 
lN2919 S He 5K 10 250M '.5. 
lN2920 S He 500 11 250M .5* 
lN2921 S He 500 11 250M .5* l 

•• 
R-RectJfler, RD~Reference Diode, ZD~Zener Diode, GP~General Purpose, HC~HIgh Conductance (~20 mA@ :::::::; 1 'I), HS~Hlgh Speed SWitch (Max t,., < O.3/ls), 

CS~ High Conductance, High Speed Switch, MS~Medium Speed Switch, PA~Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N2922 1 N2989 -
RECTIFIERS z ZENER DIODES 

~ 
C> V. VF 10 I. Isurge Vz (nom) Tol j: Vz(min) Po .. 

REPLACE· PAGE 

~ 
(volts) (volts) (Amps) (mA) (Amps) Vz(max) Vz % 

TYPE ffi 
!n·:ri;l?!>IGNAL!DI~ ..•.... ~ =< MENT NUMBER 1 ••• :t~E,F,EREf'lCEOD!bbE$, :15 

~ PIlV··· VFt@.IF IR tr~ TC .··i.~70 Hlliln) T{m.ax) 
(volts) (volts), ..•• (/,-5) %/oC ,o:C )~,C<, 

IN2922 S HC 6K ·12 250 ~5* ~ 
IN2923 S HC 6K 1.2- 250 .S- ... 

IN2924 S HC 500 13 250 .5.1· 
IN2925 s HC 500 13 250 .5-
IN2937 S ZO 42.5 57.5 lOW 
IN2938 S ZD .75 1.05 2W 
IN2970 S 2-18 IO 6.8 20 ~~~ IN2970A S 2-18 zn J.. 10 

lN29708 S 2-18 za 6.8 5 lOW 
lN2971 S 2-18 za 7.5 20 lOW 
IN2971A S 2-18 ZD 7.5 10 lOW 
IN2971B S 2-18 za 7.5 5 lOW 
lN2972 S 2-18 za 8.2 20 lOW 
IN2972A S 2-18 za 8.2 10 lOW 
I N2972B S 2-18 za ~.2 .,~ !~~ lN2973 S 2-1R 1711 
lN2973A S 2-18 ZD 9.1 10 lOW 
IN2973B S 2-18 ZD 9.1 5 lOW 
IN2974 S 2-18 ID 10 20 lOW 
lN2974A S 2-18 ZO 10 10 lOW 
IN2974B S 2-18 za 10 5 lOW 
IN2975 S 2-18 ZO 11 20 lOW 
IN2975A S 2-18 ZO : ~ 10 lOW 
IN2975B S 2-18 ZO " lnw 
IN2976 S 2-18 ZO 12 20 lOW 
lN2976A S 2-18 ZV 12 10 lOW 
lN2976B S 2-18 ZV 12 5 lOW 
IN2977 S 2-18 ZD 13 20 lOW 
IN2977A S 2-18 zo 13 10 lOW 
IN2917B S 2-18 ze 13 5 lOW 
lN2978 S 2-18 ZV 14 20 lOW 
IN2978A S 2-18 za 14 10 Inw 
IN2978B S 2-18 ZO 14 5 lOW 
IN2979 S 2-18 ZO IS 20 lOW 
IN2979A S 2-18 ZO IS 10 lOW 
IN2979B S 2-18 ZO IS 5 lOW 
IN2980 S 2-18 ZO 16 20 lOW 
IN2980A S 2-18 ZO 16 10 lOW 
IN2960B S 2-18 ZO 16 5 lOW 
lN2981 S 2-18 ZO 17 20 lOW 
IN2981A S 2-18 za 17 10 lOW 
IN2981B S 2-18 za 17 5 lOW 
IN2982 S 2-18 ZO 18 20 lOW 
IN2982A S 2-18 ZO 18 10 lOW 
lN2982B S 2-18 ZO 18 5 lOW 
IN2983 S 2-18 Zl) 19 20 lOW 
IN2983A S 2-18 ZO 19 10 lOW 
IN29838 S 2-18 ZO 19 5 lOW 
IN2984 S 2-18 za 20 20 lOW 
IN2984A S 2-18 ZD 20 10 lOW 
IN2ge4B S 2-18 za 20 5 lOW 
IN2985 S 2-18 za 22 20 lOW 
IN2985A S 2-18 ZD 22 10 lOW 
IN29858 S 2-18 za 22 5 lOW 
IN2986 S 2-18 ze 24 20 lOW 
IN2986A S 2-18 za 24 10 lOW 
~ IS 2-18 za 24 5 lOW 
IN2987 S 2-18 ZD 25 20 lOW 
IN2987A S 2-18 za 25 10 lOW 
IN2987B S 2-18 za 25 5 lOW 
IN2986 S 2-18 za 27 20 lOW 
IN2988A S 2-18 za 27 10 lOW 
IN2988B S 2-18 ZO 27 5 lOW 
IN2989 S 2-18 za 30 20 lOW 

R-Rectifler, RD-Reference Diode, ZD- Zener Diode, GP-General Purpose, IIC- High Conductance (~20 mA @ ~ 1 V), IIS- ~Igh Speed SWitch (Max t" < 0.3ps), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Speclal Purpose. 
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-- Numerical Index --

IN2989A IN3010A -
RECTIFIERS ZENER DIODES 

~ VR VF 10 IR Isurge V (min) Vz (nom) Tol ~ E Po 
:ll REPLACE· PAGE (volls) (valls) (Amps) (mA) (Amps) Z Vz(max) Vz % 

TYPE 
~ MENT NUMBER u: 

;: SIGNAL DIODES REFERENCE DIODES :os 
~ PRY VF @ IF IR I" TC Vz 

T(min) T(max) 
(volls) (valls) (fLS) %!,C 'C 'C 

lN2989A S 2-18 ID 30 10 lOW 
lN2989B S 2-18 ID 30 5 lOW 
lN2990 S 2-18 ID 33 20 lOW 
lN2990A S 2-18 ID 33 10 laW 
lN2990B S 2-18 LD 33 5 law 
lN2991 s 2-18 LD 36 20 lOW 
lN2991A S 2-18 ID 36 10 lOW 
IN2991B S ?_Ill LD 36 5 lOW 
lN2992 S 2-18 ZD 39 20 law 
lN2992A s 2-18 ZD 39 10 lOW 
lN2992B S 2-18 ZD 39 5 lOW 
lN2993 S 2-18 ZD 43 20 lOW 
lN2993A S 2-18 ZD 43 10 lOW 
lN29938 S 2-18 ZD 43 5 lOW 
lN2994 S 2-18 ZD 45 20 lOW 

IIN?994A S ?_1 A ZD 45 10 lOW 
lN29948 S 2-18 ZD 45 5 lOW 
lN2995 S 2-18 ZD 47 20 lOW 
lN2995A S 2-18 ZD 47 10 lOW 
lN29958 S 2-18 ZD 47 5 lOW 
lN2996 S 2-18 ZD 50 20 lOW 
lN2996A S 2-18 Ia 50 10 lOW 
lN2996B S 2-18 Ia 50 5 lOW 
lN2997 S 2-18 Ia 51 20 lOW 
lN2997A S 2-18 Ia 51 10 lOW 
lN2997B S 2-18 za 51 5 lOW 
lN2998 S 2-18 ZD 52 20 lOW 
lN299BA S 2-18 ID 52 10 lOW 
lN2998B S 2-18 Ia 52 5 1014 
lN2999 S 2-18 Ia 56 20 lOW 
IN2999A S 2-18 ID 56 10 lOW 
IN2999B S ?_111 IO 56 5 lOW 
IN3000 S 2-18 ID 62 20 lOw 
lN3000A S 2-18 za 62 10 lOW 
lN3000B S 2-18 ZD 62 5 lOW 
IN3001 S 2-18 ID 68 20 lOW 
lN3001A S 2-18 Ia 68 10 lOW 
IN30018 S 2-18 ZD 68 5 lOW 
lN3002 S 2-18 ZD 75 20 lOW 
lN3002A S 2-18 IO 75 10 law 
IN3002B S 2-18 ZD ~~ 2~ ~g~ lN3003 S 2-18 ZD 
IN3003A S 2-18 LD 82 10 lOW 
IN3003B S 2-18 za 82 5 lOW 
IN 3004 S 2-18 za 91 10 lOW 
IN3004A 5 2-18 za 91 10 lOW 
lN3004B S 2-18 LD 91 5 lOW 
IN3005 S 2-18 ZD 100 20 lOW 
lN3005A S 2-18 za 100 10 lOW 
IN300SI! S 2-18 Ia lOa 5 lOW 
IN3006 S 2-18 ID lOS 20 lOW 
IN3006A S 2-18 ID lOS 10 lOW 
IN30068 S 2-18 ID lOS 5 lOW 
IN3007 5 2-18 Ia 110 20 lOW 
IN3007A S 2-18 ID 110 10 lOW 
IN3007B S 2-18 Ia 110 5 lOW 
IN;jUUtl I~ 2-18 Ia 12U lU IUW 
IN3008A S 2-18 Ia 120 10 lOW 
IN3008B S 2-18 Ia 120 5 lOW 
IN3009 S 2-18 za 130 20 law 
IN3009A S 2-18 ZD 130 10 lOW 
1N3009B S 2-18 IO 130 5 lOW 
1N3010 5 2-18 ZD 140 20 lOw 
lN3010A S 2-18 ZD 140 10 lOW 

R-Recbfler, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA@:=;; 1 V), HS-Hlgh Speed SWitch (Max trr < 0.3",5), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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I 

-- Numerical Index--

1N301 08 I N3031 8 -

z RECTIFIERS ZENER DIODES 

.... '" VR V. 10 IR I surge V (min) Vz (nom) Tol ~ Po 
TYPE ~ REPLACE· PAGE ... (volts) (volls) (Amps) (rnA) (Amps) z Vz(max) Vz% 

=< MENT NUMBER § ».f SIGNAL OIODES ••..• I REFERENCE·[)IODES .. ··f 
::E ~ 

5! PRY VF @ I. IR I" TC 
Vz.· 

T(l11in) 'I;(max) 
(volts) (vails) (p.5) %"C 'C 'C 

IN3010B S 2-18 ZD 140 5 lOW 
IN3011 S 2-18 lD ISO 20 lOW 
1N301lA S 2-18 ZD ISO 10 lOW 
IN301lB S 2-18 IO 150 10 lOW 
IN3012 S 2-18 lO 160 20 lOW 
lN3012A S 2-18 IO 160 10 lOW 
IN3012B S 2-18 ZD 160 5 lOW 
IN3013 S 2-18 IO 175 20 lOW 
IN3013A S 2-18 IO 115 10 lOW 
lN3013B S 2-18 ZD 175 5 lOW 
IN3014 S 2-18 IO IBO 20 lOW 
IN3014A S 2-18 IO 180 10 lOW 
IN3014B S 2-18 ZD 180 5 lOW 
IN3015 S 2-18 IO 200 20 lOll 
IN3015A S 2-18 IO 200 10 lOll 
IN3015B S 2-18 IO 200 5 lOW 
IN3016 S 2-19 IO 6.8 20 III 
IN3016A S 2-19 III 6.8 10 III 
IN3016B S 2-19 ZD 6.8 5 III 
IN3017 S 2-19 ZD 7.5 20 Iii 
IN30 11 A S 2-19 ZIl 7.5 10 IW 
IN3017B S 2-19 ZD 7.5 5 III 
lN3018 S 2-19 ZD 8.2 20 Iii 
IN3018A S 2-19 III 8.2 10 Iii 
IN3018B S 2-19 ZD 8.2 5 Iii 
IN3019 S 2-19 IO 9. I 20 III 
IN3019A S 2-19 ZD 9.1 20 Iii 
IN3019B S 2-19 ZD 9.1 5 IW 
lN3020 S 2-19 ZD 10 20 Iii 
IN3020A S 2-19 ZD 10 10 Iii 
IN3020B S 2-19 ZIl 10 5 Iii 
IN3021 S 2-19 ZD II 20 Iii 
IN3021A S 2-19 ZD 11 10 IW 
lN3021B S 2-19 ZD II 5 Iii 
IN3022 S 2-19 ZIl 12 20 Iii 
IN3022A S 2-19 ZD 12 10 Iii 
IN3022B S 2-19 ZD 12 5 III 
IN3023 S 2-19 ZO 13 20 Iii 
IN3023A S 2-19 ZD 13 10 Iii 
IN3023B S 2-19 ZD 13 5 110 
IN3024 S 2-19 ZD IS 20 Iii 
IN3024A S 2-19 ZD 15 10 IW 
IN3024B S 2-19 ZIl IS 5 IW 
IN3025 S 2-19 ze 16 20 IW 
IN3025A S 2-19 ZD 16 10 IW 
IN3025B S 2-19 ZD 16 5 IW 
IN3026 S 2-19 IO 18 20 lW 
IN3026A S 2-19 ZD 18 10 IW 
IN3026B S 2-19 ZD 18 5 IW 
IN3027 S 2-19 ZD 20 20 IW 
IN3027A S 2-19 ZD 20 10 IW 
IN3027B S 2-19 IO 20 5 IW 
IN3028 S 2-19 ZD 22 20 Iii 
IN3028A S 2-19 ZD 22 10 IW 
IN3028B S 2-19 ZD 22 5 IW 
IN3029 S 2-19 IO 24 20 IW 
IN3029A S 2-19 IO 24 10 IW 
IN3029B S 2-19 ZD 24 5 IW 
IN3030 S 2-19 IO 27 20 IW 
IN3030A S 2-19 IO 27 10 IW 
IN3030B S 2-19 ZD 27 5 Iii 
IN3031 S 2-19 ZD 30 20 IW 
IN3031A S 2-19 IO 30 10 IW 
IN3031B S 2-19 lD 30 5 IW 

R-Rectifier, RD- Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Condllctance (~ 20 rnA @ ~ 1 V). HS-Hlgh Speed SWitch (Max trt < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N3032 - 1 N3055 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol .. 

REPLACE· PAGE 3 (volts) (volts) (Amps) (rnA) (Amps) Z Vz(max) Vz % Po 
TYPE i'1l .... MENT NUMBER 

;:;: .. ;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (p.5) %,·C ·C ·C 

lN3032 S 2-19 ZD 33 20 1101 
lN3032A S 2-19 ZD 33 10 1101 
IN3032B S 2-19 ZD 33 5 1101 
IN3C33 S 2-19 ZD 36 20 1101 
lN3033A S 2-19 ZD 36 10 1101 
lN3033B S 2-19 ZD 36 5 1101 
IN3034 S 2-19 zn 39 20 1101 
IN3034A S 2-19 ze 39 10 1101 
IN3034B S 2-19 ZD 39 5 1101 
lN3035 S 2-19 ZD 43 20 1101 
lN3035A S 2-19 zn 43 10 1101 
lN3035B S 2-19 zn 43 5 1101 
lN3036 S 2-19 ZD 47 20 1101 
lN3036A S 2-19 ZD 47 10 1101 
lN3036B S 2-19 ZD 47 5 1101 
lN3037 S 2-19 ZD 51 20 1101 
lN3037A S 2-19 ZD 51 10 1101 
lN3037B S 2-19 zn 51 5 1101 
lN3038 S 2-19 ZD 56 20 1101 
IN3C38A S 2-19 ze 56 10 1101 
lN3038B S 2-19 zn 56 5 1101 
IN3039 S 2-19 ZD 62 20 1101 
IN3039A S 2-19 zn 62 10 1101 
lN3C39B S 2-19 zn 62 5 1101 
lN3040 S 2-19 ZD 68 20 1101 
lN3040A S 2-19 zn 68 10 1101 
lN3040B S 2-19 ZD 68 5 1101 
lN3041 S 2-19 ZD 75 20 1101 
lN3041A S 2-19 ZO 75 10 1101 
lN3041B S 2-19 ZD 75 5 1101 
lN3042 S 2-19 ze 82 20 1101 
lN3042A S 2-19 ZD 82 10 1101 
lN3042B S 2-19 ZD 82 5 1101 
lN3043 S 2-19 zn 91 20 1101 
lN3043A S 2-19 ZD 91 10 1101 
lN3043B S 2-19 ZO 91 5 1101 
lN3044 S 2-19 ZD 100 20 1101 
lN3044A S 2-19 In 100 10 1101 
lN3044B S 2-19 ZD 100 5 1101 
lN3045 S 2-19 ZD 110 20 1101 
IN.jUlI:>A 

I ~ 2-19 ILV IIU IU 1101 
lN3045B 2-19 ZD 110 5 1101 
lN3046 S 2-19 ZD 120 20 1101 
lN3046A S 2-19 ZD 120 10 1101 
lN3046B S 2-19 ID 120 5 1101 
lN3047 S 2-19 ZD 130 20 1101 
lN3C47A S 2-19 ZD 130 10 1101 
lN3047B S 2-19 Zil 130 5 1101 
lN3048 S 2-19 zn 150 20 1101 
lN3048A S 2-19 Zll 150 10 1101 
lN3048B S 2-19 Zll 150 5 1101 
lN3049 S 2-19 ZD 160 20 1101 
lN3C49A S 2-19 ZD 160 10 1101 
lN3049B S 2-19 zn 160 5 1101 
lN3050 S 2-19 zn 180 20 1101 
lN30S0A S 2-19 zn 180 10 1101 
",""U:)Utl , 2-19 CU ,tlU :) 1101 
lN3051 S 2-19 zn 200 20 1101 
lN3051A S 2-19 ZD 200 10 1101 
lN3051B S 2-19 ZD 200 5 1101 
lN3052 S R 12K 70 • 1 .2 6 
lN3053 S R 14K 75 • I .2 6 
lN30S>; S R 16K 80 • I .2 6 
lN3055 S R 18K 85 .1 .2 6 

R....:.RectlfJer, RD-Reference Diode. ZO-Zener DIOde, GP- General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max trr < 0.3.us), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

I N3056-1 N3144 
RECTIFIERS ZENER DIODES 

z: 

I 
~ 

co VR VF 10 IR I surge V (min) V z (nom) Tal 
:$ REPlACE· PAGE 5 (Yolts) (YO Its) (Amps) (rnA) (Amps) Z Vz(max) Vz 0/0 PD 

TYPE '" ~ MENT NUMBER § ;i •. ·.i·. ·.?IGN~ttDIODES ...... I' REFERENCE DIODES ..... ... 
'" ~ PRY (y~rt~j@ .. IF IR 

trr TC 
Vz 

T(min) Hinax) 
(Yolts) <f.tS) 'YoI"C ·C ·C 

lN3056 S R 20K 90 • 1 .2 6 
lN3057 S R 22K 95 • 1 .2 6 
lN3058 S R 24K 100 .1 .2 6 
1N3059 S R 26K 105 .1 .2 6 
11113060 S R 28K 120 .1 .2 6 
lN3061 S R 30K 125 .1 .2 6 i' lN3062 S CS 75 1 i2CM .1 .. 2 ·i lN3063 s HS 75 ·'.85 10M ! ~ 1* 2 
lN3064 S HS 75 1 10M .1. 4 

.....•....• lN3065 S CS 75 \.2{J", .1. 2 
lN3066 S HS 75 1 .l{J'" .1· 2 
lN3{J67 S HS 30 115M .1· 2 
lN3068 S HS 30 1 5M .1* 50 

.. ' 11113069 S CS 65 1 50'" .1. 50 
lN3070 S CS 200 1 100M .1- 50 .. 
lN3071 S CS 200 1 100M .1* 50 
1N3072 S R 50 1.5 .2 .5 10 
1N3073 S K 100 1.5 .2 .5 10 
1N3074 S R 150 1.5 .2 .5 10 
1N3075 S R 200 1.5 .2 .5 10 
lN3076 S R 250 1.5 .2 .5 10 
11113077 S R 300 1.5 .2 .5 10 
1N3078 S R 350 1.5 .2 .5 10 
lN3079 5 R 400 1.5 .2 .5 10 
1N3080 5 R 500 1.5 .2 .5 10 
1N3081 S R 600 1.5 .2 .5 10 
1N3082 S R 200 1.25 .5 .2 15 
lN3083 S R 400 1.25 .5 .2 15 
lN3084 S R 600 1.25 .5 .2 15 
lN3085 S MR1221SB 3-38 R 100 1 • 1 150 40 1500 
lN3086 S MR1223SB 3-38 R 200 1 • 1 150 40 1500 
lN3087 S MR1225SB 3-38 R 300 1.1 150 40 1500 
lN3088 S MR1227SB 3-38 R 400 1 • 1 150 40 1500 
lN3089 S R 500 1.1 150 40 1500 
lN3090 S R 600 1. 1 150 40 1500 
lN3091 S R 800 1.1 150 40 1500 
lN3092 S R 1000 1. 1 150 40 1500 
lN3097 G MS 30 .5 "10M 4* .5 
lN3098 S 1N3046A 2-19 ZD 110 130 11/ 
lN3099 S 1N3048A 2-19 IO 130 160 1101 
lN3100 S 1N3050A 2-19 ZO 160 200 1101 
lN3101 S 1N3051 2-19 ZO 200 240 1101 
lN3102 S 1N3008A 2-18 ZO 110 130 10101 
lN3103 S 1N3011 2-18 ZO 130 160 10101 
lN3104 S 1N3014A 2-18 ZO 160 200 lOW 
1N3105 S 1N3015 2-18 ZD 200 240 10101 
lN3106 S R 800 1.6 .75 .3 30 
1N3107 S R 1200 3.2 .5 .3 15 
1N3108 S R 800 1.6 1.5 .3 30 
1N3109 S R 1200 3.2 

'i5~ .3, 15 
lN3110 G GP 8 .45 20* . 
1N3111 S MR1220SB 3-38 R 50 1. 1 150 40 1500 
lN3112 S 1N3017B 2-19 ZO 

I>ii~~ Ii ~d~ '!>"li 

7.13 7.88 1101 
IN3121 G MS ~:1M 3;'5* 
1N3122 G GP .1'" 4~5.0 
lN3123 s HS >1 1;0/01 ~l. 
lN3124 S HS .40 1:.\ I2,Q['l '.1; • {~ 1N3125 G MS . <;.40 5M 100. 
1N3128 aractor iodes, s e ta ie·'o~' page -99 
1N3139 S R 50 1.55 70 15 1200 
lN3140 S R 100 1.55 70 15 1200 
1N3141 S R 150 

I.t::~~ 
70 15 1200 

1N3142 S R 200 i:I~ 15 1200 
lN3144 G MS 20 ;,;20* •. 5 

R-Rectifier, RD-Reference Diode ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@:::::; 1 V), HS-Hlgh Speed SWitch (Max t" < 0.3,1.15). 
CS- High Co~ductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

TYPE 

10 600M 

R-Rectifier, RD-Reference Diode, 
CS-High Conductance, High Speed Switch, 
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-- Numerical Index--

lN3210 lN3285 -

z RECTIFIERS ZENER DIODES 
.... co VR VF 10 IR Isurge V ( .) Vz(nom) Tal .. 

REPLACE· PAGE 5 (yolls) (Yolls) (Amps) (mA) (Amps) z mm Vz(max) Vz % Po 
TYPE !jj 

:;: MENT NUMBER § 'SIGN.<>,t'biODES '.". ~EFERENCE"i:1I0DES 
:E 

~ PRY' VF @ IF' •• IR I" Te Vi·' T(min) ~(m"') 
(VoltS) (valls) (ILS) O/o/~C ;oc ~c 

IN3210 S 3-13 R 200 1.5 15 10 250 
1N3211 S 3-13 R 300 1.5 15 10 250 
1N3212 S 3-13 R 400 1.5 15 10 250 
IN3213 S 3-8 R 500 1.5 15 10 250 
IN3214 S 3-8 R 600 1.5 IS 10 250 
lN3215 S HS 80 • '1 1M io .. .25 
lN3223 5 MS lS() 1.5 4M 1:204 800 
lN3225 G MS 40 1 5M 33· ~5 
1N3221 S R 100 3.3 .5 .250 12.5 
1N3228 S R 200 3.3 .5 .250 12.5 
lN3229 S R 400 3.3 .5 .250 12.5 
1N3230 S R 600 3.3 .5 .250 12.5 
lN3231 S R 800 3.3 .5 .250 12.5 
lN3232 S R 1000 3.3 .5 .250 12.5 

I !~~~~~ ~ R !~~~ ~.~ .~ :;~g I g:~ I" 
lN3235 S R 1800 3.3 .5 .250 12.5 
1N3236 S R 2000 3.3 .5 .250 12.5 
1N3231 S R 50 2.2 .15 .250 15.0 
1N3238 S R 100 2.2 .15 .250 15.0 
lN3239 S R 200 2.2 .15 .250 15.0 
lN3240 S R 400 2.2 .15 .250 15.0 
IN3241 S R 600 2.2 .15 .250 15.0 
lN3242 S R 800 2.2 .15 .250 15.0 
1N3243 S R 1000 2.2 .15 .250 15.0 
lN3244 S R 1200 2.2 .15 .250 15.0 
1N3245 S R 1500 2.2 .15 .250 15.0 
IN3246 S R 50 1.1 I .250 20.0 
lN3241 S R 100 1.1 1 .250 20.0 
lN3248 S R 200 1.1 1 .250 20.0 
IN3249 S R 400 1.1 I .250 20.0 
IN3250 S R 600 1.1 I .250 20.0 
1N3251 S R 800 1.1 I .250 20.0 
IN3252 S R 1000 1.1 I .250 20.0 
lN3253 S lN4003 3-23 R 200 1.2 .15 .2 40 
lN3254 S lN4004 3-23 R 400 1.2 .15 .2 40 
IN3255 S lN4005 3-23 R 600 1.2 .15 .2 40 
lN3256 S lN4006 3-23 R 800 1.2 .5 .2 40 
1N3260 S /MR1220SB 3-38 R 50 1.6 160 12 2000 
lN3261 S iMR1221SB 3-38 R 100 1.6 160 12 2000 
lN3262 S ]MR1222SB 3-38 R 150 1.6 160 12 2000 
IN3263 S /MR1223SB 3-38 R 200 1.6 160 12 2000 
IN3264 S /MRl22fiSB 3-38 R 250 1.6 160 12 2000 
IN3265 S /MR1225SB 3-38 R 300 1.6 160 12 2000 
IN3266 S iMR1226SB 3-38 R 350 1.6 160 12 2000 
IN3267 S /MR1227SB 3-38 R 400 1.6 160 12 2000 
1N3268 S R 500 1.6 160 12 2000 
1N3269 S R 600 1.6 160 12 2000 
1N3210 S R 700 1.6 160 12 2000 
IN3271 S R 800 1.6 160 12 2000 
IN3272 S R 900 1.6 160 12 2000 
IN3273 S R 1000 1.6 160 12 2000 
IN3214 S R 1200 1.4 160 12 2000 
IN3275 S R 1400 1.4 160 12 2000 
IN3276 S R 1600 1.4 160 12 2000 
IN3277 S R 200 1.3 .75 25 
IN3278 S R 400 1.3 .75 25 
IN3279 S R 600 1.3 .75 25 
IN3280 S R 800 1.3 .75 25 
lN3281 S R 1000 1.3 .75 25 
lN3282 S R 1000 3.7 .1 2.5 
1N3283 S R 1500 3.7 .1 2.5 
lN3284 S R 2000 3.7 .1 2.5 
lN3285 S R 2500 3.7 .1 2.5 

R-Rectifier, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-~Igh Speed SWitch (Max t,. < O.3/ls), 
CS-High Conductance, High Speed Switch, MS-Mediurn Speed Switch, PA-Parametric Amplifier, SP-Speclal Purpose. 
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--Numerical Index --

IN3286-1N3317B 
RECTIFIERS z: ZENER DIODES 

~ 
0 

VR VF 10 IR Isurge V (min) Vz (nom) Tol ;:: Po :$ REPLACE· PAGE ~ (volls) (volls) (Amps) (mA) (Amps) z Vz(max) Vz% 
TYPE '" 

~ MENT NUMBER !;; ..... SIGNAl. DIODES REFERENCE DIODES ::e is 
:! PRY VF @ IF IR t" TC 

Vz 
T(min) T(max) 

(volls) (volts) (1'5) %,OC ·C ·C 

lN3286 5 R 3000 3.7 .1 2.5 
lN3287 G SP 6 .312 1M 15-
IN3288 S MR1211SB 3-35 R 100 1.5 100 200 1600 
IN3288A 5 R 100 1.5 100 24 2300 
lN3289 5 MR1213SB 3-35 R 200 1.5 100 300 1600 
lN3289A 5 R 200 1.5 lOa 24 2300 
IN3290 5 MR1215SB 3-35 R ~~o ::~ lOa 4g~ 1600 
IN3290A 5 IR 00 100 '300 
IN3291 5 MR1217SB 3-35 R 400 1.5 100 525 1600 
lN3291A S R 400 1.5 lOa 24 2300 
lN3292 S R 500 1.5 lOa 650 1600 
IN3292A 5 R 500 1.5 lOa 21 1600 
1N3292B 5 R 500 1.5 lOa 21 2300 
1N3293 5 R 600 1.5 lOa 800 1600 
IN3293A S R 600 1.5 100 17 2300 
1N3294 5 R 800 1.5 100 1050 1600 
IN3294A S R 800 1.5 100 13 2300 
lN3295 5 R 1000 1.5 100 1300 1600 
IN3295A S R 1000 1.5 100 11 2300 
lN3296 S R 1200 1.5 100 1600 1600 
lN3296A S R 1200 1.5 100 9 2300 
1N3297 5 R 1400 1.5 100 1800 1600 
1N3297A S R 1400 1.5 100 7 2300 
IN3298 5 CS 70 .9 500M .2- 20 
IN3298A S CS 70 .9 .5A .2* 
IN3305 S 2-15 IO 6.8 20 sow 
IN3305A S 2-15 IO 6.8 10 sow 
1N3305B S 2-15 IO 6.8 5 sow 
lN3306 5 2-15 ZO 7.5 20 sow 
lN3306A 5 2-15 ZO 7.5 10 sow 
lN3306B 5 2-15 ze 7.5 5 sow 
lN3307 5 2-15 IO 8.2 20 sow 
lN3307A S 2-15 ZO 8.2 10 sow 
lN3307B 5 2-15 IO 8.2· 5 sow 
1N3308 5 2-15 zo 9.1 20 sow 
lN3308A 5 2-15 ZO 9.1 10 sow 
1N3308B 5 2-15 ZO 9.1 5 sow 
1N3309 5 2-15 ZO 10 20 sow 
IN3309A 5 2-15 ZO 10 10 sow 
1N3309B S 2-15 ZO 10 5 sow 
lN3310 5 2-15 ZO 11 20 . sow 
lN3310A 5 2-15 ZO 11 10 SOW 
1N3310B 5 2-15 ZO II 5 sow 
IN3311 5 2-15 ZO 12 20 50W 
IN3311A S 2-15 ZO 12 10 sow 
1N3311B 5 2-15 ZO 12 5 sow 
IN3312 5 2-15 ZD 13 20 SOW 
lN3312A 5 2-15 . ZO 13 10 sow 
IN3312B S 2-15 ZO 13 5 sow 
1N3313 5 2-15 ze 14 20 sow 
IN3313A S 2-15 ZO 14 10 SOw 
lN3313B 5 2-15 ZO 14 5 SOw 
IN3314 S 2-15 ZO 15 20 sow 
lN3314A 5 2-15 ZO IS 10 sm. 
IN3314B 5 2-15 ze 15 5 SOW 
lN3315 5 2-15 ZO 16 20 sow 
lN3315A S 2-15 ZO 16 10 sow 
lN33J5B 5 2-15 ZO 16 5 sow 
lN3316 5 2-15 ZO 17 20 sow 
lN3316A S 2-15 ZO 17 10 sow 
lN3316B 5 2-15 ZD 17 5 sow 
lN3317 5 2-15 ze 18 20 sow 
lN3317A 5 2-15 ze 18 10 sow 
lN33178 5 2-15 ZD 18 5 sow 

R-Rectifier, RD-Reference Diode, ID-Zener Diode, GP-General Purpose, HC-Hlgh Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t •• < 0.3115), 
CS-High Conductance, High Speed Switch. MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N3318-1 N3339 

z: RECTIFIERS ZENER DIODES 

~ ·B~r " (surge Vz (min) vz(nomil Tol PD REPLACE· PAGE ~ (Yolts) (YO Its) (Amps) (mA) (Amps) Vz(max) Vz% 
TYPE 

NUMBER ',,, ';",'L )':t =< MENT ;:: " ...... 
:IS 

~ '!(~~&~~~j"IF,LI.I~: l(~~) ';~JF/C "fli;;i,:! ,\,(I1\'n) ,;T:,(rJ~) 
':~~i 

1N3318 S 2-15 ZO 19 20 SOW 
1N3318A S 2-15 ZD 19 10 SOW 
1N3318B S 2-15 0 19 5 SOW 
1N3319 S 2-15 ZO 20 20 SOW 
1N3319A S 2-15 ZD 20 10 SOW 
1N3319B S 2-15 70 20 5 SOW 
1N3320 S 2-15 0 22 20 SOW 
1N3320A S 2-15 0 22 10 SOW 
1N3320B S 12- 15 0 22 5 SOW 
1N3321 S 2-15 0 24 20 SOW 
1N3321A S 2-15 0 24 10 SOW 
1N3321B S 2-15 0 24 5 SOW 
1N3322 S 2-15 0 25 20 SOW 
1N3322A S 2-15 0 25 10 SOW 
lN3322B S 2-15 0 25 5 SOW 
lN3323 S 2-15 ZD 27 20 SOW 
1N3323A S 2-15 0 27 10 SOW 
1N3323B S 2-15 0 27 5 SOW 
1N3324 S 2-15 0 30 20 SOW 
1N3324A S 2-15 ZD 30 10 SOW 
1N332ljB S 2-15 0 30 5 SOW 
1N3325 S 2-15 0 33 20 SOW 
IN3325A S 2-15 0 33 10 SOW 
1N3325B S 2-15 0 33 5 SOW 
1N3326 S 2-15 0 36 2U !lUW 
1N3326A S 2-15 0 36 10 SOW 
1N3326B S 2-15 0 36 5 SOW 
IN3327 S 2-15 Izo 39 20 SOW 
1N3327A S 2-15 ~o 39 10 SOW 
1N3327B S 2-15 ZD 39 5 SOW 
1N3328 S 2-15 ZD 43 20 SOW 
1N3328A S 2-15 ZO 43 10 SOW 
1N3328B S 2-15 

~~ 43 5 SOW 
1N3329 S 2~15 45 20 SOW 
IN3329A S 2-15 ZO 45 10 SOW 
1N3329B S 2-15 ZO 45 5 SOW 
IN3330 S 2-15 ZO 47 20 SOW 
IN3330A S 2-15 ze 47 10 SOW 
1N3330B S 2-15 ze 47 5 SOW 
IN3331 S 2-15 ze 50 20 SOW 
1N3331A S 12-15 ZO 50 10 SOW 
1N3331B S 2-15 ze 50 5 SOW 
1N3332 S 2-15 ze 51 20 SOW 
lN3332A S 2-15 ze 51 10 SOW 
1N3332B S 2-15 ZO 51 5 SOW 
1N3333 S 2-15 ZD 52 20 SOW 
1N3333A S 2-15 ZO 52 10 SOW 
IN3333B S 2-15 ZO 52 5 SOW 
1N3334 S 12-15 ZD 56 20 SOW 
1N3334A S 2-15 ze 56 10 SOW 
lN3334B S 2-15 ZO 56 5 SOW 
1N3335 S 2-15 ZO &2 20 SOW 
1N3335A S 2-15 ze 62 10 SOW 
1N3335B S 2-15 ZO 62 5 SOW 
1N3336 S 2-15 ZD 68 20 SOW 
IN3336A S 2-15 lO 68 10 SOW 
1N3336B S 2-15 rlO 68 5 !lUW 
1N3337 S 2-15 lO 75 20 SOW 
1N3337A S 2-15 ZD 75 10 SOW 
1N3337B S 2-15 lO 75 5 SOW 
1N3338 S 2-15 ZD 82 20 SOW 
1N3338A S 2-15 ZO 82 10 SOW 
1N3338B S 2-15 ZD 82 5 SOW 
1N3339 S 2-15 le 91 20 SOW 

R-Rectifier, RD-Reference Diode, lD-Zener Diode, GP-Genera! Purpose, HC- High Conductance (2 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max trr < O.3J,.ts), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N3339A-l N3382 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tal 

"" 8 Po 
15 REPLACE· PAGE (volls) (valls) (Amps) (rnA) (Amps) z Vz(max) Vz % 

TYPE u:: !;< MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 
'" ~ PRY VF @ IF IR t" TC Vz T(min) T(max) 

(valls) (valls) (lkS) %,"C 'C 'C 
IN3339A S 2-15 ID 91 ID SOW 
I N3339B S 2-15 ID 91 5 SOW 
IN3340 S 2-15 ZD 100 20 SOW 
IN3340A S 2-15 ID 100 10 SOW 
IN3340B S 2-15 ID 100 5 SOW 
IN3341 S 2-15 ID lOS 20 SOW 
IN3341A S 2-15 ZD lOS 10 SOW 
IN3341B S 2-15 ZD lOS 5 SOW 
IN3342 S 2-15 ZD 110 20 SOW 
IN3342A S 2-15 ID 110 10 SOW 
IN33lj2B S 2-15 ZD 110 5 SOW 
lN3343 S 2-15 zn 120 20 SOW 
IN3343A S 2-15 ID 120 10 SOW 
1N3343B S 2-15 ID 120 5 SOW 
IN33lj4 S 2-15 ID 130 20 SOW 
IN3344A S 2-1') ID 130 10 SOW 
IN3344B S 2-15 ID 130 5 SOW 
IN33ljS S 2-15 ZD 140 20 50W 
IN3345A S 2-15 ZD 140 10 50W 
IN3345B S 2-15 ze 140 5 50W 
IN3346 S 2-15 ZD ISO 20 50W 
IN33lj6A S 2-15 ID ISO 10 50W 
IN33lj6B S 2-15 ID ISO 5 50W 
IN33lj7 S 2-15 ZD 160 20 SOW 
IN33lj7A S 2-15 ZD 160 10 50W 
IN3347B S 2-15 ZD 160 5 SOW 
IN3348 S 2-15 ID 115 20 SOW 
IN3348A S 2-15 ZD 175 10 50W 
IN33lj8B S 2-15 ID 175 5 50W 
IN3349 S 2-15 ID 180 20 SOW 
IN33lj9A S 2-15 ZD 180 10 50W 
IN3349B S 2-15 ID 180 5 50W 
IN3350 S 2-15 ID 200 20 50W 
IN3350A S ID 200 10 SOW 
IN3350B S ID 200 5 SOW 
IN3354 S R 10 1.2 3 .020 30 
IN3355 S R 15 1.2 3 .020 30 
1N3356 S R 25 1.2 3 .010 30 
1N3357 S R 50 1.2 3 .010 30 
IN3358 S R 75 1.2 3 .010 30 
IN33S9 S R 100 1.2 3 .010 30 
IN3360 S R ISO 1.2 3 .010 30 
IN3361 S R 200 1.2 3 .010 30 
IN3362 S R 300 1.2 3 .010 30 
1N3363 S R ljOO 1.2 3 .010 30 
IN3364 S R 500 1.2 3 .010 30 
IN3365 S R 600 1.2 3 .010 30 
IN3366 S R 700 1.2 3 .010 30 
IN3367 S R 800 2.0 3 .010 30 
IN3368 S R 900 2.0 3 .010 30 
IN3369 S R 1000 2.5 3 .025 30 
IN3370 S R 1200 2.5 3 .025 30 
IN3371 S R 1500 2.5 3 .025 30 
IN3372 S R 10 1.0 20 .315 200 
IN3373 S R 25 1.0 20 .315 200 
1N3374 S R 50 1.0 20 .315 200 
IN~j{!) I:' R IUU I.U ZU .51:> zuO 
1N3376 S R 150 1.0 20 .315 200 
IN3377 S R 200 1.0 20 .315 200 
IN3378 S R 300 1.0 20 .315 200 
IN3379 S R 400 1.0 20 .315 200 
IN3380 S R 500 1.0 20 .315 200 
IN3381 S HC I: 15 I SOOM 10 .. 
IN3382 S HC I 15 ,:', I SOOM 10* 

" 

R-Rectlfler, RO-Reference Diode. ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < 0.3 Jls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1-61 

I 



--Numerical Index --

1 N3383 - 1 N3446 

:z RECTIFIERS ZENER DIODES 

~ 
co VR Vr 10 IR Isurge V (min) Vz (nom) Tol 
~ PD 

TYPE 
REPLACE· PAGE .. (volls) (volts) (Amps) (mA) (Amps) z Vz(max) Vz% 

=< MENT NUMBER § 1';i")';1:';';<', n,!;IIGtIi,e.L.LJ." ,,",,co',"""; • 'REF~R~NCEDiOOES: ' =: ffi 
~ 5l "pRV I,:i~' ~l'r TC 

.. ;Vz, 
1(nii~) ~(ni~~l 

(volls) (ILS) ,w.r.C , ... ·,C ",~,C,';,;; 

lN3383 S He SO --I SOOM 10* ...... > lN3384 s He 75 500M 15" 
1N3385 S He 100. SOCM 20* 
lN3386 S He 150 I: 500101 ,20* ,( 
1N3387 S He 200 500M 20-
lN3388 S He 250 500M 25- Ii ' 1N3389 S He E~gl 1 50PM 25-
lN3390 S He 1 500':' 25- c' 
1N3391 s He ; 50.0 1 50PM 25* . 
1N3392 S ZD 1.5 10 500M 
1N3393 S ZD 1.8 10 500M 
1N3394 S ZD 2.2 10 500M 
1N3395 S ZD 2.7 10 50 OM 
1N3396 S ZO 3.3 10 500M 
lN3397 S ZD 3.9 10 500M 
lN3398 S ZD 4.7 10 500M 
lN3399 S Z!J 5.6 10 50 OM 
lN3400 S Z!J 6.8 10 50 OM 
lN3401 S ZD 8.2 10 500M 
lN3402 S Z!J 10 10 500M 
lN3403 S ZD 12 10 50 OM 
lN3404 S ZD 15 10 500M 
lN3405 S Z!J 18 10 500M 
1N3406 S ZD 22 10 50 OM 
lN3407 S ZD 27 10 SO OM 
1N3408 S ZD 33 10 500M 
1N3409 S ZD 39 10 50 OM 
1N3410 S ZD 47 10 500M 
lN3411 S ZD 6.2 10 50 OM 
lN3412 S ZO 6.8 10 500M 
lN3413 S IO 7.5 10 500M 
1N3414 S ZD 8.2 10 50 OM 
1N3415 S ZD 10 10 500M 
1N3416 S ZD 12 10 500M 
1N3417 S ZD 15 10 500M 
lN3418 S ZO 18 10 50 OM 
1N3419 S ZO 22 10 SOOM 
1N3420 S ZO 27 10 50 OM 
1N3421 S ZD 30 10 500M 
1N3422 S ZO 33 10 500M 
1N3423 S ZO 39 10 500M 
lN3424 S ZO 47 10 500M 
lN3425 S IO 56 10 500M 
lN3426 S 10 68 10 500M 
lN3427 S ZO 82 10 50 OM 
lN3428 S 10 100 10 500M 
1N3429 S ZD 120 10 500101 
lN3430 S ZD 150 10 500101 
1N3431 S 10 180 10 500M 
lN3432 S ZO 220 10 500M 
lN3433 S ZO 8.2 211 
lN3434 S 10 10.0 211 
lN3435 S ZD 12.0 211 
lN3436 S ZO 15.0 211 
lN3437 S ZI) 18.0 211 
lN3438 S ID 22.0 211 
1N3439 S ZO 27.0 211 
lN3440 S ZO 33.0 211 
lN3441 S ZD 39.0 211 
1N3442 S ZD 47.0 211 
lN3443 S ZD 6.2 10 211 
lN3444 S ZD 6.8 10 211 
1N3445 S ZI) 8.2 10 211 
lN3446 S ZD 10 10 211 

R-Rectifier. RD-Reference Diode, ZD-Zener Diode, GP-General P:Jrpose, He-High Conductance (~20 rnA @ ~ 1 VI, HS-Hlgh Speed SWItch (Max t" < O.3JLsJ, 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N3447 -1 N3515 

RECTIFIERS ZENER DIODES 

~ 
a 

VR VF 10 IR Isurge V (min) Vz (nom) Tal .. ~ Po 
TYPE 1jj REPLACE· PAGE (volts) (volts) (Amps) (mA) (Amps) z Vz(max) Vz% 

~ MENT NUMBER § SIGNAL DIODES REFERENCE DIODES ::c 
~ PRY VF @ IF IR t" TC 

Vz 
T(min) T(max) 

(volts) (volts) (I'-S) %/OC ·C ·C 

1N3447 S ZD 12 10 2W 
1N3448 S ZD 15 10 2W 
1N3449 S ZD 18 10 2W 
1N3450 S ZD 22 10 2W 
1N3451 S ZD 27 10 2W 
1N3452 S ZD 30 10 2W 
IN3453 S ZD 33 10 2W 
1N3454 S ZD 39 10 2W 
1N3455 S ZD 47 10 2W 
1N3456 S ZO 56 10 2W 
1N3457 S ZO 68 10 2W 
1N3458 S ZD 82 10 2W 
1N3459 S ZD 100 10 2W 
1N3460 S ZO 120 10 2W 
1N3461 S ZD 150 10 2W 
1N3462 S ZD 180 10 2W 
IN3463 S ZD 220 10 2W 
1N3464 S R 8500 30.0 .1 .001 2 
IN3465 G HC 60 I 200M 20" 
1N3466 G HC 40 1 200M 15* 
IN3467 G HS 15 .5 20M 15* 2 
lN3468 G GP 15 .5 20M 60* 2 
1N3469 G HC 35 .5 600M 15-
lN3470 G HC 35 .5 600M 30 .. 
lNj4( I 5 HS 40 1 10M 20N 2~ IN3473 5 R 200 1.4 .75 .5 
1N3474 5 R 400 1.4 .75 .5 20 
1N3475 S R 600 1.4 .75 .5 20 
1N3476 5 R 800 1.4 .5 .5 20 
IN3477 S ZD 2.2 10 250M 
1N3477A S ZD 2.2 5 250M 
1N3478 S HC 200 1 500M 10" 
1N3479 S HC 4UU 1 !lUUM 10* 
1N3480 5 I;iC 600 1 500M 10* 
lN3483 G GP B .6 10M 30" 
1N3484 G GP 75 .45 10M 4* 
1N34B5 5 HS 175 1 10M 25N .05 
lN34B6 S R 1000 2.0 .4 .05 10 
1N3487 S R 1200 2.0 .4 .05 10 
IN3488 aractor iodes, s e ta Ie on page -99 
lN3491 5 R 50 1.7 18 1.0 300 
1N3492 5 R 100 1.7 18 1.0 300 
IN3493 S R 200 1.7 18 1.0 300 
IN3494 S R 300 1.7 18 1.0 300 
lN3495 S R 400 1.7 18 1.0 300 
1N3496 5 RO .005 6.5 0 15 
IN3497 S IN827 2-32 RO .002 6.5 a 75 
IN3498 S IN825 2-32 RO .001 6.5 a 15 
IN3499 S IN823 2-32 RO .0005 6.5 a 75 
IN3500 S IN821 2-32 RO .01 6.5 0 75 
1N3501 S RO 6.500 25 100 
IN3502 5 RO 6;,500 25 100 
IN3503 S RO 6 •. 500 25 1.00 
1N3504 5 RO I 6.500 25 100 
1N3506 S ZO 3.3 5 400M 
1N3507 5 IO 3.6 5 400M 
1N3508 S ZO 3.9 5 "OOM 
1N3509 S In 4.3 5 400M 
1N3510 S In 4.7 5 400M 
1N3511 5 ZD 5.1 5 400M 
1N3512 5 ZD 5.6 5 400M 
IN3513 S In 6.2 5 400M 
1N3514 S ZD 6.8 5 400M 
IN3515 S ZD 7.5 5 400M 

R-RectlfJer, RD-Reference DIode, ZD-Zener DIode, GP-General Purpose, He-High Conductance (~20 rnA@ ::::; 1 V), HS-Hlgh Speed SWitch (Max t" < 0.3I1S), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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lN3516-1N3583A 

g 
REPLACE· 

TYPE 
.. 
~ MENT 
::E 

lN3516 
lN3517 
lN3518 
lN3519 
IN3520 
lN3521 
lN3522 
IN3523 
lN3524 
IN3525 
IN3526 
IN3527 
IN3528 
IN3529 
lN3530 
IN3531 
IN3532 
IN3533 
IN3534 
lN3535 
IN3536 
lN3537 
IN3538 
IN3544 
IN3545 
IN3546 
IN3547 
IN3548 
IN3549 
IN3550 
lN355l 
IN3552 
lN3553 
IN3554 

lN3581A S 
lN3581B S 
lN3582 S 
IN3582A S 
lN3582B S 
IN3583 S 
IN3583A S 

--Numerical Index --

~ 
;:: 

PAGE .. 
<> 

NUMBER § 
ffi 
5! 

III 
III 
III 
III 
Zll 
Zll 
lD 
ZD 
ZD 
ZD 
Zll 
ZD 
Zll 
Zll 
III 
III 
Zll 
Zll 
Zll 
GP 200 
GP 70 
Zll 
GP 150 
R 100 1.5 
R 200 1.5 
R 300 1.5 

400 1.5 
500 1.5 
600 1.5 
180 I 

Ie on page -99 

iodes, s e table 

R 

CS 
3-24 R 
3-24 R 
3-24 R 
3-24 R 
3-24 R 
3-24 R 

2-32 
2-32 
2-32 

2-32 
2-32 
2-32 
2-32 
2-32 

GP 
GP 
GP 
GP 
GP 
Rll 
RD 
Rll 

RD 
RD 
RD 
RD 
RO 
RO 
RD 

.4 .2 

8.2 5 400101 
9.1 5 400101 

10 5 400101 
11 5 400101 
12 5 400101 
13 5 400101 
15 5 400101 
16 5 400101 
18 5 400101 
20 5 400101 
22 5 400101 
24 5 400101 
27 5 400101 
30 5 400101 
33 5 400101 
36 5 400M 
39 5 400101 
43 5 400,., 
47 5 400101 

12 IW 

.0001" 

R-Rectifier, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA@':::;;l V), HS-High Speed Switch (Max t f • < O.3Ils), 
CS-High Conductance, High Speed Switch. MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --
1 N3583B - 1 N3645 

RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V (min) Vz (nom) Tol .. ~ Po 

TYPE t:l REPLACE· PAGE (volls) (volls) (Amps) (mA) (Amps) z Vz(max) Vz % 

~ MENT NUMBER § SIGNAL DioDES REFERENCE DIODES 
::E 

~ PRV VF @ IF IR I" TC 
Vz 

T(min) T(max) 
(volts) (volts) (p.S) %/OC 'C 'C 

lN3583B S RO .001 12.28 ~S-S- 150 
lN3584 S RO .005 12.28 a 75 
lN3584A S RO .005 12.28 -55 100 
lN3584B S RO .005 12.28 -55 150 
lN3585 S MRIZ40SB 3-44 R 50 1.25 400 25 8000 
lN3586 S MRIZ41SB 3-44 R 1'00 1.25 400 25 8000 
lN3587 S MRIZ43SB 3-44 R 200 1.25 400 25 8000 
lN3588 S MRIZ4SSB 3-44 R 300 1.25 400 25 8000 

I~~~~~O 
:> MKLL'Utill .j-44 .. UU ".L" .. uu L" DUUU 

S R 500 1.25 400 25 8000 
lN3591 S R 600 1.25 400 25 8000 
lN3592 G HS 30 .35 2M 4· .04 
lN3593 S HS 40 1 10M 25N 10 
IN3594 S CS 60 I SaM .IM 6 
lN3595 S HC 125 1 200M 1M 3 
lN3596 S HS 20 1 30M .1" 4 

I ~~~~;~ 
;, II,.:, .~~ .. ~ .. UUtl .. " ." 
S HS .85 10M .1" 4 

IN3599 S CS 150 1 100M .1" 50 
IN3600 S CS 50 1 200M 100" 6 
lN360 1 S HS 75 1 10M .1" 5 
lN3602 S HS 50 1 20~' .1<> 5 
lN3603 S HS 30 I 30M .1" 5 
lN3604 S CS 75 I SaM .05" 2 

~~~~~~ ~ ~~ 
.. u .,," .. ~ .U" .. L 
75 .55 • IM .05 .. 2 

IN3607 S CS 75 I 50M .05" 2 
IN3608 S HS 40 .55 .IM .05" 2 
IN3609 S HS 75 .55 .IM .05" 2 
lN3611 S IN4003 3-23 HC 200 1 750M 10" 
lN3612 S IN4004 3-23 HC 400 1 750M 10 .. 
lN3613 S IN400S 3-23 HC 600 I 750M 10 .. 

~~~~~~ ~ 
lN4UU6 3-23 n<. ouu r:)~~ IV-

MRllZO 3-28 R 50 1.2 3.0 300 
IN3616 S MR1l21 3-Z8 R 100 1.2 16 2.5 300 
IN3617 S MRllZ2 3-28 R 150 1.2 16 2.25 300 
IN3618 S MR1l22 3-28 R 200 1.2 16 2.0 300 
IN3619 S MRllZC! 3-Z8 R 300 1.2 16 1.75 300 
IN3620 S MRllZ4 3-28 R 400 1.2 16 1.5 300 
lN3621 S MR1l25 3-28 R 500 1.2 16 1.25 300 
""0"" -:> 

:~m t~~ 
K ouu .L 10 .u :.uu 

lN3623 S R 800 1.2 16 .75 300 
lN3624 S MR1l30 3-28 R 1000 1.2 16 .6 300 
lN3625 S MS 225 1 40M .5" .5 
lN3626 G MS 50 .5 10M 1M .45 
IN36Z7 
IN3628 aractor iodes, seta le on page -99 

lN3629 S R 100 1.0 .75 .01 30 
lN3630 S R 200 1.0 .75 .OT 3-(f 
lN3631 S R 300 1. a .75 .01 30 
lN3632 S R 400 1.0 .75 .01 30 
IN3633 S R 500 1.0 .75 .01 30 
IN3634 S R 600 1.0 .75 _01 30 
IN3635 S R 700 1.0 .75 .01 30 
IN3636 S R 800 1.0 .75 .01 30 
lN3637 S R 900 1.0 .75 .01 30 
.":'O:'D :> IR 1000 1.0 .7" .01 30 
lN3639 S IN4003 3-23 R 200 1.2 .75 .2 40 
lN3640 S IN4004 3-23 R 400 1.2 .75 .2 40 
IN3641 S IN400S 3-23 R 600 1.2 .75 .2 40 
lN3642 S IN4006 3-23 R 800 '~ .5 .2 40 
IN3643 S GP llOOO 250M •. ; ·5. 
IN3644 S GP 1500 

I·· ••. :.!;'; 250M ...... 5~ 
lN3645 S GP 1.000 '250M . 5" 

R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA@=::; 1 V), HS- High Speed SWitch (Max trr < 0.31-'5), 
CS-High Conductance, High Speed Switch, MS-Mediurn Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N3646 1 N3686A -
RECTIFIERS 

:z ZENER DIODES 

.... co VR VF 10 IR Isurge - TVz (nom) Tol .. 
REPLACE- PAGE ~ (volts) (volts) (Amps) (rnA) (Amps) Vz(mln) Vz(max) Vz % PD 

::l ... TYPE 
!;;: MENT NUMBER § ';'.':'"'J',"~.",.,,,,~, DIODES,. "', ........ R,EFERENCEplpOES,.·· •. 
2l 

~ PRY 'VF@:\ 1;;- tr'r FTC '. Vz T(miri) T(milx) 
(vol!s) (volts) .•...•. (J.l.S) %I'C 'C 'C .• 

1N361i6 S GP 2500 5 250M • . ,.5-1N361i7 S GP 3.000, .' 5 250M 5-
I 30 1N361i8 S R 10K 23 .35 .5 

1N361i9 S MR1128 3-28 R 800 1.1 1 .005 25 
lN3650 S MR1130 3-28 R 1000 1.1 1 .005 I ......... 2~ lN3653 S CS 90 1 400M 25N 
lN3654 S CS 90 1 SaM 25N k 4 
lN3656 S HC 200 1.2 50014 1'.OlM 
lN3657 S HC 1i00 1.2 500M .01M 
lN3658 S HC 600 .1.2 500M ~OlM 
lN3659 S R 50 1.4 25 5.0 400 
lN3660 S R 100 1.1i 25 1i.5 400 
lN3661 S R 200 1.4 25 4.0 400 
IN3662 S R 300 1.1i 25 3.5 400 
lN3663 S R 400 1.4 25 3.0 400 
lN3664 S R 500 1.4 25 2.5 400 
lN3665 S R 60G 1.1i 25 2.0 400 
lN3666 G HC 80 1 200M 25- I .3 
lN3667 S R 500 1.2 1.5 1.2 30 
1N3668 S HS 30 1 5M .1* 1.15 
1N3669 S HS 70 1.1 400M .• 25* ...• 2 
1N3670 S MR1128 3-28 R 700 2.05 12 3.0 200 
1N3670A S MR1l28 3-28 R 700 1.5 12 .9 21i0 
1N3671 S MR1128 3-28 R 800 2.05 12 2.0 200 
1N3671A S MR1128 3-28 R 800 1.3 12 .8 240 
lN3672 S MR1130 3-28 R 900 2.05 12 2.0 200 
1N3672A S MR1130 3-28 R 900 1.15 12 .7 240 
1N3673 S MR1i30 3-28 R 1000 2.05 12 1.0 200 
1N3613A S MR1130 3-28 R 1000 1 12 .6 240 
lN3675 S 2-21 ZD 6.8 20 750M 
lN3675A S 2-21 ZD 6.8 10 750M 
IN3675B S 2-21 ZD 6.8 5 750M 
lN3676 S 2-21 ZD 7.5 20 750M 
1N3676A S 2-21 ZD 7.5 10 750M 
lN3676B S 2-21 ZD 7.5 5 750M 
lN3677 S 2-21 ZD 8.2 20 750M 
lN3677A S 2-21 ZD 8.2 10 750M 
lN3677B S 2-21 ZD B.2 5 750M 
lN367B S 2-21 ZD 9.1 20 750M 
lN3678A S 2-21 ZD 9.1 10 750M 
lN36788 S 2-21 ZD 9.1 5 750M 
IN3679 S 2-21 ZD 10 20 750M 
lN3619A S 2-21 ZD 10 10 750M 
lN3619B S 2-21 ZD 10 5 750M 
lN3680 S 2-21 ZD 11 20 750M 
lN3680A S 2-21 ZD 11 10 750M 
lN3680B S 2-21 ze 11 5 750M 
lN3681 S 2-21 ZD 12 20 750M 

IN3681A S 2-21 ZD 12 10 750M 
lN36B1B S 2-21 ZD 12 5 750M 
lN3682 S 2-21 ze 13 20 750M 
lN3682A S 2-21 ZD 13 10 750M 
lN3682B S 2-21 ze 13 5 750M 
lN3683 S 2-21 ZO 15 20 750M 
lN3683A S 2~21 ZO 15 10 750M 
lN36838 S 2-21 ZO 15 5 750M 
lN3684 S 2-21 ZD 16 20 750M 
lN3684A S 2-21 ZO 16 10 750M 
lN3684B S 2-21 ZO 16 5 750M 
lN3685 S 2-21 ZD 18 20 750M 
lN3685A S 2-21 ze 18 10 750M 
lN3685B S 2-21 ZO 18 5 750M 
lN3686 S 2-21 ZO 20 20 750M 
lN3686A S 2-21 ZO 20 10 750M 

-. R-Rectlfler, RD-Reference Diode ID-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max tr • < 0.3Jl5), 
CS-High Co~ductance. High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N36868 1 N37078 -
RECTIFIERS ZENER DIODES 

:z: 
~ 

C> VR VF 10 I. Isurge V (min) Vz (nom) Tal .. ;:: Po 
ii: REPLACE· PAGE ~ (yolls) (yolls) (Amps) (rnA) (Amps) z Vz(max) Vz % 

TYPE ~ MENT NUMBER !;:; .. ..... SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR I" TC 
Vz T(min) T(max) 

(yolts) (volts) (11-5) %/OC ·C ·C 

lN3686B S 2-21 ZO 20 5 750M 
lN3687 S 2-21 ZO 22 20 750M 
lN3687A S 2-21 ZO 22 10 750M 
lN3687B S 2-21 ZC 22 5 750M 
lN3688 S 2-21 IO 24 20 750M 
lN3688A S 2-21 ZO 24 10 750M 
lN3688B S 2-21 ZD 24 5 750M 
lN3689 S 2-21 ZD 27 20 750M 
lN3689A S 2-21 ZO 27 10 750M 
lN3689B S 2-21 ZD 27 5 750M 
lN3690 S 2-21 Ie 30 20 750M 
lN3690A S 2-21 IC 30 10 750M 
lN3690B S 2-21 ZO 30 5 750M 
lN3691 S 2-21 ze 33 20 750M 
lN3691A S 2-21 ze 33 10 750M 
lN3691B S 2-21 ze 33 5 750M 
lN3692 S 2-21 Ie 36 20 750M 
lN3692A S 2-21 ze 36 10 750M 
1 N3692B S 2-21 ze 36 5 750M 
lN3693 S 2-21 ZO 39 20 750M 
lN3693A S 2-21 zn 39 10 750M 
lN3693B S 2-21 IO 39 5 750M 
lN3694 S 2-21 Ie 43 20 750M 
lN3694A S 2-21 ZO 43 10 750M 
lN3694B S 2-21 ID 43 5 7~O-M 

lN3695 S 2-21 ZO 47 20 750M 
lN3695A S 2-21 IO 47 10 750M 
lN3695B S 2-21 ZO 47 5 750M 
lN3696 S 2-21 ZD 51 20 750M 
lN3696A S 2-21 ZO 51 10 750M 
lN3696B S 2-21 ZO 51 5 750M 
lN3697 S 2-21 IO 56 20 750M 
lN3697A S 2-21 IO 56 10 750M 
lN3697B S 2-21 ZD 56 5 750M 
lN3698 S 2-21 ZO 62 20 750M 
lN3698A S 2-21 ZO 62 10 750M 
lN3698B S 2-21 ID 62 5 750M 
lN3699 S 2-21 Z[) 68 20 750M 
lN3699A S 2-21 ze 68 10 7501' 
lN3699B S 2-21 IO 6B 5 750M 
lN3700 S 2-21 ZO 75 20 750M 
lN3700A S 2-21 ze 75 10 750M 
lN3700B S 2-21 ze 75 5 750M 
lN3701 S 2-21 ZD 82 20 750M 
lN3701A S 2-21 ZO 82 10 75014 
lN370lB S 2-21 ZO 82 5 750M 
lN3702 S 2-21 ZO 91 20 750M 
lN3702A S 2-21 ze 91 10 75014 
lN3702B S 2-21 ZO 91 5 750M 
lN3703 S 2-21 IO 100 20 750M 
lN3703A S 2-21 ze 100 10 750M 
lN37038 S 2-21 ZO 100 5 75014 
lN3704 S ZD lIO 20 750M 
lN3704A S ID lIO 10 750M 
lN3704B S ZD 110 5 750M 
lN3705 S 2-21 ID 120 20 750M 
lN3705A S 2-21 ZO I~U IU r!:lUM 

lN3705B S 2-21 ZD 120 5 75014 
lN3706 S 2-21 ID 130 20 75014 
lN3706A S 2-21 ID 130 10 75014 
lN3706B S 2-21 ID 130 5 75014 
lN3707 S 2-21 ZD 150 20 75014 
lN3707A S 2-21 ze 150 10 75014 
lN3707B S 2-21 ze 150 5 750H 

R-Rectlfler, RD-Reference Diode, ZD-Zener DIOde, GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t" < O.3tLs), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1 N3708 1 N3783 -

:z RECTIFIERS ZENER DIODES 
~ 

Q 

~ " '0 " 
Isurge Vz (nom) Tol 

"" REPLACE· PAGE ~ (VOllst;VOlb) (Am~) (mA) (Amps) Vz(min) Vz(max) Vz% Po 
TYPE 

ii: <.> 

~ MENT NUMBER § ,P'iSIGNAL.·OI<?t>ES> ' .. ' <',:il, ,REFEREIIICE';OIOPE$ :.; ffi 
5! vo 1:~~~~~SIR;r t rr TC "yii T(in in) T(nlax) 

(p.S) ,%1.".C, ·c :;;L~C 

IN370B S 2-21 ZO 160 20 7501'1 
IN3708A S 2-21 ZO 160 10 7501'1 
IN370BB S 2-21 ZO 160 5 7501'1 
1N3709 S 2-21 ZO 180 20 7501'1 
IN3709A S 2-21 ZO 180 10 7501'1 
IN3709B S 2-21 ZO 180 5 7501'1 
IN3710 S 2-21 ZO 200 20 7501'1 
1N3710A S ZO 200 10 7501'1 
IN3710B S 2-21 ZO 200 5 7501'1 
1N371 I S R 6000 \1 .15 .025 5 
IN3722 S CS 5.0 I 20M .J,~ 10 
IN3723 S R 1000 2.2 .75 .005 12 
IN3724 S R 1200 2.2 .75 .005 12 
IN3725 S R 1400 2.2 .75 .005 12 
IN3726 S R 1600 2.2 .75 .005 12 
1N3727 S R 1BOO 2.2 .75 .005 12 
IN3728 S HC 550 1.2 4001'1 .1. 
IN3729 S MS 600 I 51'1 .1 •. .5 
lN3730 S CS 80 1 ~50M .'l. 15 
IN3731 S HS 80 11 100M 5- 3 
IN3732 S ZD 5.1 5 III 
IN3735 S R 100 1.3 250 16 4500 
1N3736 S MR1233SB 3-41 R 200 1.3 250 16 4500 
IN3737 S MR1235SB 3-41 R 300 1.3 250 16 4500 
1N3738 S MR1237SB 3-41 R 400 1.3 250 16 4500 
IN3739 S R 500 1.3 250 13 4500 
IN3740 S R 600 1.3 250 12 4500 
IN3741 S R 800 1.3 250 9 4500 
IN3742 S R 1000 1.3 250 7 4500 
IN3743 S R 1200 1.3 250 7 4500 
IN3744 S R 1400 1.3 250 7 4500 
IN3748 S R 200 1.5 .5 20 
IN3749 S R 400 1.5 .5 20 
IN3750 S R 600 1.5 .5 20 
IN3751 S R 800 1.5 .5 20 
IN3752 S R 1000 1.5 .5 

1>5. 1"; 
20 

IN3753 G HC 55 1 150.1'1 
IN3754 S R 100 1.2 .15 .3 15 
lN3755 S R 200 1.2 .15 .3 15 
IN3756 S R 400 1.2 .15 .3 15 
IN3757 S R 200 I 1 30 
1N3758 S R 400 I 1 30 
IN3759 S R 600 1 1 30 
lN3760 S R 800 1 1 30 
IN3761 S R 1000 I 1 30 
IN3762 S R 5300 12 .065 .005 15 I;;;:",>}o I~~l; IN3763 S RO ' ~002 150 
IN3764 S R 3000 6.5 .2 • I 8 
IN3765 S R 700 1.8 35 5 400 
IN3766 S R 800 1.8 35 4 400 
IN3767 S R 900 1.8 35 

I'~~ 
400 

IN3768 S R 1000 1.8 35 400 
IN3769 G HC 90 .5 :151'1 
IN3770 aractor iodes, 5 e ta Ie on page -99 

fO IN3773 G HS 25 ~35 21'11 4. 
IN3774 S ZO 1.15 2 .34W 
IN3775 S R 1500 2.2 3.3 • I IS 
IN3776 S ZO 

I(!:~Q: '·1 IN3777 S HS 
IN3779 S RD 
IN3780 S RD 
lN3781 S RO 
IN3782 S RO 
IN3783 S RO 

,,,!i,;;;IO" ,i" ali 
R-Rectlfler, RO- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t .. < 0.3/-15), 

CS-High Conductance. High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

I N3784 I N380SB -
RECTIFIERS ZENER DIODES z: 

~ 
Q V. VF 10 I. Isurge V (min) Vz (nom) Tol 

~ REPlACE· PAGE ~ (volls) (volts) (Amps) (mA) (Amps) z Vz(max) Vz% PD 

TYPE 
~ !;;: MENT NUMBER SIGNAL DIODES REFERENCE DIODES 

'" ~ 
!: PRY VF @ IF I. t" TC 

Vz 
T(min) T(max) 

(volts) (volts) (I'-S) %/OC ·C ·C 

lN3784 S Re .0005 6.7 -55 25 
IN3785 S 2-22 ze 6.8 20 1.5W 
lN3785A S 2-22 ze 6.8 10 1.5W 
lN3785B S 2-22 ZO 6.8 5 1.5W 
lN3786 S 2-22 ZO 7.5 20 1.5W 
lN3786A S 2-22 ze 7.5 10 1.5W 
IN3786B S 2-22 ZO 7.5 5 1.5W 
IN3787 S 2-22 ZO 8.2 20 1.5W 
IN3787A S 2-22 ZO 8.2 10 1.5W 
lN3787B S 2-22 ZO 8.2 5 1.5W 
IN3788 S 2-22 ZO 9.1 20 1.5W 
lN3788A S 2-22 ZO 9.1 10 1.5W 
lN3788B S 2-22 ZO 9.1 5 1.5W 
lN3789 S 2-22 ZO 10 20 1.5W 
IN3789A S 2-22 ZO 10 10 1.5W 
IN3789B S 2-22 ZD 10 5 1.5W 
lN3790 S 2-22 ZO 11 20 1.5W 
lN3790A S 2-22 ZO 11 10 1.510 
lN3790B S 2-22 ZO 11 5 1.510 
IN3791 S 2-22 ZO 12 20 1.5W 
lN3791A S 2-22 ZO 12 10 1.5W 
lN37918 S 2-22 ZD 12 5 1.5W 
lN3792 s 2-22 ZO 13 20 1.510 
lN3792A S 2-22 ZO 13 10 1.5W 

"TN31928 s 2-22 ZD 13 5 1.5W 
lN3793 S 2-22 ZO 15 20 1.5W 
lN3793A S 2-22 ZD 15 10 1.510 
lN37938 S 2-22 ze 15 5 1.5W 
IN3791t S 2-22 ze 16 20 1.5W 
lN3794A S 2-22 ze 16 10 1.5W 
IN3794B S 2-22 ze 16 5 1.5W 
lN3795 S 2-22 ze 18 20 1.5W 
lN3795A S 2-22 ze 18 10 1.510 
lN37958 S 2-22 ze 18 5 1.5W 
lN3796 S 2-22 ze 20 20 1.5W 
lN3796A S 2-22 ze 20 10 1.5W 
IN3796B S 2-22 ZO 20 5 1.5W 
lN3797 S 2-22 ze 22 20 1.5W 
lN3797A S 2-22 ZO 22 10 1.5W 
lN3797B S 2-22 ZD 22 5 1.5W 

iTN31'18 IS" 2-22 ZO 24 20 1.5W 
lN3798A S 2-22 ZO 24 10 1.5W 
lN37988 S 2-22 ZD 24 5 1.5W 
IN3799 S 2-22 ZO 27 20 1.5W 
lN3799A S 2-22 ZO 27 10 1.51-/ 
IN3799B S 2-22 ZO 27 5 1.510 
lN3800 S 2-22 ZO 30 20 I.SW 
IN3800A S 2-22 ZO 30 10 1.5W 
lN38008 S 2-22 ZO 30 5 1.5W 
lN3801 S 2-22 ZO 33 20 1.5W 
IN3801A S 2-22 ZO 33 10 I.SW 
lN38018 S 2-22 ZO 33 5 1.5W 
lN3802 S 2-22 ZO 36 20 1.5W 
IN3802A S 2-22 ZO 36 10 1.5W 
IN38028 S 2-22 ZO 36 5 1.5W 
IN3803 S 2-22 ZO 39 20 1.5W 
TN38U3A" -SO 2-22 ZO 39 10 11• 5W 
IN3803B S 2-22 ZO 39 5 1.5W 
IN3804 S 2-22 ZD 43 20 1.5W 
IN3804A S 2-22 ZD 43 10 1.5W 
IN3804B S 2-22 ZO 43 5 1.5W 
lN3805 S 2-22 ZD 47 20 1.5W 
lN380SA S 2-22 ZD 47 10 1.5W 
IN380SB S 2-22 ZO 47 5 1.5W 

R-Rectifier, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, He-High Conductance (~20 rnA@ ::::::;: 1 V), HS-Hlgh Speed SWitch (Max trr < O.3Jls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-SpeciaJ Purpose. 
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.--Numerical Index --

1 N3806 1 N3830 -
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge V ( .) Vz(nom) Tol 

:! REPLACE· PAGE ~ (volls) (volls) (Amps) (mA) (Amps) z mm Vz(max) VZ% Po 
TYPE "" ~ MENT NUMBER !;; 

SIGNAL. DIODES >< REFERENCe:··Dlcfoe:s . c ... 
~ 

~ Vr'lli! .. ~ },,,. PRY trr TC 
Vz 

T(min) T(f11ax) 
(vGlls) (valls) ../ .•.. (P,S) %,"C 'C :OC 

IN3806 5 2-22 ZO 51 20 1.5101 
lN3806A 5 2-22 ZO 51 10 1.5101 
IN38068 5 2-22 ZO 51 5 1.5101 
lN3807 S 2-22 ZO 56 20 1.5101 
lN3807A S 2-22 lO 56 10 1.5101 
IN38078 S 2-22 ZO 56 5 1.511 
IN3808 S 2-22 ZO 62 20 1.5101 
IN3808A S ?-?? ZO 62 10 1.5101 
IN380BB S 2-22 ZO 62 5 1.5101 
IN3809 S 2-22 ZD 68 20 1.5101 
lN3809A 5 2-22 ZO 68 10 1.5101 
lN3809B S 2-22 zn 68 5 1.5101 
lN3810 S 2-22 ZO 75 20 1.5101 
IN3810A S 2-22 . ZO 75 10 1.511 
IN3810B S 2-22 ZD 75 5 1.5101 
IN3811 S ?-?2 ZD 82 20 1.5101 
IN381lA S 2-22 zn 82 10 1.511 
IN3811B S 2-22 ZO 82 5 1.5101 
lN3812 S 2-22 ZD 91 20 1.5101 
IN3812A 5 2-22 lO 91 10 1.5101 
IN3812B S 2-22 ZO 91 5 1.5101 
IN3813 S 2-22 ZIJ 100 20 1.5101 
IN3813A S 2-22 zn 100 10 1.5101 
IN3813B S 2-22 l[j 100 5 1.5101 
IN3814 S 2-22 ZD 110 20 1.511 
IN3814A S 2-22 ZO 110 10 1.5101 
IN38148 S 2-22 ZO 110 5 1.5101 
IN3815 S 2-22 ZIJ 120 20 1.5101 
IN3815A S 2-22 ZO 120 10 1.511 
lN38158 S 2-22 ZO 120 5 1.511 
IN3816 S 2-22 ZO 130 20 1.5101 
IN3816A S 2-22 ZO 130 10 1.5101 
lN3816B S 2-22 ZO 130 5 1.511 
IN3817 S 2-22 ZO ISO 20 1.5101 
IN3817A S 2-22 lD ISO 10 1.5101 
IN3817B S 2-22 ZO ISO 5 1.5101 
lN3818 S 2-22 ZO 160 20 1.511 
IN3818A S 2-22 lD 160 10 1.5101 
IN3818B S 2-22 ZD 160 5 1.511 
lN3819 S 2-22 lD 180 20 1.511 
lN3819A S 2-22 ZD 180 10 1.5101 
IN3819B S 2-22 lD 180 5 1.511 
IN3820 S 2-22 lD 200 20 1.511 
lN3820A S 2-22 ZO 200 10 1.511 
lN3820B S 2-22 ZD 200 5 I. 5~1 
IN3821 S 2-23 ZD 3.3 10 III 
IN3821A S 2-23 lO 3.3 5 111 
IN3822 S 2-23 ZO 3.6 10 1\, 
IN3822A S 2-23 ZO 3.6 5 lW 
IN3823 S 2-23 ZO 3.9 10 1101 
lN3823A S 2-23 ZD 3.9 5 lW 
lN3824 S 2-23 ZD 4.3 10 IW 
IN3824A S 2-23 ZD 4.3 5 lW 
lN3825 S 2-23 ZO 4.7 10 1101 
IN3825A S 2-23 ZD 4.7 5 1101 
IN3826 S 2-23 ZO 5. I 10 1101 
IN3826A S 2-23 ZD 5.1 5 1101 
IN3827 S 2-23 ZD 5.6 10 1101 
lN3827A S 2-23 ZD 5.6 5 1101 
IN3828 S 2-23 ZD 6.2 10 HI 
lN3828A S 2-23 ZO 6.2 5 III 
lN3829 S 2-23 ZO 6.8 10 III 
IN3829A S 2-23 Zil 6.8 5 111 
lN3830 S 2-23 ZO 7.5 10 IW 

R-Rectifier, RD-Reference Diode ZD-Zener Diode. GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V}, HS-Hlgh Speed SWitch (Max t" < 0.3115), 
CS-High Co~ductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N3830A - 1 N3926 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR (surge V (min) Vz (nom) Tol .. 

REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) z Vz(max) Vz % Po 
TYPE 1jj ;;: =: MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 

'" ~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (1-'5) %/OC ·C ·C 

lN3830A S ZD 7.5 5 IW 
IN3864 S HC 125 1.5 200M IN .9 
IN3865 G HC 80 100M 15- .5 
IN3866 S R 200 1.5 I .05 25 
lN3867 5 R 400 1.5 I .05 25 
IN3868 5 R 600 1.5 1 .05 25 
IN3869 5 R 1000 3 .5 .05 10 
lN3870 S R 1500 3 .5 .05 10 
IN3871 5 R 2500 6 .25 .05 5 
lN3872 5 CS 90 I 150M .1- IS 
IN3873 S CS 50 1.14 .2A .1· 4 
IN3874 S R 50 1.5 6 3 75 
IN3875 5 R 100 1.5 6 3 75 
IN3876 5 R 200 1.5 6 3 75 
IN3877 5 R 300 1.5 6 3 75 
lN3878 5 R 400 1.5 6 3 75 
lN3879 5 3-20 R 50 1.5 6 3 75 
IN38BO 5 3-20 R 100 1.5 6 3 75 
lN38BI 5 3-20 R 200 1.5 6 3 75 
IN3882 5 3-20 R 300 1.5 6 3 75 
IN3883 5 3-20 R 400 1.5 6 3 75 
lN3884 5 R 50 1.5 12 3 150 
IN3885 5 R 100 1.5 12 3 150 
IN3886 S R 200 1.5 12 3 150 
IN3887 5 R 300 1.5 12 3 ISO 
IN3888 S R 400 1.5 12 3 ISO 
IN3889 S 3-20 R 50 1.5 12 3 ISO 
IN3890 5 3-20 R lOa 1.5 12 3 150 
IN3891 5 3-20 R 200 1.5 12 3 ISO 
IN3892 5 3-20 R 300 1.5 12 3 150 
IN3893 5 3-20 R 400 1.5 12 3 ISO 
IN3894 5 HC 400 I 400M .2-
IN3895 5 HC 350 I 2.00104 .5-
IN3896 S ZD .77 5 250M 
IN3897 S ZD 1.5 5 250M 
lN3898 5 ZO 2.1 5 250M 
IN3899 S R 50 1.5 20 6 225 
lN3900 5 R 100 1.5 20 6 225 
IN3901 5 R 200 1.5 20 6 225 
IN3902 S R 300 1.5 20 6 225 
IN3903 S R 400 1.5 20 6 225 
lN3904 5 R 50 1.5 20 6 225 
IN3905 5 R 100 1.5 20 6 225 
IN3906 5 R 200 1.5 20 6 225 
IN3907 5 R 300 1.5 20 6 225 
lN3908 5 R 400 1.5 20 6 225 
lN3909 S R 50 1.5 30 10 300 
IN3910 S R 100 1.5 30 10 300 
lN3911 S R 200 1.5 30 10 300 
IN3912 S R 300 1.5 30 10 300 
IN3913 5 R 400 1.5 30 10 300 
IN39J1~ S R 50 1.5 30 10 300 
lN3915 S R 100 1.5 30 10 300 
IN3916 5 R 200 1.5 30 10 300 
lN3917 5 R 300 1.5 30 10 300 
IN3918 S R 400 1.5 30 10 300 
IN:l919 S R ~~gg ~ 

5 .5 :gg IN3920 S R 5 .5 
IN3921 S R 2000 2 5 .5 100 
IN3922 S R 2500 2 5 .5 100 
lN3923 S R 3000 2 5 .5 100 
IN3924 5 R lOaD 2 10 .5 lOa 
IN3925 s R 1500 2 10 .5 lOa 
IN3926 s R 2000 2 10 .5 IDa 

R-RectlfJer, RD-Reference Diode, lO-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA@:::; 1 V). HS-Hlgh Speed SWitch (Max tff < 0.3115), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

I N3927 - 1 N3994 
RECTIFIERS ZENER DIODES 

~ 
~ VR VF 10 IR Isurge Vz(nom) Tol 

"" REPLACE- PAGE 5 1",(V~ltS)(Amps) (rnA) (Amps) 
Vz(min) Vz(max) Vz% Po 

TYPE 
ii: 
~ MENT NUMBER § "R~Fi;~~NCi;LD. "" '/cSIGNAL.',DIOOES" .. ,',.'::',: 

'" ffi 
$): ~I~. (:';S) e :TC: I."\I~.;! 1'(m %IoC' ';<0 

lN3927 S R 2500 2 10 .5 100 
lN3928 S R 3000 2 

,.iI~i 
.5 lilO~ lN3929 S GP ToO'/) 

•• .• ,·,::1 
:··10-

lN3930 S GP lMO 10. 

I,:, .• ··.·:·.:: lN3931 S GP ?QQO :10-
lN3932 S GP 1?00 

I" :~ 10-
lN3933 S GP 3()O() 

1'2.! l:i!1~ 1()* 1:5:(j lN3934 S R 1200 .4 
lN3938 S R 200 1. I 2 .2 30 
lN3939 S R 400 1.1 2 .2 30 
lN3940 S R 600 1.1 2 .2 30 
lN3941 S R 800 1.5 2 .2 30 
lN3942 S R 1000 1.5 2 .2 

I.:~~ lN3943 S GP 3 2~5 3()OM 10()* 
IN3944 G GP 15 ~7? 10M 2~5*. 
IN3945 
thru aractor iodes, s e ta Ie on page -99 

IN3947 
lN3949 S ZO 20.0 5 lOW 
lN3950 S ZO 20.0 5 1.5W 
lN3951 S ZO 

liL:f:~:i I}~z 
25.0 5 1.5W 

IN3952 S GP }3() 10M 25N 
lN3953 G MS 4;0 "'35M .:50-
lN3954 S CS 50 :200M .'1-
IN3955 S R 100 

1::Hr~! 
10 15 

1!1"fr~ lN3956 S HS '.!'~/) 10il .. ';65~: 
lN3951 s GP '1000 ;400M 10.* 
lN3958 S R 100 3.5 .4 35 
lN3959 S R 200 1.3 3.5 .4 35 
IN3960 S R 300 1.3 3.5 .4 35 
lN3961 S R 400 1.3 3.5 .4 35 
IN3962 S R 500 1.3 3.5 .4 35 
lN3963 S R 600 1.3 3.5 .4 35 
IN3964 S R 200 1.6 22 1 200 
lN3965 S R 400 1.6 22 1 200 
IN3966 S R 600 1.6 22 1 200 
IN3961 S R 800 1.6 22 1 200 
lN3968 S R 200 1.6 50 2 600 
lN3969 S R 400 1.6 50 2 600 
lN3910 S R 600 1.6 50 2 600 
lN3911 S R 800 1.6 50 2 600 
IN3912 S R 200 1.5 104 5 1500 
lN39T3 S R 400 1.5 104 5 1500 
lN3914 S R 600 I.S 104 5 1500 
IN3915 S R 800 1.5 104 5 1500 
lN3916 S R 200 1.5 250 10 4000 
lN3911 S R 400 1.5 250 10 4000 
lN3978 S R 600 1.5 250 10 4000 
lN3979 S R r;:]!O 

~ 
250 10 

fJIJi,~~ lN3981 S HC Ili!~~~ '100M i~;~~~ 
lN3982 S HC I::i:::.···:.' 900M ~Ocl:~ 
lN3983 S HC ;'p()1) 1[,;;:::;,;::1 ~,()()'" .Q Hi! 
lN3984 S lD 5.5 5 lOW 
lN3985 S lD 6 5 lOW 
lN3986 S ZD 6.2 5 lOW 
lN3981 S R 100 1.4 6 .9 150 
TN"3'T88 ~ Mi:1l28 3·30 R -8lm T.II 0 .8 150 
lN3989 S MR1l30 3-30 R 900 . 3.:: ~ 

rl!i~ir~~i~ 
lN3990 S MR1130 3-30 R 1000 
lN3991 G GP :;!1r!3~ 

.I!:::~:f~ [:~~~~ lN3992 S HC i:q:QQJ! 
lN3993 S 2-24 lD 3.9 10 lOW 
IN3993A S 2~24 lD 3.9 5 lOW 
lN3994 S 2-24 lO 4.3 10 law 

R-Rectlfler. RD-Reference Diode, lD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA@::::::; 1 V), HS-High Speed SWitch (Max ter < a.3I's), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametnc Amplifier, SP-Special Purpose. 
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--Nu'mericallndex --

1 N3994A - 1 N4027B 
RECTIFIERS ZENER DIODES 

:z: 

~ 
co VR VF 10 IR Isurge V ( .) Vz(nom) Tol ~ Po 

TYPE 
REPlACE· PAGE .., (volts) (volts) (Amps) (rnA) (Amps) z mIn Vz(max) Vz % 

=< MENT NUMBER !§ SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(mln) T(rnax) 
(volts) (volts) (IL5) %/OC ·C ·C 

IN3994A S 2-24 ZO 4.3 5 lOW 
IN3995 S 2-24 ZO 4.7 10 lOW 
lN3995A S 2-24 ZO 4.7 5 lOW 
lN3996 S 2-24 ze 5.1 10 lOW 
IN3996A S 2-24 ze 5.1 5 lOW 
IN3997 S 2-24 ze 5.6 10 lOW 
IN3997A S 2-24 ZD 5.6 5 lOW 
IN3998 S 2-24 ZD 6.2 10 lOW 
IN3998A S 2-24 ze 6.2 5 lOW 
IN3999 S 2-24 ze 6.8 10 lOW 
IN3999A S 2-24 ZD 6.8 5 lOW 
lN4000 S 2-24 ze 7.5 10 lOW 
IN4000A S 2-24 ze 7.5 5 lOW 
IN4001 S 3-23 R 50 1.6 1 .03 30 
IN4002 S 3-23 R 100 1.6 1 .03 30 
IN4003 S 3-23 R 200 1.6 1 .03 30 
IN4004 S 3-23 R 400 1.6 I .03 30 
IN4005 S 3-23 R 600 1.6 I .03 30 
IN4006 S 3~23 R 800 1.6 I .03 30 
IN4007 S 3-23 R 1000 1.6 I .03 30 
IN4008 G GP 12 .5 10M .114 70 
IN4009 S HS 25 1 3014 .114 4 
IN4010 S lN827 2-32 Re .0005, 6.2 25 JOO:; 
IN40 11 S R 1000 I. I .5 .2 30 
IN4012 S R 700 1.3 12 I 200 
IN40 13 S R BOO 1.3 12 1 200 
IN4014 S R 900 1.3 12 1 200 
lN4015 S R 1000 1.3 12 1 200 
lN4016 S ze S.2 20 5W 
IN4016A S ze 8.2 10 5W 
lN40168 S ze 8.2 5 5W 
lN4017 S ze 9.1 20 5W 
lN40 17A S ze 9.1 10 5W 
lN40 178 S ze 9.1 5 5W 
lN4018 S Le 10 20 5W 
IN4018A S ze 10 10 5W 
IN40188 S le 10 5 5W 
IN4019 S le 11 20 5W 
IN4019A S ze 11 10 5W 
IN40198 S ze 11 5 5W 
lN4020 S ZD 12 20 5W 
IN4020A S le 12 10 5W 
IN40208 S ze 12 5 5W 
lN4021 S ze 13 20 5W 
IN4021A S le 13 10 5W 
lN40218 S ze 13 5 5W 
lN4022 S le IS 20 5W 
lN4022A S ze IS 10 5W 
lN40228 S le 15 5 5W 
IN4023 s le 16 20 5W 
IN4023A S ze 16 10 5W 
IN40238 S Le 16 5 5W 
IN4024 S le 18 20 5W 
lN4024A S ze 18 10 5W 
lN40248 S le 18 5 SW 
IN4025 S ze 20 20 5W 
IN4u25A S ze 20 10 SW 
lN40258 S ze 20 5 5W 
IN4026 S ze 22 20 5W 
lN4026A S Le 22 10 SW 
lN40268 S ze 22 5 SW 
lN4027 S ze 24 20 5W 
lN4027A S ze 24 10 5W 
lN4Q278 S Le 24 5 SW 

.. R-Rectifler, RD-Reference Diode, ZD-Zener Diode, SP-General Purpose, He-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t,. < D.311S), 
CS-High Conductance, High Speed Switch. MS-Medium Speed Switch, PA-Par-ametric Amplifier, SP-Special Purpose. 
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-- Nllmericallndex --

1 N4028 - 1 N40S9 

RECTIFIERS z ZENER DIODES 

~ 
<:> VR VF 10 IR Isurge V (min) Vz (nom) Tal .. 

REPLACE· PAGE ~ (valls) (valls) (Amps) (rnA) (Amps) z Vz(max) Vz % Po 
TYPE 

i2 u 

!i MENT NUMBER § T~OI()OES ; REFERENCE;QIODES·.· ... <. 
'" ~ PRY Vp;@;-If 

'R 
t;.r TC 

Vz 
T(min) T(max) 

(valls) (valls) (P.S) %,,·c ·c ·C 
IN4028 S ZO 27 20 SW 
IN4028A S ZD 27 10 SW 
IN4028B S ZD 27 S SW 
IN4029 S ZO 30 20 SW 
IN4029A S ZO 30 10 SW 
IN4029B S ZO 30 S SW 
IN4030 S ZO 33 20 SW 
IN4030A S ZO 33 10 SW 
IN4030B S ZO 33 S SW 
IN4031 S ZO 36 20 SW 
lN4031A S ZD 36 10 SW 
IN4031B S ZO 36 S SW 
lN4032 S ZD 39 20 5W 
IN4032A S ZD 39 10 SW 
IN4032B S ZD 39 S SW 
lN4033 S ZD 43 20 SW 
lNII033A -S- ZD 43 10 SW 
lN4033B S ZD 43 S SW 
lN4034 S ZO 47 20 SW 
lN4034A S ZD 47 10 SW 
IN4034B S ZO 47 S SW 
lN403S S ZD SI 20 SW 
IN403SA S ZO SI 10 SW 
lN403SB S ZO 51 S SW 
lN4036 S ZD . 56 20 5W 
IN4036A S ZO S6 10 5W 
lN4036B S ZO 56 5 5W 
lN4037 S ZO 62 20 SW 
lN4037A S ZO 62 10 SW 
lN4037B S ZD 62 S 5W 
lN403B S ZD 6B 20 SW 
lN403BA S ZD 68 10 Sill 
lN4038B S ZO 68 S SW 
lN4039 S ZO 7S 20 Sill 
lN403_9A S ZD 75 10 Sill 
lN4039B S ZO 7S S 5111 
lN4040 S ZO 82 20 Sill 
lN4040A S ZD 82 10 5111 
lN4D40B S ZD 82 S SW 
lN4041 S ZD 91 20 5W 
lN4041A S ZV 91 10 5W 
lN4041B S ZD 91 S 511 
lN4042 S ZD 100 20 5W 
lN4042A S ZD 100 10 5W 
lN4042B S ZO 100 S SW 
lN4043 S CS 2S 1 30M ~I* 2 
lN4044 S MR1230SB 3-41 R 50 1.3S 27S IS SOOO 
IN4045 S MR1231SB 3-41 R 100 1.35 27S 15 5000 
lN4046 S MR1232SB 3-41 R ISO 1.35 275 IS 5000 
IN4047 S MR1233SB 3-41 R 200 1.35 275 15 5000 
lN4048 S MR1234SB 3-41 R 250 1.35 27S 15 5000 
lN4049 S MR1235SB 3-41 R 300 1.35 275 15 5000 
lN4050 S MR1237SB 3-41 R 400 1.35 275 15 5000 
lN4051 S R 500 1.35 275 15 5000 
lN4052 S R 600 1.35 275 15 5000 
IN4053 S R 700 1.35 275 IS 5000 
lN40Slf S R 800 1.35 275 15 5000 
lN4055 S R 900 1.35 275 IS 5000 
lN4056 S R 1000 1.35 275 IS 5000 

~11t 
lN4057 S RO 

i]ll~{ill~i~ lN4057A S RD .002 
lN4058 S RD .005 
lN4058A S RD .• 00 ';r! lN4059 S RD !OO ..7. g; 

R-Recbfler, RD-Reference DIOde, ZD-Zener Diode, GP-General Purpose, He - High Conductance (~20 rnA @ ~ 1 Vl, HS-~rgh Speed SWitch (Max t.r < O.3,1ls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Speclal Purpose. 
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-- Numerical Index --

1 N4059A-1N4097 
RECTIFIERS ZENER DIODES 

-' 
~ VR VF 10 IR Isurge V ( .) Vz (nom) Tol .. ;::: Po 

TYPE ~ REPLACE· PAGE ~ (yolts) (yolls) (Amps) (mA) (Amps) z mm Vz(max) Vzo/o 

!i MENT NUMBER § SIGNAL DIODES REFERENCE DIODES 
::5 

~ PRY VF @ IF IR I" TC Vz T(min) T(max) 
(yolts) (yolts) (ILS) %/oC ·C ·C 

lN4059A S RD .002 16.8 -55 100 
lN4060 S RD .005 18.5 -55 100 
lN4060A S RD .002 18.5 -55 100 
lN4061 S RD .005 21 -55 100 
lN4061A S RO .002 21 -55 100 
1N4062 S RD .005 23 -55 100 
lN4062A S RD .002 23 -55 100 
1N4063 S RD .005 27 -55 100 
1N4063A S RO .002 27 -55 100 
lN4064 S RD .005 30 -55 100 
lN4064A S RD .002 30 -55 100 
1N4065 S RD .005 33 -55 100 
lN4065A S RD .002 33 -55 100 
lN4066 S RO .005 37 -55 100 
1N4066A S RD .002 37 -55 100 
lN4067 S RD 5 43 -55 100 
1N4067A S RD 2 43 -55 100 
lN4068 S RD 5 47 -55 100 
1N4068A S RD 2 47 -55 100 
lNIJ069 S RD 5 51 -55 100 
lNIJ069A S RD 2 51 -55 100 
lN4070 S RD 5 56 -55 100 
lN4070A S RD 2 56 -55 100 
lN4071 S RD 5 62 -55 100 
lN4071A S RD 2 62 -55 100 
lN4072 S RD 5 68 -55 100 
lN4072A S RD 2 68 -55 100 
lNIJ073 S RD 5 75 -55 100 
lNIJ073A S RD 2 75 -55 100 
lN4074 S RD 5 82 -55 100 
1N4074A S RD 2 82 -55 100: 
lN4075 s RD .005 87 -55 ·100 
1N4075A s RD .002 87 55 "10.0 
lN4076 S RD .005 91 -55 100 
lN4076A S RD .002 91 -55 100 
1N4077 S RD .002 100 .,..55 100 
1N4077 A S RD .002 100 "'"55 100 
lN4078 S RD .005 105 -55 100 
1N4078A S RD .002 105 -55 100 
1N4079 S RO .005 110 -55 1.00 
1N4079A S RD .002 110 55 100 
lN4080 S RD .005 120 -55 100 
1N4080A S RD .002 120 -55 100 
lN4081 S RD .005 130 -55 100 
1N4081A S RD .002 130 -55 100 
lN4082 S RD .005 140 -55 100 
1N4082A S RD .002 140 -55 100 
1N4083 S RO .005 150 -55 100 
IN4Utl5A I~ RD .uo£ I!lU -!l!l IUU 
1N4084 RD .005 175 -55 100 
1N4084A S RD .002 175 -55 100 
lN4085 S RD .005 200 -55 100 
lN4085A S RD .002 200 -55 100 
1N4086 S HC 70 1 200M .2514 200 
lN4087 S CS 50 .975 30M 90N 2.5 
1N4088 G HC 30 1 1 oor~ .2M 
INqutl'l I:> R 4uu I. Z 4uu .z (!l 

1N4091 aractor iodes, 5 e tat Ie on page -99 
1N4092 S GP 1 5M 1* 
1N4093 S 
lN4094 S 1N2624B 2-32 RD 9.6 
1N4095 S 1N751 2-10 lD 5 10 275M 
1N4096 S 1N3004B 2-18 lD 90 5 311 
lN4097 S 1N3005B 2-18 ZD 100 5 31< 

R-Rectlfler, RD-Reference Diode, ZD-Zener DIOde, GP-General Purpose, HC- High Conductance (~ 20 rnA@ =:; 1 V), HS-Hlgh Speed SWitch (Max t" < O.3t:s), 
CS- High Condllctance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index--

lN4098-1N4159 

TYPE 

R-Rectifier, RD -Reference Diode, ID-Zener Diode, GP-General Purpose, HC- High Conductance ~ 20 rnA @ ~ 1 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier. 

1-76 

6.8 20 lW 
6.8 10 lW 
6.8 5 lW 
7.5 20 lW 



--Numerical Index --

1N4159A-1N4180A 
RECTIFIERS ZENER DIODES 

:z: 
~ 

co VR VF 10 IR Isurge V ( .) Vz(nom) Tal 
~ REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) z mIn Vz(max) Vz% Po 

TYPE 
a: .. 
l;1 MENT NUMBER !E .... SIGNAL DIODES REFERENCE DIODES 
:0; 

~ PRY VF @ IF IR t" TC Vz T(min) T(max) 
(volts) (volts) (j.LS) %,"C ·C "C 

IN4159A S IN4737 2-26 lO 7.5 10 1101 
IN4159B S IN4737A 2-26 lO 7.5 5 1101 
IN4160 S lO B.2 20 1101 
IN4160A S IN4736 2-26 lO B.2 10 1101 
IN4160B S IN4736A 2-26 lO B.2 5 1101 
IN4161 S lO 9.1 20 Iii 
IN4161A S IN4739 2-26 ZO 9.1 10 Iii 
IN4161B S I,,&"Q, ?_?R lD 9.1 5 1101 
IN4162 S lD 10 2U 1101 
IN4162A S IN4740 2-26 lO 10 10 1101 
IN4162B S IN4740A 2-26 lO 10 5 1101 
IN4163 S lD II 20 1101 
IN4163A S IN4741 2-26 lD 11 10 1101 
IN4163B S IN4741A 2-26 le II 5 1101 
IN41611 S le 12 20 1101 
INlf16lfA Slt"474? ?_?R le 12 10 1101 
IN4164B S IN4742A 2-26 le l~ ~ 1101 
IN4165 S le 13 20 1101 
INII165A S IN4743 2-26 le 13 10 1101 
IN4165B S IN4743A 2-28 le 13 5 hi 
INII166 S le 15 20 1101 
IN4166A S IN4744 2-26 ZD 15 10 1101 
lN4166B S IN4744A 2-26 lO 15 5 1101 
IN4167 S le 16 20 1101 
IN4167A S IN4745 2-26 le 16 10 1101 
IN4167B S IN4745A 2-26 le 16 5 1101 
lN4168 S ze 18 20 1101 
INlf168A S IN4746 2-26 ze 18 10 1101 
IN4168B S IN4746A 2~26 ze 18 5 1101 
IN4169 S ZO 20 20 1101 
IN4169A S IN4747 2-26 ZD 20 10 1101 
lN4169B S IN4747A 2-26 le 20 5 1101 
IN4170 S ZD 22 20 1101 
lN4170A S IN4748 2-26 lD 22 10 1101 
INII170B S IN4746A 2-26 le 22 5 1101 
IN4171 S le 24 20 1101 
INIf 17lA S IN4749 2-26 ZO 24 10 1101 
IN41716 S IN4749A 2-26 ZD 24 5 1101 
IN4172 S ZD 27 2e 1101 
IN4172A S IN4750 2-28 ZD 27 10 Iii 
IN4172B S IN4750A 2-26 ZD 27 5 Iii 
lN4173 S ZD 30 20 Iii 
INII173A S IN4751 2-26 ze 30 10 Iii 
IN41738 S IN4751A 2-26 ZD 30 5 1101 
IN4174 S ZD 33 20 Iii 
lN4174A S IN4752 2-26 ZD 33 10 Iii 
INII174B S IN4752A 2-26 ze 33 5 1101 
lN4175 S ze 36 20 Iii 
INII175A S IN4753 2-26 lD 36 10 Iii 
lNII175B S IN4753A 2-26 lD 36 5 Iii 
lN4176 S le 39 20 1101 
lN4176A S IN4754 2-28 ZD 39 10 Iii 
INIf 1766 S IN4754A 2-26 ZO 39 5 1101 
lN4177 S ze 43 20 1101 
lN4177A S IN4755 2-26 ZO 43 10 1101 
IN4177B S IN4755A 2-28 lD 43 5 1101 
lN4Hll S le IH 2U 1101 
lNli 178A S IN4756 2-26 lO 117 10 1101 
IN41788 S IN4756A 2>:26 lO 47 5 1101 
IN4179 S ze 51 20 1101 
IN4179A S IN4757 2-26 le 51 10 1101 
lN4179B S IN4757A 2-26 ze 51 5 1101 
IN41BO S ZD 56 20 1101 
IN4180A S IN4756 2-26 ze 56 10 1101 

.. R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, He-High Conductance (~2O mA@:::::::;:lV), HS-Hlgh Speed Switch (Maxt". < O.3J1.s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

lN4180B-1N4201B 
RECTIFIERS 

:z: ZENER DIODES 

.... co VR VF 10 IR Isurge V (min) Vz (nom) Tol .. ~ Po 
TYPE 

;;: REPLACE· PAGE .. (yolls) (Yolls) (Amps) (mA) (Amps) z Vz(max) Vz% 

~ MENT NUMBER § SI~NAt..:.DIODES<:::: REFERENCEPiOD!:S::. 
::E ffi 

52 PRV VF<@ IF 
ITIR 

t" : ·TC I: Vz· T(rriin) T(max) 
(~olls) (yolls) (1,,5) %zo.C ;L~,C ·c->: 

lN418CB S 1N4758A 2-28 le 56 5 1101 
lN4181 S ZD 62 20 1101 
lN4181A S 1N4759 2-28 Ie 62 10 1101 
lN41818 S 1N4759A 2-28 Ia 62 5 1101 
lN4182 S ID 68 20 1101 
lN4182A S 1N4760 2-28 Ia 68 10 1101 
lN4182B S 1N4760A 2-28 Ie 68 5 1101 
lN4183 S ZD 75 20 1101 
lN4183A S 1N4761 2-28 ZO 75 10 1101 
lN4183B S 1N4761A 2-28 za 75 5 1101 
lN4184 S za 82 20 1101 
lN4184A S 1N4762 2-28 ZO 82 10 1101 
lN4184B S 1N4762A 2-28 ZO 82 5 1101 
lN4185 S ZD 91 20 1101 
lN4185A S 1N4763 2-28 IO 91 10 1101 
lN4 Hl58 S 1N4763A 2~28 ZD 91 5 1101 
1N4186 S ID 100 20 11/ 
lN4186A S 1N4764 2-28 ZO 100 10 11/ 
lN4186B S 1N4764A 2-28 ID 100 5 1101 
lN4187 S za 110 20 1101 
lN4187A S ze 110 10 1101 
lN4187B S ZO 110 5 1101 
lN4188 S ZD 120 20 1101 
lN4188A S ZO 120 10 Hoi 
lN4188B S IO 120 5 1101 
lN4189 S ZD 130 20 1101 
lN4189A S ZD 130 10 1101 
lN4189B S zn 130 5 1101 
lN4190 S zn 150 20 1101 
lN4190A S ZO 150 10 1101 
lN4190B S zn 150 5 1101 
lN4191 S ZD 160 20 1101 
lN4191A S lD 160 10 1101 
lN4191B S ZO 160 5 1101 
lN4192 S ZD 180 20 1101 
lN4192A S ZD 18C 10 1101 
lN4192B S ze 180 5 1101 
lN4193 S ZD 200 20 1101 
lN4193A S lD 200 10 1101 
lN4193B S ZD 200 5 1101 
lN4194 S 1N2970 2-18 lD 6.8 20 10101 
1N4194A S 1N2970A 2-18 ZD 6.8 10 10101 
lN4194B S 1N2970B 2-18 ZI) 6.8 5 10101 
lN4195 S 1N2971 2-18 za 7.5 20 10101 
lN4195A S 1N2971A 2-18 za 7.5 10 10101 
lN4195B S 1N2971B 2-18 ze 7.5 5 10101 
lN4196 S 1N2972 2-18 Ie 8.2 20 10101 
lN4196A S 1N2972A 2-18 ZD 8.2 10 10101 
lN4196B S 1N2972B 2-18 ZI) 8.2 5 10101 
lN4197 S 1N2973 2-18 ZD 9.1 20 10101 
lN4197A S 1N2973A 2-18 ZD 9.1 10 10101 
lN4197B S 1N2973B 2-18 ZD 9.1 5 10101 
lN4198 S 1N2974 2-18 za 10 20 lOW 
lN4198A S 1N2974A 2-18 Z!J 10 10 10101 
lN4198B S 1N2974B 2-18 lD 10 5 10101 
lN4199 S 1N2975 2-18 ZC 11 20 10101 
lN4199A 

~ 1N2975A 2-18 Iv ; : IU luW 
lN4199B 1N2975B 2-18 lD 5 10101 
lN4200 S 1N2976 2-18 IO 12 20 10101 
lN4200A S 1N2976A 2-18 I!J 12 10 10101 
lN4200B S 1N2976B 2-18 ID 12 5 10101 
lN4201 S 1N2977 2-18 Ie 13 20 10101 
lN4201A S 1N2977A 2-18 IO 13 10 10101 
lN1!201B S 1N2977B 2-18' ZO 13 5 10101 

R-RectlfJer, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max t .. < 0.31'5), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N4202-1N4223 
RECTIFIERS ZENER DIODES 

~ 
3 

VR VF 10 IR Isurge V (min) Vz (nom) Tol 
"" ~ Po 
§ REPLACE- PAGE (YO 115) (yolts) (Amps) (rnA) (Amps) Z Vz(max) Vz% 

TYPE MENT NUMBER § "" SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (1-'5) "IorC ·C ·C 

lNlJ202 S 1N2978 2-18 ZO llJ 20 lOW 
lNlJ202A S 1N2978A 2-18 ZO llJ 10 lOW 
lNlJ202B S 1N2978B 2-18 ZO 14 5 lOW 
lN4203 S 1N2979 2-18 ZO 15 20 lOW 
lN4203A S 1N2979A 2-18 ZO 15 10 lOW 
lNlJ203B S 1N2979B 2-18 ZO 15 5 lOW 
lN4204 S 1N2980 2-18 ZO 16 20 lOW 
lN4204A S 1N2980A 2-18 ZO 16 10 lOW 
lN4204B S 1N2980B 2-18 lD 16 5 lOW 
lN4205 S 1N2981 2-18 ZD 17 20 lOW 
lN4205A S 1N2981A 2-18 ZD 17 10 lOW 
lN4205B S 1N2981B 2-18 ZD 17 5 lOW 
lN4206 S 1N2982 2-18 ZD 18 20 lOW 
lN4206A S 1N2982A 2-18 ZO 18 10 lOW 
lN4206B S IN2982B 2-18 ZO 18 5 lOW 
lN4207 S 1N2983 2-18 ZD 19 20 lOW 
IN42UlA I~ 1N2983A 2-18 ZD 1'1 IU IUW 
lN4207B 1N2983B 2-18 ZO 19 5 lOW 
lN4208 S 1N2984 2-18 ZO 20 20 lOW 
lN420BA S 1N2984A 2-18 ZO 20 10 lOW 
lN420BB S 1N2984n. 2-18 ZO 20 5 lOW 
IN4209 S 1N2985 2-18 ZO 22 20 lOW 
IN4209A S 1N2985A 2-18 ZO 22 10 lOW 
IN4209B S 1N2985B 2-18 ZD 22 5 lOW 
lN4210 S 1N2986 2-18 ZD 24 20 lOW 
IN42l0A S 1N2986A 2-18 ZD 24 10 lOW 
IN42108 S IN2986B 2-18 ZD 24 5 lOW 
lN421l S 1N2987 2-18 ZD 25 20 lOW 
IN4211A S 1N2987A 2-18 ZD 25 10 lOW 
IN4211B S 1N2987B 2-18 ZO 25 5 lOW 
IN4212 S 1N2988 2-18 ZD 27 20 lOW 
IN42l2A S 1N2988A 2-18 ZD 27 10 lOW 
IN4212B S 1N2988B 2-18 ZD 27 5 lOW 
IN4213 S 1N2989 2-18 ZO 30 20 lOW 
IN4213A S 1N2989A 2-18 ZO 30 10 lOW 
IN4213B S 1N2989B 2-18 ZD 30 5 lOW 
lN4214 S 1N2990 2-18 ZD 33 20 lOW 
lN4214A S 1N2990A 2-18 ZD 33 10 lOW 
lN4214B S 1N2990B 2-18 ZD 33 5 lOW 
lN4215 S 1N2991 2-18 lD 36 20 lOW 
lN42l5A S 1N2991A 2-18 ZD 36 lu lOW 
lN42l5B S 1N2991B 2-18 ZD 36 5 lOW 
lN4216 S 1N2992 2-18 ZD 39 20 lOW 
lN42l6A S 1N2992A 2-18 lD 39 10 lOW 
lN4216B S 1N2992B 2-18 lD 39 5 lOW 
lN4217 S 1N2993 2-18 ZD 43 20 lOW 
IN4217A S 1N2993A 2-18 ZD 43 10 lOW 
lN4217B S 1N2993B 2-18 lD 43 5 lOW 
lN4218 S 1N2994 2-18 ZD 45 20 luW 
IN421BA S 1N2994A 2-18 ZD 45 10 lOW 
IN42188 S 1N2994B 2-18 ZD 45 5 lOW 
IN4219 S 1N2995 2-18 lD 47 20 lOW 
lN42l9A S 1N2995A 2-18 ZO 41 10 lOW 
lN4219B S 1N2995B 2-18 lD 47 5 lOW 
IN4220 S 1N2996 2-18 ZD 50 20 lOW 
lN4220A S 1N2996A 2-18 ZD 50 10 lOW 

I ~~~~~~" I~ I ~~~~~~B 
;£-1" 

~~ ~~ 
5 

~~= 2-18 20 
IN4221A S 1N2997A 2-18 ZD 51 10 lOW 
IN4221B S 1N2997B 2-18 ZD 51 5 lOW 
lN4222 S 1N2998 2-18 ZD 52 20 lOW 
lN4222A S 1N2998A 2-18 ZD 52 10 lOW 
lN42228 S 1N2998B 2-18 ZD 52 5 lOW 
lN4223 S 1N2999 2-18 ZD 56 20 lOW 

R-Recllfler, RO- Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA@ ::::::; 1 \I), HS-Hlgh Speed SWitch {Max t,r < O.3t1s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index--

1 N4223A-l N4253 

TYPE 

4.9 
5.9 6.1 

R-Rectifier, RD-Reference Diode, ID- Zener Diode, OP -General Purpose, HC- High Conductance (~20 mA@::::;; 1 
CS-High Conductance, High Speed Switch, MS- Medium Speed Switch, 
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--Numerical Index --

1 N4254-1 N4277B 
RECTIFIERS z ZENER DIODES 

.... co V. VF 10 I. Isurge V (min) Vz (nom) Tol :$ REPLACE· PAGE ~ (yolts) (Yolts) (Amps) (mA) (Amps) Z Vz(max) Vz% Po 
TYPE 

a: .., 
!;i MENT NUMBER !;; ... SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(yolts) (volts) (ILS) %/'C 'C 'C 

IN4254 S R 1500 4.8 .25 .05 6.25 
IN4255 S R 2000 4.8 .25 .05 6.25 
IN4256 S R 2500 4.8 .25 .05 6.25 
IN4257 S R 3000 4.8 .25 .05 6.25 
IN4258 S 1N2970 2-18 ze 6.8 20 lOW 
IN4258A S 1N297OA 2-18 ZD 6.8 10 lOW 
IN4258B S 1N2970B 2-18 ze 6.8 5 lOW 
lN4259 S 1N2971 2-18 ZD 7.5 20 lOW 
IN4259A S IN~~71A ~-lH ZO 7.5 10 lOW 
IN4259B S 1N2971B 2-18 ZD 7.5 5 lOW 
lN4260 S 1N2972 2-18 ZD 8.2 20 lOW 
IN4260A S 1N2972A 2-18 ze 8.2 10 lOW 
IN4260B S 1N2972B 2-18 lD 8.2 5 lOW 
IN4261 S 1N2973 2-18 ZD 9.1 20 lOW 
IN4261A S 1N2973A 2-18 ZD 9.1 10 lOW 
lN4261B S 1N2973B 2-18 ZO 9.1 5 lOW 

IINII202 :; IN2974 2-1H llJ 10 20 lOW 
lN4262A S 1N2974A 2-18 ZD 10 10 lOW 
IN4262B S 1N2974B 2-18 le 10 5 law 
IN4263 S 1N2975 2-18 ze II 20 lOW 
IN4263A S 1N2975A 2-18 zo 11 10 lOW 
IN42638 S 1N2975B 2-18 zo II 5 lOW 
lN4264 S IN2976 2-18 ze 12 20 lOW 
IN4264A S 1N2976A 2-18 ze 12 10 lOW 

.INII20IlB S 1rl~~/bB 2-111 ze 12 2~ l()W 
lN4265 S 1N2977 2-18 ze 13 lOW 
IN4265A S 1N2977A 2-18 zo 13 10 lOW 
IN4265B S 1N2977B 2-18 ZD 13 5 lOW 
lN4266 S 1N2979 2-18 ze 15 20 lOW 
lN4266A S 1N2979A 2-18 ze 15 10 lOW 
IN42668 S 1N2979B 2-18 ze 15 5 lOW 
lN4267 S 1N2980 2-18 ze 16 20 lOW 
INIJ267A S IN2980A 2-18 ze 16 10 lOW 
IN42618 S 1N2980B 2-18 ze 16 5 lOW 
IN4268 S 1N2982 2-18 ZD 18 20 lOW 
IN4268A S 1N2982A 2-18 ZD 18 10 lOW 
IN42688 S 1N2982l! 2-18 ze 18 5 lOW 
INIJ269 S 1N2984 2-18 ze 20 20 lOW 
IN4269A S 1N2984A 2-18 Ie 20 10 lOW 
IN4269B S 1N2984B 2-18 ze 20 5 lOW 

~~~~~gA ~ 
N29H:> 2-1H ze ~~ ~g lOW 

1N2985A 2-18 ze lOW 
IN42108 S 1N2985B 2-18 zo 22 5 lOW 
IN4211 S lN2986 2-18 ze 24 20 lOW 
IN4211A S 1N2986A 2-18 zo 24 10 lOW 
IN42718 S 1N2986B 2-18 ZD 24 5 lOW 
IN4272 S 1N2988 2-18 ID 21 20 lOW 
IN4212A S 1N2988A 2-18 ID 27 10 lOW 

~~:~~~" ~ 
LII"'''OOJ> "'-10 ZD ~~ 2~ :~= 1N2989 2-18 ZD 

IN4273A S 1N2989A 2-18 Ie 30 10 lOW 
IN4273B S 1N2989B 2-18 zo 30 5 lOW 
IN4214 S 1N2990 2-18 ZD 33 20 lOW 
IN4274A S 1N299OA 2-18 ZD 33 10 lOW 
IN4214B S 1N2990B 2-18 ZD 33 5 lOW 
IN4275 S 1N2991 2-18 ZD 36 20 lOW -
:~:~7~~ ~ L;i;;;;ii ~-HS ILU ~~ I~ ~g: 2-18 ZD 
IN4216 S 1N2992 2-18 ZD 39 20 lOW 
IN4276A S 1N2992A 2-18 ze 39 10 lOW 
lN4276B S N2992B 2-18 ZD 39 5 lOW 
IN4211 S N2993 2-18 ze 43 20 lOW 
IN4217A S N2993A 2-18 zo 43 10 lOW 
IN4217B S N2993B 2-18 ZD 43 5 lOW 

.. R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance ~ 20 rnA@ ::::;:;: 1 V). HS-Hlgh Speed SWitch (Max t. < O.3~s) • 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1-81 



--Numerical Index --

1 N4278 1 N4300B -
RECTIFIERS 

z: ZENER DIODES 

~ 
C> VR VF 10 I. Isurge Vz (nom) Tal .. 

REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) Vz(min) Vz(max) Vz % Po 
TYPE ill .. 

.... MEHT NUMBER § <i···;·. .. 
REFERENCE.[)IO[)ES ;; . .. SIGNAL. DIODES 

'" ~ ··;PRV VF;@ IF I. t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (MS) %/".C ·C ~C 

lN4278 S 1N2995 2-18 zn 47 20 lOW 
lN4278A S 1N2995A 2-18 zn 47 10 lOW 
lN42788 S 1N2995B 2-18 zn 47 5 lOW 
lN4279 S 1N2997 2-18 zn 51 20 lOW 
lN4279A S IN2997A 2_18 zn 51 10 lOW 
lN42798 S 1N2997B 2-18 zn 51 5 lOW 
lN4280 S 1N2999 2-18 zn 56 20 lOW 
lN4280A S 1N2999A 2-18 zn 56 10 lOW 
lN4280B S 1N2999B 2-18 ZO 56 5 lOW 
lN4281 S 1N3000 2-18 ZO 62 20 lOW 
lN4281A S 1N3000A 2-18 zn 62 10 HlW 
lN42818 S 1N3000B 2-18 ZO 62 5 lOW 
lN4282 S 1N3001 2-18 ZO 68 20 lOW 
lN4282A S 1N300lA 2-18 ZO 68 10 lOW 
lN4282B S 1N300lB 2-18 ZD 68 5 lOW 
lN4283 S 1N3002 2-18 zn 75 20 lOW 
lN4283A S 1N3002A 2-18 ZD 75 10 lOW 
lN42838 S 1N3002B 2-18 zn 75 5 lOW 
lN4284 S 1N3003 2-18 ZD 82 20 lOW 
IN4284A S 1N3003A 2-18 ZO 82 10 lOW 
IN42848 S 1N3003B 2-18 ZO 82 5 lOW 
lN4285 S 1N3004 2-18 ZO 91 20 lOW 
lN4285A S 1N3004A 2-18 ZD 91 10 lOW 
lN4285B S 1N3004B 2-18 zn 91 5 lOW 
lN4286 S 1N3005 2-18 ZO 100 20 lOW 
IN4286A S 1N3005A 2-18 ZO 100 10 lOW 
lN4286B S 1N3005B 2-18 zn 100 5 lOW 
lN4287 S 1N3007 2-18 ZD 110 20 lOW 
IN4287A S 1N3007A 2-18 zn 110 10 lOW 
lN42878 S 1N3007B 2-18 zn 110 5 lOW 
lN4288 S 1N3008 2-18 zn 120 20 lOW 
lN4288A S 1N3008A 2-18 zn 120 10 lOW 
lN4288B S 1N3008B 2-18 ze 120 5 lOW 
IN4289 S 1N3009 2-18 ZO 130 20 lOW 
IN4289A S 1N3009A 2-18 zn 130 10 lOW 
lN42898 S 1N3009B 2-18 ZO 130 5 lOW 
lN4290 S 1N3011 2-18 ZO 150 20 lOw 
lN4290A S 1N3011A 2-18 ZD 150 10 lOW 
IN42908 S 1N3011B 2-18 ZD 150 5 lOW 
lN4291 S 1N30l2 2-18 zn 160 20 lOW 
IN4291A S 1N3012A 2-18 ZO 160 10 lOW 
IN4291B S 1N3012B 2-18 ZD 160 5 lOW 
lN4292 S 1N3014 2-18 ZO 180 20 lOW 
IN4292A S 1N3014A 2-18 ZO 180 10 lOW 
lN4292B S 1N3014B 2-18 ZD 180 5 lOW 
lN4293 S 1N3015 2-18 ZD 200 20 lOW 
lN4293A S 1N3915A 2-18 ZD 200 10 lOW 
lN4293B S 1N3015B 2_18 ZD 200 5 lOW 
lN4295 S 1N945B 2-32 RD .012 10 "55 150 
lN4295A S 1N945B 2-32 RO .012 IJ 10 ..iS5 150 
lN4296 s 1N2624B 2-32 ZO 10 2 IW 
lN4296A S 1N2624B 2-32 ZD l:i8~O I)I'~ III 
lN4297 S RD ~01 .1'5 
IN4297A s RD .01 

J;;'J;i;~ [%;~ 
JQ~ 

lN4297B s RD .01 ;150 
lN4298 S RD .005 75; 
lN4298A S RD 

• 
IN4298B S RD I;.~~ .-55 IN4299 S RO I;;;! ... 0 
lN4299A S RD 
lN4299B S RD I; .. :'· IN4300 S RO ;~' 
lN4300A S RO 
lN4300B S RO 

R-Rectifier. RD-Reference Diode, ZD-Zener Diode, GP-General Purpose, HC-High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max 1,. < 0.3 "'S), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1~82 



--Numerical Index--

1 N4301-1 N4334A 
RECTIFIERS ZENER DIODES 

~ 
~ V. VF 10 I. Isurge V (min) Vz (nom) Tal 

REPLACE· PAGE ~ (volts) (volts) (Amps) (rnA) (Amps) Z Vz(max) Vz% Po 
TYPE 

=- MENT NUMBER .:: 
;:: SIGNAL DIODES REFERENCE DIODES 

:IE ffi 
:1 PRY VF @ IF IR t" TC 

Vz 
T(min) T(max) 

(volts) (volls) (ILS) %/OC 'C 'C 

lN4301 S RO .01 B.8 0 75 
lN4301A S RO .01 B.B -55 100 
lN4301B S RO .01 8.B -55 150 
lN4302 S RO .005 8.8 a 75 
lN4302A S RD .005 B.B -55 100 
lN4302B S RO .005 B.8 -55 150 
lN4303 S RO .01 11.3 a 75 
lN4303A S RO .01 11.3 -55 100 

;~~~~~~ " IKU .UI II. -~!> 150 
S RO .005 11.3 0 75 

IN4304A S RO .005 11.3 -55 100 
lN4304B S RD .005 11.3 -55 150 
lN430S S HS 75 .575 .25M .1· 2 
IN4306 S SP 50 I SaM SON 2 
IN4307 S SP 50 I 50M SON 2 
IN4308 S CS 80 1 200M .1· 2 

;~~~~~ 
:, It:S 40 11400M .1· 2 
S CS 60 I 400M .1. 2 

IN4311 S CS 80 I 300M .1. 2 
IN4312 S CS 120 I 200M .1· 2 
IN4313 S CS 80 I 100M .1. 4 
lN4314 S CS 80 1 200M .1. 2 
IN4315 S CS 40 I 400M .1" 2 
IN4316 S CS 60 I 40CM .1· 2 
IN4jl7 S CS 80 1 jOUM .1* ;( 

IN4318 S CS 120 I 200M .1- 2 
lN4319 S CS 80 I 100M .1" 4 
IN4321 S 1N2996A 2-18 ZO 50 10 31/ 
IN4322 S CS 50 I .2A .1" 6 
IN4323 S 1N3016 2-19 IO 6.8 20 II/ 
IN4323A S 1N3016A 2-19 ZO 6.8 10 II/ 
lN4323B S 1N3016B 2-19 ZO 6.8 5 11/ 
IN4324 S 1N3017 2-19 lO f.!> 20 11/ 
IN4324A S 1N3017A 2-19 ZO 7.5 10 11/ 
IN4324B S 1N3017B 2-19 ZO 7.5 5 II/ 
IN4325 S 1N3018 2-19 lO 8.2 20 11/ 
IN4325A S 1N3018A 2-19 ZO 8.2 10 II/ 
IN43258 S 1N3018B 2-19 ZO 8.2 5 11/ 
IN4326 S 1N3019 2-19 lD 9.1 20 11/ 
IN4326A S 1N3019A 2-19 ZD 9.1 10 III 
IN4"LOB " 1N3019B 2-19 LU 't. " .. 
IN4327 S 1N3020 2-19 LO 10 20 IW 
lN4327A S 1N3020A 2-19 ZO 10 10 II/ 
IN4327B S IN3020B 2-19 za 10 5 11/ 
IN4328 S 1N3021 2-19 ZO I 1 20 II/ 
lN4328A S 1N3021A 2-19 IO 11 10 11/ 
IN4328B S 1N3021B 2-19 ze 11 5 II/ 
lN4329 S 1N3022 2-19 lO 12 20 11/ 
IN4329A S 1N3022A 2-19 Ie 12 IU W 
IN43298 S 1N3022B 2-19 IO 12 5 IW 
IN4330 S 1N3023 2-19 ZO 13 20 lW 
IN4330A S 1N3023A 2-19 ze 13 10 III 
IN4330B S 1N3023B 2-19 lD 13 5 lW 
IN4.Bl S 1N3024 2-19 IO 15 20 lW 
IN4331A S 1N3024A 2-19 lD 15 10 III 
IN4331B S 1N3024B 2-19 lD 15 5 II/ -
IN4j"" " 1N3025 2-19 ILU 16 2U IW 
lN4332A S 1N3025A 2-19 ze 16 10 III 
IN4332B S 1N3025B 2-19 za 16 5 III 
IN4333 S 1N3026 2-19 Ie 18 20 1101 
IN4333A S 1N3026A 2-19 IO 18 10 III 
IN4333B S 1N3026B 2-19 ze 18 5 lW 
IN4334 S 1N3027 2-19 Le 20 20 III 
IN4334A S 1N3027A 2-19 Ie 20 10 lW 

R-RectJfler, RD- Reference Diode, ZD-Zener Diode, GP-Genera! Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), US-High Speed SWitch (Max t" < O.3tls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1-83 



-- Numerical Index --

1 N4334B 1 N4355B -
RECTIFIERS 

z: ZENER DIODES 
.... '" VR VF 10 'R Isurge Vz (nom) Tol ;:: Vz(min) Po .. 

REPLACE· PAGE ~ (Yolls) (yolls) (Amps) (rnA) (Amps) Vz(max) Vz % 0: 
TYPE !;i MENT NUMBER !;;; I;!',; "'~,,""MJoi( .01;:5';/:;;';;'; REFERENCE DIODES ... 

:E 

~ ;P/lV 1fF ;<!i1:'(; :17 ;':'t:tr TC 
• ; .. V, 

T(min) T(max) 
(YOlls) (~OItS); ";: (P.S) olojOC O,C ,~c 

lN4334B S 1N3027B 2-19 ZO 20 5 114 
lN4335 S 1N3028 2-19 zn 22 20 114 
lN4335A S 1N3028A 2-19 zn 22 10 114 
lN4335B S 1N3028B 2-19 In 22 5 114 
lN4336 S 1N3029 2-19 zn 24 20 114 
lN4336A S 1N3029A 2-19 ZD 24 10 114 
lN4336B S 1N3029B 2-19 zn 24 5 114 
lN4337 S lN3030 2-19 zn 27 20 114 

IN4337A S 1N3030A 2-19 ZD 27 10 114 
IN4337B S 1N3030B 2-19 ZD 27 5 114 
lN4338 S 1N3031 2-19 zn 30 20 114 
IN4338A S 1N3031A 2-19 ZD 30 10 114 
lN4338B S 1N3031B 2-19 In 30 5 114 
IN4339 S 1N3032 2-19 ZD 33 20 114 
lN4339A S 1N3032A 2-19 ZD 33 10 114 
lN4339B S 1N3032B 2-19 In 33 5 114 
IN4340 S 1N3033 2-19 zn 36 20 114 
lN4340A S 1N3033A 2-19 zn 36 10 114 
lN4340B S 1N3033B 2-19 ZD 36 5 114 
lN4341 S 1N3034 2-19 zn 39 20 114 
lN4341A S 1N3034A 2-19 ZD 39 10 114 
1N4341B S 1N3034B 2-19 ZD 39 5 114 
1N4342 S 1N3035 2-19 zn 43 20 114 
IN4342A S 1N3035A 2-19 ZD 43 10 114 
1N43112B S 1N3035B 2-19 ZD 43 5 114 
1N4343 S 1N3036 2-19 zn 47 20 114 
INII343A S lN3036A 2-19 In 47 10 114 
IN4343B S 1N3036B 2-19 ZD 117 5 114 
IN4344 S 1N3037 2-19 ZO 51 20 114 
INII344A S 1N3037A 2-19 ZD 51 10 114 
INII344B S 1N3037B 2-19 zn 51 5 114 
lN43115 S 1N3038 2-19 zn 56 20 114 
lN4345A S 1N3038A 2-19 ZO 56 10 114 
IN4345B S 1N3038B 2-19 zn 56 5 114 
lN4346 S 1N3039 2-19 zn 62 20 114 
lN4346A S 1N3039A 2-19 ZD 62 10 114 
IN43116B S 1N3039B 2-19 zn 62 5 HI 
IN4347 S 1N3040 2-19 ZD 68 20 114 
lN4347A S 1N3040A 2-19 In 68 10 1101 
lN4347B S 1N3040B 2-19 ZO 68 5 114 
lN4348 S 1N3041 2-19 IO 75 20 114 
IN4348A S 1N3041A 2-19 ZD 75 10 114 
lN4348B S 1N3041B 2-19 ZO 75 5 1101 
lN4349 S 1N3042 2-19 IO 82 20 1101 
lN4349A S 1N3042A 2-19 zn 82 10 HI 
IN4349B S 1N3042B 2-19 ZD B2 5 III 
lN4350 S 1N3043 2-19 ZO 91 2n 1101 
lN4350A S 1N3043A 2-19 ZO 91 10 1101 
lN4350B S 1N3043B 2-19 In 91 5 114 
IN4351 S 1N3044 2-19 ZO 100 20 1101 
IN4351A S 1N3044A 2-19 ZO 100 10 1101 
lN4351B 5 1N3044B 2-19 zn 100 5 1101 
IN4352 S 1N3045 2-19 zn 110 20 1101 
IN4352A 5 1N3045A 2-19 ZO 110 10 114 
lN4352B 5 1N3045B 2-19 In 110 5 114 
IN4353 S 1N3046 2-19 ZO 120 20 114 
lNII353A 5 !lITOliOA 2-19 zn 120 10 114 
IN4353B 5 1N3046B 2-19 ZO 120 5 114 
IN4354 5 1N3047 2-19 zn 130 20 114 
lN4354A S 1N3047A 2-19 ZO 130 10 114 
IN4354B S 1N3047B 2-19 zn 130 5 HI 
IN4355 5 1N3048 2-19 zn ISO 20 114 
INII355A S 1N3048A 2-19 zn ISO 10 IW 
lN4355B 5 1N3048B 2-19 ZO ISO 5 114 

R-Rectlfler, RO-Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~2~ rnA @. ~ 1 V), HS-~Igh Speed SWitch (Max t,r < O.3~s), 
CS- High Conductance, High Speed Switch, MS-Medium Speed Switch, PA- Parametric Amplifier, SP-Specla[ Purpose. 

1-84 



--Numerical Index--

lN4356 lN4419 -
RECTIFIERS ZENER DIODES z: 

g co v. VF 10 I. Isurge V (min) Vz (nom) Tol 

'" REPLACE· PAGE ~ (volts) (volts) (Amps) (mA) (Amps) z Vz(max) Vz% PD 
TYPE ~ MENT NUMBER !: ... ... SIGNAL DIODES REFERENCE DIODES 

::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (p,S) %,OC ·c ·c I 

INli356 S IN3049 2-19 Izo 160 20 IW 
INli356A S IN3049A 2-19 ~o 160 10 IW 
INli356B S IN3049B 2-19 ZO 160 5 IW 
INli357 S IN3050 2-19 Izo 180 20 IW 
INli357A S IN3050A 2-19 Izo 180 10 IW 
INli357B S IN3050B 2-19 ZO 180 5 IW 
INli358 S IN3051 2-19 ZO 200 20 IW 
INli358A S IN3051A 2-19 ZO 200 10 IW 
INli358B S IN3051B 2-19 ~o 200 5 IW 
INli359 S ~P 200 
INli360 S IN4370A 2-10 ~o 2.28 2.52 ~25W 
INli361 S IN4007 3-23 ~p 900 1.3 .5 .5 20 
INli362 S lao .9 .IA ION 
INli363 S FS 120 I .2A .1- 40 
INli364 S IN4002 3-23 ~ 100 1.5 .75 • I 20 
INli365 S IN4003 3-23 200 1.5 .75 • I 20 
lNli366 S IN4004 3-23 

~ 
300 1.5 .75 .1 20 

lNli367 S IN4004 3-23 1i00 1.5 .75 .1 20 
lNli368 S IN4005 3-23 .~ 500 1.5 .75 .1 20 
lNli369 S IN4005 3-23 600 1.5 .75 • I 20 
lNli370 S 2-10 Ize 2.1i 10 .4W 
lNli370A S 2-10 ze 2.1i 5 .IlW 
INII371 S 2-10 ZO 2.7 10 .4W 
INIi371A S 2-10 ZO 2.7 5 .4W 
INli372 S 2-10 ZO ;l.U IV .11" 
INli372A S 2-10 ZO 3.0 5 .4W 
INII373 S ~S 80 I 10M 5- 4 
IN4374 S R 1500 1~75 .75 ~I IS 
IN4375 S HS 50 I 20M ION 6 
IN4376 S CS 10 I. I 5014 .1- .75 .. 
INIi377 S R 25K 30 .75 • I 50 
INli380 S CS 50 1.4 570101 SON 1.8 
INli381 G HS Z!:> .:1!:> ZI1 .1" . 
IN4382 S CS 55 I •.. 3A .1- 6.5 
IN4383 S IN4003 3-23 R 200 1.3 1 .275 50 
lN4381i S IN4004 3-23 R 1i00 1.3 1 .25 50 
IN4385· S IN4005 3-23 R 600 1.3 I .225 50 
IN4386 Va actor Di des, 
IN4387 

see tabl on p ge 1- 9 

INli389 S SP 5 I 2M .114 
lNli390 s SP 20 1 511 .2* .5 
lNli391 S SP 20 I 2M .2· .5 
INli392 S SP IS I 2M I- .5 
IN4400 S zo 6.8 20 lW 
INli401 S zo 7.5 20 lW 
lNlili02 S ZO 8.2 20 IW 
lNli403 S ze 9.1 20 lW 
lNII4011 S ZD 10 20 IW 
lN4405 S za g ~~ 

-TIl 

lNli406 S zo lW 
lNlili07 S ze 13 20 lW 
IN41108 S za IS 20 IW 
lN4409 S zo 16 20 lW 
lN41iia S za IB 20 IW 
IN4411 S za 20 20 IW 
IN4412 S za 22 20 IW 
lN4413 S ZD ~; ~~ 

Hi 
IN4414 S ;La IW 
IN4415 S zo 30 20 lW 
IN4416 S za 33 20 IW 
IN4417 S ZD 36 20 lW 
lN4418 S za 39 20 IW 
lN4419 S za 43 20 lW 

R-Rectlfier, RD-Reference Diode, . ID-Zener Diode, GP-General Purpose, He-High Conductance'(~ 20 rnA @ ~ 1 V), HS-Hlgh Speed Switch (Max t •• < O.3JlsJ. 
CS-Higb Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1-85 



--Numerical Index --

1 N4420 1 N4483 
RECTIFIERS ZENER DIODES 

~ 
V. VF 10 I. Isurge Vz (nom) Tol 

~ ;:: Vz(min) Po REPLACE· PASE ~ (volts) (volts) (Amps) (rnA) (Amps) Vz(max) Vz % 
TYPE ~ MENT NUMBER !;; I· .• ·.·.~ SIGNAL DIODES). I REFERENCE oI6D~S.·.·. .. t-

'" ~ PRY VF;@ IF I.· tTr TC vi T(rrii~) T(max) 
(volts) (volts) .. (ILS) %/'C 'C '.c 

IN4420 5 IO 47 20 lW 
IN4421 S ZO 51 20 lW 
IN4422 S ZO 56 20 lW 
IN4423 5 ze 62 20 lW 
IN4424 S ZC 68 20 lW 
IN4425 5 ZC 75 20 lW 
IN4~~6 S ZO 82 20 IW 
IN44 7 5 ze 91 20 IW 
IN4428 5 ze 100 20 lW 
IN4429 S ZO 110 20 lW 
IN4430 5 ZO 120 20 IW 
lN4431 5 ZO 130 20 lW 
IN4432 5 ZC ISO 20 1W 
IN4433 S ZC 160 20 IW 

~~~~;~ ~ I~~ 180 20 IW 
200 20 lW 

IN4436 5 R 200 1.2 10 I 100 
IN4437 S R 400 1.2 10 I 100 
IN4438 5 R 600 1 10 1 100 
IN4439 S R 800 1.2 10 I 100 
IN4440 5 R 1000 1.2 10 I 100 
IN4441 S R 1500 4 .025 .001 3 
IN4442 S CS 30 I .IA IN I 
IN4443 S CS 50 I .IA 2N .6 
IN4444 S CS 50 1 .IA 50N 7 
IN4445 S CS 100 1 .lA 50N 4 
IN4446 S cs 75 1 1 20M 25N 4 
IN4447 S CS 75 I 20M 25N 4 
IN4It48 S CS 75 .72 5M 25N It 
IN44It9 S cs 75 .73 5M 251'1 4 

I !~~~~~ I~ ~~ ;~ .~~~ .!A ~~N 4. 
10 

lN4452 5 CS 30 1.2 lA 501'1 50 
IN4453 5 CS 20 .92 .IA SON 
IN4454 S CS 75 1 10M .l· 2 
IN4455 S GP 50 .7 5M .1* 
lN4456 S CS 35 1 .15A .2- 1.5 
IN4457 S CS 50 1 .2A .2* 1.5 
IN4It58 S R 800 1.5 5 .5 150 
IN4459 S R 1000 I 5 5 .5 150 
IN4It60 5 ZO 6.2 5 1.5W 
lN4461 S ZO 6.8 5 1.511 
lN4462 S ZD 7.5 5 1.5W 
IN4463 5 IO 8.2 5 1.511 
IN4464 S ze 9.1 5 1.511 
IN4465 S ZC 10 5 1.510 
IN4466 S ZC 11 5 1.511 
IN4467 5 ZC 17 5 I,.<;w 
IN4468 S ZD 13 5 1.5\; 
lNIt469 S ZC IS 5 1.511 
lN4470 5 IO 16 5 1.511 
IN4471 5 ZC 18 5 1.511 
lN4472 S ZC 20 5 1.511 
lN4473 S ZD 22 5 1.5\; 
IN4474 S ze 24 5 1.5W 
IN4It75 5 ID 27 5 1.511 
IN4476 S ZO 30 5 1.51; 
IN4477 S ID 33 5 1.51; 
IN4478 S ZO 36 5 1.51; 
IN4479 S ZD 39 5 1.511 
IN4480 S ZO 43 5 1.51; 
IN4It81 5 ZD 47 5 1.511 
11'14482 S ZO 51 5 1.51-1 
IN4It83 5 ZO 56 5 1.5W 

R-Rectlfler, RO-Reference Diode, ZD-Zener Diode, GP-General Purpose, He-High Conductance (~ 20 rnA @ ~ 1 V), HS -High Speed SWitch (Max trr < 0.3/-15), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 

1-86 



-- Numerical Index --

1 N4484 - 1 N4551 
RECTIFIERS ZENER DIODES 

~ 
i5 

VR VF 10 IR Isurge V (min) Vz (nom) Tal < i Po 
TYPE ffi REPLACE· PAGE (yolts) (Yolls) (Amps) (rnA) (Amps) Z Vz(max) Vz % 

!;;: MENT NUMBER SIGNAL DIODES REFERENCE DIODES 
== ~ PRV VF @ IF IR I" TC 

Vz 
T(min) T(max) 

(yolls) (yolts) (p.S) %/OC 'C 'C 

lN4484 S IO 62 5 1.501 
lN4485 S IO 68 5 1.5W 
IN4486 S lO 75 5 1.501 
lN4487 S IO 82 5 1.501 
IN4488 5 ZO 91 5 1.5W 
IN4489 5 IO 100 5 1.501 
IN4490 5 IO 110 5 1.501 
IN4491 5 LO 120 5 1.501 
IN4492 5 IO 130 5 1.501 
IN4493 5 IO ISO 5 1.501 
IN4494 5 IO 160 5 1.5101 
IN4495 5 ZD 180 5 1.5101 
IN4496 S ID 200 5 1.501 
IN4497 5 R 1600 3 .75 • I 35 
IN4498 S R 3000 5 .75 • I 35 
IN4499 5 IO 6.2 5 1101 
IN4!lUO ~ CS 80 I .3A • 1* 4 
lN4501 5 RO .01 7.4 -55 100 
IN4502 G GP 20 .3 3M 10* 
IN4503 5 LO 33 10 3W 
IN4504 S ZO 200 10 301 
IN4505 S R 6000 8.5 .1 • I 20 
IN4506 S R 200 1.4 12 2.5 240 
lN4507 S R 400 1.4 12 2.5 240 
IN4508 5 R 600 1.4 12 2.5 240 
lN4509 S R 800 1.4 12 2 240 
lN4510 5 R 1000 1.4 12 1.75 240 
IN4511 5 R 1200 1.4 12 1.5 240 
IN4512 S GP 10 .777 5M ION 
IN4513 S R 2000 4.5 .25 .1 20 
IN4514 5 R 800 1 1. I .1 50 
lN4517 5 R 200 1.2 2 • I 100 
IN4523 G CS 15 I .IA 30* B 
IN4524 G CS 10 .65 10M 12" 3 
lN4525 S R 200 1.4 35 3.5 500 
lN4526 S R 400 1.4 35 3.5 500 
IN4527 5 R 600 1.4 35 3.5 500 
IN4528 5 R 800 1.4 35 3 500 
IN4529 5 R 1000 1.4 35 2.5 500 
IN4530 S R 1200 1.4 35 2 500 

'N'''''' , I~ H:' r:J , IUM <!:JI'I 4 
IN4532 HS 75 I 10M .1- 2 
IN4533 S CS 40 .88 20M SON 2 
IN4534 5 CS 50 .88 20M SON 2 
IN4535 S ZO 3.45 5 .501 
IN4536 S CS 25 1 30M .1- 2 
IN4537 5 R 1500 1.85 3 .3 IS 
IN4538 S R 2000 1.85 3 .3 IS 
INII!l,j\l S R 25uO 1.85 3 .3 15 
IN4540 5 R 3000 1.85 3 .3 IS 
IN4541 5 GP 225 1 .4A 20N 
lN4542 5 GP 400 1 .4A 20N 
lN4543 S GP 600 1 .4A 20N 
IN4544 S GP 800 1 .4A 20N 
IN4546 S R 25K 30 1 • I 50 
IN4547 S GP 25 1 25M ION -

1''''''0 I" ., "':J , "UM .,. " IN4549 5 2·15 ZO 3.9 20 SOW 
IN4549A 5 2-15 lO 3.9 10 SOW 
IN4549B 5 2-15 ZD 3.9 5 SOW 
lN4550 S 2-15 IO 4.3 20 SOW 
IN4550A S 2-15 ZO 4.3 10 SOW 
IN4550B S 2-15 lO 4.3 5 SOW 
IN4551 S 2-15 ZO 4.7 20 SOW 

R-RectlfJer, RD-Reference Diode, ZO-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max ter < O.3~s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch. PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

lN4551A-1N4576 

TYPE 

R- Rectifier, RD- Reference Diode. ZD-Zener Diode, UP-General Purpose, He - High Conductance (~ 20 rnA @ ~ 1 V), HS- High Speed SWitch (Max t.. < 0.3115), 
CS-High Conductance, High Speed Switch, MS-Mediurn Speed Switch, PA- Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N4576A-l N4627 
RECTIFIERS ZENER DIODES :z 

~ 
C> V. VF 10 I. Isurge V (min) Vz (nom) Tal ;:: Po .. 

REPLACE- PAGE :3 (yolts) (yolts) (Amps) (rnA) (Amps) z Vz(max) Vz% a: 
TYPE !;;1 MENT NUMBER ~ SIGNAL ·DIODES REFERENCE DIODES 

::E 

~ PRY VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (Yolts) (P.S) %/"C ·C ·C 

lN4576A S RO .005 6.4 -55 100 
lN4577 S RO .002 6.4 0 75 
lN4577A S RO .002 6.4 -55 100 
lN4578 S RO .001 6.4 0 15 
IN4578A S RO .001 6.4 -55 100 
IN4579 S RO .0005 6.4 0 75 
IN4579A S RO .0005 6.4 -55 100 
IN4580 S RO .01 6.4 0 75 
IN4S80A S RO .01 6.4 -55 100 
lN4581 S RO .OOS 6.4 a 75 
lN4S81A S RO .005 6.4 -55 100 
lN4582 S RD .002 6.4 a 15 
IN4582A S RD .002 6.4 -55 100 
IN4583 S RO .0001 6.4 0 15 
IN4583A S RO .0001 6.4 -55 100 
IN4584 S RD .0005 6.4 a 15 
lN45B4A S RD .0005 6_4 -55 1.100 
lN4585 S R 800 1.3 I .2 50 
lN4586 S R 1000 1.3 1 .2 50 
lN4587 S R 100 1.35 150 9.5 3000 
lN4588 S R 200 1.35 150 9.5 3000 
IN4589 S R 300 1.35 150 9 3000 
IN4590 S R ~~~ ~.~~ :~~ ~I~~~O lN4591 s ,,~ 

lN4592 S R 600 1.35 150 6.5 3000 
lN4593 S R 800 1.35 150 5.5 3000 
IN4594 S R 1000 1.35 150 4.5 3000 
lN4595 S R 1200 1.35 150 4 3000 
lN4596 S R 1400 1.35 150 3.5 3000 
lN4597 S R 5000 5 .025 I 
1N4598 V ractor Di pdes, seE tab1 ge 1- 9 1N4599 on p 

IN4606 S CS 10 I • 2A .25 .. 6 
lN4601 S CS 10 .95 250M .25- 10 
IN4608. S CS .70 .96 350M .25-' 10 
1N4609 V ractor Di ~des, seE tab1 on p ge 1- 9 
IN461G S HS 55 1. I .3A .1- 2 

I IN4611 S RO .005 6.'6 -';50 
lN4611A S RO .002 6.6 -50 
IN46118 S RO .001 6.6 '-50 
1N4611C s RO .0005 6.6 -'-50. 
IN4612 S RO .005 6.6 -50 10.0, 
lN4612A S RO .002 6.6 -50 .100. 
IN4612B S RO I ...• 00 I 6.6 -50 100' 
IN4612C S RO .0005 6.6 -50 100 
IN4613 S RO .005 6.6 ..,50 100 
lN4613A S RD .002 6~6 -'-50 100 
IN46138 S ftD .001 6.6 -50 100· 
IN4613C S RO .0005 6 •. 6 -,,5.0 dOO 
lN4614 S ZD 1.8 .25W 
IN4615 S ZD 2 .25W 
lN4616 S ZD 2.2 .25W 
lN4617 S ZD 2.4 .25W 
lN4618 S ZO 2.1 .25W 
lN4619 S ZO 3 .25W 
lN4620 S Zil 3.3 .25W 
lN4621· S ZD 3.6 .25W 
IN4622 S ZO 3.9 .25W 
lN4623 S ZO 4.3 .2511 
lN4624 S ZO 4.7 .25W 
lN4625 S ZO 5.1 .251/ 
IN4626 S ZO 5.6 .2511 
lN4627 S ZO 6.2 .2511 

R-Rectifier, RD-Reference Diode, ZD_-Zener Diode. SP-General Purpose," He-Hign Conductance (~ 20 rnA @ ~ 1 V), HS-HJgh Speed SWitch (Max t,., < O.3~s), 
CS-High Conductance. High Speed Switch, MS-Medium Sp~ed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

I N4628-1 N4729A 

z RECTIFIERS ZENER DIODES 

~ '" VR VF 10 IR (surge V ( .) Vz (nom) Tol 
REPLACE· PAGE ~ (Yolts) (yolts) (Amps) (rnA) (Amps) z mm Vz (max) Vz % Po 

TYPE '" !« MENT NUMBER § ,,;:,' SIGNAL DIODES' \ 
,'" 

REFERENCEOIODES 
== ffi e PRV VF @ IF " 

",IR t" TC 
Vz 

T(l"Ilin) T(max) 
(Yolts) (Yolts) (ftS) %loC 'C ;'oC 

lN4628 S lzo 6.8 .611 
lN4629 S 0 7.5 .611 
lN4630 S lzo 8.2 .611 
lN4631 S zo 9.1 .611 
lN4632 S b 10 .611 
lN4633 S 0 11 .611 
IN4634 S 0 12 .611 
IN4635 S 0 13 .-611 
IN4636 S 0 15 .611 
IN4637 S 70 16 .611 
lN4638 S 0 18 .611 
IN4639 S ZD 20 .611 
IN4640 S 0 22 .611 
IN464 I S 0 24 .~II 
lN4642 S ZD 27 .611 
lN4643 S 0 30 .611 
IN4644 S 0 .j.j .011 
lN4645 S 10 36 .611 
lN4646 S 10 39 .611 
lN4647 S 10 43 .611 
lN4648 S 0 47 .611 
lN4649 S 0 3.3 111 
lN4650 S 0 3.6 111 
lN4651 S ZO 3.9 111 
lN46~2 S 0 

::~ ~: lN4653 S 70 
lN4654 S ZD 5.1 111 
lN4655 S ZD 5.6 111 
lN4656 S ZD 6.2 111 
lN4657 S ZD 6.8 III 
IN4658 S ZD 7.5 111 
IN4659 S ZD 8.2 111 
lN4660 S ZD v.1 III 
lN4661 S ZD to til 
1N4662 S zo 11 111 
tN4663 S ZD 12 III 
lN4664 S ZD 13 til 
IN4665 S ZD 15 111 
1N4666 S 10 t6 til 
1N4667 S zo 18 III 
IN4668 S ZD ZU IN 
tN4669 S ZD 22 til 
IN4670 S zo 24 111 
IN4671 5 ZO 21 til 
IN4612 5 10 30 tN 
tN4673 5 ZO 33 111 
IN4614 5 10 36 til 
1N4615 5 ZO - 39 111 
IN46(6 S 10 :j IN 
lN4617 S ZD III 
IN4718 5 HS 50 1.2 .15A . 50* 180 
lN4719 5 R 50 I 3 1.5 300 
IN4720 5 R 100 1 3 1.5 300 

'lN4721 S " R 200 1 3 1.5 300 
lNli122 5 R 400 1 3 1.5 300 
,lN4123 5 R 600 1 3 t.5 300 

, ~~:;~~ , ~ I~ 1~~~ { ~ ~:~ "~~~ 
lN4726 5 HS '20 .. 85; 10M .1-
IN4127 S HS 20 .85 10M :.1-
lN4128 5 2-28 : zo 3.3 10 111 
lN4:l28A 5 ,2-28 ZD 3.3 5 III 
IN4129 S 2-28 ZO 3.6 10 111 
INli129A 5 2-28 ZD 3.6 5 111 

'" R-Rectlfler, RD-Reference Diode, ZD-Zener Diode, GP-General Purpose. HC- High Conductance \=!: 20 mA@::::::;:l Vl, HS-Hlgh Speed SWitch (Max t,.,. < O.3tls), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1N4730 1N4761A -
RECTIFIERS ZENER DIODES z: 

-' 
c VR VF 10 IR Isurge V (min) Vz (nom) Tal .. 
~ 

Po 
TYPE ~ REPlACE· PAGE (volls) (volls) (Amps) (mA) (Amps) z Vz (max) Vz % 

~ MENT NUMBER SIGNAL DIODES REFERENCE DIODES 
::E 

~ PRY VF @ IF .IR 
In TC 

Vz 
T(min) T(max) 

(volts) (voltS) (}LS) %"C ·C .' 
lN4730 S 2-28 zn 3.9 10 IN 
lN4730A S 2-28 ZD 3.9 5 IN 
lN4731 S 2-28 ZD 4-.3 10 IN 
IN473IA S 2-28 ZD 4.3 5 IN 
IN4732 S 2-28 ZO 4.7 10 IN 
IN4732A S , 2-28 ZD 4.7 5 IN 
lN4733 S 2-28 ZD 5.1 10 IN 
lN4733A S 2-28 zn 5.1 5 IN 
lN4734 S 2-28 zn 5.6 10 IN 
lN4734A S 2-28 ZD 5.6 5 IN 
IN4735 S 2-28 ZD 6.2 10 IN 
lN4735A S 2-28 ZD 6.2 5 IN 
lN4736 S 2-28 zn 6.8 10 IN 
IN4736A S 2-28 ZD 6.8 5 IN 
lN4737 S 2-28 ZD 7.5 10 IN 
IN4737A S 2-28 zn 7.5 5 IN 
lN4738 S 2-28 zn 8.2 10 IN 
lN4738A S 2-28 ZD 8.2 5 IN 
IN4739 S 2-28 zn 9.1 10 IN 
lN4739A S 2-28 zn 9.1 5 IN 
lN4740 S 2-28 ZD 10 10 IN 
IN4740A S 2-28 zn 10 5 IN 
IN471f'1 S 2-28 zn 11 10 IN 
lN4741A S 2-28 zn 11 5 IN 

~~~~~~A ~ 2-28 ZD 12 10 IN 
2-28 zn 12 5 IN 

lN4743 S 2-28 zn 13 10 IN 
IN4743A S 2-28 ZD 13 5 IN 
lN4744 S 2-28 ZD IS 10 IN 
IN4744A S 2-28 zn 15 5 IN 
lN4745 S 2-28 zn 16 10 IN 
lN4745A S 2-28 zn 16 5 IN 
lN4746 S 2-28 zn IB 10 IN 
IN4746A S 2-28 zn lB 5 IN 
IN4747 S 2-28 ZD 20 10 IN 
lN4747A S 2-28 zn 20 5 IN 
lN4748 S 2-28 zn 22 10 IN 
lN474BA S 2-28 zn 22 5 IN 
lN4749 S 2-28 zn 24 10 IN 
lN4749A S 2-28 zn 24 5 IN 
IN4750 S 2-28 zn 2f 10 IN 
lN4750A S 2-28 zn 27 5 IN 
lN4751 S 2-28 ZO 30 10 IN 
lN4751A S 2-28 zn 30 5 IN 
lN4752 S 2-28 zn 33 10 IN 
lN4752A S 2-28 zn 33 5 IN 
IN4753 S 2-28 zn 36 10 IN 
IN4753A S 2-28 ZO - 36 5 IN 
IN4754 S 2-28 ZD 39 10 IN 
IN4754A S 2-28 zn 39 5 IN 
IN4755 S 2-28 ZD 43 10 IN 
IN4755A S 2-28 ZD 43 5 IN 
lN4756 5 2-28 ZD 47 10 IN 
lN4756A S 2-28 zn 47 5 IN 
IN4757 S 2-28 zn 51 10 lW 
IN4757A 5 2-28 ZO 51 5 IN 
IN'If511 

~ 2-28 LU 
~~ I~ ~: IN475BA 2-28 ZD 

lN4759 S 2-28 ZD 62 10 IN 
IN4759A S 2-28 zn 62 5 IN 
lN4760 S 2-28 zn 68 10 IN 
IN4760A 5 2-28 zn 6B 5 IN 
IN4761 S 2-28 zn 75 10 IN 
lN4761A 5 2-28 ZD 75 5 IN 

R-Rectlfler, RD-Reference DIode, ZD-Zener Diode, GP-General Purpose, HC- High Conductance (~20 rnA @ ~ 1 V), HS-Hlgh Speed SWitch (Max trr < O.3.us), 
CS-High Conductance, High Speed Switch. MS- Medium Sp~ed Switch, PA - Parametric Amplifier, SP -Special Purpose. 
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--Numerical Index --

1 N4762-1 N4830 

TYPE 
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-- Numerical Index --

lN4831-1N4852 
RECTIFIERS ZENER DIODES 

z: 
-' 

C> VR VF 10 IR Isurge V (min) Vz (nom) Tol 

~ REPlACE· PAGE i (volts) (volls) (Amps) (rnA) (Amps) z Vz (max) Vz % Po 
TYPE 

=< MENT NUMBER SIGNAL DIODES REFERENCE DIODES 
~ 

~ PRV VF @ IF IR t" TC 
Vz 

T(min) T(max) 
(volts) (volts) (ILS) %/etC ·C ·C 

lN4831 S IO 9.1 20 1.2M 
lN483lA S IO 9.1 10 1.2M 
lN4831B S IO 9.1 5 1.2M 
lN4832 S ZO 10 20 1.2M 
lN4832A S ZO 10 10 1.2M 
lN4832B S ZO 10 5 1.2M 
lN4833 S ZO 11 20 1.2M 
lN4833A S ZO 11 10 ,1.2M 
lN4833B S IO 11 5 1.2M 
lN4834 S ZO 12 20 1.2M 
lN4834A S ZO 12 10 1.2M 
lN4834B S lO 12 5 1.2M 
lN4835 S lO 13 20 1.2M 
lN4835A S ZO 13 10 1.2M 
lN4835B S ZO 13 5 1.2M 
lN4836 S ZO 15 20 1.2M 
lN4836A S lO 15 10 1.2M 
lN4836B S ZO 15 5 1.2M 
lN4837 S ZO 16 20 1.2M 
lN4837A S ZO 16 10 1.2M 
lN4837B S ZO 16 5 1.2M 
lN4838 S lO· 18 20 1.2M 
lN4838A S lO 18 10 1.2M 
lN4838B S ZO 18 5 1.2M 
lN4839 S ZO 

~~ ~~ II.<!M 
lN4839A S ZO 1.2M 
lN4839B S ZO 20 5 1.2M 
lN4840 S ZO 22 20 1.2M 
lN4840A S ZO 22 10 1.2M 
lN4840B S In 22 5 1.2W 
IN4841 S zn 24 20 1.2M 
lN4841A S zn 24 10 1.2M 
lN4841B S ZO 24 5 1.2M 
IN4842 S IO 27 20 1.2M 
IN4842A S IO 27 10 1.2M 
IN4842B S In 27 5 1.2M 
lN4843 S In 30 20 1.2M 
IN4843A S zn 30 10 1.2M 
IN4843B S In 30 5 1.2M 
lN4844 S zn 33 20 1 •. 2M 
lN4844A S zo 33 10 1.2M 
IN48448 S zo 33 5 1.2M 
IN4845 S In 36 20 1.2M 
IN4845A S IO 36 10 1.2M 
lN48458 S zn 36 5 1.2M 
IN4846 S IO 39 20 1.2M 
lN4846A S zn 39 10 1.2M 
IN4846B S In 39 5 1.2M 
IN4847 S IO 43 20 1.2M 
lN4847A S zo 43 10 1.2M 
IN4847B S zo 43 5 1.2M 
lN4848 S zo 47 20 1.2M 
lN4848A S In 47 10 1.2M 
lN4848B S In 47 5 1.2M 
lN4849 S In 51 20 1.2M 
lN4849A S zn 51 10 1.2M 

:~~~~~B ~ I~~ ~~ 2~ I::~: 
lN4850A S zn 56 10 1.2M 
IN4850B S ZO 56 5 1.2M 
lN4851 S ID 62 20 1.2M 
lN4851A S ID 62 10 1.2M 
lN4851B S tD 62 5 1.2M 
lN4852 S zn 68 20 1.2M 

.. R-Rectlfler, RD-Reference Diode. lD-Zener Diode, GP-General Purpose, HC- High Conductance (~ 20 rnA @ ~ 1 VI. US-High Speed SWitch (Max 1c. < O.3ps), 
CS-High Conductance, High Speed Switch, MS-Medium Sp~ed Switch. PA-Parametric Amplifier, SP-Special Purpose. 
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--Numerical Index --

1N4894 

TYPE 

.6 
5 

10 
10 

20 10 3W 
36 10 3W 

20 5 3W 
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--Numerical Index--

1 N4894A-1 N4926 

REPLACE· PAGE 
MENT NUMBER I 

R-Rectifier, RD-Reference Diode, ZD-Zener Diode, 
CS-High Conductance, High Speed 
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-- Numerical Index--

1 N4926A-l NS030 

z RECTIFIERS ZENER DIODES 
~ '" VR V. 10 IR Isurge Vz (nom) Tal :s SEPLACE· PAGE ~ (volts) (volts) (Amps) (rnA) (Amps) Vz(min) Vz(max) Vz% Po 

TYPE ffi ... 
:;: MENT NUMBER § SIGNALDIC>DES .. ' .....••........ REFERENCE DIODES •.... 
::E 

~ PRY VF @ IF I" I" Te .•• 
IVz 

T(min) T(max) 
(voltsj (volts) (MS) %I'./; 'C 'C 

lN4926A S RD .005 1902 -55 100 
IN4927 S RD .002 19.2 25 100 
IN4927A S RD .002 t .19.2 -55 10.0 
IN4928 S RD .001 19",2 25 JOO 
IN4928A S RD .001 19 .. 2 ",55 100 
lN4929 S RD .01 19 .• 2 25 ;100 
lN4929A S RD .01 (19.2 ... 55 lOa 
lN4930 s RD .005 19~2 25 ~OO 
lN4930A S RD .005 19.2 -;,:> 111.u 
IN4931 S RD .002 19 .• 2 25 100 
lN4931A S RD .002 19.~2 .-55 ~iOQ 
IN4932 s RD .001 1,9~,z 25 100 
lN4932A S RD .001 19.2 i-'5.5, i:U,I,O 
lN4933 S R 50 1.2 1 .3 30 
IN4934 S R 100 1.2 1 .3 30 
lN493S S R 200 1.2 1 .3 30 
IN4936 S R 400 1.2 1 .3 30 
lN4937 S R 600 1.2 1 .3 30 
IN4938 S CS 200 1 .IA • I." I" 50 
lN5008 S lD 3.3 10 2.5W 
lN5008A S ZO 3.3 5 2.5W 
lN5009 S ZD 3.6 10 2.5W 
lN5009A S lO 3.6 5 2.5W 
lN5010 S ZD 3.9 10 2.5W 
IN!>U1OA S ZD :l.Y ::> I"'::>" 
lN5011 S ZO 4.3 10 2.5W 
lN501lA S ZD 4.3 5 2.5W 
lN5012 S lD 4.7 10 2.SW 
lN5012A S ZD 4.7 5 2.5W 
lN5013 S ZD 5.1 10 2.5W 
lN50 13A S ZD 5.1 5 2.5W 
lN5014 S lO 5.6 10 2.5W 

t1N !>014A 15 ZD !l.0 

I~ tL .!>" 
INS015 S ZD 6.2 2.5W 
lN501SA S lO 6.2 5 2.SW 
IN5016 S lO 6.8 10 2.5W 
IN5016A S ZD 6.8 5 2.5W 
lNS017 S ZD 7.5 to 2.5W 
lNS017A S lO 7.5 5 2.5w 
IN5018 S ZD 8.2 - 10 2.5W 

I~~~~~~A I ~ LU tI.£ Ig tz .!>" 
ZD 9.1 2.5W 

IN5019A S lO 9.1 5 2.5W 
IN5020 S ZD 10 10 2.5W 
IN5020A S ZD 10 5 2.5W 
INS021 S LO 11 10 2.5W 
IN5021A S lD 11 5 2.SW 
lNS022 S lO 12 10 2.5W 

I ;~~~~~A I~ LD 1£ 5 t2.~W 
ZD 13 -10 2.5W 

INS023A S lD 13 5 2.5W 
IN5024 S lD 14 10 2.5W 
IN5024A S lD 14 5 2.5W 
lNS025 S ZO 15 10 2.5W 
IN5025A S ZD 15 5 2.5W 
lN5026 S ZD 16 10 2.5W 
IIDULOA I" LU 10 ::> 

2:~: lNSO.27 S ZD 17 10 
INS027A S ZD 17 5 2.5W 
tNS028 S ZD 18 10 2.5W 
lN5028A S lD 18 5 2.5W 
lNS029 S ZD 19 10 2.5W 
INS029A S lD \9 '5 2.5W 
INS030 S ZD 20 to 2.5W 

. -R-Rectlfler, RO- Reference Diode, ID-Zener DIOde, SP-General Purpose, HC-Hlgll Conductance (~.2{I rnA@::::::; 1 V), HS-Hlgh Speed SWitch (Max. t,.,. < O.3JLs), 
CS-High Conductance, HighSpeed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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-- Numerical Index --

1 N5030A - 1 N5155 
RECTIFIERS ZENER DIODES 

.... ~ VR VF 10 IR Isurge V (min) Vz (nom) Tol 
"" REPLACE· PAGE 3 (volls) (yolIs) (Amps) (rnA) (Amps) Z Vz(max) Vz % PD 

TYPE ~ ~ =: MENT NUMBER ;:: SIGNAL DIODES REFERENCE DIODES 
~ 

~ PRY VF @ IF IR I" Te 
Vz 

T(min) T(max) 
(volls) (yolts) (ILS) %/oC ·C ·C 

lNS030A S ZO 20 S 2.SW 
1 NS031 S ZD 22 10 2.SW 
lN5031A S ZD 22 S 2.SW 
1N5032 S ZO 24 10 2.511 
1NS032A S ZD 24 S 2.S11 
lNS033 S ZD 25 10 2.S11 
lN5033A S lD 2S S 2.SW 
1NS034 S ZD 27 10 2.SW 
lN5034A S ZD 27 5 .!lW 
lN5035 S ZD 30 10 2.5W 
lN5035A S ZD 30 5 2.5W 
1NS036 S ZD 33 10 2.SW 
lNS036A S ZD 33 5 2.SW 
1NS037 S ZD 36 10 2.S11 
lN5031A S ZD 36 S 2.5W 
lN5038 S ZD 39 10 2.SW 
lNS038A S ZD 39 !l 2.!lW 
lN5039 S ze 43 10 2.511 
IN5039A S ZD 43 5 2.SW 
INS040 S ZD 45 10 2.5W 
IN5040A S ZD 45 5 .5W 
1 NS04 I S ZD 47 10 2.5W 
1NS041A S ZD 47 5 2.5W 
1NS042 S ZD SO 10 2.5W 
IN:>u4:tA 

~ 
ILl) 

~~ 1~ 2:~: lN5043 ze 
lN5043A S ZD 51 5 2.5W 
lN5044 S ZD 52 10 2.5W 
lN5044A S ZD 52 5 2.5W 
lN5045 S ZD 56 10 2.5W 
1N5045A S ZD S6 S 2.SW 
lN5046 S ZD 62 10 2.5W 
IN:>U'IoA 

~ 
'LU 

~~ 1~ ~:~: 1NS047 ZD 
lNS047A S ZD 68 5 2.5W 
lN5048 S ID 75 10 2.5W 
lN5048A S ZD 75 5 2.5W 
lN5049 S ZD 82 10 2.5W 
lN5049A S ID 82 5 2.5W 
lN5050 S lD 91 10 2.511 

~~~g;~A ~ ~g 1~0 
:> .:>11 

10 2.511 
lN50S1A S ZO 100 S 2.5W 
1N5139 
thru V actor Di des, see tab1 on p ge 1- 9 

1N5155 

R-Rectlfler, RD-Reference Diode, ZO-Zener DIOde, GP-General Purpose, HC- High Conductance (~20 rnA@:::::::;:l V), HS-Hlgh Speed Switch (Max t". < 0.3J.1s), 
CS-High Conductance, High Speed Switch, MS-Medium Speed Switch, PA-Parametric Amplifier, SP-Special Purpose. 
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VARACTOR DIODES 

Index and Short-Form Specifications 

The following table provides a numerical index and short-form specifications for varac
tor diodes with EIA-registered type number. 

KEY 

CAPACITANCE GUARANTEED MU!.TlPLIER PERFORMANCE" 

PAGE Voltage 
BV. Q @ , Max Po Min Min TYPE CJ C C(max) Range Rs @ P,. ". fout NUMBER CT' Tol C(min) Pout ~ 

VI sl V2 2S'C 
pF % Volts Volts Volts GHz Ohms Watts Watts GHz Watts GHz % 

~rical Listing 
Figure of of Registered 
Merit Type Numbers 
at this 

Page number in this book specified 
on which the-device is frequency 
fully characterized 

Maximum Series 
Nominal Capacitance usually Resistance 
CJ (junction capacitance) 

Power O'issipation at 25°C With *, specified value is CT 

(total capacitance) Input Power 
C,=CJ+Cc 

Input Frequency 
Tolerance of capacitance listed 

Minimum Output Power at output frequency in preceding column 

Effective tuning Ratio (Capacitance at Voltage 
Output frequency 

V, divided by capacitance at Voltage V,) Minimum efficiency (P~t/P;"X 100) 

Voltage range over which the tuning range is measured Reverse Breakdown Voltage 

1 N950 - 1 N3555 VARACTOR DIODES INDEX 

CAPACITANCE MULTIPLIER PERFORMANCE 

PAGE I , Voltage 
Max Po Min Min TYPE 

NUMBER 
CJ i C C(max): Range BVR Q @ I 

Rs @ Pin fin fout CTo : Tol C (min) r-v~-T-v;- 25'C Pout ~ 

pF : % I Volts I Volts Volts GHz Ohms Waits Watts GHz Watts GHz % 
N950 35 2.51 4 130 130 7.0 0.05 

IN951 50 2.4 4 80 80 7.0 0.05 4.5 
N952 70 2.43 4 60 60 7.0 0.05 2.1 

IN953 100 2.4 4 25 25 7.0 0.05 1.5 
IN954 35 2.51 4 25 25 7.0 0.05 
IN955 50 2.4 4 25 25 7.0 0.05 5.0 
1N956 70 2.43 4 25 25 7.0 0.05 2.1 
1N2627 .75 1. 75 0 5 5.0 10 1.0 
IN2628 2.5 1.5 0 5 5.0 14 1.0 
IN3182 33 20 65 0.05 3.0 0.163 
IN3488 56 15 7.0 0.05 
IN3551 50 1.22 4 30 0.05 
lN3552 20 1. 22 0 4 25 0.05 
lN3554 12 100 
lN3555 20 100 60 0.05 
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VARACTOR DIODES INDEX (continued) 1 N3556 - 1 N4796 
CAPACITANCE MULTIPLIER PERFORMANCE 

PAGE 
I Voltage Max PD 

TYPE CJ C C(max): BVR @ I Min Min 
NUMBER Range Q 

R. @ Pin lin tout Cr· Tol C (min)i-v~-T-v;- 2S'C Pout '1 

pF % I Volts I Volts Volts GHz Ohms Watts Watts GHz Watts GHz % 
lN3556 47 100 50 0.10 
lN3557 24 210 75 0.05 
1N3627 21.3 2.45 4 20 20 25 0.05 
lN3628 50 2.5 4 20 20 30 0.05 
lN3770 2.0 5.5 
lN3945 20 1.5 4 20 20 7.0 0.05 0.50 
lN3946 71 9.0 7.0 0.05 0.50 
lN3947 70 9.0 9.0 0.05 
lN4091 4.2 2.5 6.0 0.30 
lN4386 12-5 50 250 75 0.05 1. 25 50 0.05 32.5 .15 65 
lN4387 12-7 35 150 150 0.05 1. 20 30 0.15 15 .45 50 
lN4388 12-8 20 100 200 0.05 2.( 10 20 0.5 11 .0 55 
lN4598 22 4.04 4 90 90 50 0.05 0.25 
lN4599 47 5 2 100 110 100 0.05 100 0.50 
lN4609 22 2.64 4 35 35 60 0.05 0.25 
lN4786 6.8 20 2.56 a 4 25 15 0.05 0.50 
lN4786A 6.8 10 2.56 a 4 25 15 0.05 0.50 
lN4786B 6.8 5 2.56 a 4 25 15 0.05 0.50 
lN4786C 6.8 2 2.56 0 4 25 15 0.05 0.50 
lN4786D 6.8 1 2.56 a 4 25 15 0.05 0.50 
lN4787 8.2 20 2.56 a 4 25 15 0.05 0.50 
lN4787A 8.2 10 2.56 a 4 25 15 a as 0.50 
lN4787B 8.2 5 2.56 0 4 25 15 0.05 0.50 
lN4787C 8.2 2 2.56 0 4 25 15 0.05 0.50 
lN4787D 8.2 1 2.56 a 4 25 15 0.05 0.50 
lN4788 10 20 2.50 a 4 25 15 0.05 0.50 
lN4788A 10 10 2.50 a 4 25 15 0.05 0.50 
lN4788B 10 5 2.50 a 4 25 15 0.05 0.50 
IN4788C 10 2 2.50 a 4 25 15 0.05 0.50 
lN4788D 10 1 2.50 a 4 25 15 0.05 0.50 
lN4789 12 20 2.49 a 4 25 15 0.05 0.50 
lN4789A 12 10 2.49 0 4 25 15 0.05 0.50 
lN4789B 12 5 2.49 a 4 25 15 0.05 0.50 
lN4789C 12 2 2.49 a 4 25 15 0.05 0.50 
lN4789D 12 1 2.49 a 4 25 15 0.05 0.50 
lN4790 15 20 2.49 a 4 25 15 0.05 0.50 
lN4790A 15 10 2.49 a 4 25 15 0.05 0.50 
lN4790B 15 5 2.49 a 4 25 15 0.05 0.50 
lN4790C 15 .2 2.49 a 4 25 15 0.05 0.50 
lN4790D 15 1 2.49 a 4 25 15 0.05 0.50 
lN4791 18 20 2.48 0 4 20 15 0.05 0.50 
lN4791A 18 10 2.48 a 4 20 15 0.05 0.50 
lN4791B 18 5 2.48 a 4 20 15 0.05 0.50 
lN4791C 18 2 2.48 o· 4 20 15 0.05 0.50 
lN4791D 18 1 2.48 a 4 20 15 0.05 0.50 
lN4792 22 20 2.46 a 4 20 15 0.05 0.50 
lN4792A 22 10 2.46 0 4 20 15 0.05 0.50 
lN4792B 22 5 2.46 a 4 20 15 0.05 0.50 
lN4792C 22 2 2.46 a 4 20 15 0.05 0.50 
lN4792D 22 1 2.46 a 4 20 15 0.05 0.50 
lN4793 27 20 2.46 a 4 20 15 0.05 0.50 
lN4793A 27 10 2.46 a 4 20 15 0.05 0.50 
lN4793B 27 5 2.46 0 4 20 15 0.05 0.50 
lN4793C 27 2 2.46 0 4 20 15 0.05 0.50 
lN4793D 27 1 2 46 a 4 20 15 0.05 a 50 
lN4794 33 20 2.46 a 4 20 15 0.05 0.50 
lN4794A 33 10 2.46 a 4 20 15 0.05 0.50 
lN4794B 33 5 2.46 a 4 20 15 0.05 0.50 
lN4794C 33 2 2.46 a 4 20 15 0.05 0.50 
lN4794D 33 1 2.46 a 4 20 15 0.05 0.50 
lN4795 39 20 2.44 a 4 20 15 0.05 0.50 
lN4795A 39 10 2.44 a 4 20 15 0;05 0.50 
lN4795B 39 5 2.44 a 4 20 15 0.05 0.50 
lN4795C 39 2 2.44 a 4 20 15 0.05 0.50 
lN4795D 39 1 2.44 a 4 20 15 0.05 0.50 
lN4796 47 20 2.43 a 4 20 15 0.05 0.50 
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1 N4796A - 1 N4809A VARACTOR DIODES INDEX (ccntinued) 

CAPACITANCE MULTIPLIER PERFORMANCE 

PAGE 
, Voltage Ma. Po Min Min TYPE 

NUMBER 
CJ C C(max>: Range BVR Q @I 

Rs @ Pin I'n fout CT· Tol C (min) t-vi-T-v;- 25°C 
Pout ~ 

pF % 
1 __ - 1 •• _. 

Voits GHz Ohms Warts Watts GHz Waits GHz % I VOlts I VOltS 

1N4796A 47 10 2.43 0 4 20 15 0.05 0.50 
1N4796B 47 5 2.43 0 4 20 15 0.05 0.50 
1N4796C 47 2 2.43 0 4 20 15 0.05 0.50 
1N4796D 47 1 2.43 0 4 20 15 0.05 0.50 
1N4797 56 20 2.42 0 4 15 15 0.05 0.50 
1N4797A 56 10 2.42 0 4 15 15 0.05 0.50 
1N4797B 56 5 2.42 0 4 15 15 0.05 0.50 
1N4797C 56 2 2.42 0 4 15 15 0.05 0.50 
1N4797D 56 1 2.42 0 4 15 15 0.05 0.50 
1N4798 68 20 2.40 0 4 15 15 0.05 0.50 
1N479BA 68 10 2.40 0 4 15 15 0.05 0.50 
1N4798B 68 5 2.40 0 4 15 15 0.05 0.50 
1N4798C 68 2 2.40 0 4 15 15 0.05 0.50 
1N479BD 68 1 2.40 0 4 15 15 0.05 0.50 
1N4799 82 20 2.36 0 4 15 15 0.05 0.50 
1N4799A 82 10 2.36 0 4 15 15 0.05 0.50 
1N4799B 82 5 2.36 0 4 15 15 0.05 0.50 
1N4799C 82 2 2.36 0 4 15 15 0.05 0.50 
1N4799D 82 1 2.36 0 4 15 15 0.05 0.50 
N4800 100 20 2.33 0 4 15 15 0.05 0.50 
N4800A 100 10 2.33 0 4 15 15 0.05 0.50 

1N4800B 100 5 2.33 0 4 15 15 0.05 0.50 
1N480OC 100 2 2.33 0 4 15 15 0.05 0.50 
1N480OD 100 1 2.33 0 4 15 15 0.05 0.50 
1N4801 6.8 20 2.56 0 4 100 15 0.05 0.50 
1N4801A 6.8 10 2.56 0 4 100 15 0.05 0.50 
1N4801B 6.8 5 2.56 0 4 100 15 0.05 0.50 
1N4801C 6.8 2 2.56 0 4 100 15 0.05 0.50 
1N4801D 6.8 1 2.56 0 4 100 15 0.05 0.50 
1N4802 8.2 20 2.58 0 4 100 15 0.05 0.50 
1N4802A 8.2 10 2.58 0 4 100 15 0.05 0.50 
1N4802B 8.2 5 2.58 0 4 100 15 0.05 0.50 
1N4802C 8.2 2 2.58 0 4 100 15 0.05 0.50 
1N4802D 8.2 1 2.58 0 4 100 15 0.05 0.50 
1N4803 10 20 2.50 0 4 100 15 0.05 0.50 
1N4803A 10 10 2.50 0 4 100 15 0.05 0.50 
1N4803B 10 5 2.50 0 4 100 15 0.05 0.50 
1N4803C 10 2 2.50 0 4 100 15 0.05 0.50 
1N4803D 10 1 2.50 0 4 100 15 0.05 0.50 
1N4804 12 20 2.49 0 4 100 15 0.05 0.50 
1N4804A 12 10 2.49 0 4 100 15 0.05 0.50 
1N4804B 12 5 2.49 0 4 100 15 0.05 0.50 
1N4804C 12 2 2.49 0 4 100 15 0.05 0.50 
1N4804Ii 12 1 2.49 0 4 100 15 0.05 0.50 
1N4805 15 20 2.49 0 4 100 15 0.05 0.50 
IN4805A 15 10 2.49 0 4 100 15 0.05 0.50 
IN4805B 15 5 2.49 0 4 100 15 0.05 0.50 
1N4805C 15 2 2.49 0 4 100 15 0.05 0.50 
IN4805D 15 1 2.49 0 4 100 15 0.05 0.50 
IN4806 18 20 2.48 0 4 90 15 0.05 0.5e 
1N4806A 18 10 2.48 0 4 90 15 0.05 0.5e 
1N4806B 18 5 2.48 0 4 90 15 0.05 0.5e 
1N4806C 18 2 2.48 0 4 90 15 0.05 0.5e 
1N4806D 18 1 2.48 0 4 90 15 0.05 0.5e 
1N4807 22 20 2.46 0 4 90 15 0.05 0.50 
1N4807A 22 10 2.46 0 4 90 15 0.05 0.50 
1N4807B 22 5 2.46 0 4 90 15 0.05 0.50 
1N4807C 22 2 2.46 0 4 90 15 0.05 0.50 
1N4807D 22 1 2.46 0 4 90 15 0.05 0.50 
1N4808 27 20 2.46 0 4 65 15 0.05 0.50 
1N480BA 27 10 2.46 0 4 65 15 0.05 0.50 
1N4808B 27 5 2.46 0 4 65 15 0.05 0.50 
1N4808C 27 2 2.46 0 4 65 i5 0.05 0.50 
1N480BD 27 1 2.46 0 4 65 15 0.05 0.50 
1N4809 33 20 2.46 0 4 60 15 0.05 0.50 
1N4809A 33 10 2.46 0 4 60 15 0.05 0.50 
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VARACTOR DIODES INDEX (continued) lN4809B - lN5155 
CAPACITANCE MULTIPLIER PERFORMANCE 

PAGE t , Voltage 'Max PD 
TYPE CJ : C C(max): Range BV. Q @ f Min Min 

NUMBER CT- : Tal C (min) r-v~-T-v~-
Rs @ Pin fin Pout fout '1 2S·C 

pF : % I Volts I Volts Volts GHz Ohms WaHs Watts GHz WaHs GHz % 
IN4809B 33 5 2.46 0 4 60 15 0.05 0.50 
IN4809C 33 2 2.46 0 4 60 15 0.05 0.50 
IN4809D 33 1 2.46 0 4 60 15 0.05 0.50 
IN4810 39 20 2.44 0 4 55 15 0.05 0.50 
1N4ll10A 39 10 2.44 0 4 55 15 0.05 0.50 
IN4810B 39 5 2.44 0 4 55 15 0.05 0.50 
IN4810C 39 2 2.44 0 4 55 15 0.05 0.50 
IN4810D 39 1 2.44 0 4 55 15 0.05 0.50 
IN4811 47 20 2.43 0 4 50 15 0.05 0.50 
IN4811A 47 10 2.43 0 4 50 15 0.05 0.50 
IN4811B 47 'i 2 43 0 4 50 15 0;05 0.50 
IN4811C 47 2 2.43 0 4 50 15 0.05 0.50 , 

IN4811D 47 1 2.43 0 4 50 I 15 0.05 0.50 
IN4812 56 20 2.42 0 4 40 15 0.05 0.50 
IN4812A 56 10 2.42 0 4 40 15 0.05 0.50 
IN4812B 56 5 2.42 0 4 40 15 0.05 0.50 
IN4812C 56 2 2.42 0 4 40 15 0.05 0.50 
IN4812D 56 1 2.42 0 4 40 15 0.05 0.50 
IN4813 68 20 2.40 0 4 30 15 0.05 0.50 
IN4813A 68 10 2.40 0 4 30 i 15 0.05 0.50 
IN4813B 68 5 2.40 0 4 30 15 0.05 0.50 
lN4Rl1~ hR ? IL4D 10 4 30 15 0.05 0.50 
IN4813D 68 1 2.40 0 4 30 15 0.05 0.50 
IN4814 82 20 2.36 0 4 20 15 0.05 0.50 
IN4814A 82 10 2.36 0 4 20 15 0.05 0.50 
IN4814B 82 5 2.36 0 4 20 15 0.05 0.50 
IN4814C 82 2 2.36 0 4 20 15 0.05 0.50 
IN4814D 82 1 2.36 0 4 20 15 0.05 0.50 
IN4815 00 20 2.33 0 4 20 15 0.05 0.50 
IN4815A 00 10 2.33 0 4 20 15 0.05 0.50 
IN4815B 00 5 2.33 0 4 20 15 0.05 0.50 
IN4815C 00 2 2.33 0 i 20 15 0.05 0.50 
'IN481 'in 100 17.11 10 2Q 15 0.05 0.50 
IN4885 35 2.57 6 150 150 0.7 20 
IN4886 35 2.57 6 120 120 0.8 20 
IN5139 12-10 6.8* 10 2.9 4 60 60 350 0.05 0.4 
IN5139A 12-10 ~.8* 5 2.9 4 60 60 350 0.05 0.4 
IN5140 12-10 10" 10 3.0 4 60 60 300 0.05 0.4 
IN5140A 12-10 10* 5 3.0 4 60 60 300 0.05 0.4 
IN5141 12-10 12* 10 3.0 4 60 60 300 0.05 0.4 
IN5141A 12-10 12-1: 5 3.0 4 60 60 300 0.05 0.4 
IN5142 12-10 15" 10 3.0 4 60 60 250 0.05 0.4 
IN5142A 12-10 15* 5 3.0 4 60 60 250 0.05 0.4 
IN5143 12-10 18* 10 3.0 14 60 60 250 o 05 0.4 
IN5143A 12-10 ' 18* 5 3.0 4 60 60 250 0.05 0.4 
IN5144 12-10 22" 10 3.4 4 60 60 200 0.05 0.4 
IN5144A 12-10 22* 5 3.4 4 60 60 200 0.05 0.4 
IN5145 12-10 27* 10 3.4 4 60 60 200 0.05 0.4 
IN5145A 12-10 27* 5 3.4 4 60 60 200 0.05 0.4 
IN5146 12-10 33" 10 3.4 4 60 60 200 0.05 0.4 
IN5146A 12-10 33* 5 3.4 4 60 60 200 0.05 0.4 
INS147 12-10 39* 10 3.4 4 60 60 200 0.05 0.4 
IN5147A 12-10 39" 5 3.4 4 60 60 200 0.05 0.4 
IN5148 12-10 47* 10 3.4 4 60 60 200 0.05 0.4 
IN5148A 12-10 47* 3.4 14 nO nO 200 0.05 0.4 
IN5149 12-12 1.5* 80 800 0.05 10 20 0.5 11 1 55 
IN5150 12-12 1.5* 80 800 0.05 14 37 0.5 24 1 65 
IN5151 12-15 5.8* 75 1100 0.05 0.5 5.5 12 1 6 2 50 
IN5152 12-15 5.8* 75 1100 0.05 0.5 5.5 12 1 6 2 50 
INS153 12-15 5.8* 75 1100 0.05 0.5 5.5 12 1 6 2 50 
IN5154 12-18 2.1* 35 700 0.05 0.9 3.5 5 2 2 6 40 
IN5155 12-18 2.1* 35 700 0.05 0.9 3.5 5 2 2 6 40 
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NUMERICAL INDEX 

Numerical Listing of EIA-Registered 2N and 3N Type Numbers and Short-Form Speci
fications for Bi-Polar Transistors 

This table serves two functions. It provides a complete listing of EIA-registered 2N 
and 3N type numbers, for device identification, and gives short-form specifications for 
bi-polar transistors. Type numbers for devices other than bi-polar transistors (i.e. thy
ristors, field-effect transistors, etc.), may be listed in blocks (2N - thru 2N - ) with 
reference to subsequent tables where such devices are sequentially tabulated and 
short-form specifications are given. 

Collector·Emitter Saturation 
Voltage at Specified 
Collector Current 

Ie Units: 

KEY M=milliamps 
A=Amps 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 
;;I,~ 

REPlACE- ,AGE ," ," h,_ :~ f 1% TYI'l ~; MENT HUMBER USE '. I'D T, Ycao VCE_I~ h" @ Ie ~lveE(sAT) @Ie " ,~ - .1. Co I~ ~Iti ,.~ @25"C 1= ·C (rolls) ('1olts)l~ (min) (mal) ;§; (YD"S) ~ 

Nu;;;erical Listing Common Emiller DC Short 

of 2N and 3N Circuit Forward Current 

Registered Type Transfer Ration at Specified 

Numbers Collector Current. 

S=Silicon Ie Units: M=milliamps 

G = Germanium A=Amps 
.(I = microamps 

P=PNP N = nanoalnps 

N=NPN Maximum Collector-Emitter. Voltage 

Type number of recommended (Subscript Identifies Condition) 

replacement or of nearest Subscript: 
electrical equivalent fully 0= VCEO = Base Open 
characterized in this book R = VeER = Specified Resistance 

Page in this book on which thel device or its S = Ve" = Base Shorted 

replacement device is fully characterized V = VeEv = Used when only 
voltage bias is used 

X = VCE)( = Base-Emitter Back 
APPLICATION CODE Biased 

AFA - Audio Frequency Amplifier 
u = VCE = Termination Undefined 

AFC - Audio Frequency, Consumer Small Signal Forward Current Transfer Ratio 

BHS - Bidirectional High Speed Switch (E. B or C defines the parameter) 

BMS - Bidirectional Medium Speed Switch E = hIe = Common Emitter Curr~ 
CHP - Chopper Transfer Ratio 
DFA - Differential Amplifier B = hfb = Common Base Current 
HNS - High Speed Switch. Nonsaturated Transfer Ratio 
HPA - High Frequency Power Amplifier C = hit = Common Collector Current 
HSA - High Speed Switch and Amplifier Transfer Ratio 
HSS - High Speed Switch. Saturated 

CUTOFF FREQUENCY IND - Indicator Driver 
lNA - low Noise Amplifier (With registered Units: M = MH, 

noise spec) K= KH,· 

lPA - low Frequency Power Amplifier G =GH, 
MNS - Medium Speed Switch. Nonsaturated (B, E, M or T Indicate the Parameter~ 
MSA - Medium Speed Switch and Amplifier B = fhlb = f'b = Common Base Cutoff Frequency 
MSC - Medium Speed Switch, Consumer E = fh• = fM = Common Emiller Cutoff Frequency 
MSS - Medium Speed Switch, Saturated M = fm .. = Maximum Frequency of Oscillations 
PHS - Power Switching, High Speed T = f, = Current Gain - Bandwidth Product 
PMS - Power Switching, low or Medium Speed 
RFA - Rf·lf Amplifier Maximum Collector - Base Voltage 
RFC - Rf·lf. Consumer 
SAC - Switch, Amplifer Consumer Maximum Operating Junction Temperature 

SPP - Special Purpose Power Dissipation at 25°C 
VID - Video Amplifier 

Units: M = milliwatts 
W=Walls 

Ref. Point: A, C, J, Indicates Ambient, Case, or Junction. 
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IYPE 

2N 21 P 
2N 22 G P 
2N 23 G P 
2N 24 G P 
2N 25 G P 
2N 26 G P 
2N 27 N 
2N 28 N 
2N 29 N 
2N 30 G P 
2N 31 G P 
2N 32 G P 
2N 32A G P 
2N 33 G P 

REPLACE· 
MENT 

2N 34 G P 2N1l91 
2N 34A G P 
2N 35 G P 
2N 36 G p 2N1l91 
2N 37 G P '?N1l91 
2N 38 G P 2N1l91 
2N 3BA G P 
2N 41 G P 
2N 43 G P 
2N 43A G P 2N52S 
2N 44 G P 2N524 
2N 45 G P 2N524 
2N 46 G P 
2N 47 G P 2N1l91 
2N 48 G P 
2N 49 G P 2N1l91 
2N 50 G 
2N 51 G 
2N 52 G 
2N 53 G 
2N 54 G P 2N1l9l 
2N 55 G P 2N1l91 
2N 56 G P 2N1l9l 
2N 57 G P 
2N 59 G P 2N1l93 
2N 59A G P 
2N 598 G P 
2N 59C G P 
2N 60 G P 2N1l93 
2N 60A G P 
2N 60B G P 
2N 60C G P 
2N 61 G P 2NU92 
2N 61A G P 
2N 618 G P 
2N 61C G P 
2N 62 G P 2NU91 
2N 63 G P 2NU91 
2N 64 G P 2Nll91 
2N 65 G P 2NU93 
2N 66 P 
2N 61 P 
2N 68 P 
2N 71 P 
2N 12 G P 
2N 73 P 
2N 74 P 
2N 75 P 
2N 16 G P 2N319 
2N n G P 2N1l91 
2N 7B G N 
2N 18A G N 
2N 79 G P 2NU91 
2N 80 G P 
2N'81 GP2N1l91 
2N 82 G 'P 2NU9l 

,~~ ~:A ~ I~ 
2N 95 N 
2N 96 G P 
2N 97 G N 
2N 97A G N 
2N 98 G N 

PAGE 
NUMBER 

7-30 

7-30 
7-30 
7-30 

7-17 
7-17 
7-17 

7-30 

7-30 

7-30 
7-30 
7-30 

7-30 

7-30 

7-30 

7-30 
7-30 
7-30 
7-30 

7-6 
7-30 

7-30 

USE 

MSS 
MSS 
MSS 
AFA 
RFA 
MNS 
AFA 
AFA 
AFA 
AFA 
AFA 
MSA 
MSA 
RFC 
'AFC 
AFC 
AFC 
AFA 
AliA 
AliA 
AFA 
AFC 
AFA 
AFA 
AFA 
AFA 
AFC 
AFC 
AFC 
AFC 
MSA 
MSA 
MSA 
MSA 
AFA 
AFA 
AFA 
LPA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFC 
AFA 
AFA 
AFA 
LPA 
MSS 
LPA 
LPA 
MSA 
CHP 
MSS 
MSS 
AFA 
AFC 
RFA 
RFA 
AFC 
AFA 
AFA 
AFA 

.~~.~ 
LPA 
AFC 
AFA 
AFA 
AFA 

-- Numerical Index --

MAXIMUM RATINGS 

PD :~ 1J VCBO VCE_I~ 
@25°C i:ll °C (volts) (VOltsilt! 

.12W A 85 100 
145M A 55 100 100 0 
105M A 55 40 50 a 
145M A 50 30 30 0 
200M A 60 50 50 0 

90M A 55 30 40 0 
SOM A 85 35 
50M A 85 30 
50M A 85 35 

100M A 40 35 
100M A 40 35 
50M A 40 
50M A 40 
30M A B.5 
sOM A 25 
SCM A 25 
SOM A 25 
SOM A 50 20 
SOM A 20 
SOM A 
sOM A 20 
SaM A 

240M A 
240M A 
240M A 
240M A 

sOM A 
SOM 
SOM 
50M 
50M A 
.IW A 

.12W A 
.1 W A 
~2W A 

85 
85 
85 
85 

50 
50 
50 
50 
60 

.2W A 60 

.2W A 60 
20w C 

180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 
180M A 

SOM 
102M 
102M 

A 
A 
A 

27.SW C 
.IW A 

2W A 
lW A 

50M A 
.2w1A 
.2W A 
.2W A 

SM J 
3SM A 
65M A 
65M A 
35M A 
SOM A 
SaM A 
35M A 

85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 

85 
85 
85 
80 
85 
70 
60 

60 

85 
85 

100 
71 

20 
25 
45 
45 
45 
45 
25 
35 
35 
35 
15 
50 
5,0 
50 
45 
45 
45 
60 
25 
40 
50 
60 
25 
40 
50 
60 
25 
40 
50 
60 
35 
44 
30 
24 
60 
50 
25 
75 
40 

20 
25 
15 
20 
35 
25 

20 

30 0 
30 0 
30 a 
30 a 

25 a 
40 0 
50 0 
60 a 
25 0 
40 a 
50 0 
60 a 
25 0 
40 0 
50 a 
60 a 

44 S 
30 S 
24 S 
40 

50 U 

'" 50 U 
20 U 

15 0 
15 0 

20 0 

;~~~ A '~~ ~~ ~~ R 
'2.5W A 

50M A 
SaM A 
50M A 
SOM A 

70 

75 
85 
75 

25 
30 
30 
40 
40 

1·103 

2N21-2N98 
ElECTRICAL CHARACTERISTICS 

hFE @ Ie ·YcE(sAT)@le 

(min) (max) ~ (volts) ~ 

34 20M 
34 65 20M 
18 43 20M 
18 20M 

45 135 1M 
45 135 1 M 

20 60 1 M 

2 B 
2 B 

2.2 U 
2.5 B 3~ B 

.95 0 

.94 8 

.96 B 

30 E 
15 E 

1M 8 
.5M B 

1M B 
3M B 
3M B 

30 E 500K e 
30 E 500K B 

500K B 
500K B 

50 OK B 

• .97 B 5M B 
.97 B 5M B 

20 E 

5 E 
'5 E 
19 E 

2M B 
S~ 8 

50 OK B 
.5M B 
.5M B 
.8M B 



2N98A-2N166 

TYPE 

2N 98A G N 
2N 99 G N 
2N 100 N 
2N 101 G P 
2N 102 G N 
2N 103 G N 

REPLACE
MENT 

2N 104 G P 2N650 
2N 105 G P 
2N 106 G P 2N1l91 
2N 107 G P 2N464 , 
2N 108 G P 
2N 109 G P 2Nll92 
2N 110 G P 
2N 111 G P 
2N lilA G P 
2N 112 G P 
2N 112A G P 
2N 113 G P 
2N 114 G P 
2N 115 G P 
2N 117 5 N 
2N 118 5 N 
2N liSA S N 
2N 119' 5 N 
2N 120 5 N 
2N 122 5 N 
2N 123 G P 
2N 124 G N 
2N 125 G N 
2N 126 G N 
2N 127 G N 
2N 128 G P 
2N 129 G P 
2N 130 G P 2N1l91 
2N 130A G P 2N650 
2N 131 G P 2N1l92 
2N 131A G P 2N651 
2N 132 G P 2N1l92 
2N 132A G P 2N651 
2N 133 G P 2N1192 
2N 133A G P 2N651 
2N 135 G P 
2N 136 G P 
2N 137 G P 
2N 138 G P 
2N 138A G P 
2N 1388 G P 
2N 139 G P 
2N 140 G P 
2N 141 G P 
2N 142 G N 
2N 14j G P 
2N 144 G N 
2N 145 G N 
2N 146 G N 
2N 147 G N 
2N 148 G N 
2N 148A G N 
2N 149 G N 
2N 149A G N 

~~ :~~AI~I~ 
2N-155 G P 2N176 
2N 156 G P 2N176 
2N 157 G P 2N1531 
2N ISlA G P 2N1532 
2N 158 G'p 2N2139 
2N 158A G P 2N2141 
2N 160 5 N 
2N 160A 5 N 

~~:~1ASI~ 
2N 162 5 N 
2N 162A 5 N 
2N 163 5 N 
2N 163A 5 N 
2N 166 G N 

PAGE 
NUMBER 

7-20 

7-30 
7-15 

7-30 

7-30 
7-20 

_ 7-30 
7-20 
7-30 
7-20 
7-30 
7-20 

6-16 
6-16 
6-56 
6-56 
6-74 
6-74 

USE 

AFA 
AFA 
AFA 
LPA 
LPA 
AFA 
AFC 
AFC 
AFA 
AFC 
AFA 
AFC 
MSS 
RFA 
RFA 
RFA 
RFA 
RFA, 
RFA 
PMS 
HSA 
HSA 
HSA 
HSA 
RFA 
LPA 
HSA 
MSS 
MSS 
MSS 
MSS 
RFA 
RFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AfA 
LNA 
RfA 
RFA 
RfA 
AFA 
AfA 
AfA 
AfC 
AFe 
LPA 
LPA 
LPA 
LPA 
RfA 
RfA 
RFA 
RfA. 
RFA 
RfA 
RFA 

I ~~A 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
AFA 
AFA 

I :~A 
AFA 
AFA 
AFA 
AFA 
RFC 

--Numerical Index --. 

.IoIAXIMUM RATINGS 

Vcso VCE-i~ 
(valls) (volts) t ~ 

50M A 
SaM A 
25M A 

lW A 
lW.A 

SaM A 
150M A 

35M A 
102M A 

50M A 
50M A 

1.65M A 
.2W A 

150M A 
150M A 
150M A 
150M A 

96M A 
96M A 
sow e 

150M e 
150M e 

·15OM C 
150M e 
150M e 

8.75we 
50M J 
50M A 
SOM A 
50M A 
50M A 
30M A 
30M A 
85M A 

100M A 
85M A 

100M A 
85M A 

100M A 
85M A 

100M A 
100M A 
100M A 
leOM A 

50M A 
150M A 
100M A 

80M A 
80M A 

1.5W A 

1.~~ : 

lW A 
6SM fi 
65M A 
65M A 
65M A 
65M A 
65M A' 
65M A 

~~~ A 
1.5W A 
1.5W A 
1.5W A 
1.5W A 
1.5W A 

85 
75 
50 
70 
70 
75 
70 
50 
85 
60 

71 
85 
85 
85 
85 
85 
85 
85 
75 

150 
150 
150 
150 
175 . 
150 

85 
75 
15 
75 
75 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
50 
85 
85 
70 
70 
25 
2 
25 
25 
75 
75 
75 
75 
75 
75 
75 

75 
85 
85 
85 
'85 ' 
85 

1.5W A _95 
.15W A 
.15W A 
• I ~w 
.15W A 
.15W A 
.15W A 
.15W A 
.15101 A 

25M A 50 

40 
40 
25 
25 
25 
35 
30 
35 

6 
12 

35 
50 
30 
30 
30 
30 
10 
10 
32 
30 
30 
45 
30 
45 

120 
20 
10 
10 
10 
10 
10 
10 
44 
45 
30 
45 
24 
35 
30 
35 
20 
20 
10 
24 
45 
45 
16 
16 
60 

30 
30 
60 
90 
60 
80 
40 
40 

~~ 
40 
40 
40 
40 

1-10-4 

6 0, 

25 a 
15 0 
15 0 
15 0 
15 

32 H 

15 0 

4.5 U 
4.5 U 

40 0 

30 0 

20 0 

20 0 
12 R 
12 H 

6 R 

30 0 

30 

~g 
30 
20 U 
20 U 
20 U 
16 U 
32 U 
16 U 
32 U 

U 
32 U 

60 0 

6 a 

ELECTRICAL CHARACTERISTICS 

hF£ @ Ie ~~CE(SAT)@IC ~ 
(min) (max) :5 Iyolts) :S 

24 E 
19 E 
99 E 

1.5 E 

.95 B 

.8N B 
2M 8 

2.5M 8 

65 liSSOM .15 SOM 50 E 
2.5 IBM 

15 1M 
15 1M 
151M 
151M 

110 30M 

76 333 
3 100M 

12 24 
24 48 
48 lCO 

100 2eo 

5M 
5M 
5M 
5M 

10 50M 

.3 

.3 

.3 

.3 

.9 B 1M 8 
.95 B 2M B 

.97" B 

.987 8 
2M B 

.98 8 51< B 
5M 3M U 
5M 5M U 
5M 5" U 
5M 5M U 

19 E 451< M 
11.5 E 30M M 

14 I' 

27 E 

20 E 4.5~ B 
.. 0 E 6.5M 8 
60 E 10M B 

24 .5A .65 .SA 
24 .5A.6 1A 
20 .5A 
20 .5A 
21 .5A .75 lA 
21 .5A .75 lA 

9 19 
9 19 

19 ~~ 
19 199 
19 ·199 
39 199 
39 199 

145K 8 
lOOK 8 
lOOK B 
145K B 

4K E 



TYPE 

2N 167 G N 
2N 167A G N 
2N 168 G N 
2N 168A G N 
2N 169 G N 
2N 169A G N 
2N 170 G N 
2N 172 G N 
2N 173 G P 
2N 174 G P 

i<N TT4A G P 

REPLACE
MENT 

2N 175 G P 2N1l92 
2N 176 G P 
2N 178 G P 
2N 179 G P 2N176 
2N 180 G P 2Nl192 
2N 181 G P 2Nl192 
2N 182 G N 
2N 183 G N 
2N 184 G N 
·2N 185 G 12N650-
2N 186 G P 2N1l91 
2N lB6A G P 2N1191 
2N 187 G P 2N1191 
2N 187A G P 2N1191 
2N 188 G P 2Nll91 
2N lBBA G P 2N1l91 
2N 189 G P 2N1l91 
2N 190 G P 2N1l91 
2N 191 G P 2Nll92 

[2N 192 G P 2N1l93 
2N 193 G N 
2N 194 G N 
2N 194A G N 
2N 206 G P 2N1l91 
2N 207 G P 2N1l93 
2N 207A G P 2N1l90 
2N 2078 G P 
2N 211 G N 
2N 212 G N 
[2N<f3 IG N 
2N 213A G N 
2N 214 G N 
2N 215 G P 2N1l89 
2N 216 G N 
2N 217 G P 2Nll92 
2N 218 G P 
2N 219 G P 
2N 220 G P 2N1l89 
2N 223 G P 2N1l93 
2N 224 G P 2Nll92 
2N 225 G P 2N1l93 
2N 226 G P 2Nll92 
2N 227 
2N 228 G P 
2N 229 G N 
2N 230 G P 
2N 231 G P 
2N 232 G P 
2N 233 G N 
2N 233A G N 
2N 234 G P 2N554 
2N 234A G P 2N555 
2N 235 G P 2N350A 
2N 235A. G P 2N3611 
2N 2358 G P 2N3613 
2N 236 G P 2N350A 
2N 236A G P 2N351A 
2N 2368 G P 2N376A 
2N 237 G P 

f2N 2-'8 G P 2Nll92 
2N 240 G P 
2N 241 G P 2N32l 
2N 241A G P 2N321 
2N 242 G P 
2N 243 5 N 

PAGE 
NUMBER 

6-21 
6-13 

7-30 
6-16 
6-18 
6-16 
7-30 
7-30 

-20 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 

7-30 
7-30 
7-28 

7-28 

7-30 

7-30 
7-30 
7-30 
7-30 
7-30 

6-18. 
6-18 
6-26 
6-110 
6-110 
6-26 
6-26 
6-26 

7-30 

7-6 
11-6 
6-20 

USE 

HSA 
HSA 
RFC 
RFC 
RFC 
AFC 
RFC 
RFA 
lPA 
PMS 
PMS 
AFC 
AFC 
AFA 
AFA 
AFA 
AFA 
MSS 
MSS 
MSS 
AFA 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
RFC 
RFC 
RFC 
AFC 
LNA 
LNA 
LNA 
RFC 
RFC 
AfC 
AFC 
AFC 
AFC 
RFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
LPA 
RFC 
RFC 
RFC 
RFC 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 
AFA 
AFA 
MSS 
AFC 
AFC 
AFA 
AFA 

--Numerical Index --

.MAXIMUM RATINGS 

VCBO VeE-It 
(Yolts) (YOlts)t~ 

75M A 85 30 30 0 
75M A 8S 30 30 0 
SSM A 75 15 15 0 
65M A 85 
65M A 85 

15 15 0 
15 15 0 

65M A 85 25 25 0 
25M A 50 
65M A 75 
lOW C 95 

6 0 
16 U 

'60 50 5 
100W C 95 80 70 5 
1000 C 95 BO 70 5 
50M A 71 10 
90W C 80 40 30 R 
40W C 90 30 30 R 

.15W A 75 30 

.25W A 75 30 
.IW A 75 25 
.IW A 75 25 
.IW A 75 25 

150M A ,50 20 
100M A 85 25 
200M A 8S 25 
100M A 85 25 
200M A 85 25 
100M A 85 25 
200M A 85 25 

75M A 85 25 
75M A 85 25 
75M A 85 25 

SM A 85 25 
I"OM A 85 lB 
;OM A 75 15 
SCM A 75 20 
75M A 30 
50M A 65 12 
SaM A 65 12 
SOM A 65 12 
50M A 75 1 b 

15CM A 85 18 
;OM A 5 4 

150M A 85 40 
125M A 75 40 
150M A 70 30 

SOM A 75 15 
150M A 71 35 
BaM A 70 16 
80M A 70 16 
5CM A 71 10 

100M A 65 
250M A 75 25 
250M A 75 25 
250M A 75 30 
250M A 75 30 

50M A 75 25 
SCM A 75 10 
lSW C 85 60 

9M ASS 4.5 
9M A 55 4.5 

SaM A 75 10 
50M A 75 10 

90 
25W 90 

90 
25W 90 
25W 85 50 

95 
25W 95 
25W '9550 

150M A 55 45 
SCM A 60 20 
25M A 85 6 

100M A 85 25 
20CM A 85 25 

20W C 85 45 
750M C 150 60 

1-105 

25 R 
25 R 
25 R 
25 K 
25 K 
2~ R 
25 R 
25 R 
25 R 
25 R 
18 R 
15 R 
20 R 

12 V 
12 V 
12 V 
10 R 
18 
25 R 
25 R 

25 a 

18 V 

30 U 
4.5 V 
4.5 V 

25 R 
25 R 
~O U 
40 U 
35 R 
3S R 
35 R 
3S R 

6 S 
25 R 
25 K 
45 R 

2N167-2N243 
ELECTRICAL CHARACTERISTICS 

hFE @ Ie 

(mini (maxi 

VCE(SAT)@lc 

~ (Yolts) ~ 

17 90 8M 

35 70 SA 
25 50 SA 
40 80 1.2A 

25 .5A 
t5 45 .5A 

1 12A 
.9 12A 
.7 12A 

.4 

.6 
3A 
3A 

.952 8 

.952 8 
20 E 
20 E 
30 E 
30 E 

35 E 

5M 8 
5M 8 

lOOK B 

4 E 
5 E 

800K B 
BOOK 8 

1M 8 
1M 8 

1.2M 8 
1.2M 8 
800K 8 

1M 8 
1. 2M 8 
1.5M 8 

4.0 2M B 
4_8 2M 8 
5.0 2M B 

35 E 
35 E 
35 E 

3.8 2M E 
101M 10 E 4M 8 

0.6 100M 70 E 
1.0 100M 100 E 10K E 

50 1 CO 35M 600K 8 

3.9 E 2M B 
65115 50M .15 50M 

60 120 
60 120 
.55 105 
35 105 
50 1 CO 

60 lC6 

100M 
100M 
100M 
100M 
3;M 

.5A 

,25 
.25 
.25 
.25 

.8 

.8 

.8 

.B 
I 
1 
I 

.1 

100M 
100M 
100~ 
100M 

2A 

lA 
1 A 
lA 
3A 
3A 
3A 

BM 

39 E 

19 E 

,~ E 

3.5 E 

600K 8 
550K 8 

12K E 
30M M 
20~, M 

16 E 25M T 

.9 8 

1.3~ B 
1.3M B 

SK B 

I 



2N244-2N3J8 

TYPE 

2N 244 S N 
2N 247 G P 
2N 248 G P 
2N 249 G P 

REPLACE
MENT 

2N 250 G P 2N3611 
2N 250A G P 2N3611 
2N 251 G P 2N1530 
2N 251 A G P 2N3616 
2N 252 G P 
2N 253 G N 
2N 254 G N 
2N 255 G P 2N554 
2N 255A G P 
2N 256 G P 2N555 
2N 256A G P 
2N 257 G P 2N3611 
2N 258 S P 
2N 259 S P 
2N 260 S P 
2N 260A S P 
2N 261 S P 
2N 262 5 P 
2N 262A S P 
2N 263 
2N 264 S N 
2N 265 G P 2N1l75 
2N 266 G P 
2N 267 G P 
2N 268 G P 2N1530 
2N 268A G P 2N1536 

2N ~~~ I ~ P 2N1l93 
2N 271 G P 
2N 271A G P 
2N 272 G P 
2N 273 G P 
2N 274 G P 
2N 277 G P 
2N 278 G P 
2N 27.9 G P 2N650 

2~ 2~~ • ~ P 2:~~~ 
. 2N 282 G P 

2N 283 G P 2N650 
2N 284 G P 
2N 284A G P 
2N 285 G P 2N3617 
2N 285A G P 2N3617 
2N 290 G P 
2N 291 G P 2N1l91 

2N ~;~ .~ ~ 
2N 296 G P 2N1531 
2N 297 G P 2N297A 
2N 297A G P 
2N 299 G P 
2N ~OO G P 
2N 30 I G P 2N3611 
2N 30lA G P 2N3612 
2N 302 G P 

2~ ~~~ I~ N 
2N 307 G P 
IN 30TA G P 
2N :SO~ G P 
2N .309 G P 
2N 3.10 G P 
IN 311 G P 
2N 312 G P 
2N 315 G P 

~~~;~B G P 
2N 316 G P 
2N 316A G P 
2N ,317 G P 
2N 3HA G P 
2N 318 G P 

PAGE 
NUMBER 

6-110 
6-110 
6-56 
6-113 

6-18 

6-18 

6-110 

7-33 

6-56 
6-56 

7-30 

6-21 
6-21 
7-20 
7-<0 
7-20 

7-20 

6-113 
6-113 

7-30 

6-36 
6-24 
6-24 

6-20 
6-20 

USE 

AFA 
RFC 
AFA 
AFA 
LPA 
LPA 
LPA 
LPA 
RFA 
RFA 
RFA 
LPA 
LPA 
LPA 
LPA 
LPA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 

AFA 
AFC 
AFC 
RFC 
LPA 
PMS 

~~C 
RFA 
RFA 
AFA 
AFA 
RFC 
LPA 
LPA 
AFA 

I ~~A 
AFA 
MSA 
MSA 
MSA 
LPA 
LPA 
LPA 
AFA 

I~~c 
AFA 
LPA 
LPA 
RFA 
VIC 
LPA 
LPA 
RFA 
RFA 
AFA 
LPA 
LPA 
RFA 
RFA 
RFA 
PMS 
·PMS 
·MS·A 

~~~ 
MSA 
MSA 
MSA 
MSA 
SPP 

--Numerical Index--

.MAXIMUM RATINGS 

VCBO VeE-It 
(volts) (YOltSll~ 

750M C 150 
80M A 

60 
40 
25 
25 
30 

350fl 
12W 
90W 
12W 
90W 
30M 
65M 

75 
A 60 
C 80 
C 100 
C 80 
C 100 
C 55 

40 35 V 
60 

C 75 

60 55 V 
16 0 
12 0 

15 
65M 

1.5H 
20W 

1.5W 

C 
A 
C 
A 
C 
C 
A 
A 
A 
A 

85 
85 
85 
85 
85 

15 15 R 
30 

20W 
25W 

250M 
250M 

.2W 

30 25 R 
40 

160 
160 
150 
150 

30 30 0 
30 30 0 

.2W 
_2W 
_2W 
.2W 

A 
A 
A 150 

10 
30 

", 
10 
30 

A 150 
A 85 
A 85 

125M 
75M 
75M 
80M A 
2SW C 
lOW C 

45 30 0 
25 R 
18 R 

40 
80 85 

90 80 60 V 

;~~~ A ~~ ~~ L' 

150M A 
150M A 
150M A 
150M A 
120M A 

85 
85 
85 
85 

100 

30 10 0 
30 10 0 
30 24 a 
45 25 5 
40 40 a 

70W C 
70W C 

125M A 

95 
95 
75 

40 40 S 
50 45 S 

20 

75 

125M A 75 20 
125M A 75 32 
125M A 75 60 

25W C 95 
25W C 95 
S5W C 95 70 

180M A 50 25 

~~~ A ~5 ;~ 
20W C 85 60 
35W C 95 60 
35W C 95 60 
20M A 85 5 
20M A 85 5 
IIW A 85 40 
llW A es 60 

150M A 85 30 
150M A 85 30 

SaM A 75 20 
25W C 75 35 
251< C 75 35 
30M A 55 
30M A 55 
30M A 55 
75M A .85 15 
75M A 85 15 

100M A 85 ,20 

;~~~ ~ :~~ ~~ 
100M A 85 20 
150M A 100 30 
100M A 85 20 
150M A 100 25 
50M A l? 

20 
32 
60 
35 R 
35 R 

15 0 

5C S 
50 5 

4.5 V 
4.5 V 

10 0 
10 a 
15 R 
35 R 
35 R 
2C 0 
20 a 
30 0 
15 a 
15 0 
15 0 
20 a 
20 0 
Ie 0 
15 0 

6 0 
10 a 

1-106 

ElECTRICAL CHARACTERISTICS 

"FE @ Ie ~ VCE(SAT)@IC ,;; 

(min) (max) :§ (volts) :S 

30 
25 I CO 
30 
25 I CO 

500M 
3A 

500M 
3A 

.7 

.7 

3A 

3A 

_ 961 B 

30 E 

15 E 
32 E 

8K E 
200K T 

BK E 
200K T 

7K 

20 55 10M 1.5 10M .95 B 10M 8 

20 2A 

30 SOM 
20 175 1.5M 
35 70 SA 
35 70 SA 

45 120 

15 
15 

~ ;~ 
19 
40 ICO 
40 ICO 

IA 
.5A 
.5A 

20 
20 

25 
25 
15 
20 
20 

·20 
20 
20 
20 

.2A 

.2A 

75 10M 
75 10M 
30 100M 
50 100M 
50 100M 
50 200M 
50 200M 
60 400M 
60 400M 

2A 

I 12A 

.5 

.5 

1.0 
I 
I 

.5 
I 

.8 

.075 

.075 
.15 
.15 
• 15 
.·18 
.18 
.2 
.2 

IA 
IA 

IA 
2A 
2A 

• I A 
.2A 

IA 

10M 
10M 

100M 
100M. 
100M . 
200M 
200M 
400M 
400M 

60 E 

20 E 

20 E 
ou 

30 E 

30 E 

II Eo 

45 E 
75 E 
25 E 

1.5M B 
800K 8 

6K 

.35~ 8 

.35M 8 

.35M 8 

4K B 
5K E 
5K E 

90~ M 
85M M 

7M B 
14M 8 
.6M 8 

3K E 
3.5K E 



--Numerical Index --

2N319-2N370 
MAXIMUM RATINGS ElECTRICAL CHARACTERISTICS 

:!l i= 
REPLACE· I~ vcE-ll hf_ :~ 

,-
TYPE ~c: PAGE USE PD 

TJ VCBO hFE @ Ie ... VCE{SAT),@l e .... L I'~ 

~~ MENT NUMBER ,~ 

~. ~ 
!31~ 

@25·C ,,:> ·C (volts) (voltS)I~ (min) (max) (volts) log "log ,= '''' ""'" I 
21'1 319 G P AFC 225M A 85 20 R 
21'1 320 G p 2N3l9 7-6 AFC 225M A 85 20 R 
21'1 321 G p 2N3l9 7-6 AFC 225M A 85 20 R 
21'1 322 G p 2N3l9 7-6 AFC 140M A 60 18 18 R 34 65 20M 1M 8 
2N 323 G p 2N3D9 7-6 AFC 140M A 60 18 18 R 53 125 20M 1.5M 8 
21'1 324 G P 2N3l9 7-6 AFC 140M A 60 18 18 R 72 198 20M 2M 8 
21'1 325 G p ZH3611 6-110 AFA 12W C 85 35 35 s 30 60 50 OM 0.6 50 OM 150K 8 
21'1 326 G 1'1 AFA 7W C 85 35 35 S 30 60 500M 0.6 500M 150K 8 
21'1 327 S p AFA 350M A 160 50 9 E 
21'1 327A S P OFA 385M A 160 50 40 0 9 22 3M .3 5M 
21'1 3278 S P OFA 385M A 200 50 40 0 9 22 3M .3 5M 
21'1 328 S P AFA 350M A 160 35 18 E 
21'1 328A S p OFA 385M A 160 50 35 0 18 44 3M .5 10M 
21'1 3288 S P OFA 385M A 200 50 35 0 18 44 3M .5 10M 
2N 329 S P AFA 350M A 160 30 36 E 
21'1 329A S P OFA 385M A 160 50 30 0 36 S8 3M .6 15M 
21'1 3298 S P OFA 385M A 200 50 30 0 36 88 3M .6 15M 
2N 330 S P AFA 350M A 160 45 9 E 
21'1 330A S P OFA 385M A 160 50 30 0 
21'1 331 G p 7-8 AFC 200M A 71 30 
21'1 332 S 1'1 RFA 150M : :~~ 45 9 20 • 8 
21'1 332A S 1'1 AFC 500M 45 45 0 1 5M .9 8 2.5M 8 
21'1 333 S 1'1 - RFA 150M A 175 45 18 40 .948 8 
21'1 333A S 1'1 AFC 50 OM A 175 45 45 0 1 5M .948 8 2.5M 8 
21'1 334 S 1'1 RFA 150M A 175 45 18 86 .948 8 
21'1 334A S 1'1 AFC 500M A 175 45 45 0 1 5M .948 8 8M 8 
21'1 3348 S 1'1 AFC 50 OM A 175 60 60 0 15 85 1M I 5M 18 E 8M 8 
21'1 335 S 1'1 RFA 150M A 175 45 36 86 .973 8 
21'1 335A S 1'1 AFC 500M A 175 45 45 0 1 5M .973 8 2.5M 8 
21'1 3358 S 1'1 AFC 500M A 175 60 60 0 28 90 1M 1 5M 37 E 2.5M 8 
21'1 336 S 1'1 RFA 150M A :~~ :~ 76 1 33 , .98. B 
21'1 336A S 1'1 AFC 500M A 45 0 1 5M .987 8 2.5M 8 
21'1 337 S 1'1 MSA 125M C 150 45 20 55 10M 10M 8 
21'1 337A S 1'1 AFC 500M A 175 45 20 55 10M 19 E 15>1 8 
21'1 338 S 1'1 MSA 125M C 150 45 45 150 10M 20M 8 
21'1 338A S 1'1 AFC 500M A 175 45 45 150 10M 39 E 25M 8 
21'1 339 S 1'1 AFA lW C 150 55 55 0 .9 8 
21'1 339A S 1'1 RFA 3W A 200 60 60 0 20 80 25 E 10M T 
21'1 340 S 1'1 AFA IW C 150 85 85 0 .9 8 
21'1 340A S N. RFA 3W A 200 85 85 0 20 80 25 E 10M T 
21'1 341 S 1'1 AFA IW C ~~~ :~; I~~ ~ 

. 8 
21'1 341A S N RFA 3W A 20 80 25 E 10M T 
21'1 342 S 1'1 AFA IW C 150 60 60 0 .9 8 
21'1 342A S 1'1 AFA IW C 150 85 85 0 .9 8 
21'1 3426 S 1'1 AFA 750M A 175 85 85 0 9 E 
21'1 343 S 1'1 AFA IW C 150 60 60 0 .966 8 
21'1 343A S 1'1 AFA lW C 150 60 60 0 .966 6 
21'1 3436 S 1'1 AFA 750M A 175 65 65 0 28 E 
21'1 344 G P RFC 20M A 55 5 5 V II E 30M M 
21'1 345 G P RFC 20M A 55 5 5 V 25 E 30M M 
21'1 346 G P RFC 20M A 55 5 5 V 10 E 60M M 
21'1 350A G P 6-26 LPA 90W J 100 50 40 S 20 60 .7A 1.75 3A 5K E 
21'1 351A G P 6-26 LPA 90W J 100 50 40 S 25 90 .7A 1.75 4A 5K E 
21'1 352 G P ZHl536 6-36 LPA 25W C 100 40 R .30 140 IA 10K E 
21'1 353 G P 2Nl536 6-36 LPA 3aw C 100 40 R 40 150 lA 7K E 
21'1 35" S P RFA 150M A 140 25 25 U 9 E 8~ M 
21'1 .355 S P MSS 150M A 140 10 10 U .15 5M 9 E 8M M 
21'1 356 G 1'1 MSA 100M A 85 20 18 0 20 50 100M .2 100M 
2N 356A G 1'1 MSA 150M A 100 30 20 0 20 ~g ~g?M .2 ~gg~ 21'1 357 G 1'1 MSA 100M A 85 20 15 0 70 OM 
2N 357A G 1'1 MSA 150M A 100 30 20 0 25 75 200M .2 200M 
21'1 358 G N MSA 100M A 85 20 12 0 20 50 300M .2 300M 
21'1 358A G N MSA 150M A 100 30 15 0 25 75 300M .2 300M 
2N 359 G p 2N652 7-20 AFC 170M A 85 25 18 R 100 300 50M 
21'1 360 G P 2N1l92 7-30 AFC 170M A 85 32 30 R 50 150 50M 
21'1 361 G p ZH1l91 7-30 AFC 170M A 85 32 30 R 25 75 50M 
21'1 362 G P 2N1l92 7-30 AFC 170M A 85 25 18 0 50 E 
2N 363 G p 2N1l92 7-30 AFC 170M A 85 32 28 0 25 E 
21'1 364 G 1'1 MSA 150M A 100 30 1~ ~ :~ = 21'1 365 G N MSA 150M A 100 30 
2N 366 G N MSA 150M A 100 30 49 E 1M 8 
21'1 367 G p 2N1l9l 7-30 MSA 100M A 75 30 9 E 300K B 
21'1 368 G p 2N1l9l 7-30 MSA 100M A 75 30 19 E 400K 8 
21'1 369 G P 2N1l91 7-30 MSA 100M A 75 30 49 E 500K 8 
2N 370 G P 2N3324 9-66 RFC 80M A 71 24 

1·107 



I 
2N371-2N440 

TYPE 

21'1 371 
21'1 372 
21'1 373 
21'1 374 
21'1 375 
2N 376A 
2N 377 
21'1 377 A 
21'1 378 
2N 379 
21'1 ;S80 
2N 381 
2N 382 
2N 383 
2N 384 
2N 385 
21'1 385A 
2N 386 
2N 387 
2N 388 
21'1 388A 
2N 389 
21'1 389A 
2N 392 
2N 393 
2N 394 
2N 394A 
2N 395 
2N 396 
2N 396A 
2N 397 
2N 398 
2N 398A 
2N 3988 
2N 399 
2N 400 
2N 401 
2N 402 
21'1 403 
2N 404 
2N 404A 
2N 405 
2N 406 
2N 407 
2N 408 
2N 409 
21'1 41U 
2N 411 
2N 412 
2N 413 
2N 413A 
2N 414 
2N 414A 
21'1 4148 
2N 414C 
2N 415 
2N 415A 
2N 416 
2N 417 
21'1 418 
21'1 419 
2N 420 
2N 420A 
2N 422 
2N 422A 
2N 424 
21'1 424A 
2N 425 
21'1 426 
2N 427 
<N 428 

;;;~, REPLACE-
$:5 MENT 
:Eli! 

G P 2N3324 
G P 2N3324 
G P 
G P 2N3325 
G P 
G P 
G 1'1 
G 1'1 
G P 
G P 
G P 
G P 
G P 
G P 
G P 2N3325 
G N 
G 1'1 
G P 2N1531 
G P 2N1531 
G N 
G N 
S N2N3445 
S N 
G P 2N1550 
G P 2N967 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 2N2043 
G P 2N351A 
G P 2N350A 
G P 2N3611 
G P 2N1l91 
G P 2N1191 
G P 
G P 
G P ~N322 
G P 2N322 
G P 2N324 
G P 2N324 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P i:1N1537 
G P 
G P jZN1535 

~ ~~m7 
G P 
S N 2N3446 
S N 
G P 
G P 
G P 

2N 428A G P 
21'1 438 G N 
21'1 438A G 1'1 
2N 439 G N 
21'1 439A G N 
2N 440 G N 

PAGE 
NUMBER 

9-66 
9-66 

9-66 
6-28 
6-26 

6-31 
6-31 
6-31 
7-10 
7-10 
7-10 
9-66 

6-56 
6-56 

6-103 

6-63 
8-50 

7-12 
7-12 
7-39 
6-26 
6-26 
6-110 
7-30 
7-30 

7-7 
7-7 
7-7 
7-7 

6-" 

6-56 
6-56 
7-20 

6-103 

USE 

RFC 
RFC 
RFC 
RFC 
LPA 
LPA 
M5S 
MSS 
PHS 
PHS 
PMS 
AFA 
AFA 
AFA 
RFC 
MSS 
M5S 
LPA 
LPA 
MSS 
M55 
LPA 
LPA 
LPA 
MSS 
H5A 
HSA 
HSA 
H5A 
HSA 
HSA 
11'10 
AFA 
INO 
LPA 
LPA 
LPA 
AFA 
AFA 
M55 
M55 
AFC 
AFC 
AFC 
AFC 
RFC 
RFC 
RFC 
RFC 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
PMS 
LPA 
PH5 
PMS 
LNA 
LNA 
LPA 
LPA 
MSA 
M5A 
MSA 
ISA 

MSS 
M5S 
MSS 
MSS 
M55 
MSS 

--Numerical Index --

,fotAXIMUM RATINGS 

80M A 71 
80M A 71 
80M A 71 
80M A 71 
~!!W C 95 
90W J 100 

150M A 100 
150M A lCO 

sow ClOD 
sow C 100 
sow C 100 
.2W A 100 
.2W A 100 
.2W A 100 

120M A 100 
150M A 100 
150M A 100 
500M C 100 
50 OM C 100 
150M A 100 
150M A 100 

85W C 200 
8SW C 200 
48W C 95 
25'M A 100 

150M A 85 
150M A 85 
200M A 100 
200M A 100 
200M A 100 
200M A 100 

50M A 55 
150M A 100 
250M A 100 

25W C 90 
35W C 95 
'2SW C 90 

180M A 85 
180M A 85 
150M A 85 
I;OM A 100 
150M A 71 
150M A 71 
150M A 71 
150M A 71 

80M A 71 
BOM A 71 
BOM A 71 
80M A 71 

150M A B5 
150M A 85 
150M A 85 
150M A 85 

.2W A 100 

.2W A 100 
150M A 85 
150M A 85 
150M A 85 

1;~ A 1~5 
35W C 95 

C 1 CO 
C 100 
A 85 
A 100 
C 200 
C 200 
A 85 
A 85 
A 85 

25W 
25W 

150M 
175M 
ssw 
8SW 

17SM 
175M 
175M 

r5M 
.15W 

.IW 
.15W 

.IW 
• ISH 

.IW 

85 
A 100 
A 85 
A 85 
A 85 
A 85 
A 85 

VeBo VeE_II 
(volts) (VDlts)l;5i 

24 
24 
25 
25 
80 
50 
25 
40 
20 
40 
30 
50 
50 
50 
40 
25 
40 
60 
80 
25 
40 

60 
6 

10 
10 
30 
30 
30 
30 

105 
105 
105 

25 

25 
25 
25 
40 
20 
20 
20 
20 
13 
13 
13 
13 
30 
30 
30 
30 
30 
30 
30 
30 
30 

1~0 

60 S 
40 S 
20 V 
40 V 

25 R 
25 R 
25 R 
40 0 
25 R 
40 V 
60 V 
80 V 
20 R 
40 V 
60 R 
60 R 
40 R 

6 S 
10 0 
30 0 
15 R 
20 R 
20 a 
15 R 

105 S 
105 S 
105 S 
35 R 
20 0 
35 R 
20 0 
20 0 

35 0 

18 0 
15 0 
15 0 
15 0 
24 V 
24 V 
10 0 
10 0 
12 0 

~~ 0 

25 20 0 
65 40 R 
90 65 R 
35 20 0 
35 20 a 

80 R 
80 R 

30 20 0 
,30 10 0 
30 15 0 
3' 2 
30 18 0 
30 25 0 
30 25 0 
30 20 0 
30 20 0 
30 15 0 

1-108 

ELECTRICAL CHARACTERISTICS 

- 1-
hFI @ Ie ~ VCE(SAT)@ Ie ~. hf_ : i f_ I.@" 

(min) (max) :S (VDlts) :§ I a ~!i 

35 90 
35 120 
20 60 
20 60 
40 80 
20 70 
30 70 
35 65 
60 95 
75 120 
20 175 
30 110 
30 110 
20 
20 
60 180 
60 200 
12 60 
12 60 
60 150 
20 
20 150 
30 120 
20 150 
30 150 
30 150 
40 150 
20 
20 
20 

40 300 

IA 
.7A 
30M 
30M 

2A 
2A 
2A 

20M 
20M 
20M 

I.SM 
30M 
30M 

2.SA 
2.5A 

30M 
.30M 

lA 
lA 
3A 

50M 
10M 
10M 
10M 
10M 
10M 
10M 

5M 
5M 
5M 

.5A 

1 
1.75 

.75 
.5 

.07 

.2 

.2 

.2 

.2 

.35 

.25 
1 

.8 
1 

2A 
SA 

200M 

2A 
2A 
2A 

lA 
3A 
8M 

50M 
50M 
50M 
50M 

SM 
5M 

1.2A 
lA 

1.2A 

30 12M 0.15 12M 

h 

50 350 .5A 
40 4A 
40 4A 

12 60 lA 
12 60 lA 
20 40 
30 60 
40 eo 
60 
80 
20 50M 
20 SOM 
30 50M 
30 50M 
40 50M 

h 

.8 1.5A 
2 4A 
2 4A 

.75 lA 

.32 100M 

.32 100M 

.32 150M 

.32 200M 

.32 .2A 

40 E 

10 E 
40 E 

25 E 

7K ~ 
5K c 
5M B 

5K ~ 
5K • 
5K E 

4M e 
4M ~ 
7K c 

~~ ~ 
5M e 

1M T 

25M 
4M e 
4M E 
3M B 
5M B 
SM B 

10M B 

1M B 

3K E 

4M B 

40 E 4M B 
'40 E 4M B 

25 E 3K E 

30 E 1.5M B 

1M T 
2.5M B 

30M B 
5M B 

10M B 
10M B 

2.5M B 
2.5M B 

5M B 
5M B 

10M B 



-- Numerical Index --

2N440A - 2NS02A 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ ~ REPLACE· PAGE l~ TJ VCBO 
Tr-

h'E @ Ie VCE(SAT)@ Ie !! hf_ :l '- i% TYPE 

~ USE PD VeE-I'E i MENT NUMBER I~ 

~ ~:~ @25"C I':;; "C (voltsl (volts)l~ (min) (max) (voltsl g I~ ,= I'" "I~ I 
2N 440A G N MSS .15W A 85 30 15 0 40 50M 50M 10M 8 
2N 441 G P 6-32 LPA SOW C 95 40 40 5 20 40 SA 
2N 442 G P 6-32 LPA SOW C 95 50 45 5 20 40 SA 
2N 443 G P 6-32 LPA SOW C 95 60 50 5 20 40 SA I 12A 
2N 444 G N AFA 100M A 85 15 15 0 .5M 8 
2N 444A G N AFA 150M A 100 40 25 0 20 40 20M 15 E .5M 8 
2N 445 G N AFA 100M A 85 15 12 0 .5M 8 
2N 445A G N AFA 150M A 100 30 18 0 40 160 20M 35 E 2M 8 
2N 446 G N MSA 100M A 85 15 10 0 5M 8 
2N 446A G N MSA 150M A 100 30 15 0 60 250 20M 60 E 5M 8 
2N 447 G N MSA 100M A 85 15 6 0 5M 8 
2N 447A G N MSA 150M A 100 30 12 0 80 300 20M 85 E 9M 8 
2N 4478 G N MSA 150M A 100 25 12 0 80 300 20M 150 E 9M 8 
2N 448 G N RFC 65M A 85 15 15 0 8 51 1M 
2N 449 G N RFC 65M A 85 15 15 0 34 1M 
2N 450 G P HSA 150M A 85 20 12 0 30 10M .2 10M 5M 8 
2N 456 G P 2N4s6A 6-35 LPA SOW C 95 40 40 X 1 SA 
2N 456A G P 6-35 LPA lsOW C 40 40 0 30 90 SA .5 SA 4K E 
2N 4568 G P ZHlsS3 6-36 LPA 150W C 100 40 30 0 30 90 SA .5 SA 200K T 
2N 457 G P 2N4s7A 6-35 LPA 50W 95 60 60 X 1 5A 
2N 457A G P 6-35 LPA lsOW C 60 60 0 30 90 SA .5 SA 4K E 
2N 4578 G P ZHls53 6-63 LPA 150W C 100 60 40 0 30 90 SA .5 SA 200K T 
2N 458 G P ZH458A 6-35 lPA SOW 95 80 80 X 1 SA 
2N 458A G P 6-35 lPA lsOW C 80 80 0 30 90 SA .5 SA 4K E 
2N 4588 G P 2Nls55 6-63 lPA 150W C 100 80 45 a 30 90 SA .5 SA 200K T 
2N 459 G P 6-31 PMS sow C 100 60 20 70 2A 1 2A 5K E 
2N 459A G P 6-31 PMS 106W C 110 105 60 0 40 70 2A .3 2A 5K E 
2N 460 G P 7-14 AFA .2W A 100 45 16 32 
2N 461 G P 7-14 AFA .2W A 100 45 32 100 
2N 462 G P 8MS 150M A 75 40 20 200M 500K 8 
2N 463 G P ZH15ss 6-63 lPA 37.5W C 100 60 60 20 60 2A 4K E 
2N 464 G P 1-15 AFA 150M A 85 45 40 0 
2N 465 G P 7-15 AFA 150M A 85 45 30 0 
2N 466 G P 7-15 AFA 150M A 85 35 20 0 
2N 467 G P 7-15 AFA 150M A 85 35 15 0 
2N 469 G P SPP SOM A 75 6 10 1M 
2N 469A G P SPP 50M A 85 20 15 R 30 E 
2N 470 S N RFA .2W A 200 15 15 0 1.5 5M 10 E 8M T 
2N 471 5 N AFA .2W A 200 30 30 0 1.5 5M 10 E 8M T 
2N 471A 5 N AFA .2W A 200 30 30 0 1 5M 10 E 8M T 
2N 472 S N RFA .2W A 200 45 45 0 1.5 5M 10 E 8M T 
2N 472A 5 N AFA .21i A 200 45 45 0 1 5M 10 E 8M T 
2N 473 S N AFA .2W A 200 15 15 0 1.5 5M 20 E 8M T 
2N 474 S N AFA .2W A 200 30 30 0 1.5 5M 20 E 8M T 
2N 474A S N AFA .2W A 200 30 30 0 10 1 5M 20 E 8M T 
2N 475 S N AFA .2W A 200 45 45 0 1.5 SM 20 E 8M T 
2N 475A S N AFA .2W A 200 45 45 0 10 1 5M 20 E 8M T 
2N 476 5 N AFA .2W A 200 15 15 0 1.5 5M 30 E 12M T 
2N 477 S N AFA .2W A 200 30 30 0 1.5 5M 30 E 12M T 
2N 478 S N RFA .2W A 200 15 15 0 1.5 5M 40 E 20M T 
2N 479 S N RFA .2W A 200 30 30 0 1.5 5M 40 E 20M T 
2N 479A S N AFA .2W A 200 30 30 0 10 1 5M 40 E 20M T 
2N 480 S N RFA .2W A 200 45 45 0 1.5 5M 40 E 20M T 
2N 480A 5 N AFA .2W A 200 45 45 0 10 1 5M 40 E 20M T 
2N 481 G P RFA 150M A 85 12 12 0 
2N 482 G P RFA 150M A 85 12 12 0 
2N 483 G P RFA 150M A 85 12 12 0 
2N 484 G p RFA 150M A 85 12 12 0 
2N 485 G p RFA 150M A 85 12 12 0 
2N 486 G P RFA 150M A 85 12 12 0 

12N 48 G P AFC 10CM A 85 18 18 R 20 1M 10 E 10M T 
ZH489 
thru U i unction ansisto s, s e Tabl Pa e 1- n 
2N49't. 
2N 495 S P RFA 150M A 140 25 25 U 15 E 8~ M 2N 496 S P MSS 150M A 140 10 10 U 15 15M .15 5M 9 E 7.2M T 
2N 497 S N 2N3498 8-161 AFA 4W C 200 60 60 0 12 36 200M 
2N 497A S N AFA 5W C 200 60 60 0 12 36 200M 
2N 498 S N ZH3498 8-161 AFA 4W C 200 100 100 0 :~ ~~ ~~~~ 2N 498A S N AFA 5W C 200 100 100 
Il' 4' 2N3328 9-66 RFA ~OM A 85 30 18 0 120M T 
2N 499A G P 2N3323 9-66 RFA 60M A 100 30 18 0 20 E 120M T 
2N 500 G P ZH3323 9-66 RFA 50M A 85 20 15 
2N 501 G P 2N960 8-48 HSS 60M A 100 15 12 5 20 10M .2 10M 90M T 
2N SOlA G P 2N960 8-48 HSS 60M A 100 15 12 S 30 10M .2 10M 90M T 
2N 502 G P ZH3283 9-44 RFA 60M A 85 20 20 S 9 E 220M T 
2N S02A G P ZH3284 9-44 RFA 75M A 100 30 30 5 15 E 220M T 

1-109 



I 
2N502B - 2N554 

TYPE 

2N 5028 G P 

REPLACE· 
MENT 

2N 503 G P 2N3284 
2N 504 G P 2N3323 
2N 506 G P 
2N 507 G N 
2N 508 G P 2N508 
2N 50BA G P 2N1189 
2N 509 G P 
2N 511 G P 2N1554 
2N 511 A G P 2N1555 
2N 511 8 G P 2N1556 
2N 512 G P 2N1558 
2N 512A G P 2N1559 
2N 5128 G P 2N1560 
2N 513 G P 2N1163 
2N 513A G P 2N1165 
2N 5138 G P 2N1167 
2N 514 G P 2N1163 
2N 514A G P 2N1165 
2N 5148 G P 2N1167 

~~ ;:~ ~ ~ 
2N 517 G N 
2N 518 G P 
2N 519 G P 
2N 519A G P 
2N 520 G P 
2N 520A G P 
2N 521 G P 
2N 521A G P 
2N 522 G P 
2N 522A G P 
2N 523 G P 
2N 523A G P 
2N 524 G P 
2N 524A G P 
2N 525 G P 
2N 525A G P 
2N 526 G P 
2N 526A G P 

~~ ~~7A g ~ 
2N 528 G P 
2N 529 G 
2N 530 G 
2N 531 G 
2N 532 G 
2N 533 G 
2N 534 G P 2N1189 
2N 535 G P 2Nl192 

~~ ~~~: I ~ I ~ I""'" 
2N 536 G P 2N1193 
2N 537 G P 
2N 538 G P 2N2140 
2N 538A G P 2N2140 
2N 539 G P 2N2145 
2N 539A G P 2N2145 
2N 540 G P 2N1551 
2N 540A G P 2N1551 

~~ ~~ lAl ~ I ~ 
2N 542 5 N 
2N 542A S N 
2N 543 5 N 
2N 543A 5 N 
2N 544 G P 
2N 545 S N 
2N 546 S N 
2N 547 S N 2N3766 

~~ ~~~ I ~ N ru'LUL 

2N 550 S N 
2N 551 S N 
2N 552 S N 
2N 553 G P 2N2144 
2N 554 G P 

PAGE 
NUMBER 

9-44 
9-66 

2-7 
7-28 

6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-49 
6-49 
6-49 
6-49 
6-49 
6-49 

7-17 
7-17 
7-17 
7-17 
7-17 
7-17 
7-17 

7-28 
7-30 

7-30 

6-74 
6-74 
6-74 
6-74 
6-63 
6-63 

6-134 

6C74 
6-18 

USE 

RFC 
RFA 
RFA 
AFA 
AFA 
AFC 
AFA 
RFA 
LPA 
LPA 
PMS 
LPA 
LPA 
PMS 
LPA 
LPA 
PMS 
PMS 
PMS 
PMS 
RFC 
RFC 
RFC 
MSS 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
A A 
AFA 

AFA 
LNA 

I~~~ 
M5S 
RFA 
PMS 
PMS 
PMS 
PMS 
PHS 
PHS 
v. a 
AFA 
vIa 
AFA 
VID 
AFA 
RFC 
RFA 
RFA 
RFA 

~;A 
RFA 
RFA 
RFA 
PMS 
LPA 

--Numerical Index --

.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

Po t~ ,0-
@25·C I':; 

I'" 

TJ VCBO VCE-i~ bFE @ Ie !! VCE(SAT),@le :;! 

°C (YO Its) (volts) I ~ (minI (max) :§ (volts) ~ 

75M A 
25M A 
30M A 
50M A 
50M A 

200M A 
.2W A 

225M A 
150W e 
150W e 
15CM e 
15CM e 
150W e 
150W e 
15CM e 
150W e 
150W e 

80W C 
80W C 
80W C 

;~~ : 

100 30 30 5 
85 20 20 5 
85 35 25 5 
85 40 
85 40 

100 18 1 e R 
100 30 30 S 
100 30 

40 
60 

~~ 
60 
80 
40 
60 
80 

95 40 40 X 
95 60 60 X 
95 80 80 X 

~; ~~ : ~ : 
75 20 18 R 

20 
25 
25 
99 

100 

2eo 
50 
50 

198 
200 

20 60 
20 60 

~~ ~~ 
20 60 
20 60 
20 60 
20 60 
20 60 

85 45 12 0 60 
85 15 15 0 

10M 
50M 
50M 
20M 
20M 

lOA 
lOA 
luA 
15A 
15A 
15A 
20A 
20A 
20A 

10M 
50M A 

.15W A 
100M A 
150M A 
100M A 
150M A 
100M A 
150M A 

100 25 18 0 20 50 20M 
85 15 12 0 

100 25 15 0 40 170 20M 
85 15 10 0 

100 25 12 0 60 250 20M 
100M A 
150M A 
100M A 
150M A 
225M A 
225M A 
225M A 
225M A 
225M A 
225M A 

1~~ ~; 19 ~ 80 320 2.0M 

~~~~ : 
2.5W C 
100M A 
100M A 
100M A 
100M A 
100M A 

25M A 
50M A 

50~1~ 

85 15 6 0 
100 20 6 0 
100 45 30 R 
100 45 30 R 
100 45 30 R 
100 45 30 R 
100 45 30 R 
100 45 30 R 

;~~ ~; ~~ R 
100 40 40 

85 15 15 0 
a5 15 15 0 
85 15 15 0 
85 15 15 0 
85 15 15 0 
65 50 50 U 
85 20 20 U 

~5 20 20 U 

100 400 
25 42 
25 42 
34 65 
34 65 
53 90 
53 90 

50M A 85 20 20 U 100 

3411 
3411 
3411 
1111 
3411 
3411 
.ZW 
.2W 
.2W 
.2W 
.2W 
.2W 
80M 

51! 
51! 
51! 

~~ 
51! 
511 
51! 

351! 
lOW 

100 30 
J 95 80 
J 95 BO 
J 95 80 
J 95 80 
J 95 80 
J 95 80 
A 200 15 
A 200 15 
A 200 30 
A 200 30 
A 200 50 
A 200 45 
A 71 34 

60 
60 
55 
55 
55 
55 
15 U 
15 0 
30 U 
30 0 
50 U 
45 0 

C 200 60 60 a 
C 200 30 30 0 
C 200 60 60 0 

cl~~~ ~~ ~~ 0 
C 200 30 30 0 
C 200 60 60 0 
C 200 30 30 0 
C 95 80 
J 90 

1·110 

20 50 
20 50 
30 75 
30 75 
45 113 
45 113 

20 

20 

20 

15 80 
15 80 
20 80 

~~ ~~ 
20 80 
20 80 
20 80 
40 80 

20M 
20M 
20M 
20M 
20M 
20M 
20M 

30M 

2A 
2A 
2A 
2A 
2A 
2A 

.5A 

.5A 

.5A 

.,A 

.2A 

.2A 
50M 
50M 

500M 

0.6 
0.6 

.5 

.5 

." 
.75 
.75 
.5 

1.25 
1.25 

.5 
1.25 
1.25 
1.25 

.15 

.13 

.13 

.13 

.13 

.13 

.13 

.13 

.13 
4 

.6 

.6 

.6 

.6 

.6 

.6 
1.5 

1 
1.5 

1 
1.5 

1 

5 
3 
5 

4 
4 
2 
2 

.9 

50M 
50M 

lOA 
lOA 
luA 
15A 
15A 
lOA 
20A 
20A 
lOA 
25A 
25A 
25A 

10M 

20M 
20M 
20M 
20M 
20M 
20M 

10M 
70M 

2A 
2A 
2A 
2A 
2A 
2A 
5M 
5M 
5M 
5M 
5M 
5H 

.5A 

.5A 

.5A 

.5A 

.2A 

.2A 
SOH 
SOM 

3A 

20 E 
9 E 

16 E 

75 E 
.96 B 

4 E 
4 E 

15 E 
15 E 
20 E 
40 E 
35 E 
70 E 

1~~ ~ 
80 E 

125 E 
16 E 
18 E 
30 E 
30 E 
44 E 
44 E 

35 E 
35 E 

.9 B 

eo E 
80 E 
80 E 
80 E 
80 E 
80 E 

168M T 
50~ M 

600K B 
600K B 
2. 5~ 8 
2.5M 8 
400M T 
260K T 
260K T 
z6uK T 
280K T 
260K T 
260K T 
300K T 
260K T 
260K T 

~~ 8 
2M B 

10M B 
.5M B 
.5M B 

3M B 
3M B 
8M 8 
8M B 

~;~I~ 
21M B 
21M B 

BOOK B 
.8M B 

1M B 
1M B 

1.3M B 
1.3M B 

1M B 

10M T 
8M T 

10M T 
10M T 
10M T 
10M T 

4H T 
4M T 
4M T 
4M T 
3M T 
3M T 



TYPE 

2N 555 G P 

REPLACE
MENT 

2N 556 G N 2N1551 
2N 557 G N 
2N 558 G N 
2N 559 G P 
2N 560 S N 
2N 561 G P 
2N 56:1 G P 2N650 
2N 564 G P 2N650 
2N 565 G P 2N651 
2N 566 G P 2N651 
2N 567 G P 2N651 
2N 568 G P 2N651 
2N 569 G P 2N1l93 
2N 570 G P 2Nll92 
2N 571 G P 2N1l93 
2N 572 G P 2N1l93 
2N 573 G P 
2N 574 G P 2N1550 
2N 574A G P 2N1551 
2N 575 G P 2N15S4 
2N 575A G P 2N1SS5 
2N 576 G N 
2N 576A G N 
2N 577 P 
2N 578 G P 
2N 579 G P 
2N 580 G P 
2N 5 BIG P 
2N 582 G P 

"00 

2N 584 G P 
2N 585 G P 
2N 586 G P 2N1l91 
2N 587 G N 
2N 588 G P 2N3324 
2N S88A G P 
2N 591 G P 2N1l92 
2N 592 G P 
2N 593 G P 

2N ~95 G N 
2N 596 G N 
2N 597 G P 2N3427 
2N 598 G P 2N3427 
2N 599 G P 2N3428 
2N 600 G P 2N3427 
2N 601 G P 2N3428 
2N 602 G P 
2N 603 G P 

~~ ~~~ I~ P 
2N 606 G P 
2N 607 G P 
2N 608 G P 
2N 609 G P 2N1l93 
2N 610 G P 2N1l93 
2N 611 G P 2N1l92 
2N 612 G P 2Nl191 
2N 61:1 G P 2N1l91 

~~ ~; ~ ~ P 
2N 616 G P 
2N 617 G P 
2N 6)8 G P 
2N 619 S N 
2N 620 S N 
2N 621 S N 
2N 622 S N 
2N 624 G P 

2N ~~~ G P 
2N 628 G P 
2N 629 G P 
2N 630 G P 
2N 631 G P 2N1l94 
2N 632 G P 2N1l93 

PAGE 
NUMBER 

6-18 
6-63 

7-20 
7-20 
7-20 
7-20 
7-20 
7-20 
7-30 
7-30 
7-30 
7-30 

6-63 
6-63 
6-63 
6-63 

7-30 

9-66 

7-30 

7-41 
7-41 
7-41 
7-41 
7-41 

7-30 
7-30 
7-30 
7-30 
7-30 

6-28 

7-30 
7-30 

--Numerical Index --

.MAXIMUM RATINGS 

USE 

LPA 
MSS 
MSS 
MSS 
HSS 
HSS 
AFC 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
MSA 
AFA 
PM S 
PMS 
PMS 
PMS 
MSS 
MSS 
Spp 
MSS 
MSS 
MSS 
MSS 
MSS 

~~S 
MSS 
MSS 
MSS 
RFA 
RFA 
AFC 
BMS 
BMS 

lOW J 
100M A 
100M A 
100M A 
.15W A 
500M A 

SOW A 
150M A 
I,OM A 
150M A 
120M A 
150M A 
120M A 
150M A 
120M A 
150M A 
120M A 

.2W A 
180W J 
1BOW J 
180W J 
1BOW J 
200M A 
200M A 

25M A 
120M A 
120M A 
120M A 

80M A 
120M A 

1~~~ A 
120M A 
250M A 
150M A 

30M A 
60M A 
SaM A 

125M A 
125M A 
,uu,' 

BMS 100M A 
BMS 100M A 
MSS 250M A 
MSS 250M A 
MSS 250M A 
PMS 750M C 
PMS 750M C 
HSA 120M A 
HSA 120M A 

~~A :~~: A 
RFA .12W A 
RFA .12W A 
RFA .12w A 
AFA 180M A 
AFA 180M A 
AFA 180M A 
AFA 180M A 
AFA 180M A 
R A lovM A 
RFA 180M A 
RFA 180M A 
RFA 180M A 
LPA 90W C 
AFA 175M A 
AFA 175M A 
AFA 175M A 
DFA 385M A 
RFA 100M A 

~~A I:>~~ C 

LPA 90\/ C 
LPA 90\/ C 
lPA 90W C 
AFA 167M A 
AFA 167M A 

VCBO VCE-it 
(volts) {YDlts)l~ 

90 
85 
85 
75 

100 
150 

40 
25 
20 
15 
15 

100 80 
85 30 
85 30 
85 30 
85 30 
85 30 
85 30 
85 30 
85 30 
85 30 
85 30 

100 40 
100 60 
100 80 
100 60 
100 80 
100 20 
100 40 

55 25 
71 20 
71 20 
71 20 
71 18 
71 25 

71 ~~ 
71 25 
85 45 

20 X 
2 C X 
15 X 
15 
60 S 
50 0 
25 0 
25 a 
25 0 
L' 0 
25 0 
25 0 
20 0 
20 0 
10 0 
10 0 
25 0 
55 0 
60 0 
50 0 
55 0 
20 R 
20 R 

100 40 20 R 
85 15 15 S 
85 15 IS S 
71 32 32 0 
85 20 20 0 
85 40 30 a 

~~ ~5 ~5 a 
85 10 10 a 

100 45 40 S 
lao 35 35 S 
100 30 20 S 
100 35 35 S 
100 30 20 S 

85 20 20 a 
85 30 20 a 

~~ ~~ ~~ 0 
85 15 15 a 
85 15 IS a 
85 15 15 0 
85 25 15 0 
85 25 15 0 
B5 25 15 0 
85 25 15 a 
85 25 15 a 

~~ ~~ : ~ g 
85 IS 12 0 
85 15 12 0 
95 80 60 S 

160 SO 40 a 
160 so 35 0 
160 50 30 0 
160 50 30 0 
100 30 20 S 

; ~~ ;~ ~~ S 
100 60 45 S 
100 80 60 S 
100 100 75 S 
85 25 20 R 
85 36 20 R 

1-111 

2N555 - 2N632 
ElECTRICAL CHARACTERISTICS 

hFE @ Ie 

(min) (max) 

"CE(SAT)@le 

~ (volts) ~ 

35 70 1M 0.5 200M 
20 1M 0.5 200M 
60 1M .75 200M 

20 

10 
10 
30 
3v 
50 
50 
70 
70 

100 
100 

30 
9 
9 

19 
19 
20 
20 

10 
20 
30 
20 
40 

~~ 
20 
35 
20 

30 

20 
30 

~5 
50 
40 

30 
30 
50 
5v 
70 
70 

100 
100 

300 
22 
22 
1j2 
1j2 
60 
60 

70 225 
100 

70 225 
100 
20 80 
30 100 

"V '"v 

60 140 
9 22 

18 44 
36 88 

50M 
IDA 
IDA 

400M 
400M 
400M 

20M 
20M 

~~~ 
20M 

250M 
200M 

10M 

100M 
100M 
100M 
100M 
100M 

IA 
5M 
5M 
SM 

~g 30 ~~g~ 
10 30 IDA 
10 30 lOA 
10 30 lOA 

.3 10M 

.5 10M 

.2 lOA 

.2 lOA 

:; ~;: 
.4 400M 
.4 400M 

.3 400M 

.3 400M 

.3 400M 
20M 

.3 100M 
£u, 

.3 100M 

.2 20M 

.5 250M 

.5 200M 

.2 

.2 

.2 

.2 

.2 

.2 
.25 
.25 

.8 

.5 

.4 

.3 

10M 

10M 
10M 
10M 
10M 
10M 
10M 
15M 

2A 
8M 
8M 
8M 

1.0 SOOM 
1 IDA 
1 lOA 
1 IDA 
1 IDA 

hf_ :f 
I~ 
I~ 

20 E 

SK B 

2M B 
5~ B 

3M B 
5M B 

10M B 
4M B 

14M B 

~" 
14M B 

3M B 

200~ M 
200M M 

.J" 
3~, E 
5M E 
3M B 

5.6M T 
10M T 

S.6M T 
10M T 
10M T 
30M T 

5K E 
200K B 
250K B 
300K B 
300K B 

20M E 

SK E 
5K E 
5K E 
SK E 

I 



I 
2N633 - 2N700A 

~~ = a: REPLACE· i ~ MENT 
TYPE 

2N 633 G P 
2N 634 G N 
2N 634A G N 
2N 635 G N 
2N 635A G N 
2N 636 G N 
2N 636A G N 
2N 637 G P 
2N 637A G P 
2N 6378 G P 
2N 638 G P 
2N 638A G P 
2N 6388 G P 
2N 639 G P 
2N 639A G P 
2N 6398 G P 
2N 640 G P 
2N 641 G P 
2N 642 G P 
2N 643 G P 

I~~ ~~~ g: 
2N 646 G N 
2N 647 G N 
2N 649 G N 
2N 650 G P 
2N 650A G P 
2N 651 G P 
2N 651A G P 
2N 652 G P 
2N 652A G P 
2N 653 G P 
2N 654 G P 
2N 655 G P 
2N 656 S N 
2N 656A S N 
2N 657 S N 
2N 657A S N 
2N 658 G P 
2N 659 G P 

IZN 06u b P 
2N 661 G P 
2N 662 G P 
2N 663 G P 
2N 665 G P 
2N 669 G P 
2N 670 G P 
'2N 671 G P 
2N 672 G P 
2N 673 G P 
2N 674 G P 
2N '675 G P 
2N 677 G P 
2N 677A G P 
2N 6778 G P 
2N 677C G P 
2N 678 G P 
2N 678A G P 
2N 6788 G P 
2N 678C G P 
2N 679 G N 
2N 680 G P 
2N681 

2NU92 

2N1535 
2N1537 
2N1538 
2N1530 
2N1532 
2N1533 
2N1530 
2N1532 
2N1533 

2N2955 
2N2955 
2N2955 

2N3498 

2N3498 

2N2143 

2N3428 
2N3428 
2N3428 
2N3428 
2N3428 
2N3428 
2N1553 
2N1554 
2N1555 
2N1556 
2N1557 
2N1558 
2N1559 
2'" '.0 
2NU91 

thru 
2N692 

T Y istors, 

2N 694 
2N 695 
2N 696 
2N 696A 
2N 697 

. "~~ ~~8 
2N 699 
2N <>99A 
2N 6998 
2N ,700 
2N 700A 

G P 
G P 
S N 2N2218 
S N 2N2218 
S N 

IN 2N2218 
S N 2N3498 
S N 2N3498 
S N 
S N 2N3498 
G P 
G P 

PAGE 
NUMBER 

7-30 

6-56 
6-56 
6-56 
6-56 
6-56 
6-56 
6-56 
6-56 
6.~§ 

8-119 
8-119 
8-119 

7-20 
7-20 
7-20 
7-20 
7-20 
7-20 
7-20 
7-20 
7-20 
8-161 

8-161 

6-74 
6-38 
6-16 
1-41 
7-41 
7-40 
7-40 
7-40 
7-40 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-63 
6-.' 
7-30 

USE 

AFA 
HSA 
MSA 
HSA 
MSA 
HSA 
MSA 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
PHS 
PMS 
PMS 
AFC 
AFC 
AFC 
MSS 
MSS 
MSS 
AFC 
AFC 
AFC 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
MSA 
MSA 

IMS 
MSA 
MSA 
PMS 
PMS 
LPA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
MSS 
AFA 

--Numerical Index--

,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

167M 
150M 
2.5M 
150M 
2.5M 
150M 
2.5M 

6(1,1 
60W 
60W 
60W 
60W 
6(1,1 
37W 
31!J 
37W 
80M 
80M 
80M 

120M 

:~~~ 
100M 
100M 
100M 

.2W 

.2W 

.2W 

.2W 

.2W 

.2W 

.2W 

.2W 

.2W 
4W 
5W 
4W 
5W 

167M 
167M 
10 M 
167M 
167M 

35W 
35W 

62.5W 
300M 
800M 
300M 
800M 
300M 
800M 

A 85 
A 85 
J 85 
A 85 
J 85 
A 85 
J 85 
o 100 
o 100 
o 100 
o 100 
o 100 
o 100 
o 100 
o 100 
C 100 
A 71 
A 71 
A 71 
A 71 

: ~1 
A 85 
A 71 
A 71 
A 100 
A 100 
A 100 
A 100 
A 100 
A 100 
A 100 
A 100 
A 100 
C 200 
C 200 
C 200 
C 200 
A 85 
A 85 

A ~~ 
A 85 
'0 100 
o 95 
C 100 
A 85 
C 85 
A 85 
C 85 
A 85 
C 85 

100 
100 
100 
100 
100 
100 
100 
100 

9(1,1 0 
9(1,1 0 
9(1,1 0 
9(1,1 0 
9(1,1 0 
9(1,1 0 

~:: 0 

150M A 
'150M A 

85 
75 

VeBO VcE-It hFE @ Ie VCE(SAT)@lc 

(volts) (volts) I ~ (min) (max) ~ (volts) ~ 
35 
20 
25 
20 
25 
20 
25 

34 
34 
34 
30 

~g 
25 
25 
20 
45 
45 
45 
45 
45 
45 
30 
30 
30 
60 
60 

100 
100 

25 
25 
.<!> 
25 
25 
50 
80 
40 
40 
40 
25 
25 

'75 
75 
50 
60 
90 

100 
50 
60 
90 

100 
25 
20 

30 R 
20 0 
20 R 
20 0 
20 R 
20 a 
15 R 
35 R 
65 R 
75 R 
35 R 
65 R 
75 R 
35 R 
65 R 
75 R 

25 0 
25 a 
18 0 
30 R 
30 R 
30 R 
30 R 
30 R 
30 R 
25 R 
25 R 
25 R 
60 0 
60 0 

100 0 
100 0 

16 0 
14 0 

15 
40 
25 
80 
35 

100 
30 
30 
30 

~~ 
20 
15 
15 
15 

20 

~g 

200M 
120 10M 

200M 
240 10M 

200M 
300 10M 

60 3A 
60 3A 
60 3A 
4u ~A 

40 3A 
40 3A 

3A 
3A 
3A 

50 150 30M 

30 
33 
45 
45 
80 
80 
20 
40 
70 
30 90 
30 90 
30 90 
30 90 
25 80 
40 110 

10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 

200M 
200M 
200M 
200M 

9 
11 
25 
40 
30 
40 
40 
25 
25 

o ~~ I~U 

75 
75 
30 
40 
70 

,80 
20 
30 
60 
70 
20 
20 

o 30 
o 25 75 

80 
250 

40 250 
40 250 

o 40 
S 
V 
v 
S 
S 
v 
v 
s 
s 
S 
S 
a 
o 
o 
o 
x 
s 

40 
40 
20 
20 
20 
20 
50 

,50 
50 
50 
20 
18 

250 
250 

60 
60 
60 
60 

100 
100 
100 
100 

165 

500M 
500M 

.5A 
IA 
lA 

lA 
lA 

lOA 
lOA 
lOA 
lOA 
lOA 
lOA 
lOA 
lOA 
3'OM 
50M 

.2 

.2 

.15 
1.5 
1.5 
1.5 

2 
2 

2.5 
2.5 
2.5 

10M 

10M 

10M 
3A 
3A 
3A 

~A 
3A 
3A 
3A 
3A 

.25 50M 

.25 50M 

.25 50M 

.25 50M 

.25 50M 

.25 !>OM 

3.45 150M 
3.5 250M 
~.~, "UUM 
3.5 550M 
3.4 180M 

1 3A 
.9 3A 

.35 lA 

.35 lA 
.2 400M 
.2 400M 

.35 lA 

.35 lA 
1 lOA 
1 lOA 
1 lOA 
1 lOA 
1 lOA 
1 lOA 

: :g: 
.3 100M 

.75 50M 

30 E 
30 E 
50 E 
50 E 

100 E 
100 E 
30 E 
50 E 

100 E 

15 E 

5M 8 
5M 8 

10M 8 
10M B 
15M B 
15M B 

20M T 

.75M E 

.75M 8 
1M E 
1M 8 

2.5M 8 
5M 8 

IUM 
15M 8 

4M 8 
15K E 
20K E 

3K E 
500K 8 
500K 8 

400K 8 
400K 8 

2M B 

ee Table on P ge 1 ... 1 1 

8-74 
8-74 
8-12, 
8-74 
8-161 
8-161 

8-161 
9-9 
9-9 

RFA 
HSS 
MSA 
MSA 
MSA 

I ~~: 
MSA 
MSA 
MSA' 
RFA 
RFA 

.iw 
75M 

600M 
800M 
600M 

~~~~ 
600M 
800M 
870M 

75M 
15M 

A 100 
A 100 
A 175 
A 300 
A 175 

AI~~~ 
A 175 
A ,300 
A '200 
A 100 
A 100 

, 30 
15 
60 
60 
60 

1~~ 
120 
120 
120 

25 
25 

15 0 
15 S 
40 R 
35 0 
40 R 

~~ R 
80 R 
80 R 

100 R 
20, S 
25 0 

1-112 

102M 
25 10M 1 
20 60 150M 1.5 
20 60 150M 1.5 
40 120 150M 1.5 

~~ I ~~ : ~g: ::~ 
40 120 150M 5 
40 120 150M 5 
40 120 150M 1.2 

1.5 2M 
1.5 6M 

50M 
150M 
150M 
150M 

l;g= 
150M 
150M 

SOH 

.9 8 340M T 

40M T 
15 E 40M T 

40M T 
25 E SOH T 
15 E 40M T 
35 E 50M T 
35 E 50M T 
35 E 60M T 

4 E 270M T 
4 E 360M T 



--Numerical Index--

2N702 - 2N758B 
MAXIMUM RATINGS ElECTKICAL CHARACTERISTiCS 

l! ~ REPLACE- PAGE I~ TJ VCBO VeE-II h" @ Ie VCE(sAT)@le hf_ :1 ,-
TYPE 

~ USE Po L I'~ 

i MENT :IUMBER ,~ 

~ :~ .~:~ @25°C 1'''' °C ("It,} (volts)l~ (min) (max} (volts} I~ 

I~ It; :51~ 
2N 702 S N 2N835 8-35 HS5 300M A 175 25 25 0 20 60 10M • 5 10M 70~ . T 
2N 703 S N 2N835 8-35 HS5 300M A 175 25 25 0 40 lCO 10M .5 10M 70~ T 
2N 705 G P 8-13 H5S 300M C lCO 15 15 5 25 10M .3 10M 
2N 705A G P H55 150M A 100 15 15 S 25 10M .3 10M 
2N 706 5 N 8-15 HS5 30CM A 175 25 20 R 20 10M .6 10M 200M T 
2N 706A 5 N 8-15 HSA 300N A 175 25 20 R 20 60 10M .6 10M 200M T 
2N 7068 5 N 8-15 H55 300M A 175 25 15 0 20 60 10M .4 10M 200M T 
2N 706e 5 N 2N835 8-35 H55 360M A 200 1.0 20 R 20 60 10M .4 10M 200M T 
2N 707 S N 9-11 HPA 300M A 175 56 28 R 9 10M .6 10M 
2N 707A 5 N 9-11 RFA 500M A 175 70 40 0 9 50 10M .6 10M 70M T 

I~~ ~~~A 8-17 ~~~ ~~~~ A I~~~ ;~ ~~ R ~~ ;~~ ;~~ .i; ;~~ ~~~~ S N 2N834 8-35 T 
2N 709 5 N H5S 300M A 200 15 6 0 20 120 10M .3 3M 600M T 
2N 709A 5 N HS5 300M A 200 15 6 0 30 90 10M .3 3M 800M T 
2N 710 G p 8-18 H55 300M C 100 15 15 S 25 10- .5 10M 
2N 710A G P HSS 150M A 100 15 15 S 25 10M .5 10M 
2N 711 G p 8-19 H55 150M A 100 12 12 5 20 250 10M .5 10M 150M T 
2N 711A G P 8-19 H5S 150M A 100 15 7 0 25 150 10M .55 SaM 150M T 
2N 7118 G P 8-19 HSS 150M A 100 18 7 a 30 150 10M .25 10M 150M T 
2N 715 S N 2N2221 8-74 RFA 500M A 175 50 35 a 10 50 15M 1.2 15M 70M E 

I~~ 7;~ '"«« ~=;~ ~~~ ~~~~ 1~~ ~~ ~~ R ~~ ~~ I~~~ 1:~ t~~~ ~~~ S N 2N2221 A T 
2N 718 5 N 8-12 RFA 400M A 175 60 40 R 40 120 150M 1.5 150M 501'1 T 
2N 718A 5 N 8-22 RFA 5001'1 A 200 75 50 R 40 120 150M 1.5 150M 30 E 60M T 
2N 719 S N 2N3498 8-161 RFA 400M A 175 120 80 R 20 60 15011 5 150M 15 E 40M T 
2N 719A 5 N 2N3498 8-161 RFA 500M A 200 120 80 R 20 60 150M 1.2 501'1 15 E 40M T 
2N 720 5 N 2N3498 8-161 RFA 400M A 175 120 80 R 40 120 150M 5 150M 35 E 50M T 
2N 720A S N 2N3498 8-161 M5A 500M A 200 120 100 R 40 120 150M 5 150M 30 E 50M T 
2N 721 5 P 2N2837 8-111 RFA 400M A 175 50 50 R 20 45 150M 1.5 150M 15 E 50M T 
2N 721A 5 P RFA 500M A 200 50 50 R 20 45 150M .5 150M 15 E SaM T 

I~~ . ~~~A 
0-.4 K"A ~~~~ A 2~~ 

.>u 
~~ R ~~ ~~ :~~~ 

.~ 

~~~~ 
,,~ t 

~~~ 5 P 2N2837 8-111 RFA SO .5 25 E T 
2N 725 G p HSA 150M A 15 12 5 20 10M 
2N 726 S P 2N3250 8-141 AFA 300M A 175 25 20 0 15 45 10M .6 10M 15 E 140M T 
2N 727 S p 2N3250 8-141 AFA 300M A 175 25 20 0 30 120 10M .6 10M 30 E 140M T 
2N 728 5 N 2N2539 8-107 HS5 4M A 175 15 15 0 20 200 10M .7 10M 100M T 
2N 729 S N 2N2539 8=107 HS5 4M A 175 30 30 0 20 200 10M .7 10~. 100M T 
2N 730 5 N 2N2218 8-74 AFA 500M A 175 60 40 R 20 60 150M 1.5 150M 401'1 T 
2N 731 5 N 2N2221 8-74 AFA 5001'1 A 175 60 40 R 40 120 150M 1.5 150M 50M T 
2N 734 S N 2N2221 8-74 AFA 500M A 175 80 60 0 15 50 5M 1 10M 20 E 

I~~ ~~~A I·' :~: 
.,w 

A 11~~ ~~ ~~ a ~~ l~~ ~~ 
., 

~~~ ~~ ~ 
'uc 

5 N 2N2221 8-74 5001'1 1 
2N 735A S N AFA .5W A 200 80 60 0 30 100 51'1 .5 10M 40 E bOM T 
2N 736 S N 2N2222 8-74 AFA 5001'1 A 175 80 60 0 60 200 5M 1 10M 80 E 
2N 736A S N 2N2222 8-74 AFA 500M A 175 80 60 0 60 200 ·5M .6 10M 80 E 100M T 
2N 7368 5 N AFA .5W A 200 80 60 0 60 200 5M .5 10M 80 E 100M T 
2N 738 5 N AFA 500M A 175 125 80 0 15 50 51'1 1 10M 20 E 
2N 738A S N AFA • SW A 200 125 80 0 15 50 SM. .5 10M 20 E 30M T 
2N 739 S N AFA 500M A 175 125 80 0 30 100 5M 1 10M 40 E 
2N 739A 5 N AFA .5W A 200 125 80 0 30 100 51'1 .5 10M 40 E 60M T 

~ ;~~A 
S N AEa _,W 

i~~ ~~~ 
ou a 00 I~~~ 5M 

~~ ~ 100M 5 N AFA .5W A 80 0 60 51'1 .5 10M T 
2N 741 G p 9-13 RFA 150M A' 100 15 15 5 10 5M 20 E 
2N 741A G P 9-13 RFA 150M A 100 20 20 5 10 51'1 20 E 300M T 
2N 742 S N 2N2218 8-74 M55 .5W A 200 60 60 0 25 10M .5 10M 
2N 742A 5 N 2N2218 8-74 1'155 .5W A 200 60 60 a 25 10M .5 10M 
2N 743 S N 2N835 8-35 HS5 300M A 175 20 12 0 20 ';60 10M .35 10M 300M T 
2N 743A S N HSS .36W A 200 40 15 a 20 60 10M 500M T 
2N 744 5 N 8-26 H5S 300M A 175 20 12. 0 40 120 10M .35 '101'1 300M T 
2N 744A 5 N HS5 .36W A 200 40 15 0 40 120 10M 500M T 

~~ 7~~ ~I~ AFA .15W A 175 45 30 0 20 55 10M 19 E 10M 8 
AFA .15W A 175 45 30 0 45 150 10M 39 E 10M B 

2N 747 5 N 1'155 200M A 175 25 25 0 30 90 10M .6 5M 
2N 748 S N M5S 200M A 17S 30 30 a 21l 40 10M .5 5M 
2N 749 5 N RFA 200M A 175 45 25 0 15 55 10M 30 E SaM 8 
2N 751 S N RFA 200M A 175 20 20 0 30 150 10M 10 E 20M B 
2N 752 S N 2N2221 8-74 VIO .5W A 200 85 45 a 1.2 15M .. 0 E 200M T 
2N 753 5 N 8-15 HSA 300M A 175 20 R 40 120 10M .6 10M 200M T 
2N 754 5 N 2N2218 8-74 RFA .3W A 175 60 60 R 20 eo 5M .8 10M 30M T 
2N 755 S N 2N2218 8-74 RFA .3W A lIS 100 80 R 20 80 51'1 .8 10M 30M T 

~~ ~~~A 1 ~ I~ lArA .,. 
AI~~~ ~~ ~~ 0 ;~~ :~~ ;~~ I~ AFA .-SW 1 

2N 757 S N AFA .5W A 200 45 45 a 1 10M 18 E 50M 8 
2N I57A 5 N AFA .5W ·A 2.00 60 60 a 1 10M 18 E SOM 8 
2N 758 S N AFA .5W A 200 45 45 0 1 10M 18 E 50M 8 
2N 758A S N AFA .SW A 2.00 60 60 a 1 10M 18 E SaM B 
2N 7588 5 N AFA .5W A 200 60 60 0 12 1M .5 10M 18 E SaM B 

1-113 



--Numerical Index --

2N759-2N837 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

g ~ 
REPLACE- PAGE r~ TJ VeE-II VCE(SAT)@le 

hf_ ~'f 
1-TYPE ~ ~ USE PD VCBO h" @ Ie 

L ~!i MENT NUMBER I~ " ~ ~ ~ @25'C I~ 'C (volts) (YO'tS)I~ (min) (max) ;g (vDlts) I~ 

r= I';;; "'I'" 
2~ 759 S N AFA .5W A 200 45 45 0 1 10M 3t E 50M B 
2N 759A S N AFA .5W A 200 60 60 0 1 10M 3t E 50M E 
2N 759B S N AFA .5W A 200 60 60 0 25 1M .5 10M 3t E SOH 8 
2N 760 S N AFA .5W A 200 45 45 0 1 10M 76 E 50M B 
2N 760A S N AFA .5W A 200 60 60 0 1 10M 76 E 50M B 
2N 7608 S N AFA .5W A 200 60 60 0 50 1M .5 10M 76 E 50M B 
2N 761 S N AFA .5W A 200 50 30 0 20 55 10M I 10M 19 E 50M 8 
2N 762 S N AFA .5W A 200 50 30 0 45 150 10M 1 10M 39 E 50M B 
2N764 
thru T istors ee Table on P "oe 1-1 1 
2N767 
2N 768 G P 2N961 8-48 HSS 35M A 100 12 10 S 25 2M .13 2M 125M T 
2N 769 G P 2N961 8-48 HSS 35M A 100 12 7 0 25 20M .25 10M 100M T 
2N 770 S N HSS 150M A 150 20 15 0 12 60 20M .25 10M 75M T 
2N 771 5 N H55 150M A 150 20 15 0 30 150 20M .25 10M 100M T 
2N 772 S N HSS 150M A 150 25 25 0 20 10M .25 10M 75M T 
2N 773 5 N RFA 150M A 150 20 15 0 4 16 1.5M 6 E 
2N 774 5 N RFA 150M A 150 20 15 0 7 30 1.5M 11 E 
2N 775 5 N RFA 150M A 150 20 15 0 20 80 1.5M 28 E 
2N 776 S N RFA 150M AlSO 20 15 0 4 16 1.5M 6 E 

[£N IK I~UM 
I ~ ~~~ ~O " " .'M It 

2N 778 5 N RFA 150M 15 0 20 80 1.5M 28 E 
2N 779 G P 2N964 8-48 HS5 60M A 100 15 15 S 50 200 10M .16 10M 320M T 
2N 779A G P 2N964 8-48 HSS 60M A 100 15 15 5 50 200 10M .125 10M 320M T 
2N 7798 G P 2N964 8-48 HSS 150M A 100 15 15 5 50 200 10M .125 10M 320M T 
2N 780 5 N 2N2220 8-74 AFA lW C 175 45 45 35 140 500- 1 10M 60M T 
2N 781 G P HSS 150M A 100 15 15 S 25 10M .16 10M 
2N 782 G P HS5 150M A 100 12 12 5 20 ·10M .20 10M 
2N 783 5 N 2N834 8-35 H55 300M 175 40 20 R 20 60 10M .25 10M 200M T 
2N 784 5 N 2N834 8-35 H55 300M A 175 30 15 R 25 10M .19 10M 200M T 
2N (tl4. LNOJ4 O-J> H» ",UM IAi LUU 41 LU -z; rsu "'Tmf .~ fUUlI • ~UU1 
2N 785 G P lNA 50M A 85 12 12 5 40 E 
2N 789 5 N AFA 150M A 175 45 30 0 1 5M 9 E 1M 8 
2N 790 5 N AFA 150M A 175 45 30 0 1 5M 18 E 2M B 
2N 791 5 N AFA 150M A 175 45 30 0 1 5M 18 E 8M B 
2N 792 5 N AFA 150M A 115 45 30 0 1 5M 36 E 2M B 
2N 793 5 N AFA 150M A 175 45 30 0 1 5M 16 E 2M 8 
2N 794 G P H55 120M A 85 13 30 10M .3 10M 25M T 
2N 795 G P H55 120M A 85 13 30 10M .5 40M 35M T 
2N 796 G P H55 120M A 85 13 50 10M .5 40M 50M T 

12N IN 
~~~ r~~~ I: '~~ ~~ 

-.u "'Tmf ."'fIi" TWI IOUUI 
2N 799 G P 12 0 30 12M .15 12M 4M B 
2N 800 G P M55 75M A 85 25 12 0 30 .15 12M 4M B 
2N 801 G P M55 75M A 85 30 18 0 30 60 
2N 802 G P M55 75M A 85 30 18 0 30 60 
2N 803 G P M55 75M A 85 30 15 0 40 80 
2N 804 G P M55 75M A 85 30 15 0 40 80 
2N 805 G P M55 75M A 85 30 12 0 60 
2N 806 G P M55 7514 A 85 30 12 0 60 
2N 807 G P M55 70M A 85 25 14 V 40 20M .2 20M 14M 8 

I2l'f 80 If IG I~~~ ;~~ I :~5 ~O ~~ 0 
40 20M .2 20 14M 

2N 809 G P 25 110 25M 30 E 3M 8 
2N 810 G P RFA 75M A 85 30 15 0 25 110 25M 30 E 3M B 
2N 811 G P RFA 75M A 85 30 12 0 45 180 4514 50 E 5M 8 
2N 812 G P RFA 75M A 85 30 12 0 45 180 4514 50 E 514 8 
2N 813 G P RFA 7514 A 85 30 10 0 55 220 SSM 70 E 15M B 
2N 814 G P RFA 75M A 85 30 10 0 55 220 55H 70 E 15M B 
2N 815 G N M55 7514 A 85 25 15 0 60 180 30M .75 200M 
2N 816 G N M55 75M A 85 25 15 0 60 180 30M .75 200M 
2N 817 G N 1455 7514 A 85 30 15 0 20 <0 ?< <nM 

12N tl rtl I MS5 (~M A 85 30 15 0 20 5014 .25 SOM 
2N 819 G N M55 7514 A 85 30 20 0 30 50M .25 50M 
2N 820 G N M55 75M A 85 30 20 0 30 50M .25 50M 
2N 821 G N MS5 75M A 85 30 25 0 40 50M .25 50M 
2N 822 G N M55 75M A 85 30 25 0 40 50M .25 5014 
2N 823 G N M55 75M A 85 25 12 0 40 20M .15 12M 4M 8 
2N 824 G P RFA 70M A 85 30 18 0 2M B 
2N 825 G P M55 7014 A 85 30 20 0 20 40 2.5M 8 
2N 826 G P M55 10M A 85 30 20 0 20 40 ~~~: 8 
2N 827 G P 8-28 H55 150M A 100 20 20 5 100 10M .25 10M 

III OZtl 8-30 H!) I~UM ruu 15 5 25 10M .2 10M 300M T 
2N e28A G P 8-32 H55 150M A 100 15 15 5 25 10M .2 10M 300~ T 
2N 829 G P 8-32 H55 150M A 100 15 15 5 50 10M .2 10M 300M T 
2N 834 5 N 8-35 H55 300M 175 40 30 5 25 10M .25 10M 350M T 
2N 834A 5 N H55 360M A 200 40 30 5 25 10M .25 10M 50014 T 
2N 835 5 N 8-35 H55 .3W A 175 25 20 0 20 10M .3 10M 300M T 
2N 837 G P H55 150M A 100 12 12 5 30 10M .25 10M 



TYPE 

12N 83~ G P 
2N 839 S N 
2N 840 S N 
2N 841 S N 
2N 842 S N 
2N 843 S N 
2N 844 S N 
2N 845 S N 

REPLlCE
MENT 

2N2222 
2N2221 
2N2222 
2N2221 
2N2222 

2N 846 G P 2N960 
2N 846A G P 2N960 
m- 840 HTb IZl'f9W 
2N 847 S N 
2N 848 5 N 
2N 849 S N 2N835 
2N 850 5 N 2N834 
2N 851 5 N 2N835 
2N 852 5 N 2N834 
2N 858 5 P 
2N 859 S P 
2N 860 5 P 

ILN 86 
2N 862 5 P 
2N 863 5 P 
2N 864 5 P 
2N 865 5 P 
2N 866 5 N 
2N 867 5 N 
2N 869 S P 
2N 8694 5 P 2N3250 
2N 870 5 N 

PAGE 
NUMBER 

8-37 
8-74 
8-74 
8-74 
8-74 
8-74 

8-48 
8-48 
H-4H~ 

8-35 
8-35 
8-35 
8-35 

8-39 
8-39 

[2N""1J 
2N876 
thru 
2N901 
2N 902 
2N 903 
2N 904 
2N 905 
2N 906 
2N 907 

ITlyr stors, s e Table 

12N YUH 

5 N 
5 N 
S N 
5 N 
S N 
5 N 

N 2N2222 
N 

2N 909 S 
2N 910 S 
2N 911 5 
2N 912 5 
2N 914 5 N 
2N 914A S N 
2N 915 S N 
2N 916 S N 
2N 916A 5 N 
I2N 

N 
N 

N 
N 

2N 917A 5 
2N 918 5 
2N 919 S 
2N 920 5 
2N 921 S 
2N 922 5 
2N 923 5 
2N 924 5 

N 2N834 
N 2N834 
N 2N834 
N 2N834 
P 
P 

2N 925 S P 
12N Y20 
2N 927 
2N 928 
2N 929 
2N 929A 
2N 930 
2N 930A 
2N 934 
2N 935 
2N 936 
ILN /j 

2N 938 
2N 939 
2N 940 
2N 941 
2N 942 
2N 943 

S P 
5 P 
5 N 
5 N 
5 N 
S N 
G P 
S P 
5 P 

5 P 
5 P 
S P 
5 P 
S P 
S P 

2N965 

8-74 

8-41 

8-43 
8-45 

9-15 
8-35 
8-35 
8-35 
8-35 

8-46 

8-46 

8-48 

--Numerical Index--

2N838-2N943 
MAX'MUM RATINGS ELECTRICAL CHARACTERISTICS 
1-

USE Po:~ 
@2S'C I,," 

,~ 

TJ VCBO VeE-it ~FE @ Ie ~ VCE(SAT),@ Ie .~ 
°C (volts) (volts) I ~ (min) (max) :5 (Yolts) :S 

HSS 150M A 
RFA _3W 4 
RFA _3W 4 
RF4 _3W A 
RFA _3W A 
RFA _3W 4 
VIO _3W 4 
VIO _3W A 
HSS 60M 4 
HSS 60M A 

100 30 30 S 30 10M .18 10M 
175 45 45 0 15 50 10M 210M 
175 45 45 0 30 100 10M 210M 
175 45 45 0 60 4CO 10M 210M 
175 45 45 0 20 55 10M 1.2 10M 
175 45 45 0 45 150 10M 1.2 10M 
175 60 60 R 40 120 511 .8 10M 
175 100 80 R 40 120 5M .8 10M 
100 15 15 S 25 125 10M .18 10M 
1001515525125 10M .14 10M 

lIT T5U1f 
M55 .2W A 
M55 .2W A 
H55 300M A 
HSS 300M 4 
HSS 300M A 
HSS 300M A 
MSS 150M A 
MSS 150M A 
MSS 150M A 

;~~ ~~ ;~ 0 L''''' IU i~~ ;~~ 
175 40 25 0 1.5 10M 
175 25 15 0 20 60 10M .6 10M 
175 25 15 0 40 120 10M .6 10M 
175 20 12 0 20 60 10M 
175 20 12 0 40 120 10M 
140 40 40 0 10 60 5M 
140 40 40 0 25 100 5M 
140 25 25 0 10 40 5M 

~ss 150M 
M5S 150M A 
M5S 150M A 
MSS 150M A 
M5S 150M A 
M5S 50 OM A 
MSS 500M A 
RfA 360M A 
MSS 360M A 
RFA 50 OM A 

:~~ -~~i~ ~ ~~ !~ ~= 
140 15 15 0 25 100 5M 
140 6 6 0 20 ICO 5M 
140 10 6 0 45 125 5M 
175 30 20 R 15 45 150M 
175 30 20 R 30 90 150M 
200 25 18 0 20 120 10M 
200 25 18 0 40 120 30M 
200 100 80 R 40 120 150M 

IRFA 5UOM 200 100 80 I!. 1001300 150M 

n P ge 1-1 

AfA 
AFA 
AfA 
AFA 
AFA 
RfA 
IK.A 
RfA 
AfA 
AFA 
AfA 
HSS 
HSS 
RFA 
RfA 
RFA 

[RFA 
RFA 
RFA 
HSS 
HSS 
HSS 
HSS 
AFA 
AfA 
AFA 

IA.A 
AfA 
AFA 
AfA 
AFA 
AfA 
AFA 
HSS 
AFA 
AfA 
A.A 
AFA 
AFA 
AfA 
CHP 
CHP 
CHP 

150M A 175 45 30 0 
150M A 175 45 30 0 
150M A 175 45 30 0 
150M A 175 45 30 0 
150M 4 175 45 30 0 
.15W A 175 45 30 0 
• lOW ro",.>u 
400M 4 175 60 30 R 
50 OM A 200 100 80 R 
500M A 200 100 80 R 
500M 4 200 100 80 R 
360M A 200 40 20 R 
360M A 200 40 20 R 
360M 4 200 70 50 0 
360M A 200 45 25 0 
360M A 200 45 25 0 
"uur l"uU 'u I~ 

200M A 200 30 15 0 
200M A 200 30 15 0 
.36W A 200 25 15 0 
.36W A 200 25 15 0 
.36W A 200 50 20 0 
.36W A 200 50 20 0 
.25W 4 200 40 25 0 
.25W A 200 40 25 0 
.25W A 200 50 40 0 
.L~W 12UU ~U 4U 
.25W A 200 70 60 0 
.25W A 200 70 60 0 
600M C 175 45 45 0 

.5W A 200 60 45 0 
600M C 175 45 45 0 

.5W A 200 60 45 0 
150M A 85 13 12 
.25W 4 160 50 40 0 
.25W A 160 50 35 0 
.L~W 16U ~U jU 
.25W A 175 40 35 0 
.25W A 175 40 35 0 
.25W A 175 40 35 0 
.25W A 175 25 8 U 
.25W A 175 25 8 U 
.25W A 175 40 18 0 

1-115 

20 55 
., I~U 

110 350 
75 
35 
15 
30 120 
30 120 
50 200 
50 200 
50 200 

~o ~~~ 
20 
20 60 
40 120 
20 60 
40 120 

40 120 
40 120 

100 300 
100 3eO 
40 

9 22 
18 44 

10 
10 
10 

10M 
IU' 

50M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 

~M 
3M 

10M 
10M 
10M 
10H 

10* 
10' 
10* 
10. 
40H 

1M 
IH 

.15 

.15 

.15 

.15 

.15 

.15 
.1 
.1 

1.5 
1.5 

I 
.15 
1.2 
1.2 

.5 

.4 

.4 

.4 

.7 

.4 
1 

.5 

.5 

.~ 

.4 

.4 

.2 

.2 

.3 

.3 

.5 

.5 

.5 
~5 
.5 
.5 

1 
.5 

1 
.5 
.3 
.3 
.5 
.<> 
.3 
.3 
.3 

.003 

5M 
511 
5M 
511 
5M 
511 
5M 
5M 

150M 
150M 

10M 
10M 
50M 
50M 

5M 
5M 
5M 
5M 
5M 

10M 
10M 
10M 
10M 

200M 
200M 

10M 
10M 
10M 

1~~ 
10M 
10M 
10M 
10M 
10M 

5M 
5M 
5M 
5M 
5M 
5M 

10M 
10M 
10M 
10M 
40M 

5H 
5M 
5M 
5H 
5M 
5M 

300M T 
20 E 30r. T 
40 E 30~ T 
80 E 40M T 
20 E 30M T 
40 E 40M T 

15 
30 
15 

~~O 
40 
25 

100 

5·0M T 
SOH T 

320M T 
320M T 
.:I2UM T 

600M T 
600M T 
300M T 
300M T 

E 511 T 
E 6M T 
E 6.5M T 
E 7;-S-M T 
E 8M T 
E 10M T 
E 16M T 
E 24M T 

40M T 
50M T 

100M T 
400M T 

30 E 50M T 
50 E 60M T 

9 E 1M 
18 E 2M 
18 E 8M 
36 E 2M 
76 E 2M 
19 E 12M T 
,. I C ,,~ 

40 E 50M T 
76 E 60M T 
36 E 50M T 
18 E 40M T 

300M T 
300M T 

50 E 250M T 
50 E 300M T 
50 E 300M T 

~~o~ T 
600M T 
200M T 
200M T 
200M T 
200M T 

12 E .8M B 
24 E .8M B 
10 E .8M B 
20 E .8M 8 

8 E .• 8M 8 
18 E .8M B 

150 E 1M E 
60 E 45M T 

150 E 1M E 
150 E 45M T 

35M T 

9 E 1M 8 
18 E 2M B 
36 E 2M 8 
25 E 16M T 
25 E 10M T 
25 E 1M B 

I 



I 
2N944-2N1015E 

TYPE 

2N 944 
2N 945 

2N 946 

3 ~ REPLACE-

~ ~ MENT 

S P 
S P 

S P 

2N 947 S N 2N834 
2N948 
thru T y istors J 

2N951 
2N 955 G N 
2N 955A G N 
2N 956 S N 2N2222 
2N 957 S N 2N2501 
2N 958 S N 
2N 959 5 N 
2N 960 G P 
2N 961 G P 
2N 962 G P 
2N 963 G P 
2N 964 G P 
2N 964A G P 
2N 965 G P 
2N 966 G P 
2N 967 G P 
2N 968 G P 
2N 969 G P 
2N 970 G P 
2N 971 G P 
2N 972 G P 
2N 973 G P 
2N 974 G P 
2N 975 G P 
2N 976 G P 2N964 
2N 977 G P 2N964 
2N 978 5 P 2N2837 
2N 979 G P 
2N 980 G P 
2N 981 5 N 
2N 982 G P 
2N 983 G P 

I~I'I '" 
2N 985 G P 
2N 986 S N 
2N 987 G P 
2N 988 S N 2N2221 
2N 989 5 N 2N2221 
2N 990 G P 
2N 991 G P 
2N 992 G P 
2N 993 G P 

fZN ~ [U 
2N 995 S P 
2N 995A S P 2N3250 
2N 996 S P 2N3248 
2N 997 S N 
2N 998 S N 
2N 999 S N 
2Nl000 G N 
2Nl003 G P 
2Nl004 G P 

121 IUU~ I SIN 
2Nl006 S N 
2Nl007 G P 
2Nl008 G P 
2Nl008A G P 
2Nl008B G P 
2Nl009 G P 
2Nl010 G N 
2Nl011 G P 
2Nl012 G N 
L" IV I u i1N1552 
2Nl015 S N irn3713 
2Nl015A S N 
2Nl015B S N 
2Nl015C S N 
2NI0150 S N 
2Nl015E S N 

-- Numerical Index --

,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

PAGE 
NUMBER USE 

CHP 
CHP 

CHP 

.-
PD t~ 

@25·C I':; 
I'" 

.25W A 

.25W A 

TJ VCBO VeE-It hF£ @ Ie 

°C (yolts) (VDlts)t~ (min) (max) 

175 40 18 0 10 
175 50 50 0 10 

.25W A 175 80 80 0 10 

~ VCE(SAn'@ Ie ~ 

:S (volts) :5 

.004 

.005 

.005 

8-35 M5A 360M A 150 20 15 R 20 10M .4 5M 

ee Table on P ge 1-1 1 

8-74 
8-.104 

8-48 
8-48 
8-48 
8-48 
8-48 
8-48 
8-48 
8-48 
8-50 
8-59 
8-'59 
8-59 
8-59 
8-59 
8-59 
8-59 
8·59 
8-48 
8-48 
8-111 

8-62 

8-74 
8-74 

8-39 
8-141 
8-137 

7-24 
7-24 
7-24 

6-40 

16-63 
6-117 

HSS 
HSS 
RFA 
RFA 
HSS 
HSS 
H5S 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HS5 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
HSS 
H55 
HSS 
RFA 
HSS 
HSS 
AFA 
HSS 
HSS 

I~~~ 
SPP 
RFA 
RFA 
RFA 
RFC 
RFC 
RFC 
RFC 

I H" 
RFA 
RFA 
RFA 
AFA 
SPP 
SPP 
MSA 
RFA 
VID 

I AF 
AFA 
lPA 
AFA 
AFA 
AFA 
AFA 
AFC 
lPA 
MSA 

I LP 
PHS 
PMS 
PMS 
PMS 
PMS 
PHS 

150M A 
150M A 
50 OM A 
250M A 
.25W C 
.25W C 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
150M A 
100M A 
150M A 
330M A 

60M A 
60M A 
.5W A 
60M A 
60M A 

1~~~ A 
500M A 

.IW A 

.3W A 

.3W A 
67M A 
67M A 
67M A 
67M A 

~VU' 

360M A 
360M A 
360M A 
500M A 
500M A 
500M A 
150M A 
120M A 
120M A 
I~OM A 
150M A 

35W C 
.3W C 
.3W C 
.3W C 
.4W C 
20M A 
35W C 

150M A 
"~UW 
150i1 C 
150i1 C 
150i1 C 
150i1 C 
150i1 C 
150i1 C 

100 
100 
200 
150 
150 
150 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
150 
100 
100 
200 
100 
100 

:~O 
200 
100 
175 
175 

75 
75 
75 
75 

" 200 
200 
200 
175 
200 
200 
100 
100 
100 
175 
175 
95 
85 
85 
85 
85 
55 
95 

100 
100 
150 
150 
150 
150 
150 
150 

12 
12 
75 
40 
25 
25 
15 
12 
12 
12 
15 
15 
12 
12 
12 
15 
12 
12 

7 
15 
12 
12 

8 0 30 
8 0 30 

50 R 100 
20 0 45 
15 0 20 
15 0 40 
15 5 20 
12 5 20 
12 5 20 
12 5 20 
15 5 40 
15 5 40 
12 5 40 
12 5 40 
12 5 40 
15 5 17 
12 5 17 
12 5 17 
7517 

15 5 40 
12 s 40 
12 5 40 

300 

30M 
30M 

150M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
20M 
40M 

7 
15 
15 
30 
20 
20 
80 
20 
15 

7 5 40 
10 0 30 
10 0 50 
20 0 15 
15 0 30 
12 a 30 
80 a 

60 150M 
10M 
10M 

15 a 
15 0 

15 7 a 
100 80 R 
40 40 0 
20 lQ 0 
20 10 0 
'20 20 R 
20 20 R 
20 20 R 
20 20 R 

20 15 0 
20 15 0 
15 12 a 
75 40 0 

100 60 a 
60 60 a 
40 25 a 
35 20 U 
35 20 U 
15 15 0 
15 15 0 
25 20 0 
20 15 R 
40 35 R 
60 55 R 
35 35 R 
10 10 0 
80 80 S 
40 22 0 

100 65 0 
30 30 V 
60 60 V 

100 100 V 
150 150 V 
zOO 200 V 
250 250 V 

1·116 

50 
40 
~u 

40 

40 250 
20 120 
20 120 
40 
40 
40 
40 

~5 :=~ 
35 140 
35 

40 

10 25 
25 150 
50 250 

30 
40 
20 
10 
10 
10 
10 
10 
10 

75 

50 

10M 
10M 

1M 
10M 
10M 

1M 
1M 
1M 
1M 

~~~ 
20M 
20M 

100* 

10M 

10M 
10M 

lA 

3A 
100M 

4A 
2A 
2A 
2A 
2A 
2A 
2A 

.5 

.3 
1.5 
1.5 
.2 
.2 
.2 
.2 
.2 
.2 

.18 

.18 

.18 

.18 
.2 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

.17 
.2 

1.5 
.25 
.25 

3 
.125 
.15 
.IH 
.15 

.5 

.5 

.IH 
.2 
.2 
.3 

1.6 
1.2 
1.6 
.25 

.6 

.6 
1 

.25 

.25 

.25 

.25 

1.5 
.2 
.8 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

30M 
30M 

150M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
10M 
20M 
40M 

150M 
10M 
10M 
10M 
10M 
10M 
IUM 
10M 

10M 
10M 

~~M 
20M 
60M 

100M 
50M 

100M 
100M 

10M 
10M 

2A 
.1A 
.1A 
.IA 
.IA 

3A 
100M 

4A 
2A 
2A 
2A 
2A 
2A 
2A 

200M T 

50 E 70M T 
200M T 
200M T 
200M 
300M T 
300M T 
300M T 
250M T 
300M T 
300M T 
300M T 
300M T 
250M T 
300M T 
300M T 
300M T 
300M T 
300M T 
300M T 
300M T 
300M T 
249M T 
400M T 

40M T 
100M T 
100M T 

36 E 50M B 

300M T 

300M T 
300M T 

40 E 44M T 
.. 0 E .. 411 T 
.. 0 E 
.. 0 E 44M T 

lOCO E 

10 f 
10 E 

25 E 
40 e 
40 E 
40 E 
40 E 

20 E 

100M T 
100M T 
100M T 

7M E 

60K T 

7.5K E 

5K E 
3Mle 

.5M B 



--Numerical Index --

2N1015F 2N1065 -
.!lAlIIMUM RATINGS ELECTRICAL CHARACTERISTICS 

TYPE 
~~ REPLACE· PAGE Po :~ TJ VCBO VeE_I~ ~FE @ Ie VCE{SAT)@le 1:2- L I~ ~ ~ USE h,_ :1 MEHT NUMBER I~ ~ ~ :u~ 
;~ @2S·C I';; ·C (vollsl (volts)l~ (mini (mall (vollsl ,5 "I~ 

I'" I~ "I~ I 
2NI015F S N PMS 1501/ C 150 300 300 V 10 2A 1.5 2A 
2NI016 S N 2N3713 6-117 PMS 1501/ C ISO 30 30 V 10 SA 2.5 SA 
2Nl016A S N PMS 1501/ C 150 60 60 V 10 SA 2.5 SA 
2Nl016B S N PMS 1501/ C 150 100 100 V 10 SA 2.5 SA 
2Nl016C S N PMS 1501/ C 150 ISO 150 V 10 SA 2.5 SA 
2Nl0160 S N PMS 1501/ C ISO 200 200 V 10 SA 2.5 SA 
2Nl016E S N PMS 1501/ C 150 250 250 V 10 SA 2.5 SA 
2Nl016F S N PMS ISOW C 150 300 300 V 10 SA 2.5 SA 
2NI017 G P MSA 1S0M A 85 30 10 0 70 2.6 200M ISH B 
2Nl018 G P MSS 200M A 100 30 6 0 70 70M 2.6 200M 20M B 
2Nl021 G P 6-42 LPA SOH C 95 100 100 X 23 70 ]A 1 SA 
2NI021A G P 2Nl021 6-42 LPA 150H C 100 100 50 0 30 90 SA .5 SA 200K T 
2NI022 G P 6-42 LPA SOH C 95 120 120 X 23 70 SA I SA 
2NI022A G P 2Nl022 6-42 LPA 150W C 100 120 55 0 30 90 SA .5 SA 200K T 
2Nl023 G P 2N3323 9-66 RFA 120M A 100 40 40 0 20 175 1.5M 
2Nl024 S P AFA .25W A 175 18 IS U 9 E 1M B 
2Nl025 S P AFA .25H A 175 40 35 U 9 E 1M 8 
2Nl026 S P AFA .25W A 175 40 35 U 18 E 2M B 
2Nl027 S P AFA .25H A 175 18 15 U 18 E 4M 8 
2Nl02B S P AFA .25H A 175 12 10 U 9 E 7.2M T 
2Nl029 G P 2N1S53 6-63 LPA 90W c 100 50 20 0 20 60 lOA 1 lOA 
2NI029A G P 2N1SS4 6-63 LPA 901/ c 100 60 30 0 20 60 lOA 1 lOA 
2NI0298 G P 2N1SSS 6-63 LPA 901/ c 100 90 60 0 20 60 lOA 1 lOA 
2Nl029C G P 2N1SS6 6-63 LPA 901/ c 100 100 70 0 20 60 lOA 1 lOA 
2N1030 G P 2N1S57 6-63 LPA 901/ c 100 50 20 0 50 100 lOA 1 lOA 
2Nl030A G P 2N1SS8 6-63 LPA 901/ C 100 60 30 0 50 100 lOA 1 lOA 
2Nl030B G P 2N1SS9 6-63 LPA 100 90 60 0 50 100 lOA 1 lOA 
2Nl030C G P 2N1560 6-63 LPA 100 100 70 0 50 100 lOA 1 lOA 
2Nl031 G P 2N1SS3 6-63 LPA 90W C 100 50 30 S 20 60 IDA 1 lOA 10 E 2K E 
2Nl031A G P 2N15S4 6-63 LPA 90W C 100 60 40 S 20 60 IDA 1 IDA 10 E 2K E 

12Nl03 IG I2NI.5SS 6-63 ILPA 90W 10 90 70 I~ ~g 60 IDA IDA IE ~~I~ 2Nl031C G P 2N15S6 6-63 LPA 90W C 100 100 80 60 IDA 1 lOA 10 E 
2Nl032 G P 2N1SS7 6-63 LPA 90H C 100 50 30 S 50 100 IDA 1 lOA 25 E 2K E 
2Nl032A G P LPA 90W C 100 60 40 S 50 100 IDA 1 IDA 25 E 2K E 
2Nl032B G P LPA 90W C 100 90 70 S 50 100 IDA I IDA 25 E 2K E 
2Nl032C G P LPA 90W C 100 100 80 S 50 100 lOA 1 lOA 25 E 2K E 
2Nl034 S P AFA 250M A 160 50 40 0 .5 8M 9 E 150K B 
2Nl035 S P AFA 250M A 160 50 35 0 .4 8M 18 E 200K 8 
2Nl036 S P AFA 250M A 160 ·50 30 0 .3 8M 34 E 300K 8 
2Nl037 S P AFA 250M A 160 50 35 0 .5 8M 9 E 150K 8 
12Nl03B IG ILNZlJ8 b-74 ILP 20W 9 40 40 20 60 lA :~~ :: :~I ~ ~~I~ 2Nl039 G P 2N2139 6-74 LPA 20W C 95 60 60 V 20 60 lA 
2Nl040 G P 2N2140 6-74 LPA 20W C 95 80 80 V 20 60 lA .26 lA 18 E 8K E 
2Nl041 G P 2N2141 6-74 LPA 20W C 95 100 100 V 20 60 lA .25 lA 18 E 8K E 
2Nl042 G P 2N2143 6-74 LPA 20W C 100 40 40 V 20 60 3A .75 3A 2 E 250K T 
2Nl043 G P 2N2144 6-74 LPA 20W C 100 60 60 V 20 60 3A .25 lA 250K T 
2Nl044 G P 2N214S 6-74 LPA 20W C 100 80 80 V 20 60 3A .25 ]A 250K T 
2Nl045 G P 2N2146 6-74 LPA 20W C 100 100 100 V 20 60 3A .25 lA 250K T 
2NI046 G P 2N2832 6-87 HPA SOH C 100 100 50 0 40 SA .2 500M 15M T 
2Nl046A G P 2N2832 6-87 HPA SOW C 100 130 50 0 40 SA .4 SA 15M T 

f2NTll4Iil! re- I ZN28JJ b-87 Hf 'OW 100 13U ,0 'U IUA .4 ,A 5M T 
2NI047 S N LPA 401/ C 200 80 12 36 500M 7.5 50 OM 
2NI047A S N LPA 401/ C 200 80 80 0 12 36 500M 7.5 500M 75K E 
2NI0478 S N LPA 40w C 200 80 80 0 12 36 500M 2 500M 125K E 
2NI047C S N LPA 40W C 200 80 80 0 12 36 500M I 500M 125K E 
2NI04B S N LPA 401/ C 200 120 12 36 500M 7.5 500M 
2NI04BA S N LPA 401/ C 200 120 120 0 12 36 500M 7.5 500M 75K E 
2NI04BB S N LPA 401/ C 200 120 120 0 12 36 500M 2 500M 125K E 
2NI048C S N LPA 40W C 200 120 120 0 12 36 SOOM 7.! I~~g~ 125K E 
2NI049 S N LPA 401/ C 200 80 30 90 500M 

f21'fT049-A LPA 401/ C 200 BO BO 0 30 90 500M 7_5 500M 75K E 
2NI049B S N LPA 401/ C 200 BO 80 0 30 90 50 OM 2 500M 125K E 
2NI049C S N LPA 40W C 200 80 80 0 30 90 500M 1 500M 125K E 
2Nl050 S N LPA -401/ C 200 120 30 90 500M 7.5 500M 
2NI050A S N LPA 401/ C 200 120 120 0 30 90 500M 7.5 500M 75K E 
2NI050B S N LPA 40W C 200 120 120 0 30 90 500M 2 500M 125K E 
2NI050C S N LPA 40W C 200 120 80 0 30 90 500M I 500M 125K E 
2Nl051 S N RFA .5W A ISO 40 40 0 25 50M 3 50M 30 E 80M T 
2NI052 S N RFA 6M A 200 200 200 V 20 80 .2A 5 .2A 
2NI054 S N VID .8W A 200 125 115 0 20 .2A 15 E BM T 

12NI055 N RFA 5.5M A 200 100 100 0 20 80 50M 2 50M 3M T 
2NI056 G P 2N2043 7-39 AFA 240M A 100 70 50 R 18 43 20M .13 20M 500K 8 

.2NI057 G P 2N1924 7-37 AFA 240M A 100 45 45 V 34 90 20M .13 20M 50 OK 8 
2NI058 G N 50M 75 20 20 R 10 8 4M B 
2NI059 G N AFA IBOM 75 40 15 R 10M 10K E 
2NI060 S N 2N2501 8-104 HSS .25W A 150 40 40 0 17 5M .3 5M 
2NI065 G P AFA .12W A 85 40 20 0 20 BO .25 10M 10M T 

1·117 



--Numerical Index --

2Nl066-2N1l388 

I 
,!fAXIMUM RATINGS ELECTRICAL CHARACTERISTICS :s ~ 

REPLACE· PAGE I~ TJ VcE-ll VCE(SAT)@le . IS. ,~ 

TYPE ~; USE Po l-g VCBO hFE @ Ic 
hf_ :~ 

L I'~ 
MENT HUMBER ,"- ~ ~ ~;~ '" ~ @ZS·C ,,:;; ·C (volts) (voltS)I~ (min) (max) (volts) ,= ,~ =>,~ 

2Nl066 G P 2N3323 9-66 RFA 120M A 100 40 40 0 20 175 1.5M 
2N1067 5 N 2N3766 6-134 PM5 5W C 175 60 30 a 15 75 200M 2 200M .75M 8 
2Nl068 5 N 2N3766 6-134 PM5 lOW C 175 60 30 0 15 75 750M 2 200M .75M B 
2Nl069 5 N 2N3766 6-134 PM5 sow C 175 60 ~5 a 20 50 1.5A 1.33 1.5A .5M 8 
2Nl070 5 N 2N3766 6-134 PM5 SOW C 175 60 ~5 0 20 50 1.5A .5 1.5A .5M B 
2Nl072 5 N 2N3766 6-134 PH5 2W A 150 75 30 0 20 .75A 2 .75A 
2N1073 G P 6-44 lPA 110 40 40 R 20 60 SA 1 SA 
2N1073A G P 6-44 lPA 110 80 80 R 20 60 SA 1 SA 
2N 10738 G P 6-44 lPA 110 120 120 R 20 60 SA 1 SA 
2N1074 5 N AFA 250M A 160 50 40 0 9 E 200K 8 
2Nl075 5 N AFA 250M A 160 50 35 0 18 E 250K 8 
2N1076 5 N AFA 250M A 160 50 30 0 36 E 300K 8 
2Nl077 5 N AFA 250M A 160 50 35 0 I 8M 9 E 200K 8 
2NI078 G P lPA 20W C 85 60 60 5 40 .5A 1 1A 
2N1079 5 N HPA 60W C 200 60 60 5 20 80 lA 3 ]A 20 E 10M T 
2Nl080 5 N HPA 60W C 200 60 60 5 20 80 2A 5 2A 20 E 10M T 
2Nl081 5 N M55 -6M A 200 40 40 0 20 100 .5A 4 .5A 
2Nl082 5 N RFA .2H A 200 25 25 5 10 50 10M 10 E 17M T 
2Nl086 G N RFC 65M A 85 9 9 0 17 195 1M 
2Nl086A G N RFC 65M A 85 9 9 0 17 195 1M 

12NI08' RFC 65M A 85 0 1 195 1M 
2N1090 G N M55 120M A 85 25 30 20M .2 20M 5M 8 
2Nl091 G N M55 120M A 85 25 40 20M .3 200M 10M 8 
2Nl092 5 N PM5 2W A 175 60 30 0 15 75 200M 2 200M .75M 8 
2NI093 G P AFA 150M A 95 30 15 a 50 150 20M .2 20M 40 E 5M B 
2Nl094 G P RFA .15H A 100 30 15 a 15 4M .96 B 560M T 
2Nl097 G P 2N1414 7-33 AFC 200M A 100 18 18 R 34 90 20M 1M B 
2Nl098 G P 2N1414 7-33 AfC 200M A 100 18 18 R 25 90 20M 1M B 
2N 1 099 G P 6-21 lPA SOW C 95 80 70 5 35 70 SA .7 12A 
2N 1100 G P 6-13 lPA SOW C 95 100 65 0 25 50 SA .7 12A 

12N ,IU I Af 160 2 R 2 ~O .i5M O. 100M :~~ 2N 1102 G N AFA 180M 75 40 25 R 25 50 35M 0.5 100M E 
2Nll03 5 N AfA 125M A 150 45 35 a 30 65 10M I.S 10M 20 E 10M B 
2N 1104 5 N AfA 125M A 150 45 35 0 45 150 10M 1.5 10M 40 E 20M B 
2Nll05 5 N AFA 800M A 200 60 60 a 12 36 200M 5 200M 
2Nll06 5 N AFA 800M A 200 100 100 0 12 36 200M 5 200M 
2Nll07 G P RFA 30M C 16 40M B 
2N 1108 G P RFA 30M C 16 35M 8 
2Nll09 G P RfA 30M C 16 35M B 
2N 111 0 G P RFA 30M C 16 35M B 

f'2NT R A jaM 35M 8 
2N 1114 G N MSS 150M 100 25 15 R 40 180 20M 7M B 
2N 1115 G P MSA 150M A 85 20 15 0 .35 60M 5M 8 
2N1115A G P MSA 150M A 85 20 15 a .35 60M 5M 8 
2N 1116 5 N RFA 60GH C 200 60 60 a 40 150 .5A 5 .5A 6M T 
2Nl117 5 N RFA 60GH C 200 60 60 a 40 150 .2A 4 .2A 4M T 
2N1118 5 P RfA 150M A 140 25 25 U 15 E 8M M 
2N1118A 5 P RFA 150M A 140 25 25 U 25 15M 15 E 8M M 
2N1119 5 P MS5 150M A 140 10 10 U 15 15M .15 5M 7.2M T 
2N 1120 G P 6-47 lPA 45W C 95 80 70 5 20 50 lOA 1 lOA 30 E 3K E 

f2N 17 fGfN RH -65M rc -85 15 15 0 34 1M 
2N1122 G P 2N961 8-48 H55 25M A 100 12 11 5 25 10M .1 8M 35 E 40M t 
2N1122A G P ZN960 8-48 H55 25M A 100 15 14 5 25 10M • I 8M 35 E 40M t 
2N 1123 G P 2N3427 8-41 M55 10M C 100 45 40 5 40 100M .2 10M 3M 8 
2N 1124 G P ZN6S1 7-20 AF5 300M A 85 40 35 V .2 100M 40 E 400K B 
2N1125 G P 2N651 7-20 H5A 300M A 85 40 40 V 50 150 500M .3 500M 1M 8 
2N 1126 G P 2N651 7-20 MSA 1W C 85 40 35 V .2 100M 40 E 400K 8 
2N1127 G P 2N3428 7-41 M5A 1W C 85 40 40 V 50 150 500M .3 500M 1M 8 
2N 1128 G P 2N1192 7-30 AFA 150M A 85 25 18 S 

200 100M .25 11DOM 
70 E 

2N1129 G P 2N3427 7-41 AFA 150M A 85 25 25 V 100 
2N 1130 G P 2N1193 7-30 AfA !~~~ A I~; 30 50 165 100M .25 100M 
2NI131 5 P 8-64 MSA I--~g , 35 0 20 45 150M 1.5 150M 15 E ;~~ 2N1131A 5 P 2N2800 8-111 M5A .6W A 175 40 0 20 45 ;15A' '1;5' '; 15A '''15 E 
2N 1132 5 P 8-24 M5A 600M A 175 50 35 0 30 90 150M 1.5 150M 25 E 60M T 
2N1132A S P 8-24 MSA .6W A 175 60 40 0 30 90 .15A 1.5 .15A 25 E 60M T 
2N11328 5 P 8-24 MSA .6W A 175 70 45 0 30 90 .15A 1.5 .15A 25 E 60M T 
2N1135 5 P M55 100M A 140 12 12 a 5.6M T 
2NI135A 5 P M5S 100M A 140 12 12 a 5.6M T 
2NI136 G P ~1540 6-60 lPA 100 60 35 R 50 100 3A 1 ~: ~~ E 2N 1136A G P 2N1542 6-60 lPA 100 90 65 R 50 100 3A I 

12N 1368 P 2N1543 6·60 lPA 100 100 75 R 50 100 3A 1 3A 4K E 
2Nl137 G P 2N1544 6·60 lPA 100 60 25 0 75 150 3A 1 3A 
2N'1137A G : ~t~!~ 6-60 lPA 100 90 55 0 75 150 3A 1 3A 
2N11378 G 6-60 lPA 100 100 65 a 75 150 3A 1 3A 
2N 1138 G P 2N1545 6·60 lPA 100 60 25 0 100 200 3A 1 3A 
2N1138A G P 2N1547 6-60 lPA 100 90 55 0 100 200 3A 1 3A 
2N 11388 G P N1548 6-60 lPA 100 100 65 0 100 200 3A I 3A 
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--Numerical Index --

2Nl139-2N1198 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

;;! !; 
REPLACE· PAGE :~ VcE-ll hf_ :l ,-

TYPE ~ ~ USE PD 
TJ VCBO hfE @ Ie YCE(SAT)@ Ie ~ L I·~ 

MENT NUMBER I~ 
.., ~I:': 

'" @25·C ,,,, ·C lvolts) (volts)l~ (min) Imax) ;§ lvolts) ~ I~ "'~ ,= I~ =-,~ I 
2N 1139 S N N835 8-35 HSS 6.6M A 17S IS IS 0 20 200 10M .7 10M 100~ T 
2N1141 G P 9-16 RFA 750M C lCO 3S 10 10M 2 SOM 12 E 
2N 1141 A G P RFA 750M C 100 35 25 S 15 10M 2 50M .94 b 500~ T 
2N1142 G P 9-16 RFA 7'>OM C 100 30 10 10M 2 50M .980 B 600M A 
2N1142A G P RFA 750M C 100 30 25 S 15 10· 2 50M .94 B 400M T 
2N1143 G P 9-16 RFA 750M C 100 25 10 10M 2 50M .980 B 480M, B 
2N1143A G P RFA 750M C 100 30 25 5 15 10M 2 50M .94 B 400M T 
2N1144 G P 2N321 7-6 AFC 175M A 85 16 16 K 34 90 20M 1M B 
2N 1145 G P 2N1414 7-33 AFC 175M A 85 16 16 R 25 90 20M 1M H 
2N1146 G P PMS 87W C 95 40 20 0 60 150 SA 1 15A .15M E 

~~ ~ ~~~~ G P 
P~~ ~;~ C ;~ ~~ ~~ 0 ~~ ;~~ ~~ '3" : ; ~~ G P 1 15A E 

2N 1146C G P PMS 87. C 95 100 50 0 60 150 SA 1 15A .15M E 
2N1147 G P PMS 8/W C 95 40 20 0 60 150 SA 1 15A .15M E 
2N 1147 A G P PMS 87W C 95 60 30 0 60 150 SA 1 IsA .15M E 
2N1147B G P PMS 87W C 95 80 40 0 60 150 SA 1 15A .15M E 
2N1147C G P PMS 87W C 95 100 50 0 60 150 SA 1 IsA .15M. E 
2N1149 S N AFA 150M 175 45 9 20 25M .9 B 4M B 
2N1150 S N AFA 150M 175 45 18 40 25M .948 B 5M B 
2N1151 S N AFA 150M 175 45 18 90 25M .948 B 8M B 

N '"" 
N "A "UM 1;~ :~ ~~ 3~~ ~~~ 

• 'J U U' , 

2N1153 S N AFA 150M .987 B 7M B 
2N 1154 S N AFA 750M 150 SO 9 60M .9 B 
2N1155 S N AFA 750M ISO 80 9 50M .9 B 
2N1156 S N AFA 750M 150 120 9 40M .9 B 
2N1157 G P MP501 6-168 PMS 187W J 100 60 45 0 38 84 lOA .8 40A 75K T 
2N1157A G P ~~~~Z3 6-168 PMS 187W J 100 80 50 0 38 84 lOA .8 40A 75K T 
2N1158 G P 9-16 RFA 60M A 100 20 20 S 5.7 E 
2Nlls8A G P 2N1142 9-16 RFA 75M A 100 20 20 S 9 E 
2N1159 G P 2N3616 6-113 PMS 35W C 95 80 60 0 30 75 3A 1 3A 
2N1160 G P NJ010 

~=~~J PMS 35W C 
1~~ ~~ ~~ S ~~ ~~ 2~: 2~: 2N1162 G P PMS 90W C .B lK E 

2N1162A G P 6-49 PMS 90W C 100 50 35 S 15 65 25A .8 25A 3K E 
2N1163 G P 6-49 PMS .9OW C 100 50 35 S 15 65 25A .8 25A IK E 
2N1163A G P 6-49 PMS 90W C 100 50 35 S 15 65 25A .8 25A 3K E 
2N1164 G P 6-49 PMS 90W C 100 80 60 S 15 65 25A .8 25A lK E 
2N1164A G P 6-49 PMS 90W C 100 80 60 S 15 65 25A .8 2sA 3K E 
2N1165 G P 6-49 PMS 90W C 100 80 60 S 15 65 25A .8 25A lK E 
2N1165A G P 6-49 PHS 90W C 100 80 60 S 15 65 25A .8 25A 3K E 
2N1166 G P 6-49 PMS 90W C 100 100 75 S 15 65 25A .S 25A lK E 

I~~~ ~~~A ~ P 
b- .90\/ 

;~~ ;~~ ~~ S ;~ ~~ ~~: 
.0 

~~~ ~~ E 6-49 PMS .9QW C .S 
2N1167A G P 6-49 PMS 90W C 100 100 75 S 15 65 25A .8 25A 3K E 
2N1168 G P 2N3614 6-110 LPA 45W C 95 50 30 R 
2N 1169 G N BMS 120M A 71 40 20 0 20 200M .3 200M 4.5M B 
2N 1170 G N 8MS 120M A 71 40 20 0 20 200M .3 200M 4.5M 8 
2NI171 G P MMS 170M A 85 30 12 30 30M 10M. 8 
2N 1172 G P 2N2137 6-74 PMS 95 40 30 0 30 90 100M 
2N 1173 G N MSS .2SW A 100 35 20 0 50 200 10M .075 10M 50 E 
2N 1174 G P MSS .25W A 100 35 20 a 50 200 10M .075 10M 50 E 
2N 1175 G P -JJ AFA Z~~: C ~~ ~~ ~~ R 

ru '4U ZUM .3'-' 
2N 1176 G P 2N1189 7-28 AFA .3 .IA 20 E 
2NII77 G P 2N2957 8-119 RFA 80M A 71 30 
2N 1178 G P 2N2955 8-119 RFA 80H A 71 30 
2N 1179 G P 2N2956 8-119 RFA 80M A 71 30 
2N llBO G P 2N2956 8-119 RFA 80M A 71 30 
2N1182 G P 2N2140 6-74 PMS 106H C 100 50 60 0 30 85 .5A .9 2A sK E 
2N 1183 G P 2N2139 6-74 PMS 7.5W C 100 45 20 0 20 60 400M .5 400M 500K B 
2NllB3A G P 2N2140 6-74 PMS 7.5H C 100 60 30 a 20 60 400M .5 400M 500K B 
2NllB3B G P 2N2141 6-74 PMS 7.5W C 100 BO 40 0 20 60 400M .5 400M 500K B 
2NllB4 G P 2N2144 6-74 PMS 7.5H C 100 45 20 0 40 120 400M .5 400M 500K 8 
2N1184A G P 2N2145 6-74 PMS 7.5H C 100 60 30 a 40 120 400M .5 400M 500K 8 
2Nl1B4B G P 2N2146 6-74 PMS 7.5H C 100 BO 40 0 40 120 400M .5 400M 500K 8 
2NI185 G P 2N1185 7-25 AFA 200M A 100 45 30 R 130 10M 190 E 1.7M B 
2NI186 G P 7-25 AFA 200M A 100 60 45 R 33 10M 30 E .75M B 
2NH87 G P 7Q25 AFA 200M A 100 60 45 R 45 10M 50 E 1M 8 
2N1188 G P 7-25 AFA 200M A 100 60 45 R 80 10M 100 E 1.2M B 
2N1189 G P 7-28 AFA 200M A 100 45 30 R 60 10M .22 50M 75 E 1.7M B 
.2N1190 G P 7-28 AFA 200M A 100 45 30 R 100 10M .22 50M 125 E 2.2M 8 
2N1191 G P 7-30 AFA 200M A 100 40 25 R 20 80 10M 30 E 

.. £" ,£ 

7=~~ 
Ar 

~~~~ ;~~ ;~ ~~R ;~ ~~~ ;~~ 1~~ 2N1193 G P AFA A E 
:2N1194 G p 7-30 AFA '200M A 100 40 25 R 125 600 10M 190 E 
2N1195 G P 9-16 RFA 225M 'A 100 30 .96 B 400M T 
2Nll96 S P "RFA .35H A 200 70 70 0 5 30 2M .85 8 
2N1197 S P RFA .35H A 200 70 70 0 5 30 2M .85 8 
2NH198 G N HSA '65H A 85 25 25 0 17 90 8M .952 8 5H 8 
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--Numerical Index--

2N1199-2N1274 

I 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

g ~ 
REPLACE- PAGE :~ TJ VCBO' VeE-II ~FE @ Ie VCE(SAT),@lc . I~ '- I~ TYPE ~ :!i USE Po 

h,_ :~ MENT NUMBER I~ ~ ~ ':H~ :; ~ @2S'C 1'= 'C ("Its) (yoltsl{a (min) (max) ("Its) ;g1;5i ,~ Iw 
2N1199 S N 2N835 8-35 HS5 150M A 150 20 15 0 12 60 20M .25 10M 15~, 
2N1199A 5 N 2N835 8-35 H55 150M A 150 20 15 0 .12 60· 20M .25 10M 75~ 
2N1200 S N RFA 100M A 150 20 15 0 7 2eO 1.5M ~ E 
2N1201 S N RFA 100M A 150 20 15 0 7 200 1.5M E 
2N1202 G I' 2N2145 ·8-74 PMS 34W J 95 80 . 60 40 120 500M .3 50 OM 200K 
2N1203 G .P 2N2146 6-74 PMS 34W J 95 120 10 25 75 2A .6 2A 200K 
2N1204 G P 8-66 H55 200M A 100 20 15 0 15 400M .5 200M 220M 
2N1204A G P 8-66 HS5 200M A 100 20 15 0 25 200M .4 200M 220M 
2N1206 S N RFA 3M A 200 60 60 0 20 80 2' E 10M 
2N1207 S N RFA 3M A 200 125 125 .0 20 80 2~ E 10M' 
2N1208 S N 2N3445 6-103 lPA 45W C 200 6 6 I 2A 2A 
2N1209 S N 2N3445 6-103 HPA 45W C 200 45 45 a 20 80 2A. 5 2A 3M 
2N1210 S N 2N3713 6-117 HPA 3CM C 175 60 60 0 15 75 2A 2 2A 3M 
2N 1211 5 N 2N3445 6-103 HPA . 3CM C 175 80 '·80 V .15 75 2A· 2 2A 3M 
2N1212 S N 2N3445 6-103 HPA 45W C 200 60 60 0 12 36 lA 5 lA 3M 
2N1213 G P BH5 75M A 71 25 
2N1214 G P BH5 75M A 71 25 
2N1215 G P BH5 75M A 71 25 
2N1216 G P BH5 75M A 71 25 
2N1217 G N H5A 75M A 85 20 20 0 40 lCO 500. 6M I 
2NI218 G N lPA 2CM C 90 45 45 R 30 120 lA' 1 lA 7K I 
2N1219' 5 P AFA .25W A 175 30 25 o· 18 5M 5M I 
2NI220 5 P AFA .25W A -175 30 25 0 .9 5H 2M I 
2N1221 5 P AFA .25W A 175 30 25 0 1 ~ E 5M I 
2NI222 5 P AFA .25W A 175 30 25 0 E 2MII 
2NI223 5 P AFA .25W A 175 40 40 O. , E 
2NI224 G P BH5 120M A 85 40 
2N1225 G P RFC 120M A 85 40 
2N 1226 G P RFC 120M A 85 60 
2NI227 G P 2N3611 6-110 lPA SOW C 95 35 20 0 50 350 .5A .8 1.5A 2! E 3K.1 
2NI22B 5 P M5A • 4W A 160 15 . 15 0 .2 10M 1 E 
2N1229 5 P M5A .4W A 160 15 15 0 .2 10M 21 E 
2N1230 5 P MSA .4W A 160 . 35 35 0 .2 10M ~: E 
2N1231 5 P MSI .4W A 160 35 35 0 .2 10M E 
2N1232 5 P M5A .4W A 160 . 60 60 0 .2 10M ~: E 
2N12~3 5 P M5A .4W A 160 60 60 0 .2 10M ~i E 
2N1234 5 P M5A .4W A 160 110 110 0 .2 10M E 
2N1235 5 N LPA 85W C 200 120 120 R 12 60 ]A 5 ]A 50K'1 
2N1238 5 P M5A lW A 160 15 15 0 .2 10M 1: E 
2N1239 5 P M5A lW A 160 15 15 0 .2 10M E 
2N1240 5 P M5A lW A 160 35 3~ 0 . 10M 
2N1241 5 P M5A lW A 160 35 35 0 .2 10M 21 E 
2N1242 5 P 'M5A lW A 160 60 60 0 .2 10M 14 E 
2N1243 5 P M5A lW A 160 60 60 0 .2 10M 21 E 
2N1244 5 P M5A lW A 160 110 110 0 .2 10M 14 E 
2N1245 G P LPA 20W C 85 30 25 R 50 .5A 
2N1246 G P LPA 20W C 85.30 25 R 50 .5A 
2N1247 5 N AFA 30M A 150 6 6 0 15 5. 
2N1248 5 N AFA 30M A 150 6 6 0 .15 20. 
2N1249 '5 N AFA 30M A 150 6 ·6 0 20 30. 
2N1250 5 N 2N3713 6-117 lPA 85W C 200 60 60 0 15 2A 5 2A 
2N1251 G N AFA 150M 85 20 15 R. 0.5 100M 70 E 7.5K E 
2N1252 5 N 2N2537 8-107 M55 600M A 175 30 ·20 R 15' 45 150M 1.5 150M 4011 T 
2N1252A 5 N 2N2537 8-107. M5A . 800M A ~OO 60 30 0 '15 45 '150M 1.5 150M 40M T 
2N1253 5 N 2N2537 8-107 M55 600M A 175 30 ·20 R 30 90 150M 1.5 150M 50M T 
2NI253A 5 N 2N2537 8-107 M5A 800M A 300 60 30 0 30 . 90 150M 1.5 150M SOH T 
2N1254 5 P H5'5 275M A 200 .30 30 0 25 50 10M .3 1011 30M T 
2N1255 5 P H55 275M A 200 30 30 0 40 80 10M .3 10M 50M T 
2N1256 5 P H55 2751< 'A 200 '40 40 0 25 50 10M. .3 :~~ ~~~ T 
2N1257 5 P H55 275M A 200 40 40 0 '40 . 80, 10M 
2N1258 5 P H55 275M A 200 30 30 0 75 150 10M .6 10M 50M T 
21'<1259 5 P H55 275M A 200 50 .50 0 25 '100 10M .3 10M 40M T 
2N1260 S N lPA 85W C 200 120 120 R 12 60 ]A 10· lA 50K E 
2N1261 G P 2N1531 6-56 PH5 34W J . 95 80 .45 2.0 . 50 2A .6 2A 200K T 
2N1262 G P 2N1531 6-56 . P.M5 34W J 95· 80 45 30 75 2A .6 2A 200K T 
2N1263 G P. 2N3617 6-113 ' PM5 34W J 95 80 .45 45 113 2A .6 2A 200K T 
2N1264 G P 2N1l91 7-30 . RFC 50M A . 75 20 15 E 
2N1265 ·G P 2N1l92 7-30 RFC SaM A 85 12 10 R 0.5 100M 25 E 600K B 
2N1266' G P 2N1l91 7-30' RFC. 80M A' 85 10 10 E 
2N1267 S N RFA 150M A 150 20 15 0 4 16 1.5H 

'2N 268 ,N RFA l'>OM ·A 150 20 15 0 7 30 1.5M 11 E 
2N1269 5 N RFA 150M A 150 20 15 0 20 80 1.5M 28 E 
2NI270 5 N RFA 150M A 150 20 ·15 0 ·4 16 1.5M 6 E 
2N1271 S N RFA 150M A 150 20 15 0 7 30 1.5M 11 E 
2N1272 5 N RFA 150M A 150 20 ,15 0 20 80 1.5M 28 E 
2N 1273 G P 2N1l91 7-30 AFC 250M A 100 15 15 R 27 165 50M 1 100M 20 E 
2N1274 G P 2N1l91' 7-30 AFC 250M A 100 25 25 R 27 165 SOH 1 100M 20 E 

l-i20 



--Numericallndex--

2N1275-2N1356 
MAXIMUM RATINGS, ELECTRICAL'CHARACTERISTICS 

iil ~ REPLACE- PAGE t~ TJ Veea VCE_I~ @ Ie YcE(sAT)@le = h,_ :~ 
,-

TYPE 

~ USE Po h" '- I·~ 5 MENT NUMBER ,~ " ~I~ 

'" @25'C I':; 'C (volts) (voltS)I~ (min) (m3x) ~ (volts) ;§ I§ "I§ ,= I~ =>,~ 

2N1275 5 P OFA 250M A 160 100 80 0 9 25 1M .3 5M lOOK 8 
2N 1276 5 N 2N2501 8-104 AFC 150M A 150 40 30 0 1 511 9 E 15M 8 
2N1277 5 N AFC 150M A 150 40 30 a 1 5M 18 E 15M 8 
2N1278 5 N 2N2501 8-104 AFC 150M A 150 40 30 0 1 5M 37 E 15M B 
2N1279 5 ~ im2501 8-104 AFC 150M A 150 40 30 0 I 5M 76 E 15M 8 
2N1280 G M55 _2W A 85 16 16 0 40 20M 511 8 
2N1281 G P M55 .2W A 85 16 12 0 60 20M 7M 8 
2NI282 G P M5S .2W A 85 16 6 0 70 20M 10M 8 
2NI284 G P M55 .15W A 85 20 15 0 30 150 10M .2 10M 5M 8 
2NI285 G P RFA 240M A 71 40 40 V 30 100 1.5M 

~~:~~7A I~ ""051 7-20 :~~ 
dW I~ ~~ ~~ ~~ : .? ~~~ ~~ ~ G P N652 7-20 .3W .5 

2NI288 G N H5A 75M A 100 15 10 R 50 300 10M .3 10M 
2NI289 G N H5A 75M A 85 20 15 0 50 300 10M .3 10M 40M B 
2NI291 G P iZN1529 6-56 LPA 20W C 85 35 30 5 40 .SA I lA 
2N 1292 G N LPA 2SW C 100 3S 30 5 30 .5A 1 IA 
2NI293 G ~ !m1531 6-56 LPA 20W C 85 60 60 5 40 .5A I IA 
2NI294 G LPA 25W C 100 60 45 5 30 .5A 1 lA 
2NI295 G P N1532 6-56 LPA 20W C 85 80 80 5 40 .5A I IA 
2NI296 G N LPA 25W C 100 80 60 5 30 .5A 1 fA 
2NI297 G P N1533 6-56 LPA 20W C 85 IuD luO 5 40 .5A I lA 
2N1298 G N LPA 25W C 100 100 80 S 30 .5A I IA 
2NI299 G N M5S 150M 100 40 20 R 35 110 50M .17 15M 4/1 8 
2NI300 G P H55 150M A 85 13 12 0 30 10M 25M T 
2N 130 I G P H5S 150M A 85 13 12 0 30 10M 35M T 
2N1302 G N HS5 150M A 85 25 20 10M .2 10M 3M 8 
2N 1303 G P ~1l92 7-30 M55 150M A 85 30 20 10M .2 10M 3M B 
2N130 .. G N M55 150M A 85 25 .. 0 200 10M .2 10M 5M B 
2NI305 G P' MSS 150M A 85 30 40 200 10M .2 10M 5M 8 
2N130l> G N MS5 150M A 85 25 60 300 10M .2 10M 10M 8 
2NI307 G P HSS 150M A 85 30 60 3eO 10M .2 10M 10M 8 
2N1308 G N MSS 150M A 85 25 80 10M .2 10M 15M B 
2N1309 G P MSS 150M A 85 30 80 10M .2 10M 15M B 
2NI309A G P M55 .lsW A 85 35 15 0 80, 10M .2 10M ISM B 
2NI310 G N SPP 120M A 85 90 90 20 SM 
2NI31 I 5 N SPP 120M A 85 75 75 15 5M 
2NI312 G N MSA 120M A 85 SO 50 20 20M 20M 
2NI313 G P 'ISS l8W A 100 30 15 0 40 125 .28 .3A 611 8 
2N t3 14 G P 2N36ll 6-110 LPA 125W C 90 40 40 R 20 55 IA 
2NI315 G P 2N3611 6-110 LPA 12511 C 90 32 16 45 135 lA 

~~;~;~ ~ P ~~S :~~ I ~ ~~ ~~ ;~ 0 ~~ I~~~ ;~~ B 
2NI318 G P MSS .2W, A 85 10 6 0 .. 0 ISO 10M 8 
2NI319 G P 8MS 120M A 7t 20 20 V IS .4A .3 .4A 3M T 
2N1320 G P LPA 20W C 85 35 30 5 .. 0 .5A I IA 
2NI321 G N LPA 2SW C 100 35 30 S 30 .5A I IA 
2N I 322 G P LPA 20W C 85 60 60 5 40 .5A 1 IA 
2N1323 G N LPA 25W C 100 60 45 5 30 .sA I IA 
2NI324 G P LPA 20W C 85 80 80 5 .. 0 .SA I IA 
2N1325 G N LPA 2sW C 100 80 60 S 30 .SA I IA 

I~~:~~~ ~IP 
I~~~ ~~~ I~ 1~~ ;~~ '~~ ,5 ~~ :~: :~ G N I 

2N1328 G P LPA 20W C 85 35 30 S 40 .SA I IA 
2NI329 G N LPA 25W C 100 35 30 5 30 .5A I lA 
2N1330 G N LPA 25W C 100 60 45 S 30 .SA 1 IA 
2N 1331 G P LPA 20W C 85 80 80 5 40 .sA I IA 
2NI332 G N LPA 25" C 100 80 60 S 30 .5A I IA 
2NI333 G P LPA 20W C 85 100 100 5 40 .5A 1 IA 
2N1334 G N LPA 25W C 100 100 80 S 30 .5A I IA 
2N1335 S N HPA .8W A 175 120 45 0 10 150 30M 70M T 

1~~I~~~ ~I~ HPA .8W A 175 120 45 0 10 150 30M 70M T 
HPA .8W A 175 120 45 0 10 150 30M 70M T 

2N1338 5 N HPA .8W A 175 80 25 0 10 150 30M 70M T 
2N 1339 5 N HPA .8" A 175 '120 50 0 10 150 30M 70M T 
2NU40 S N HPA .8W A 175 120 50 0 10 1'i0 30M 70M T 
2N1341 S N HPA .8W A 175 120 50 0 10 150 30M 70M T 
2N1342 5 N HPA .8W A 175 ISO 65 0 10 150 30M 70M T 
2NI343 G P M5A .15W A 85 20 16 0 15 SOM 4H 8 
2N1344 G P MS5 • 15W A 85 15 10 0 60 20M 7M B 
2N1345 G P MS5 • 15W A 85 10 8 0 30 ICO .4A 10M 8 

I~~:~~~ ~ P 
,,: • "W I: ~5 ;~ o 0 40 250 .35M .13 12M 10M 8 
MSS • 15" 12 0 30 10M .2 10M 5M B 

2N1352 G P ~N651 7-20 AFA .15" A 85 30 20 0 "0 leo 
2NI353 G P MSS .2W A 85 15 10 0 25 150 10M .2 SOM I.SM 8 
2NI354 G P MS5 .2W A 85 30 IS 0 25 ISO 10M .2 SaM 3M B 
2N1355 G P M5S .2W A 85 30 20 0 30 150 10M .2 sOM sM B 
2N1356 G P MSS .2W A 100 30 20 0 40 140 10M .2 50M sM B 

1-121 



2N1357-2N1433 

TYPE 

2NI357 
2NI358 
2NI358A 
2NI359 
2NI360 
2N 1361 
2N1361A 
2NI362 
2NI363 
2N1364 
2NI365 
2NI366 
2NI367 
2NI370 
2NI371 
2N1372 
2N 137 3 
2NI374 
2NI375 
2NI376 
2N 1:1 77 
2NI378 
2NI379 
2NI380 
2NI.l81 
2N 1382 
2NI383 
2NI384 
2NI385 
2N1386 
2NI387 
2N1388 
2NI389 
2NI390 
2N 1391 
2N 1392 
2NI393 
2NI394 
2NI395 
2N1396 
2NI397 
2N 1398 
2NI399 
2NI400 
2NI401 
2NI402 
2NI403 
2N140 .. 
2NI404A 
2NI405 
2NI406 
2NI407 
2NI40B 
2NI411 
2NI412 
2N 1413 
2NI414 
2NI415 
2NI416 
2NI417 
2NI418 
2NI419 
2NI420 
2NI420A 
2NI421 
2NI422 
2NI423 
2NI424 
2NI425 
2NI426 
2NI427 
2NI428 
2NI429 
2NI430 
2NI431 
2NI432 
2NI433 

G P 

REPLACE
MENT 

G P N2929 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G N 
G N 
G P Nll92 
G P N1l92 
G P NU91 
G P NU91 
G P NU92 
G P N1l92 
G P NU92 
G P f1N651 
G P imU93 
G P NU93 
G P ~U92 
G P imU92 
G P N1l92 
G P N1l92 
G P 
G P 
S N N2218 
S N N2216 
S N N2216 
S N N2218 
S N N2216 
G N 
G P 
G P 
G P 
G P N2955 
G P 2N3323 
G P 2N3323 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 2N962 
G P 
G P 
G P 
G P 
G P 2NU93 
S N 
S N 
G P 2Nl164 
S N 
S N 2N2219 
S N 
S N 
S N 
S N 
G P 
G P 
G P 2N962 
S P 
S P 
G P 

.G N 
G P 
G P 

PAGE 
NUMBER 

9-28 
6-71 
6-28 
6-28 

6-28 
6-28 
6-28 
6-28 

7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
7-20 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 

8-74 
8-74 
8-74 
8-74 
8-74 

8-119 
9-66 
9-66 

7-32 
8-48 
6-53 
7-33 
7-33 
7-33 
1-30 

6-49 
8-12 
8-74 

USE 

MSS 
PMS 
PHS 
lPA 
lPA 
MSS 
MSS 
lPA 
lPA 
lPA 
lPA 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
AFC 
HSS 
RFA 
HSS 
MSS 
RFA 
VID 
RFA 
AFA 
SPP 
SPP 
SPP 
RFA 
RFA 
RFA 
RFC 
RFC 
RFC 
RFC 
RFC 
RFA 
MSS 
MSS 
RFA 
RFA 
RFA 
MSA 
MSS 
PM5 
MSA 
MSA 
MSA 
AFC 
AF 
AFA 
PMS 
RFA 
RFA 
HPA 
HPA 
HPA 
·HPA 
AFC 
AFC 
HSS 
MSA 
HSA 
PMS 
AFA 
AFA 
lPA 

-- Numerical Index --

".AXIMUM RATINGS ELECTRICAL CHARACTERISTiCS ,-
Po :~ 

@2S'C ,,,, ,,,, 
.zW 
90W 

150W C 
90W J 
90W.J 

.15W A 
.2W A 
90H J 
90W J 
90W J 
90W J 

100M A 
100M A. 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
250M A 
240M A 
750M A 
300M A 
300M A 
300M A 
300M A 
300M A 
150M A 

50M A 
50M A 
50M A 

120M A 
120M A 
120M A 

50M A 
50M A 
50M A 
SOM A 
50M A 

250M A 
150M A 
150M A 

75M A 
75M A 
75M A 

150M A 
25M A 
70W C 

200M A 
200M A 
200M A 
100M A 
.ISW 

TJ VCBO VeE-It hFE @ Ie VCE(SAT),@le 

°C (volts) (volts) I ~ (min) (max) ~ (volts) ~ 
e " ,~n 4u IS I uM .2 50M 
95 80 40 a 40 80 1.2A .7 12A 

100 100 60 a 40 80 1.2A .7 12A 
100 50 40 S 35 90 I A • I 2A 
100 50 40 S 60 140 I A I 2A 
100 25 20 a 40 100 25M 
100 25 20 0 40 100 25M 
100 100 75 S 35 90 IA 
100 100 75 S 60 140 IA 
100 120 100 S 35 90 IA 
lao 120 100 S 60 140 IA 
85 18 18 R 20 1M 
85 18 18 RIO 1M 

100 25 25 R 45 165 50M 
100 45 45 R 45 165 50M 
100 25 25 R 27 IDS 50M 
100 45 45 R 27 105 50M 
IDa 25 25 R 45 165 50M 
100 45 45 R 45 165 SaM 
100 25 25 R 67 165 50M 
100 45 45 R 67 165 50M 
100 12 12 R 85 330 50M 
100 25 25 R 85 330 50M 
100 12 12 R 27 330 50M 
100 25 25 R 27 330 50M 
100 25 25 R 45 165 50M 
100 25 25 R 27 165 50M 

85 30 30 a 20 200M 
ICO 25 10 a 10 10M 

2A 
2A 
2A 
2A 

I 100M 
I 100M 
I 100M 
I 100M 
I 100M 
I 100M 
I 100M 
I 100M 
1 100M 
1 100M 
1 .100M 
1 100M 
I 100M 
1 100M 

175 25 25 a 30 90 10M .6 5M 

:;; ~~ ~~ Ig ~~ ~~ :~~ .:> or 
175 50 50 a 
175 20 20 0 30 150 10M 
lOa 25 18 a 40 160 20M 
85 20 20 R 
85 20 10 R 
85 10 6 R 

100 40 40 0 50 175 1.5M 
lOa 40 40 0 50 175 1.5M 

.8 

'~~ ~~ ~~I~ ~g 1f~ ':~~ .75 
85 30 20 a 3.5 .5M .75 
85 30 20 a 5 12 .5M .75 
85 30 20 a 5 .5M .75 
85 30 20 a 3.5 12 1.5M .75 

100 15 12 25 250 7M .75 
8525 .15 
85 25 15 a 30 200 12M .15 

100 30 20 a 10 2eo 2M 
100 30 20 a 10 20u 2M 
100 30 20 0 10 200 2M 
100 50 50 S 10 

85 5 5 S 20 
95 lOa 65 0 25 
85 35 25 R 25 
85 35 25 R 34 
85 35 25 R 53 
65 18 U 

IS, IS 15 

50M 
50 SA 
42 ,20M 
65 20M 
90 20M 

.45 
.7 

5M 

10M 
10M 
10M 
10M 
10M 
10M 
12M 
12M 

10M 
12A 

.15H 
87H 

600M 
800M 

30W 
30W 
60W 
60w 
80M 
80M 

A 150 30 30 0 

25M 
100M 
lOOM 

70W 
180M 

·IOOM 

C 95 BO 40 a 40 100 25A 
A 175 60 30 R 100 300 150M 
A 200 60 40 R 100 300 150M 
C 200 60 60 S 20 80 I A 
C 200 60 60 S 20 80 1A 
C 200 60 60 S 20 80 2A 
C 200 60 60 S 20 BO 2A 
A 85 24 
A 85 24 
A 100 6 
A 140 6 
A 140 6 
C 110 120 
A 15 2·0 
A lOa 45 

95 80 

1-122 

6 S 
6 0 
6 0 

lao 0 
15 R 
45 R 
50 0 

20 
12 
12 
30 90 
75 150 

20 50 

50M 
SM 
5M 
5A 

35M 

2A 

.7 
1.5 
1.5 

3 
3 
5 
5 

.2 

.1 

.1 

.4 

1.5 

25A 
150M 
150M 

IA 
lA 
2A 
2A 

50M 
5M 
5M 

lOA 

2A 

h 1.2-
f- :~ 

I~ 

10M B 
lOOK 8 
lOOK B 

5K E 
5K E 
4M 8 
4M 8 
5K E 
5K E 
5K E 
5K E 

10 E 5M T 
5 E 2.5M T 

40 E 
40 E 
20 E 
20 E 
40 E 
40 E 
60 E 
60 E 
75 E 
75 E 
20 E 
20 E 
40 E 
20 E 

20M T 
250M T 

30 E SaM 8 
24M T 

10 E 20M 8 
35 E 3M E 

30M 8 
30M B 

:~~~I~ 
140M T 
100M T 
120M T 
lOOM T 
200M T 

4M B 
3M T 

10 E 250M T 

10 E ~~~~ T 
10 E 

25M T 

20 E BOOK .B 
30 E 1M B 
44EI.3MB 
39 E 
30 
30 E 

sOM T 
60M T 

20 E 10M T 
20 E 10M T 
20 E 10M T 
20 E 10M T 

10M B 
17 E 101\.8 
40 E 50M T 
25 E ·16M T 
25 E 16M T 

30 E 

.6M T 
10K E 

5K E 



TYPE 
;;: ~ 
1:3: 1:1: REPLACE-
~ ~ MENT ;; ~ 

2NI434 G P 
2NI435 G P 
2NI436 G P 
2NI437 G P 
2NI438 G P 
2NI439 5 P 
2NI440 5 P 
2NI441 5 P 
2NI442 5 P 
2NI443 5 P 
2NI444 5 N 
2NI445 5 N 
·2N 1446 G P 2N1191 
2NI447 G P 2N1191 
2NI448 G P 2N1192 
2NI449 G P 2N1189 
2N 1450 G P 2N2955 
2NI451 G P 2N464 
2NI452 G P 2N1191 
2NI453 G P 

I~~~~~; G P 
2NI456 G P 
2NI457 G P 
2NI458 G P 
2NI461 G P 
2NI462 G P 
2NI463 G P 
2NI464 G P 
2NI465 G P 

I~~~~~~ 5 P 
2NI470 5 N 
2NI471 G P 
2NI472 5 N 
2N1473 G N 
2NI474 5 P 
2NI474A 5 P 
2NI475 5 P 
2NI476 5 P 

I ~~ ~~18 G P 2N3427 
2NI479 5 N 
2NI480 5 N 
2NI481 5 N 
2NI482 5 N 
2N 1483 5 N 2N3766 
2N 1484 5 N 2N3766 
2N 1485 5 N 2N3766 
2N 1486 5 N 2N3766 

I ~~ :~~8 5 N ;:~;i~ 
2N 1489 5 N 2N3713 
2NI490 5 N 2N3714 
2NI491 5 N 
2NI492 5 N 
2NI493 5 N 
2NI494 G P 
2N1494A G P 
2N1495 G P 

I~~::~~A g : 
2N 1499 G P 2N960 
2N1499A G P2N960 
2NI499B G P 
2N 1500 G P 2N962 
2N150 I G P N2144 
2N 1502 G P 2N2143 
2NI504 G P 
2NI505 S N 

I~~:~~~A ~ N 
2NI507 5 N 2N2219 
2NI508 5 N 
2NI509 5 N 
2NI510 G N 

PAGE 
NUMBER 

7-30 
7-30 
7-30 
7-28 
8-119 
7-15 
7-30 

7-41 

6-134 
6-L34 
6-134 
6-134 
6-117 
6-117 
6-117 
6-117 

8-66 
8-66 
8-66 

~1~ 
8-48 
8-48 

8-48 
6-74 
6-74 

8-74 

USE 

lPA 
lPA 
H55 
lPA 
lPA 
AFA 
AFA 
AFA 
AFA 
AFA 
H55 
lPA 
AFA 
AFA 
AFA 
AFA 
M55 
AFA 
AFA 
lPA 

I~~A 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 
lPA 

~~A 
lPA 
M55 
H55 
M55 
AFA 
AFA 
AFA 
AFA 

~~5 
PM5 
PH5 
PHS 
PHS 
PH5 
PM5 
PHS 
PH5 

;~5 
PHS 
PM5 
RFA 
RFA 
RFA 
H55 
H55 
H55 
H55 
H55 
H55 
H55 
H55 
H55 
PHS 
PHS 
LPA 
HPA 

~~: 
M5A 
M5A 
M5A 
5PP 

--Numerical Index --

2N1434-2N1510 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTiCS 

TJ VCBO VeE-II @ Ie :l VCE(SAT)@le !l 

°C (volts) (volts): ~ (min) (maI) £i (volts) g 
95 80 
95 80 

SaM A lOa 15 
95 lOa 
95 lOa 

200 50 

50 a 
50 a 
12 5 
90 
90 
50 a 
50 a 
35 0 
3D 0 
IS 0 

45 
30 
20 
20 
20 

115 
75 

2A I 2A 
2A .6 2A 

10M .2 10M 
23W C 
23W C 
.4H A 
.4H A 
.4H A 
.4W A 
.4H A 

.5A I IA 

.5A I IA 

.5H A 
4W C 

.2W A 

.2H A 

.2H A 

.2H A 
.12W A 

.2H A 

.2H A 

200 60 
200 50 
200 50 
200 50 
ISO 60 
200 120 

85 45 
85 45 
85 45 
85 45 
85 30 
85 45 
85 45 
90 30 

~~ ~~ 
90 60 
90 80 
90 80 
90 30 
90 3D 
90 60 
90 60 

20W C 8S 120 

.~~~ A 1~~ "~~ 
55W C 200 60 

2UUM A 85 12 
150M A 150 25 
167M A 75 40 
.25W A 175 60 
.25W A 175 60 
.25W A 175 60 
.25W A 175 100 

20 0 
120 0 
25 a 
25 a 
25· 0 
25 0 
20 0 
20 a 
20 0 
20 a 

~~ a 
40 a 
60 a 
60 a 
20 a 
20 a 
40 0 
40 a 
70 a 

;~ U 
60 5 
IS R 
25 a 
20 a 
60 U 
60 U 
60 U 

lao U 

~~ 
16 
35 
50 
70 
20 

80 
45 
65 
90 

125 

20 65 
30 90 
40 90 

40 "~~ 
70 ISO 
40 90 
70 150 
40 90 
70 ISO 
40 90 
70 150 
20 
LU 

IS 

.L"A 
200M 

20M 
20M 
20M 
20M 
10M 
20M 
20M 

IA 

~: 
]A 

IA 
]A 

IA 
IA 
]A 

IA 
.5A 

IA 

20 
25 

10M 
50 400M 

2~~~ A 100 "~~ 
5H C 200 60 
5W C 200 lOa 
5W C 200 60 
5H C 200 lOa 

"~~ 5 40 
60 V 20 

100 V 20 
60 V 35 

100 V 35 

100H 
60 200M 
60 200M 

100 200M 
100 200M 

60 750M 25H C 200 60 
25H C 200 lOa 
25W C 200 60 
25H C 200 100 

60 V 20 
lao v 20 
60 V 35 

100 V 35 

60 750M 
IDa 750M 
100 750M 

;~~ CI~~~ I~~ 
75W C 200 60 
75H C 200 100 

3H C 175 30 
3W C 175 60 
3W C 175 lOa 

OU V 

100 V 
60 V 

lOa v 

40CM A IDa 20 IS a 
40CM A lOa 20 15 a 
250M A lOa 40 25 a 
.25H A IDa 40 25 0 
50CM A lOa 40 25 a 
25M A 85 20 15 5 
60M A 100 20 20 5 
75M A 100 30 20 a 
60M A 100 15 12 5 
34W J 95 60 40 
34W J 95 40 40 
25W C 95 80 60 0 
.8W A 175 50 20 0 

:~~ : ~~~ ~~ ~~ g 
600M A 175 60 30 R 

lW A 175 100 55 a 
IW A 175 60 35 0 

75M A 85 75 70 R 

1·123 

., LuuM 
15 45 200M 
25 75 1.5A 
25 75 1.5A 

4 
IS 
25 
25 
25 
25 
20 
30 
40 
20 
25 
25 
21 

7 
10 
10 

100 
20 
20 

8 

100 
100 

ICO 
100 
100 
300 

60 
60 
90 

400M 
200M 
200M 

.2A 
200M 

10H 
10H 
10M 
10H 
2A 
2A 

.5A 

.]A 

.1 A 

.IA 
150M 
600M 
600M 

1M 

.25 5M 

.25 5M 

.25 5M 
.25 5M 
.25 5M 

• .L"A 
4 200M 

.25 

I 
I 
I 
I 
I 
I 
I 
I 

.75 

3 

.25 

.2 
1.4 
1.4 
1.4 
1.4 

2 
2 

.75 

.75 

10M 

3A 

~~ 
3A 
3A 
3A 
3A 
3A 
3A 
3A 
IA 
IA 

IA 

10M 

10M 
200M 
200M 
200M 
200M 
750M 
750M 
750M 
750M 

."A 
3 1.5A 
1 I. SA 
1 1.5A 

.5 

.4 

.3 

.3 

.3 

.2 

.2 

.2 

.2 

.6 

.6 
.75 

2 
1.5 
.6 

1.5 
3.6 
3.6 
.8 

200M 
200M 
200M 

.2A 
200M 

10M 
10M 
10M 
10M 

2A 
2A 
lA 

.15A 

.15A 

.15A 
150M 
600M 
600M 

4M 

9 E 
9 E 

18 E 
3D E 
50 E 

16 E 
3D E 
45 E 
60 E 

36 E 

100 E 

12 E 
18 E 
36 E 
12 E 

IS E 
IS E 
IS E 

5K E 
5K E 

4K E 
4K E 

.5M B 
1M A 
1M 8 
1M B 
1M B 

75K E 
.8M B 

1.5M B 
2M B 

2.5M B 

5K E 

~~ E 
5K E 
5K E 
5K E 
5K E 
5K E 
5K E 
5K E 
4K E 

3M B 
75M T 

4M 8 
1M B 
2M B 
1M B 
1MB 

3M B 

220M T 
220M T 
150M 
150M T 
150M T 

100M T 
150M T 
120M T 
200K T 
200K T 

4K E 
70M T 

140M T 
140M T 

SaM T 
50~ T 
SaM T 



--Numerical Index --

2NI511-2NI554A 
r,lAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

:;;l~ 
~~ VeE-It ~CE(SAT)@lc ... 

I~ ,-
TYPE ~; REPLACE- PAGE USE PD TJ VCBO hFE @ Ie f_ J:lli 

:I ~ 
MENT NUMBER '''" ~ '" hf_ :1 

@25·C ,,;; ·C (valls) (YOlts)t~ (min) (mu) (valts) :5 'Clog ,,, I"' :>,"' 
2NI511 S N 'N3713 6-117 PHS 

;~= I~ :~~~ Ig~ Ig~ V ~ ~: .~ ~: :~~ T 2NI512 S N PHS 
21'11513 S N PHS 75W C 200 60 60 V 7 6A 6 6A _ 3M T 
2NI514 S N PHS 75W C 200 100 100 V .3M T 
2NI516 G P RFC 83H A 75 25 20 1M 
21'11518 G P N2153 6-74 PHS 50W C 95 50 40 15 60 15A .7 25A 
2N1519 G P N2154 6-78 PHS 50W C 95 80 60 15 60 15A .7 25A 
2N1520 G P N2153 6-78 PHS 50W C 95 50 40 17 68 15A .6 35A 
2NI521 G P N2154 6-78 PMS 50W C 95 80 60 17 68 15A .6 35A 
2NI522 G P N2153 6-78 PHS 50W C 95 50 40 B 25 100 15A _5 50A 

~~;~~~ I~ P ~;;~~ -'0 
R;C 80~ 'A 85 2~ 

'J OJ' _J J' 

11 E 9-66 
2NI525 G P ~3325 9-66 RFC 80M A 85 24 11 E 
2NI526 G P N3325 9-66 RFC 80H A 85 24 27 E 
2N 1527 G P N3325 9-66 RFC 80M A 85 24 27 E 
2NI528 S N ~2218 8-74 VID 150H A 175 25 25 S 10 E 
2NI529 G P 6-56 lPA 90W C 100 40 30 S 20 40 3A 1.5 3A 
2NI529A G P 6-56 lPA 90W C 100 40 20 0 20 40 3A 1.5 3A 5K E 
2NI530 G P 6-56 lPA 901f C 100 60 45 S 20 40 3A 1.5 3A 
2NI530A G P 6-56 lPA 9(1;/ C 100 60 30 0 20 40 3A 1.5 3A 5K E 

~~;~~IA I~ P 
-,b 

~~: ~: I~ ;~~ ~~ ~~ 0 ~~ ~~ ~: I:~ ~: 5K E 6-56 
2NI532 G P 6-56 lPA 9(1;/ C 100 100 75 S 20 40 3A 1.5 3A 
2NI532A G P 6-56 lPA 9(1;/ C 100 100 50 0 20 40 3A 1.5 3A 5K E 
2NI533 G P 6-56 lPA 901f c 100 120 90 S 20 40 3A 1.5 3A 
2NI534 G P 6-56 lPA 9(1;/ C 100 40 30 S 35 70 3A 1.2 3A 
2N1534A G P 6-56 lPA 9(1;/ C 100 40 20 0 35 70 3A 1.2 3A 5K E 
2N1535 G P 6-56 lPA 9(1;/ C 100 60 45 S 35 70 3A 1.2 3A 
2N1535A G P 6-56 lPA 90W C 100 60 30 0 35 70 3A 1.2 3A 5K E 
21'11536 G P 6-56 lPA 9(1;/ C 100 80 60 S 35 70 3A 1.2 3A 

~~;~~~A 1 ~ P 
Ib-'b ~"A 9(1;/ 

;~~ 1~~ ;~ S ~~ ;~ ~: 1 :~ ~: 
~~ 

6-56 lPA 9(1;/ C 
2N1537A G P 6-56 lPA 9(1;/ C 100 100 50 0 35 70 3A 1.2 3A 5K E 
2N1538 G P 6-56 lPA 90W C 100 120 90 S 35 70 3A 1.2 3A 
2N1539 G P 6-60 lPA 9(1;/ C 100 40 30 5 50 100 3A .3 3A 
2N1539A G P 6~60 lPA 9(1;/ C 100 40 20 0 50 100 3A .3 3A 3K E 
2NI540 G P 6-60 lPA 9(1;/ C 100 60 45 S 50 100 3A .3 3A 
2N1540A G P 6-60 lPA 90W C 100 60 30 0 50 100 3A .3 3A 3K E 
2N1541 G P 6-60 lPA 9(1;/ C 100 80 60 5 50 100 3A .3 3A 
2N1541A G P 6-60 lPA 9(1;/ C 100 80 40 0 50 100 3A .3 3A 3K E 

~~;~~~A ;~ P 6-60 I~~: ~: ~ :~~ :~~ ;~ 0 ~~ :~~ ~: .= ~: 6-60 .3 3K E 
2N1543 G P 6-60 lPA 9(1;/ C 100 120 90 5 50 100 3A .3 3A 
2N1544 G P 6-60 lPA 9(1;/ C 100 40 30 S 75 150 3A .2 3A IK E 
2N1544A G P 6-60 lPA 9(1;/ C 100 40 30 S 75 3A .2 3A 3K E 
21'11545 G P 6-60 lPA 90W C 100 60 45 S 75 150 3A .2 3A IK E 
2N1545A G P 6-60 lPA 9CX1 C 100 60 45 S 75 3A .2 3A 3K E 
2N1546 G P 6-60 lPA 90W C 100 80 60 S 75 150 3A .2 3A IK E 
2N1546A G P 6-60 lPA 90W C 100 80 60 S 75 3A .2 3A 3K E 
2N1547 G P 6-60 lPA 9CX1 C 100 100 75 S 75 150 3A .2 3A 1K E 

2~;~:~A I~ P 
6-60 I~;A ~: C :~~ :~~ ~~ S ~~ ~: .~ ~; ~~ 6-60 150 .2 E 

2NI549 G P 6-68 lPA 9CX1 C 100 40 30 S 10 30 lOA 1 lOA 
2N1549A G P 6-63 lPA 9CX1 C 100 40 30 S 10 30 lOA 1 lOA 5K E 
2NI550 G P 6-83 lPA 9(1;/ C 100 60 45 S 10 30 lOA 1 lOA 
2N1550A G P 6-63 lPA 90W C 100 60 45 S 10 30 lOA 1 lOA 5K E 
2N1551 G P 6-63 lPA 9(1;/ C 100 80 60 S 10 30 lOA 1 lOA 
2N1551A G P 6-63 lPA 9(1;/ C 100 80 60 S 10 30 lOA 1 lOA 5K E 
2N1552 G P 6-63 lPA 9(1;/ C 100 100 75 S 10 30 lOA 1 lOA 
2NI552A G P 6-63 lPA 9(1;/ C 100 100 75 S 10 30 lOA I lOA SK E 

~~:mA I~ ~ 6-63 lPA 9(1;/ C 100 40 30 5 30 60 lOA .5 lOA IK E 
6-63 lPA 9(1;/ C 100 40 20 0 30 60 lOA .5 lOA 3K E 

2NI554 G P 6-63 lPA 9(1;/ C 100 60 45 S 30 60 lOA .5 lOA IK E 
2NI554A G P 6-63 lPA 9~ C 100 60 30 0 30 60 lOA .5 lOA 3K E 
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--Numerical Index --

2N1555-2N1639 
.MAXIMUM RATINSS ELECTRICAL CHARACTERISTICS 

~ ~ REPLACE- PASE t~ T, VCBO VeE_I~ VCE(sAT)@le hf_ :f l~ TYPE !;i ~ USE Po hFE @ Ie L 
MENT NUMBER I~ i i .:11:': 

:::E @25'C I,," 'C (volts) (YO'ts)lbi (min) 1m",) (volts) I'll "I'll 
I~ I~ ~I~ 

2NI555 G P 6-63 lPA 900 C 100 80 60 5 30 60 lOA .5 lOA IK E 
2NI555A G P 6-63 lPA 90W C 100 80 40 0 30 60 IDA .5 IDA 3K E 
2NI556 G P 6-63 lPA 900 C 100 100 75 5 30 60 IDA .5 IDA IK E 
2NI556A G P 6-63 lPA 90W C 100 100 50 0 30 60 IDA .5 lOA 3K E 
2NI557 G P 6-63 lPA 90W C 100 40 30 5 50 100 IDA .4 IDA IK E 
2NI557A G P 6-63 lPA 900 C 100 40 20 a 50 100 IDA .5 lOA 3K E 
2NI558 G P 6-63 lPA 900 C lao 60 45 5 50 100 lOA .4 lOA I K E 
2NI558A G P 6-63 lPA 90W C 100 60 30 0 50 ICO IDA .5 lOA 3K E 
2NI559 G P 6-63 lPA 900 C 100 80 60 5 50 100 IDA .4 lOA IK E 
2NI559A G P 6-63 lPA 900 C IDa 80 40 a 50 IC'O IDA .5 IDA 3K E 

N IOOU G P 6-63 lPA 900 ~ ~ ~~ ~~~ ~~ ~ ~~ 100 lOA .4 lOA IK E 
2NI560A G P 6-63 lPA 900 100 IDA .5 lOA 3K E 
2NI561 G P 9-21 RFA 250M A lao 25 15 0 3 200M 
2NI562 G P 9-21 RFA 250M A 100 25 IS a 4 200M 
2NI564 5 N ZN2218 8-74 AFA 600M A 175 80 60 0 ) 5 50 5M I 10M 20 E 
2NI565 5 N N2218 8-74 AFA 600M A 175 80 60 a 30 ICO 5M I 10M 40 E 
2NI566 5 N N2219 8-74 AFA 600M A 175 80 60 0 60 2CO 5M I 10M 80 E 
2NI566A 5 N N2219 8-74 AFA 600M A 175 80 60 a 60 2CO 5M .95 10M 80 E 100M T 
2NI572 S N AFA 600M A 175 125 80 0 IS 50 5M I 10M 20 E 
2N 1573 5 N AFA 600M A 175 125 80 a 30 ICO 5M I 10M 40 E 
2NI574 5 N AFA 600M A 175 125 80 0 60 200 5M I 10M 80 E 
2NI585 G N RFA 750M A 100 25 10 0 20 10M 
2N1586 5 N AFA 125M A 85 IS 10 0 5 27 1M 1.5 5M 9 E 5M 8 
2NI587 5 N AFA 125M A 85 30 20 a 5 27 1M 1.5 5M 9 E 5M 8 
2NI588 5 N AFA 125M A 85 60 40 a 5 27 1M 1.5 5M 9 E 5M 8 
2NI589 5 N AFA 125M A 85 IS 10 0 20 75 1M 1.5 5M 25 E 5M 8 
2N 1590 5 N AFA 125M A 85 30 20 a 20 75 1M 1.5 5M 25 E 5M 8 
2NI591 S N AFA 125M A 85 60 40 a 20 75 1M 1.5 5M 25 E SM. 8 
2N1592 S N AFA 125M A 85 IS 10 a 40 210 1M 1.5 5M 70 E 5M 8 
2NI593 5 N AFA 125M A 85 30 20 a 40 210 1M 1.5 5M 70 E 5M 8 
2NI594 5 N AFA 125M A 85 60 40 a 40 210 1M 1.5 5M 70 E 5M 8 
2N1595 
thru T yr stors ~ s e Table n P ge 1-1 1 
2N1604 

NI605 G N MSS 150M A lOa 25 24 a 40 20M .15 12M 4M 8 
2NI605A G N MSS .2W A lOa 40 40 40 20M .15 12M 4M B 

2NI606 S P HSS 100M A 140 10 10 5 6 30 15M • IS 5M 7.2M T 
2NI607 S P HSS 100M A 140 10 10 5 6 30 15M .15 5M 10M T 
2NI608 5 P HSS 100M A 140 10 10 5 6 30 15M • IS 5M 25M T 
2NI609 G P !N2140 6-74 lPA 95 80 60 a 30 75 100M I 500M 

NI610 G P NLL4) -74 A ;~ ~~ ~~ a ~~ '~~ ;~~~ .~ ~~~~ 2N 1611 G P !N2138 6-74 lPA 
2NI612 G P !N2143 6-74 lPA 95 60 40 0 50 125 100M .6 50 OM 
2NI613 S N 8-22 MSA 800M A 200 75 50 R 40 120 150M 1.5 150M 30 E 60M T 
2N1613A S N N2218 8-74 MSA 1000M A 200 75 50 R 40 120 150M I 150M 30 E 60M T 
2NI6138 5 N MSA 1000M A 200 120 55 R 40 120 150M .2 150M 30 E 60M T 
2NI614 G P N1924 7-37 MSA 240M A lao 65 40 R 18 43 20M .13 20M 500K 8 
2NI615 S N RFA 5.5M A 200 100 IDa 0 25 5M 5 50M 2M T 
2NI616 S N N3487 6-107 HPA 600 C 175 60 60 0 15 75 2A 2 2A 3M T 
2NI616A 5 N N3487 6-107 lPA 85W C 200 60 60 0 20 60 2A I 2A 3M T 
2N 1617 S N N3487 6-107 HPA 600 C 

~~~ ~~ ~~ ~ ~g ~~ ~~ 
£ £A "', 

2N1617A S N !N3487 6-107 lPA SSW C I 2A 3M T 
2NI618 S N N3488 6-107 HPA 60W C 175 lOa 100 v 15 75 2A 2 2A 3M T 
2NI618A S N N3488 6-107 lPA 8SW C 200 lOa 80 0 20 60 2A I 2A 3M T 

2NI620 S N N3446 6-103 HPA 60W C 175 lao lao v 15 75 2A 2 2A 3M T 
2NI622 G N AFA .12W A 85 90 90 5 40 5M 5M 
2NI623 S P AFA 250M A 160 50 20 0 9 40 1M .3 5M lOOK B 
2NI624 G N MSS .15W A lao 25 20 R 60 180 30M 5M B 
2NI631 G P 

,:~~~~ 9-66 RFC 80M A 85 34 40 E 
2NI632 G P I Q_" RFC 80M A 85 34 40 E 
2NI633 G P RFC 80M A 85 34 27 E 
2NI634 G P RFC 80M A 85 34 27 E 
2NI635 G P RFC 80M A 85 34 40 E 
2NI636 G P RFC 80M A 85 34 40 E 
2N 1637 G P N3325 9-66 RFC 80M A 85 34 40 E 
2NI638 G P 2N3325 9-66 RFC 80M A 85 34 70 E 
2NI639 G P N3325 9-66 RFC 80M A 85 34 40 E 
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--Numerical Index--

2N1640-2N1711B 
.MAXIMUM RATINGS ELECTRICAl CHARACTERISTICS 

g ~ 
REPLACE- PAGE .- VeE-i~ IS. .-TYPE ~§ USE Po .~ TJ YCBO 'FE @ Ie VCE(SAn@ Ie ~ L I~ 

MENT NUMBER I~ 

~ IIf-11 :31:;: 
'" Ii! @25'C 1':0 'C ( .. Its) (YOlts)l~ (min) (max) (vans) ,$ ~I~ ,= I'" 

2NI640 5 P CHP 250M A 160 30 20 U 6 100-
2NI641 5 P CHP 250M A 160 30 10 U 10 100-
2NI642 5 P CHP 250M A 160 30 6 U 15 100-
2NI643 5 P AFA 250M A 160 25 25 U 10 25 100-
2NI644 5 N N2218 8-74 M5A 2000M C 175 60 40 R 40 120 150M 1.5 150M 50M T 
2NI645 G P HPA IW A lOa 35 20 0 20 .2A 4 .2A 25 E 450M T 
2NI646 G N H55 150M A lao 15 12 5 20 10M 
2NI647 5 N HPA .267H C 175 80 80 V 15 45 .5A 3 1A 3M T 
2NI648 5 N HPA .267W C 175 120 80 0 15 45 .5A 3 IA 2M T 
2NI649 5 N HPA .267H C 175 80 80 V 30 90 .5A 3 lA 3M T 

I~~;~~~ 5 N A ·~~O~ I ;~ '~~ ~~ 5 ~~ i~: .6~ 2~: 
~M 

G P N2832 6-87 LPA C 140 20 E 
2NI652 G P N2833 6-87 LPA 100H C 110 100 100 5 35 140 lOA .65 25A 20 E 
2NI653 G ~ ~2834 6-87 LPA 100H C 110 120 120 5 35 140 lOA .65 25A 20 E 
2NI654 5 LPA 250M A 160 100 80 0 20 45 1M .3 5M lOOK B 
2NI655 5 N LPA 250M A 160 125 lao 0 10 22 1M .3 5M lOOK B 
2NI656 5 N LPA 250M A 160 125 100 a 20 45 1M .3 5M lOOK B 
2NI657 5 N LPA C 200 60 60 5 7_5 30 .85A 4.5 .85A 2M 8 
2NI660 5 N LPA 85H C 200 60 60 R 45 135 IA 4 IA 25M T 
2NI661 5 N LPA 85H C 200 80 80 R 45 135 IA 4 IA 25M T 
2NI662 

~ ~ LPA 85W ~I~~g I~g I~~ ~ ~~ I~~ 2~~ 
4 A 

I~~~ T 2N 1663 H55 150M .25 10M 
2NI664 G P AFA _2W A 100 45 40 R 45 120 10M .5 .IA 50 E .IM B 
2NI665 G P RFA 150M A 85 15 12 a 5 100 10M 300M T 
2N 1666 G P N3616 6-113 PM5 30H C 90 80 60 V 15 30 6A .5 6A 2K E 
2N1667 G P 2N3618 6-113 PM5 30W C 90 60 48 X 35 80 6A .5 6A 2K E 
2NI668 G P 2N3616 6-113 PM5 30W C 90 60 48 X 20 45 6A _5 6A 2K E 
2N1669 G P 2N3616 6-113 PM5 ~OW C 90 80 60 X 20 65 6A .5 64 2K E 
2NI670 G P M55 .12H A 85 100 15 10M 
2N1671 u i' nction T ansisto se Table on Pag« 1-1 7 
2NI672 G N 5PP 120M A 85 40 oU X 20 1M 1 E 2M B 
2NI672A G N 5PP 120M A 85 40 40 X 20 1M 15 E 2M 8 
2N 1673 G P RFA 80M A 85 35 20 E 
2NI674 5 N AFA .2H A 200 45 45 0 1.5 5M 50 E 20M T 
2N1615 5 N PH5 SOW C 150 100 100 5 25 100 IA 2.5 SA 120M T 
2N1616 5 P CHP 100M A 140 4.5 4.5 U .1 5M 16M T 
2N1611 5 P CHP 100M A 140 4.5 4.5 U .1 5M 25 E 16M T 
2NI618 G P M55 120M A 85 60 60 5 25 20M 20M 25M B 
2NI619 5 N M5A I. A 175 100 55 0 40 120 600M 3.6 600M 50H T 
2NI680 5 N M5A lW A 175 60 35 0 40 120 600M 3.6 600M 50M T 
2N1681 G P M55 .18W C 100 30 15 0 30 120 10M .1 10M ,M 8 
2NI682 5 N M5A 500M A 175 25 20 R 20 10M .6 10M 200M T 
2NI683 G P H5S 150M A 85 13 12 0 50 40M 12 14 50M T 
2NI684 G P M55 100M A 100 25 25 X .15 12M 4M B 
2NI685 G P M55 100M A 100 25 20 R 60 180 30M 100M 8M B 
2N1686 
thru T y istors, 
2N1689 

s e Table on P ge 1-1 1 

2NI690 5 N LPA 40W C 200 80 80 0 20 60 50 OM 1.5 500M 90K E 
2NI691 5 N LP4 40W C 200 120 120 0 20 60 500M 7.5 500M 90K E 
2N 1692 G P 9-21 ~;: ~~~~ ;~~ ~~ ~~ S ~I~OO~ 2NI693 G P 9-21 A 
2NI694 G N M5A 7511 A 85 20 20 0 17 50 1M 3M B 
2N1699 G P RFA 100M A 100 40 -40 X 20 175 1.5M 20 E 
2N 1100 5 N 2N2218 B-74 M55 5W C 200 60 60 V 20 80 100M 12.5 2.54 .4M B 
2NII01 5 N 2N2218 8-74 MS5 25W C 200 60 60 V 20 80 300M 20 SA .35M B 
2N 1102 5 N 2N2218 B-74 M55 15H C 200 60 60 V 15 60 800M 20 5A .3M B 
2Nl103 5 N 2N221B 8-74 M55 15W C 200 60 60 V 15 60 800M 10M .3M B 
2Nl104 5 N 2N221B 8-74 M5A 3.3M J 115 45 45 0 50 200 1M 1 10M 40 E 5M B 
2N1105 G P 7-35 AFC .2W A 100 18 12 R 70 E 
2NI706 G P 7-35 AFC .2W A 100 25 18 R 6u 

:~~ 2u" ~~ ~ 2N 1101 G P 7-35 AFC .2H A 100 30 25 R 30 10M 
2NII08A S N H55 300M A 115 40 20 R 30 120 10M .22 10M E 300M T 
2NI109 5 N HPA 1SW C 115 75 30 0 1.5 15 .35A 5 IA 175M T 
2NI110 5 N HPA 15H C 175 60 30 0 4 100 .35A 5 1A 140M T 
2N1111 5 N 8-22 H5A 800M 4 200 75 50 R 100 300 150M 1.5 150M 50 E 70M T 
2NI1114 S N 2N2219A B-BO RFA 1000M 4 200 15 50 R 100 300 150M 1 150M 50 E 10M T 
2N11118 5 N 2N2219A B-BO RFA 1000M A 200 120 55 R 100 300 150M .2 150M 50 E 10M T 
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-- Numerical Index --

2N1713-2N1S07 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

:g ~ PAGE ~~ VeE-If I:E- ,-
TYPE f:J 

~ 
REPLACE- USE Po T, VC80 h'E @ Ie VCE(sAT)@le L I·~ 

~ MENT NUMBER I~ 

~ ~ hf_ :~ !11!:: 
@25'C I'\:; 'C 1"ltsl (voltsll~ (min) (max) I"ltsl ·21"§ ,= I~ ~,~ 

2N 1713 G P AFC 80M A 85 30 12 0 20 1.5M ·40 E 100M 8 
2N1714 S N LPA 201/ C 175 90 60 0 20 60 200M 2 200M 16M T 
2N1715 S N LPA 201/ C 175 150 100 0 20 60 200M 2 200M 16M T 
2N17J6 S N LPA 20W C 175 90 60 a 40 120 200M 2 200M 16M T 
2N1717 S N LPA 201/ C 175 150 100 a 40 120 200M 2 200M 16M T 
2Nl718 S N LPA 201/ C 175 90 60 0 20 60 200M 2 200M 16M T 
2N1719 S N LPA ZOW C 175 150 100 0 20 60 200M 2 200M 16M T 
2N1720 S N LPA ZOW C 175 90 60 0 40 120 200M 2 200M 16M T 
2N1721 S N 

i2N3446 
LPA 20W C 175 150 100 0 40 120 200H 2 200M 16M T 

2N1722 S N 6-103 LPA 501/ C 175 120 80 a 20 90 2A I 2A 10M T 
2N1722A S N LPA 501/ C 175 180 120 0 30 90 2A .6 2A 10M T 
2N1123 S N iw3448 6-103 LPA 501/ C 175 120 80 0 50 150 2A I 2A 10M T 
2N1724 S N 6-67 LPA 501/ C 175 120 80 0 20 90 2A I 2A 10M T 
2N1724A S N LPA SOW C 175 180 120 0 30 90 2A .6 2A 10M T 
2N1725 S N 6-67 LPA SOW C 175 120 80 0 50 150 2A I 2A 10M T 
2N1726 G P ~~323 9-66 RFC 60M A 100 20 20 5 50 1M 100M M 
2N1727 G P 3324 9-66 RFC 60H A 100 20 20 5 20 1M 100M M 
2N1728 G P iw3324 9-66 RFC 60M A 100 20 20 5 20 1M 100M M 
2N1729 G P M55 150M A 85 25 15 X 30 100M .35 200M 
2N1730 G N M55 150M A 85 20 15 X 30 100H .35 200M 
2N 1731 G P AFA 150M A 85 30 30 X 40 10M 5M B 
2N1732 G N AFA 150M A 85 30 30 X 40 10M 5M 8 
2N1742 G P 2N3283 9-44 RFC 60M A 125 20 20 S 10 2M 
2N1743 G P 2N3284 9-44 RFC 60M A 125 20 20 5 10 2M 
2N1744 G P 2N3284 9-44 RFC 60M A 125 20 20 S 10 2M 
2N1745 G P 2N3285 9-~4 RFC 60M A 100 20 20 5 10 2M 
2NI746 G P 2N3323 9-66 RFC 60M A 100 20 20 S 10 1M 100M M 
2N 1747 G P 2N3324 9-66 RFC 60H A 100 20 20 5 10 1M 
2N1748 G P 2N3324 9-66 VAC 60H A 100 25 25 5 30 E 80M T 
2N1748A G P 2N3323 9-66 VAC 60M A 100 25 25 5 50 E 100M T 
2N1749 G P 2N3323 9-66 VAC 75M A 100 40 40 5 30 E 80M T 
2N1750 G P AFC 15M A 75 14 6 5 18 40 500- 30M M 
2N 1751 G P 2N2832 6-87 LPA 110 80 80 5 30 90 20A .5 20A 20 E 1.5M B 
2N1752 G P 2N3325 9-66 AFC 60M A 100 12 12 5 50 E SaM M 
2N1753 G P RFA 30M A 85 30 18 0 50 220 100-
2N1754 G P 2N964 8-48 H55 SOH A 85 13 13 S 20 10M .2 10H 
2N1755 G P i2Na137 6-74 PHS 28W C 95 40 35 5 30 75 .5A .7 3A 15K E 
2N1756 G P 2N2138 6-74 PMS 28W C 95 60 50 5 30 75 .5A .7 3A 
2N1757 G P 2N2139 6-74 PM5 28W C 95 80 65 5 30 75 .5A .7 3A 15K E 
2N1758 G P 2N2140 6-74 PM5 28W C 95 100 75 5 30 75 .5A .7 3A 15K E 
2N1759 G P 2N2142 6-74 PH5 28W C 95 40 35 5 60 150 .5A .5 3A 15K E 
2N1760 G P 2N2143 6-74 PH5 28W C 95 60 50 5 60 150 .5A .5 3A 15K E 
2N 1761 G P 2N2144 6-74 PH5 28W C 95 80 65 5 60 150 .5A .5 3A 15K E 
2N 1762 G P 2N2145 6-74 PH5 28W C 95 100 75 5 60 150 .SA .5 3A 15K E 
2N1763 5 N H55 _3W A 175 40 25 0 1.5 10M 
2N1764 I~ N 

HS5 .3W A 175 20 15 0 1.5 10M 
ZN1765 v, lstor 1. se Table n Pa e 1-16 
2N 1768 S N 2N3113 6-117 M55 40W C 200 60 40 0 35 100 7S0M .75 750H 600K B 
2N1769 5 N 2N3113 6-117 M55 40W C 200 100 55 0 35 100 750M .75 750M 600K B 
2N1710 
thru Tfyi stors, s e Table on P ge 1-1 1 
2N1718 
2N 1779 G P M55 100H A 100 25 20 R 20 60 30M 
2N1780 5 P H55 100M A 100 25 25 R 30 110 30M 4M B 
2N1781 G P H55 100H A 100 25 25 X 40 20M .15 12M 4M B 
2N1782 G P M55 100H A 100 30 20 X 30 150 10M .20 SOH 5M B 
2N1783 G P M55 100M A 100 30 15 0 20 10M .32 200M 30 E 5M B 
2N1784 G P M55 100M A 100 30 20 0 20 10M .32 200M 10M B 
2N1785 G P 2N3324 9-66 RFC 45M A 85 10 10 5 40 1M 50M M 
2N1786 G P 2N3323 9-66 RFC 45M A 85 10. 10 5 15 1M SaM M 
2N1787 G P 2N3324 9-66 RFC 45M A 85 15 15 5 25 1M 50M M 
2NI788 G P 2N3324 9-66 RFC SOH A 100 35 35 5 50 1M 100M M 
2N1789 G P 2N3325 9-66 RFC 60M A 100 35 35 5 20 1M 100M M 
2N1790 G P 2N3323 9-66 RFC 60M A 100 35 35 5 40 1M 100M M 
2N1792 
thru Ty iaters, B e Table on P ge 1-L 1 
2N1807 
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2N1808-2N1916 
MAXIMUM RATINGS ElECTRICAL CHARACTERISTICS 

;;; t: REPLACE- PAGE t~ VcE-f§ hf_ :·1 f_ I·~ TYPE e; 

~ USE Po TJ VCBO h" @ Ic VCE(sAT)'@le 
i;;; MENT NUMBER I~ '" ~ ~I~ :E @25·C 11; ·C (volts) (VDltS)ll (min) (max) ;§ (volts) log ,= I~ =>,~ 

2N1808 G N MSA 150M A 85 25 .15 12M 4M 8 
2N1809 S N PMS 250W C 175 50 50 V 10 lOA 1.5 lOA 
2N1810 S N PMS 250W C 175 100 100 V 10 lOA 1.5 lOA 
2N1811 S N PMS 250W C 175 150 150 V 10 lOA 1.5 lOA 
2N1812 S N PMS 250W C 175 200 200 V 10 lOA 1.5 lOA 
2N1813 S N PMS 2500 C 175 250 250 V 10 lOA 1.5 lOA 
2N1B14 S N PMS 250W C 175 300 300 V 10 lOA 1.5 lOA 
2N1816 S N PHS 2500 C 175 50 50 V 10 15A 1.5 15A 
2N 1817 S N PMS 2500 C 175 100 100 V 10 15A 1.5 15A 
2Ni818 S N PMS 2500 C 175 150 150 V 10 15A 1.5 15A 
2N 18 r> ''If> 2500 75 rorr rorr 'v '~A . 

;~: 2N1820 S N PMS 250W C 175 250 250 V 10 15A 1.5 
2N1821 S N PHS 2500 C 175 300 300 V 10 15A 1.5 15A 
2N1823 S N PMS 2500 C 175 50 50 V 10 20A 1.5 20A 
2N1824 S N PHS 2500 C 175 100 100 V 10 20A 1.5 20A 
2N1825 S N PMS 250W C 175 150 150 V 10 20A 1.5 20A 
2N1826 S N PMS 250W C 175 200 200 V 10 20A 1.5 20A 
2N1827 S N PMS 250W C 175 250 250 V 10 20A 1.5 20A 
2N1828 S N PMS 250W C 175 300 300 V 10 20A 1.5 20A 
2N1830 S N PMS 250W C 175 50 50 V 10 25A 1.5 25A 

N1B3 IS PMS 250W 75 100 100 V 10 25A .5 ~;: 2N1832 S N PHS 250W C 175 150 150 V 10 25A 1.5 
2NI83.:S S N PHS 250W C 175 200 200 V 10 25A 1.5 25A 
2N1834 S N PHS 250W C 175 250 250 V 10 25A 1.5 25A 
2N1835 S N PMS 250W C 175 300 300 V 10 25A 1.5 25A 
2N1837 S N 2N2218 8-74 HSS 800M A 300 80 30 0 40 120 150M .8 150M 140M T 
2N1837A S N 2N2218 8-74 HSS .8W A 175 80 30 0 40 120 .15A .8 .15A 140M T 
2N18378 S N HSS .8W A 200 80 30 0 40 120 .15A .8 .15A 140M T 
2N1838 S N 2N2218 8-74 HSS .6W A 175 45 20 0 40 1 SO .1A 1.4 .IA 90M T 
2N1839 S N 2N2218 8-74 HSS .6W A 175 45 20 0 12 50 .1A 1.4 .15A 90M T 
~ S N 2N2218 8-74 HSS .OW (~ 2~ '" IU IUU .I~A .4 • I~A 9UM 
2N1841 S N HPA 2W A 150 100 50 0 15 50 15M 1 lA 60M E 
2N1842 
thru T Y' istors ~ s e Table on P ge 1-1 1 
2N1850 
2N1853 G P HSS 150M A 85 18 6 0 30 6M .2 6M 
2N1854 G P HSS 150M A 85 18 6 0 40 20M .2 20M 40M T 
2N1864 G P 2N3324 9-66 RFC 60M A 100 20 20 S 10 1M 20 E 50M M 
2N1865 G P 2N3325 9-66 RFC 60H A 100 20 20 S 40 1M 
2N1866 G P 2N3323 9-66 RFC 60M A 100 35 35 S 40 1M 
rZNTIf67 G P 2N3324 9-66 RFC 60M A 100 35 35 S 10 1M 
2N1868 G P 2N3325 9-66 RFC 60M A 100 20 20 S 10 2M 
2N1869 
thru T yr . stars, s e Table n P ge 1-1 1 
2N1885 
2N1886 S N HPA 20W C 175 60 60 0 20 80 .5A 5 lA 2M T 
2N1889 S N 2N3498 8-161 RFA 800M A 200 100 80 R 40 120 150M 5 150M 30 E 50M T 
2N1890 S N 2N3499 8-161 RFA 800M A 200 100 80 R 100 300 150M 5 150M 50 E 60M T 
2N1891 G N 8MS 150M A 85 25 15 0 25 100M .15 100M 5M B 
2N 1892 G P MSS 150M A 85 30 15 0 40 200 10M .2 10M 30 E 5M B 
2N1B93 S N I 8-70 RFA 800M A 200 120 100 R 40 120 150M 51 150M 30 E 50MIT 
2N1893A S N 2N3498 8-161 HPA .8W A 200 140 80 0 40 120 .15A 2 .15A 30 E 100M T 
2N1894 S N LPA 200 60 60 R 12 60 lA 5 lA 
2N1895 S N LPA 200 80 80 R 12 60 lA 10 lA 
2N1896 S N LPA 200 60 60 R 45 135 lA 4 lA 25M T 
2N1897 S N LPA 200 80 80 R 45 135 lA 4 lA 25M T 
2N1898 S N LPA 200 100 100 R 45 135 lA 4 lA 25M T 
2N1899 S N PHS 125W C 150 140 50 0 10 30 lOA 1 lOA 50M T 
2N1900 S N HPA 125W C 150 140 50 0 8 lOA 2 lOA ;~~Ii 2N1901 S N PHS 125W C 150 140 50 0 20 60 lOA 1 lOA 
2N1902 S N PHS 125W C 150 140 50 a 10 30 lOA 1 lOA 50M T 
2N1903 S N HPA 125W C 150 140 50 0 8 lOA 2 lOA 50M T 
2N1904 S N PHS 125W C 150 140 50 0 20 60 lOA 1 lOA 50M T 
2N1905 G P 2N2832 6-87 LPA 30W C 100 100 50 0 50 150 lA 1 SA 30 E 
2N1906 G P 2N2832 6-87 LPA 30W C 100 130 60 0 75 250 lA 5 SA 50 E 
2N1907 G P 2N2832 6-87 HPA 6CiW C 100 100 40 0 1 15A 10M T 
2N1908 G P 2N2833 6-87 HPA 60W C 100 130 50 0 1 15A 10M T 
2N1909 
thru T 'yr . stars, s e Table on P ge 1-1 1 
2Nl916 

1-128 



TYPE 

2N 1917 
2N1918 
2N1919 
2N1920 
2NI921 
2N1922 
2N1923 
2NI924 
2N 1925 
2N1926 
2N1929 
thru 
2N1935 
2N1936 
2N1931 
2N1940 
2N1941 
2N1942 
2N1943 
2N1944 
2N1945 
2N1946 
2N1947 
2N1948 
2N1949 
2N1950 
2N1951 
2N1952 
2N1953 
2N1954 
2N1955 
2N1956 
2N1957 
2N1958 
2N1958A 
2N1959 
2N1959A 
2N1960 
2N1961 
2N1962 
2N1963 
2N1964 
2N1965 
2N1966 
2N1967 
2N1968 
2N1969 
2N1970 
2N1971 
2N1972 
2N1973 
2N1974 
2N1975 
2N1978 
2N1980 
2N1981 
2N1982 
2N1983 
2N1984 
2N1985 
2N1986 
2N1987 
2N1988 
2N1989 
2N1990 
2N1991 
2N1992 
2N1993 
2N1994 
2N1995 

~ ~ 
..... ;" REPlACE-i::: MENT 

s P 
5 P 
5 P 
5 P 
5 P 
5 P 
5 N 
G P 
G P 
G P 

PAGE 
NUMBER 

7-37 
7-37 
7-37 

USE 

CHP 
CHP 
CHP 
CHP 
CHP 
CHP 
AFA 
AFA 
AFA 
AFA 

--Numerical Index --

2N1917 -2N1995 
.MAXIMUM RATilIGS ELECTRICAL CHARACTERISTICS 

.- T 
Po I~ J 

@25·C I';; ·c ,= 
VeDo veE-II liFE @ Ie ~ VCE{SAT)@lc ~ hf_l! 
(yolts) (Yolts) t ~ (min) (max) :5 (volts) :S : ii 

.25W A 175 

.25W A 175 

.25W A 175 

.25W A 115 

.25W A 175 

.25W A 175 
750M AlSO 
225M A 100 
225M A 100 
225M A 100 

25 8 a 
25 8 a 
40 18 a 
40 18 a 
50 50 a 
80 80 a 
85 85 0 
60 40 R 
60 40 R 
60 40 R 

4 90 
34 65 
53 90 
72 121 

.003 

.004 

.005 

.005 
7 

20M .11 
20M .11 
20M .11 

20M 
20M 
20M 
20M 

25 E 16M T 
25 E 10M T 

1M 8 
1M B 
1~ 8 
1M 8 

28 E 
30 E 1M 8 
44 E 1.3M B 
60 E 1.5M 

Tl yI stors, s e Table Ion P ge 1-1 1 

5 N 
5 N 
G P 
5 N 
G P 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
G P 2N651 
G P 2N1l90 
G P 2N651 
G P 2N1l87 
5 N 2N2537 
5 N 2N2537 
5 N 2N2537 
5 N 2N2537 
G P 
G P 
5 N 2N834 
5 N 2N834 
5 N 2N2539 
5 N 2N2539 
G P 
G P 
G P 
G P 
G P 
G P 2N2140 
5 N 2N2219 
5 N 2N2219 
5 N 2N349B 
5 N 2N349B 
5 N 
G P 
G P 
G P 
5 N 2NZ21B 
5 N 2N221B 
5 N 2N2218 

.5 N 2N2218 
5 N 2N2218 
5 N 2N221BA 
5 N 2N22~BA 
5 N 
S P 
5 N 
G N 
G N 
G ON 

7-20 
7-28 
7-20 
7-28 
8-107 
8-107 
8-107 
8-107 

8-35 
8-35 
8-107 
8-107 

6-70 
6-74 
8-74 
8-74 
8-161 
8-161 

6-70 
6-70 
6-70 
8-74 
8-74 
8-74 
8-74 
8-74 
8-80 
8-80 

8-64 

LPA 
LPA 
HPA 
AFA 
M55 
AFA 
M55 
M55 
M55 
M55 
M55 
M55 
H55 
M55 
M55 
AFA 
M55 
M55 
M55 
M55 
H55 
HSS 
HS5 
HS5 
HS5 
HSS 
H55 
H55 
HS5 
HS5 
SPP 
spp 
SFP 
H55 
LPA 
LPA 
RFA 
AFA 
AFA 
AFA 
HPA 
LPA 
LPA 
LPA 
AFA 
AFA 
AFA 
RFA 
RFA 
VIO 
VID 
IND 
RFA 
H55 
M55 
M55 
M55 

150W C 175 
150W C 175 
3.5w C 100 

.6W A 175 

.2W A 85 
800M A 200 

.6W A 175 

.6W AilS 

.6W A 175 

.6W A 175 

.6W A H5 

.6W A 175 

.6W A 175 

.6W A 175 

.6W A 115 

.6W A 115 
200M A 100 
200M A 100 
200M A 100 
200M A 100 
600M A 175 
600M A 115 
600M A 115 
600M AilS 
150M A 100 
150M A 100 
400M A 115 

:gg: : g~ 
.4W A 115 

.12WA 75 

.12W A 75 

.12W A 75 
150M A 85 
15011 C 100 

100 
·600M A 115 
800M A 200 
800M A 200 
800M A 200 

30W C 200 
170W C 100 
l70W C 100 
170W C 100 
600M AlSO 
600M AlSO 
600M AlSO 
600M AlSO 
600M A 150 
600M AlSO 
600M AlSO 
600M AlSO 
600M AlSO 
.35W A 200 
150M A 100 
150M A 85 
150M A 85 

125 
125 

30 
45 
20 
60 
20 
30 
40 
20 
30 
40 
20 
30 
40 
20 
60 
60 
60 
60 
60 
60 
60 
60 
1'5 
12 
40 

~g 
60 
35 
35 
35 
30 

100 
80 
60 

100 
100 
100 
60 
50 
70 
90 
50 
50 
50 
50 
50 

100 
100 
100 

60 0 
80 0 
15 a 
30 R 
10 0 
60 0 
20 R 
30 R 
40 R 
20 R 
30 R 
40 R 
20 R 
30 R 
40 R 
20 5 
20 0 
18 0 
16 0 
14 0 
40 R 
40 R 
40 R 
40 R 
15 
12 5 
20 R 

~~ : 
40 R 
15 R 
15 R 
18 R 
15 0 
50 8 
40 0 
30 R 
BO R 
80 R 
80 R 
40 R 
30 a 
40 0 
50 a 
25 a 
25 a 
25 a 
25 0 
25 0 
45 a 
45 a 

30 20 a 
15 15 0 
30 18 a 
30 15 0 
25 15 a 

1·129 

7 50 
7 50 
5 

30 150 
20 60 
30 90 

150 450 
150 450 
150 450 
500 800 
500 800 
500 800 
250 500 
250 500 
250 500 

15 150 
30 120 
50 2CO 
30 120 
30 120 
20 60 
20 60 
40 120 
40 120 
25 
20 
20 60 

~~ 60 
40 120 

50 200 
17 40 
25 60 

110 350 
75 
35 
15 
20 
50 100 
50 100 
50 100 

60 240 
20 80 
35 120 
20 60 
20 
15 60 
30 120 
50 300 
15 
25 

lOA 
lOA 
40M 
10M 
.2A 

200M 
1M 

M 
1M 

.IA 

.IA 

.IA 

.IA 

.IA 

.IA 
10M 
20M 
20M 
20M 
20M 

150M 
150M 
150M 
150M 

10M 
10M 
10M 

1~~~ 
.15A 

200. 
SA 

.5A 
SOH 
10M 
10M 
1011 

50 OM 
SA 
SA 
SA 

150M 
150M 
30M 
30M 
3011 

15011 
1M 

10M 
10M 
1011 

.75 lOA 

.75 lOA 
1.8 200M 
1.5 5M 

5 200M 

.3 20M 

:1;~ ~~~ 
.115 20M 

.45 150M 

.45 150M 

.45 150M 

.45 150M 

.16 10M 

.20 10M 

.25 10M 

:45 1 ~~~ 
.45.15A 

1 12A 
.9 3A 

2 SaM 
1.2 SOH 
1.2 50M 
1.2 50M 
1.5 lA 
.5 SA 
.5 SA 
.5 SA 

1.5 150M 
1.5 150M 

230M 
230M 

.5 2M 
1.5 150M 
.25 10M 
0.2 10M 
.25 200M 
.25 200M 

15 E 
15 E 

40 E 

12 E 
100 E 

~~~ ~ 
100 E 
100 E 
1CO E 
75 E 
75 E 
75 E 
28 E 

1 E 

40 E 
76 E 
36 E 
18 E 

70 E 
35 E 

5 

20 E 
10 E 

4M T 
4M T 

60M T 
5M 8 

60M T 

~~~ T 
60M T 
60M T 
60M T 
60~. T 
60M T 
60M T 
40M T 

100M T 
100M T 

100M T 

200M T 

~~~~ T 
100M T 

10M B 
5K E 

15K E 
50M T 
60M T 
SaM T 
40M T 
40M T 

3K E 
3K E 
3K E 

40M T 
40M T 
401 
40M T 
40M T 
40M T 
40M T 

40M T 
300M T 

3M B 

~= I ~ 



--Numerical Index--

2N1996-2N2076 
.J,lAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

TYPE 

2NI996 
2N1997 
2NI998 
2NI999 
2N2000 
2N2001 
2N2002 
2N2003 
2N2C04 
2N2005 

;;l 1:. REPLACE
~ S MENT 
I~ 

G N 
G P 
G P 
G P 
G P 
G P 
S P 
S P 
S P 
S P 
S P 
S P 

PAGE 
NUMBER USE 

MSS 
MSS 
MSS 
MSS 
MSS 
MSS 
CHP 
CHP 
CHP 
CHP 

150M A e5 20 15 0 
250M A 100 45 15 0 
250M A 100 35 15 0 
250M A 100 30 15 0 
300M A 100 SO IS 0 
300M A 100 30 IS 0 
.25W A 200 30 5 0 
.25W A 200 30 5 0 
.25W A 175 SO IS 0 
.25W A 200 SO 15 0 

'FE @ Ie fit YCE(SAn·@le ... 
.. .t: 

(mIn) (max) 5 (volts) 5 

35 
40 
70 

100 
50 

100 

12 

200 
225 
350 
300 

10M 
100M 
100M 
100M 
100M 
100M 

1M 

.25 
.2 
.2 
.2 

.35 
.2 

200M 
10M 
10M 
10M 

500M 
100M 

IS E 

2N2006 
2N2007 
2N200e 
2N2009 
thru 
2N2014 
~N2015 
l2N2016 
2N2017 
l2N2018 

S N 2N3500 8-L61 

CHP 
CHP 
AFA 

.25W A 200 60 35 0 

.25W A 200 60 35 0 
eOOM A 200 175 110 0 30 90 10M 2.5 25M 20 E 

T yr'stors, s e Table pn P ge 1-1 1 

S N ~3715 
S N N3715 
S N 
S N N3738 
S N N3738 
S N N3738 
S N N3738 
G P 

6-117 
6-117 

6-125 
6-125 
6-125 
6-125 

AFA 150W C 
AFA 150W C 
AFA IW A 
HPA 20W C 
HPA 20W C 
HPA 20W C 
HPA 20W C 
HSS .15w A 

2N2019 
2N2020 
2N2021 
2N2022 
2N2023 
thru 
~N2031 

T r stors, s e Table n P ge 1-1 

~~~~~~ 
N2034 
N20.l5 
N2036 

2N2038 

~~~~~~ 
N2041 

~N2042A 
N2043A 

2N2044 . 

S N N3713 
S ~ 
S 

~ ~ 
S N 
S N 

~ ; 
G P 
G P 

6-117 

7-39 
7-39 

HPA 
PMS 
PMS 
PMS 
PMS 
RFA 
RFA 
RFA 

~~: 
AFA 

4SW C 
SW C 

14w C 
17W C 

17.SW C 
.6W A 
.6W A 
.6W A 
.6W A 

200M A 
200M A 

thru r stars, s e Table n P ge 1-1 

~~~J8 G P 
~N2048A G P 
2N2049 S N 

~~~g~6 ~ ~ 
~N2060A S N 
~N2061 G P 
2N2061A G P 
l2N2062 G P 
~N2062A G P 
2N2063 G P 
~N2063A G P 
2N2064 G P 
2N2064A G P 
2N2065 G P 
2N2065A G P 
2N2066 G P 
2N2066A G P 

N2067 G P 

N2955 

2N2219A 

2N3611 

N3611 

2N3611 

2N3611 

N3615 

2N3615 

""'". 
~1531 
2N1539 
2N1541 

21'12068 G P 
2N2069 G P 
2N2070 G P 
21'12071 G P 
2N2072 G P 
2N2074 
2N2075 
2N207~A 
2N2076 

T yr stor. Be 
G P 
G P 
G P 

8-119 HSS 150M A 

e-74 

11-4 
11-4 
6-110 

HSS 150M A 
lNA 800M A 
MSS 60M A 
DFA 500M A 
OFA .5W A 
SAC 40W C 
PMS 90W C 

6-110 SAC 40W C 
PMS 90W C 

6-110 SAC .l5W C 
PMS 90W C 

6-110 SAC 35W C 
PMS 90W C 

6-113 SAC 35W C 
PMS 90W C 

6-113 SAC 35W C 
PMS 90W C 
SAC 28W C 

6-56 
6-56 
6-56 

SAC 2eW C 
SAC 70W C 
SAC 70W C 
SAC 10W C 
SAC. 70W C 

Table c Pa e 1-161 
6-71 lPA 170W C 
6-71 lPA Irow C 
6-71 lPA 170W C 

200 
200 
200 
175 
175 
175 
175 
100 

200 
200 
200 
2CO 
200 
200 
200 
200 
200 
100 
100 

100 
100 
200 
100 
200 
200 

e5 
100 
e5 

100 
95 

100 
95 

100 
95 

100 
95 

100 
95 
95 
95 
95 
95 
95 

110 
110 
110 

100 
130 

60 
ISO 
200 
150 
200 

15 

45 
eo 
80 
eo 
eo 
.liS 
75 
45 
75 

105 
105 

20 
30 
75 
10 

100 
100 

20 
20 
20 
20 
40 
40 
40 
40 
eo 
eo 
80 
eo 
40 
eo 
40 
eo 
40 
eo 

eo 
80 
70 

50 0 
65 0 
60 0 

150 V 
200 V 
125 0 
140 0 

12 S 

45 0 
60 0 
60 0 
60 0 
60 0 
45 0 
75 0 
45 0 
75 0 

105 S 
105 S 

15 50 
15 50 
50 200 
20 60 
20 60 
40 90 
40 90 
25 ISO 

20 
20 60 
20 60 
20 60 
20 60 
12 36 
12 36 
30 90 
30 90 
20 SO 
40 I CO 

15 0 so 300 
20 0 SO 300 
SO R 100 300 

8 S 20 
eo R SO I SO 
60 0 SO 150 
10 0 10 60 
I'> 0 20 60 
10 0 20 200 
15 0 SO 140 
15 0 10 200 
20 0 20 60 
IS 0 20 200 
20 0 50 140 
25 0 10 200 
40 0 20 60 
25 0 20 200 
40 0 so 140 
25 0 20 I CO 
55 0 20 100 
30 S ~o 200 
60 S 30 2eo 
30 S 30 200 
60 S :i0 200 

eo S 20 40 
eo S 20 40 
70 S 20 40 

5A 
SA 

200M 
.5A 
.5A 
.5A 
.5A 
10M 

2A 
500M 

IA 
1.5A 

2A 
.2A 
.2A 
.2A 
.2A 

5M 
5M 

10M 
10M 

150M 
10M 
10M 
10M 
.5A 

2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 
2A 

.5A 

.5A 
5A 
SA 
SA 
SA 

SA 
5A 
SA 

1.25 
1.25 

6 
6 
6 
6 

1.2 

5 
.4 
.3 

.45 
1 
6 
6 
6 
6 

.75 

.75 

.14 

.14 
.4 
.2 

1.2 
.6 

2 
1 
I 

2 
I 
I 

.7 
2 
I 
I 

.7 

.7 

.7 
1.5 
1.5 
1.5 
1.5 

.7 

.7 

.7 

SA 
SA 

1A 
IA 
lA 
IA 

50M 

2A 
5COM 

IA 
1.5A 

2A 
.2A 
.2A 
.2A 
.2A 

100M 
100M 

10M 
10M 
10M 
10M 
50M 
50M 
.5A 

SA 
2A 

~: 
SA 
2A 
SA 
2A 
SA 
2A 
SA 
IA 
IA 

12A 
12A 
12A 
12A 

12A 
12A 
12A 

12 E 
12 E 
30 E 

20 E 
45 E 

75 E 

50 E 
so E 

aM B 
3M B 

5.6M T 
10M T 

2M B 
6M B 

.5~ B 

40M T 

12K E 
12K E 

2M T 
2" T 
3M T 
3M T 

250M T 

3M T 
1M T 
I~ T 
1M T 
1M T 
2~ T 
2M T 
2M T 
2M T 

.5M B 
.75M e 

150M T 
7.5K E 

50M T 
50M T 
60M T 
60M T 

2K E 
5K E 
2K E 

K 
2K E 
5K E 
2K E 
lK E 
2K E 
5K E 
2K E 
lK E 
7K E 
7K E 

1.5K E 
1.5K E 
1.5K E 
1.5K E 

5K E 
5K E 
5K E 



--Numerical Index --

2N2076A-2N2140 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

i: REPLACE- PAGE !~ TJ V'CBO VcE-lf ~FE @ Ie VCE(SAT)@le !:e- ,-
TYPE 

~ USE Po '- I'~ 
MENT HUMBER 10- ~ ~ hf_ :~ :31:': 

@25'C 1':0 'C (voltsl (VDlts):~ (min) (maxi (yolts) 'EI'§ ,= Iw ~'w 

2N2076A G P 6-71 LPA 170W C 110 ~g ~g ~ ~g ~g ~: 
. 'ZA 'K 

2N2077 G P 6-71 LPA 170W C 110 .9 12A 5K E 
2N2077A G P 6-71 LPA 170W C 110 50 50 S 20 40 SA .9 12A 5K E 
2N2078 G P 6-71 LPA 170W C 110 40 40 S 20 40 SA .9 12A 5K E 
2N2078A G P 6-71 LPA 170W C 110 40 40 S 20 40 SA .9 12A 5K E 
2N2079 G P 6-71 LPA 170W C 110 80 80 S 35 70 SA .7 12A 5K E 
2N2079A G P 6-71 LPA 170W C 110 80 80 S 35 70 SA .7 12A 5K E 

2N2080 G P 6-71 LPA 170W C 110 70 70 S 35 70 SA .7 12A 5K E 
2N2080A G P 6-71 LPA 170W C 110 70 70 S 35 70 SA .7 12A 5K E 

~~~~~IA I~ 
b-71 

~~~ 
run 

I~ 1;~ ~~ ~~ S 
~" ru 

~~ 
. 

;~; 
,,~ 

G P 6-71 170W 35 70 .9 5K E 
2N2082 G P 6-71 LPA 170W C 110 40 40 S 35 70 SA .9 12A 5K E 
2N2082A G P 6-71 LPA 170W 110 40 40 S 35 70 SA .9 12A 5K E 
2N2083 G P AFC 60M A 85 30 25 1M 30M T 
2N2084 G P RFA 125M A 100 40 20 a 40 250 1M 40 E 
2N2085 G N AFA 150M A 100 33 23 X 50 300 10M 10M 20 E 6M B 
2N2086 S N HSS 600M A 175 1'20 80 R 20 150M .7 150M 150M T 
2N2087 S N HSS 600M A 175 120 80 R 40 120 150M .5 150M 150M T 
2N2089 G P RFC .IW A 85 20 20 R 40 1M 40 E 44M T 

~~~~;~ I~ P 
K.L • ,w 

': 8~ ~O ~~ ~~ ~~~ RFC .IW R 1M 40 E T 
2N2092 G P RFC .IW A 85 20 20 R 40 1M 40 E 44M T 
2N2093 G P RFC .IW A 85 25 25 R 40 1M 40 E 30M T 
2N2095 G P HPA lW A 100 30 15 0 500M T 
2N2096 G P 8-66 PHS 250M A 100 25 12 0 15 400M .6 200M 
2N2097 G P 8-66 PHS 250M A 100 40 20 a 20 400M .5 200M 
2N2098 G P HPA lW A 100 30 15 0 500M T 
2N2099 G P 8-66 PHS 250M A 100 25 ) 2 0 15 400M .6 200M 
2N2100 G P 8-66 PHS 250M A 100 40 20 0 20 400M .5 200M 

~~~;~~A I~ N LPA ~~; I~ ~~~ ~~ ~~ 0 ~~ 60 "U~~ '~I~u~~ 25K T 
2N2102 S N HNS 5W C 200 120 80 R 35 10M .5 150M 35 E 
2N2102A S N HNS lW A 200 120 65 0 40 120 150M .3 150M 30 E 
2N2104 S P HSA 3.5W C 200 50 35 0 25 80 150M 1.5 150M 60M T 
2N2105 S P HSA 3.5W C 200 50 35 0 15 40 150M 1.5 150M SaM T 
2N2106 S N 2N2218 8-74 AFA lW A 150 60 60 R 12 36 200M 5 200M 
2N2107 S N 2N2218 8-74 AFA lW A 150 60 60 R 30 90 200M 2 200M 
2N2108 S N 2N2219 8-74 AFA lW A 150 60 60 R 75 200 200M 2 200M 
2N2109 S N PMS 250\1 C 175 50 50 V 10 lOA 1.5 lOA 

~~~1 ;~ I~I~ PHS ~~; I~ 1 ~~ ;~~ :~~ v ;~ :~: 1:~ :~: 
2N2112 S N PMS 250W C 175 200 200 V 10 lOA 1.5 lOA 
2N2113 5 N PHS 250W C 175 250 250 V 10 lOA 1.5 lOA 
2N2114 S N PHS 250W C 175 300 300 V 10 lOA 1.5 lOA 
2N2116 S N PHS 250W C 175 50 50 v 10 15A 1.5 15A 
2N2117 S N PMS 250\1 C 175 100 100 V 10 15A 1.5 15A 
2N2118 S N PHS 25011 C 175 150 150 V 10 15A 1.5 15A 
2N2119 S N PHS 250\1 C 175 200 200 V 10 15A 1.5 15A 
2N2120 S N PHS 250\1 C 175 250 250 v 10 15A 1.5 15A 

~~~;~3 I~I~ PHS ~~;; I~ 1~~ .'~~ I'~~ v :~ ~~: 1:~ ~~: 
2N2124 S N PHS 250\1 C 175 100 100 V 10 20A 1.5 20A 
2N2125 S N PMS 250W C 175 150 150 v 10 20A 1.5 20A 
2N2126 S N PMS 250\1 C 175 200 200 V 10 20A 1.5 20A 
2N2127 S N PHS 250\1 C 175 250 250 V 10 20A 1.5 20A 
2N2128 S N PHS 250\1 C 175 300 300 V 10 20A 1.5 20A 
2N2130 S N PHS 250\1 C 175 50 50 V 10 25A 1.5 25A 
2N2131 S N PHS 250W C 175 100 100 V 10 25A 1.5 25A 
2N2B2 S N PHS 250\1 C 175 150 150 V 10 25A 1.5 25A 
2N2133 S N PHS 250\1 C 175 200 200 V 10 25A 1.5 25A 
2N2134 S N PHS 250\1 C 175 250 250 v 10 25A 1.5 25A 
2N2135 S N PMS 250\1 C 175 300 300 v 10 2SA 1.5 25A 
2N2137 G P 6-74 LPA 62.5W C 100 30 30 S 30 60 .5A .5 2A 12K E 
2N2137A G P 6-74 LPA 62.5W C 100 30 20 0 30 60 .5A .5 2A 12K E 
2N213ti G P 6-~4 LPA 62.5W C 100 45 45 S 30 60 .5A .5 2A 12K E 
2N2138A G P 6-74 LPA 62.5W C 100 45 30 0 30 60 .5A .5 2A 12K E 
2N2139 G P 6-74 LPA 62.5W C 100 60 60 S 30 60 .5A .5 2A 12K E 
2N2139A G P 6-74 LPA 62.5W C 100 60 45 0 30 60 .5A .5 2A 12K E 
2N2140 G P 6-74 LPA 62.5W C 100 ' 75 75 S 30 60 .5A .5 2A 12K E 
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--Numerical Index --

2N2140A-2N2193A 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS g ~. 

REPLACE· PAGE l~ VeE_I~ 1:2- I~ TYPE m ~ USE Po TJ VCBO ~FE @ Ie VCE(sAT)'@le '-MENT NUMBER 1"- ~ ~ 
~f- l!l :!I::t 

'" @25·C I~ ·C lvolts) (VDltSlf~ (min) (max) lvoft.) I~ '''I~ 
I~ I';: :>,~ 

2N2140A G P ~:~: 
LPA 62.5W C 100 75 60 0 30 60 .5A .5 <A ILK 

2N2141 G P LPA 62.5W C 100 90 90 S 30 60 .5A .5 2A 12K E 
2N2141A G P 6-74 LPA 62.5W C 100 90 65 0 30 60 .5A .5 2A 12K E 
2N2142 G P 6-74 LPA 62.5W C 100 30 30 S 50 100 .5A .5 2A 12K E 
2N2142A G P 6-74 LPA 62.5W C 100 30 20 0 50 100 .5A .5 2A 12K E 
2N2143 G P 6-74 LPA 62.5W C 100 45 45 S 50 100 .5A .5 2A 12K E 
2N2143A G P 6-74 LPA 62.5W C 100 45 30 0 50 100 .5A .5 2A 12K E 
2N2144 G P 6-74 LPA 62.5W C 100 60 60 S 50 100 .5A .5 2A 12K E 
2N2144A G P 6-74 LPA 62.5W C 100 60 45 0 50 100 .5A .5 2A 12K E 
2N2145 G P 6-74 LPA 62.5W C 100 75 75 S 50 100 .5A .5 2A 12K E 
£0<£ DA 6-74 ~;~ I~~:~~ C ;~~ ~~ ~~ S ~~ ;~~ :~~ .~ ~~ ;~~ 2N2146 G P 6-74 .5 E 
2N2146A G P 6-74 LPA 62.5W C 100 90 65 0 50 lCO .5A .5 2A 12K E 
2N2147 G P N2832 6-87 LPA 12.5W C 100 75 50 0 100 300 lA 1 4A 75 E 3~ T 
2N2148 G P 2N2837 6-87 LPA 12.5W C 100 60 40 0 40 160 lA 1 4A 30 E 2~ T 
2N2150 S N HFA 300 C 175 125 80 0 20 60 lA 1 lA 20 E 10M T 
2N2151 S N HFA 300 C 175 125 80 0 40 120 lA 1 lA 40 E 10~ T 
2N2152 G P 6-78 LPA 170W C 110 45 45 S 50 100 SA .1 5A 2K E 
2N2152A G P 6-78 LPA l70W C 110 45 30 0 50 100 SA .1 SA 2K E 
2N2153 G P 6-78 LPA l70W C 110 60 60 S 50 100 5A .1 SA 2K E 

~~~;~~A G 
-

~;~ 1~~~ C ~~ ;~ S ~~ ;~~ ~~ 
. 

~: ~~ E P 6-78 110 .1 
2N2154A G P 6-78 lPA l70N C 110 75 60 0 50 lCO 5A .1 SA 2K E 
2N215S G P LPA l70W C 110 90 90 S 50 100 SA .1 SA 2K E 
2N2155A G P LPA 170W C 110 90 65 0 50 100 SA .1 SA 2K E 
2N2156 G P 6-78 LPA 170W C 110 45 45 S 80 160 SA .1 SA 2K E 
2N2156A G P 6-78 LPA 170w C 110 45 30 0 80 160 SA .1 SA 2K E 
2N2f57 G P 6-78 LPA l70W C 110 60 60 S 80 160 SA .1 5A 2K E 
2N2157A G P 6-78 LPA l70W C 110 60 45 0 80 160 SA .1 SA 2K E 
2N2158 G P 6-78 LPA 170W C 110 75 75 S 80 160 5A .1 SA 2K E 

I~~~ :~~A ~ P 
0-'0 

I~;~ 1;~~ C ~~ ~~ S ~~ ;~~ ~: 
. 

~: ~~E 110 .1 
2N2159A G P LPA 170w C 110 90 65 0 80 160 SA .1 SA 2K E 
2N2160 U ij net ion T ansisto , se Table pn Pag 1-1 7 
2N2161 S N HSS 200M A 150 55 35 0 60 160 10M 1.5 10M 75 E 
2N2162 S P CHP 150M A 140 30 30 0 14M T 
2N2163 S P CHP 150M A 140 15 15 0 14M T 
2N2164 S P CHP 150M A 140 12 8 0 24M T 
2N2165 S P CHP 150M A 140 30 30 0 10M T 
2N2166 S P CHP 150M A 140 15 15 0 10~ T 
2N2167 S P CHP lS0M A :~~ 2 

1~ 0 
10M 

2N2168 G P HSS 60M A 20 SO 10M .125 10M 
2N2169 G P HSS 60M A 100 15 15 0 40 10M .15 10M 
2N2170 G P HSS 60M A 100 15 10 0 20 10M .18 10M 
2N2171 G P 7-10 AFA .2W A 100 50 25 R 110 250 20M 120 E 
2N2l72 G P MSS 200M A 85 20 15 0 30 150 10M .2 10M .97 B 5M B 
2N2173 G P HSS 240M A 100 25 15 0 30 200M .4 200M 
2N217S S P AFA .1W A 175 6 6 0 30 20- 10M T 
2N2176 S P AFA .1W A 175 6 6 0 30 20- 10M T 
2N2177 S P AFA .1W A 160 6 6 0 15 5- 50 E 8M 8 
2N2178 S P AFA .1W A 160 6 6 0 lri~ 1~~ l~n 6~~1~ 2N21BO G P HSS 50M A 100 15 6 0 .08 10M 
2N2181 S P CHP 150M A 140 25 25 0 10 5M 6M T 
2N2182 S P CHP 150M A 140 25 25 0 10 5M 6M T 
2N2183 S P CHP 150M A 140 15 10 0 10 5M 6M T 
2N2184 S P CHP 150M A 140 15 10 0 10 5M 6M T 
2N2185 S P CHP 150M A 140 30 30 0 6.5M T 
2N2186 S P CHP 150M A 140 30 30 0 6.5H T 
2N2187 S p CHP 150M A 140 30 30 0 6.5H T 
2N2188 G P 2N3323 9-66 RFA 125M A 85 40 25 0 40 160 1.5H 40 E 60M T 
2N2189 G P 2N3323 9-66 RFA 125M A 85 40 25 0 60 180 1.5M 40 E 102M T 
2N2190 G P 2N3323 9-66 RFA 125M A 8S 60 25 0 40 160 1.5M 40 E 60M T 
2N2191 G P 2N3323 9-66 RFA 125M A 85 60 25 0 60 180 1.5M 60 E 102H T 
2N2192 S N 8-72 HSA 800M A 200 60 40 0 100 300 150M .35 150M 
2N2192A S N 8-72 HSA 800M A 200 60 40 0 100 300 150M .25 150M 
2N2192B S N 8-12 HSA 800M A 200 60 40 0 100 300 150M .18 150M 
2N2193 S N 8-72 HSA 800M A 200 80 50 0 40 120 150M .35 150M 
2N2193A S N 8-72 HSA 800M A 200 80 50 0 40 120 150M .25 150M 
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--Numerical Index --

2N2193B - 2N2248 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

c ~. ,- VCE_I~ Ia- ,-
TYPE ~ ~ 

REPLACE- PAGE USE Po .~ TJ V'CBO ~FE @ Ie VC£(SAT),@le '- I'~ MENT NUMBER ,0- ., 
~ 

h,_ l!il 
~I~ @25'C ,,;; 'C (volts) {YOltslf~ (min) (mo) ~ (volts) ,;;: ,= I~ =>,~ 

2N21938 5 N 8-72 HSA 800M A 200 80 50 0 40 120 150M _ 18 150M 
2N2194 5 N 8-72 HSA 800M A 200 60 40 0 20 60 150M .35 150M 
2N2194A S N 8-72 HSA 800M A 200 60 40 0 20 60 150M .25 150M 
21;21948 S I; 8-72 HSA 800M A 200 60 40 0 20 60 150M .IB 150M 
2N2195 S N 2N2218 8-74 HSA BOOM A 200 45 25 0 20 150M .35 150M 
2N2195A S N 2N2218 B-74 HSA BOOM A 200 45 25 0 20 150M .25 150M 
2N2195B S N 2N2218 8-74 HSA 800M A 200 45 25 0 20 150M .18 150M 
2N2196 S N LPA 2W A 175 BO 60 R 30 90 .2A 2 .2A 30 E 
2N2197 S N LPA 2W A 175 BO 60 R 75 200 _2A 2 .2A 30 E 
2N2198 S N RFA 5.5M A ZOO BO BO 0 35 55 .IA 6 .2A 4M T 

f2NZ IG" I K'A ,or lUI I~ 

;~ 
'>1 <u 

;~~~ T 2N2200 G P RFA 75M A 100 15 0 9 3M 
2N2201 S N 2N3738 6-125 AFA III C 175 120 100 0 25 90 200M 1.7 200M 30 E 
2N2202 S N 2N3738 6-125 AFA III C 175 120 100 0 25 90 200M 1.7 200M 30 E 
2N2203 5 N 2N3738 6-125 AFA III C 175 120 100 0 25 90 200M 1.7 200M 30 E 
2N2204 5 N 2N3738 6-125 AFA III C 175 120 100 0 25 90 200M 1.7 200M 30 E 
2N2205 5 N 2N835 8-35 HSS IW C 175 25 12 0 20 10M .22 10M 2 E 
2N2206 5 N 2N83S 8-35 H55 lW C 175 25 12 0 40 120 10M .22 10M 2 E 
2N2207 G P VIO .26W A 75 70 50 R 36 370 10M 140M 8 
2N220B G P RFC 120M A B5 40 10 0 15 1.5M 30 E 

['ZNZ2V IG" [1fS> rsOM Cf5 OU TZ ,0 24' 121 ~~I~ 2N2210 G P 2N20~S 6-71 LPA 7S1l C 100 100 65 25 50 SA .6 12A 
2N2211 G P LPA 90W C 100 80 60 5 60 140 lA .8 2A SK E 
2N2212 G P HPA LOOW C 110 120 120 R 50 120 SA 1 SA 30 E .45M T 
2N2214 5 N H55 .2SW C 150 25 15 0 25 10M .2 10M 200M T 
2N2216 5 P 2N3498 8-161 H5A 31l C 200 150 100 0 25 120 50M 5 50M 40M T 
2N2217 5 N 2N2218 8-74 H5A .BW A 175 60 30 0 20 60 150M .4 150M 250M T 
2N221B 5 N 8-74 H5A .BW A 175 60 30 0 40 120 150M .4 150M 250M T 
2N2218A 5 N 8-80 H55 .BW A 175 75 40 0 40 120 .15A .3 .ISA 30 E 250M T 
2N2219 S N 8-74 HSA .BW A 175 60 30 0 100 300 150M .4 150M 250M T 

12N22 ISIN I H-80 HSS .HW 'S 40 100 I JOO .ISA d .ISA 50 
E I ~~~~ T 2N2220 S N 2N2222 8-74 HSA .5W A 175 60 30 0 20 60 150M .4 150M 

2N2221 5 N 8-74 HSA .5W A 175 60 30 a 40 120 ISOM .4 150M 250M T 
2N222lA 5 N 8-80 HS5 .5W A 175 75 4P 0 40 120 .15A .3 .15A 30 E 250M T 
2N2222 5 N 8-74 HSA .5W A 175 60 30 0 100 300 150M .4 150M 2S0M T 
2N2222A S N 8-80 H55 .SW A 175 75 40 0 100 300 .15A .3 .15A 50 E 300M T 
2N2223 S N 11-4 DFA 500M A 200 100 BO R SO 200 10M 1.2 50M 40 E 50M T 
2N2223A 5 N 11-4 DFA 500M A 200 100 80 R 50 200 10M 1.2 50M 40 E 50M T 
2N2224 S N !:ru22l8 8·74 H5S .8W A I7S 65 40 0 35 115 10M .4 150M 250M T 
2N2225 G P M55 200M A 100 15 4 0 100 300 100M .2 50M 25M B 

12N2Uo ISIN ILP 151M 100 ,0 SO 100 1,00 9A j., 9A ,0 IK 
2N2227 S N LPA lSOIl C 150 100 100 V 100 500 9A 3.5 9A 50 E 7K E 
2N2228 S N LPA lSOIl C 150 150 150 V 100 500 9A 3.5 9A 50 E 7K E 
2N2229 S N LPA lSOIl C 150 200 200 V 100 500 9A 3.5 9A 50 E 7K E 
2N2230 5 N LPA lSOIl C 150 50 50 V 350 9A 3.5 9A 100 E 4K E 
2N2231 S N LPA lSOIl C 150 100 100 V 350 9A 3.5 9A 100 E 4K E 
2N2232 5 N LPA lSOIl C 150 150 150 V 350 9A 3.5 9A 100 E 4K E 
2N2233 5 N LPA 151M C 150 200 200 V 350 9A 3.5 9A 100 E 4K E 
2N2234 S N PHS 12.SIl C 150 40 20 0 15 60 100M .25 100M 50M T 
2N2235 5 N PHS 12.5Il C 150 40 20 0 40 125 100M .25 100M 100M T 
~IS IHS~ !>(!>M 1,0 40 20 !~ I~~ 

100M .2!> 100M ~uM T 
2N2237 5 N H55 575M A 150 40 20 0 100M .25 100M 
2N223B G P RFA .3W A 100 30 30 5 10 10M 25 E 400M T 
2N2239 5 N N3766 6-134 AFA IW A 150 60 50 R 30 2PO 200M 3 200M 
2N2240 5 N HSA .6W A 200 25 20 0 40 ICO 1M I 50M 50M T 
2N2241 5 N H5A .6W A 200 25 20 0 100 200 1M I 50M 50M T 
2N2242 5 N !:ru2S01 8-104 H5A 360M A 200 40 15 0 40 120 10M .7 100M 250M T 
2N2243 5 N ~2219 8-74 H5S .BW A 200 120 80 0 40 120 .15A .35 .15A 50M T 
2N2243A 5 N H55 .BW A 200 120 BO 0 40 120 .15A .25 .15A ~~~ T 
2N2244 5 N im83S 8-35 AFA .5W A 200 20 20 0 5 15 2- .2 1M 40 

[2N221i5 IS N em 8-35 AFA .5W A 200 20 20 0 10 30 2- .2 1M 80 E 60M T 
2N2246 5 N 8-35 AFA .5W A 200 20 20 0 5 15 2- .2 1M 40 E 60M T 
2N2247 5 N ~835 8-35 AFA .5W A 200 45 45 0 5 15 2- .2 1M 40 E 60M T 
2N2248 5 N 831i 8-35 AFA .5W A 200 45 45 0 10 30 2- .2 1M BO E 60M T 
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2N2249 - 2N2333 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

I r: REPLACE- PAGE I~ TJ VCBO vCE-lf h,.. @ Ic VCE(SAn@ Ie ~ I.e. L :~ TYPE 

~ USE Po hf_lj MENT NUMBER I~ ~ ~:~ " @25"C I';; 'C (voltsl (VDlts)l~ (min) (max) (volts) 5 
I'" I~ =>I~ 

2N2249 S N 2N834 8-35 AFA .5W A 200 45 45 0 20 60 2- .2 1M 150 E 60M T 
2N2250 S N 2N835 8-35 LNA .5W A 200 25 20 0 5 15 2- .2 1M 40 E 60M T 
2N2251 S N 2N835 8-35 LNA .5W A 200 25 20 0 10 30 2- .2 1M 80 E 60M T 
2N2252 S N 2N834 8-35 LNA .SW A 200 25 20 0 20 60 2- .2 1M 150 E 60M T 
2N2253 S N 2N834 8-35 LNA .5W A 200 45 SO 0 5 15 2. .2 1M 40 E 60M T 
2N2254 S N 2N834 8-35 LNA .SW A 200 45 50 0 10 30 2· .2 1M 80 E 60M T 
2N2255 S N 2N834 8-35 LNA .SW A 200 45 50 0 20 60 2- .2 1M 150 E 60M T 
2N2256 S N 8-84 HNS 300M A 175 7 7 S 17 10M 
2N2257 S N 8-84 HNS 300M A 175 7 7 S 40 10M 
2N2258 G P 8-84 HNS 150M A 100 7 7 S 17 10M 
~Na~' Iii 18-84 HN I,UM 10 40 10M 
2N2260 
thru T y istors, ee Table on P ge 1-1 1 
2N2262 
2'12266 G P 2N2145 6-74 PMS 5<M J 125 100 55 40 120 500M .75 SA 200K T 
2N2267 G P 2N2145 6-74 PMS 5<M J 125 120 55 40 120 50 OM .75 SA 200K T 
2N2268 G P 2N2145 6-74 PMS 5011 J 125 100 55 40 120 500M .75 SA 200K T 
2N2269 G P 2N2145 6-74 PMS 5IM J 125 120 55 40 120 500M .75 SA 200K T 
2N2270 S N 2N2219 8-74 AFA oW C 200 60 45 0 30 1M .9 150M 50 E 
2N2271 p AFC .25W A 100 20 15 R 50 100 35M 10K E 7I'/ZZ,,, I' H, 'OUM LU L 

~~ I~~~ '~~ · I LUUM 
2N2273 G P 9-24 RFA 100M A 25 15 0 
2N2274 S P CHP 150M A 140 25 25 0 10 5M 6M T 
2N2275 S P CHP 150M A 140 25 25 0 10 SM 6M T 
2N2276 S P CHP 150M A 140 15 10 0 10 5M 6M T 
2N2277 S P CHP 150M A 140 15 10 0 10 5M 6M T 
2N2278 S P CHP 150M A 140 15 15 0 7.6M T 
2N2279 S P CHP 150M A 140 15 15 0 7.6M T 
2N2280 S P CHP 150M A 140 10 6 0 • 1 5M 16M T 
2N2281 S P CHP 150M A 140 10 6 0 • I 5M 16M T 

j2NZZHZ f'l' 1W --s1I ou 
~O :~ ~: 

.~ 

~O ~~M 2N2283 G P HPA 5W C 110 100 0 .4 IA E T 
2N2284 G P HPA 5W C 110 200 100 0 15 3A .4 lA 40 E 20M T 
2N2285 G P LPA 100W C 110 60 30 0 35 140 lOA .65 25A .6M T 
2N2286 G P LPA 100w C 110 100 60 0 35 140 lOA .65 25A .6M T 
2N2287 G P LPA 100W C 110 120 80 0 35 140 lOA .65 25A .6M T 
2N2288 G P N2526 6-83 LPA 60W C 110 40 40 R 20 60 SA 1 5A 25 E .45M T 
2N2289 G P N2526 6-83 LPA 60W C 110 80 80 R 20 60 SA 1 SA 25 E .4511 T 
2N2290 G P 2N2526 6-83 LPA 60W C 110 120 120 R 20 60 SA 1 5A 25 E .45M T 
2N2291 G P LPA 60W C 110 40 30 0 50 120 5A 1 SA 50 E .4511 T 
=17 f'l' rr 0Ul! "' ,u 

;~O 'A ~: ~O .,," 
2N2293 G P LPA 60W C 110 120 70 0 50 SA 1 E .45~ T 
2N2294 G P PMS 7<M C 110 40 30 0 50 120 SA 1 SA 50 E .45M T 
2N2295 G P PMS 7<M C 110 80 50 0 50 120 5A 1 5A 50 E .4511 T 
2N2296 G P PMS 7<M C 110 120 70 0 50 120 SA 1 SA 50 E .45M T 
2N2297 S N N3252 8-24 RFA 800M A 200 80 35 0 40 120 150M .2 150M 60M T 
2N2303 S P jzN2801 8-35 RFA 600M A 175 50 50 R 75 200 150M 1.5 150M 75 E 60M T 
2N2304 S N N3766 6-134 LPA 25w C 200 60 60 V 20 80 300M .9 300M 
2N2305 S N LPA 75W C 200 60 60 V 15 60 800M 1.2 60'0M 
2N2306 S N PHS 13W C 175 75 50 0 12 75 .35A 2 lA 175M T 
:NL5UH 1'1 N ILPA l5W I ~o 100 H ~o OU IA 30K 

2N2309 S N LNA 600M A 200 30 30 0 25 125 .2M 40 E 
2N2310 S N AFA 350M A 200 60 60 0 12 36 200M 5 200M 
2N2311 S N AFA 350M A 200 100 100 0 12 36 200M 5 200M 
2N2312 S N AFA 350M A 200 60 60 a 30 90 200M 5 200M 
2N2.l13 S N AFA 350M A 200 100 100 0 30 90 200M 5 200M 
2N2314 S N AFA 350M A 200 60 40 R 20 60 150M 5 150M 15 E 40M T 
2N2315 S N AFA 350M A 200 60 40 R 40 120 150M 1.5 150M 25 E SaM T 
2N2316 S N AFA 350M A 200 120 80 R 40 120 150M 5 150M 30 E 50M T 
2N2317 S N AFA 350M A 200 75 50 R 40 120 150M 1.5 150M 30 E 60M T 

[""2N23T8" jSN ~834 8-35 HSA 360M A 200 30 25 S 15 .IM .35 20M 300M T 
2N2319 S N 1lN~34 8-35 HSA 300M A 200 30 25 S 15 .1 M .35 20M 300M T 
2N2320 S N 834 8-35 HSA 600M A 200 30 25 S 15 .IM .35 20M 300M T 
2N232l 
thru 
2N2329 

Tfy istors, slee Table on P ge 1-1 1 

2N2330 S N 8-87 CHP .8W A 150 30 20 0 50 10M 100~ T 
2N2~31 S N 8-87 CHP .5W A 150 30 20 0 50 10M 100~ T 
2N2~32 S P CHP .15W A 200 15 15 0 
2N2333 S P CHP .15W A 200 15 5 0 
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TYPE 

2N2334 
2N2!35 
2N2.B6 
2N2337 
2N2338 
2N233? 
2N2340 
2N2341 
2N2342 
2N2343 

S p 
S p 
S P 
S P 

REPLACE
MENT 

S N N3713 
~ ~ ~J3l01 
S N 
S N 
S N 

PAGE 
NUMBER 

6-117 
6-152 

USE 

CHP 
CHP 
CHP 
CHP 
LPA 
LPA 
HPA 
HPA 
HPA 
HPA 

.MAXIMUM RATINGS 

.15W A 200 

.15W A 200 

.15W A 200 

.15W A 200 
150W C 200 

40W C 200 
15\1 C 175 
1511 C 175 
1511 c 175 
1511 c 175 

VCBO VeE-II 
(volts) (volts)l~ 

30 15 a 
30 IS a 
50 35 a 
50 35 a 
60 40 0 
60 40 0 
50 40 0 
50 40 0 

lOa 40 0 
100 40 0 

1~~;~44 TI Y stors, s e Table pn P ge 1-1 1 
2N2348 
2N2349 S N 
2N2350 S N 
2N2350A S N 
2N2351 S N 
2N2351A S N 
2N2352 S N 
2N2352A S N 

2~~~~~AI~ N 
2N2354 N 
2N2356 S N 
2N2:;56A S N 
2N2357 G P 
2N235S' G P 
2N2359 G P 
2N2360 G P N3283 
2N2361 G P 2N3284 

~~~~~; g ~ flN3284 

2N2364 S N 
2N2364A S N 
2N2368 S N ~N3227 
2N2369 S N ~N3227 
2N2369A S N ~N3227 
2N2370 S P 
2N2371 S P 
2N2372 S P 

~~~~;~ I ~ P N3427 
2N23 75 G P ~N1193 
2N2.176 G P NU93 
2N2377 S P 
2N2378 S P 
2N2379 G P 
2N2380 S N 
2N2380A S N 
2N2381 G P 
2N2382 G P 
2N2383 S N 
2N2384 S N 

9-44 
9-44 
9-44 

8-92 
8-92 
8-92 

7-41 
7-30 
7-30 

8-96 
8-96 

2N2386 FOe d Effect Transist 
2N2387 S N 
2N238S S N 
2N2389 S N 
2N2390 S N 

~~~;~~ ~ ~ 
2N2393 
2N2394 
2N2395 
2N2396 
2N2397 
2N2398 
2N2399 
2N2400 

S P 
S P 
S N 
S N 
S N 
G P 2N3284 
,G P 2N3284 
G P 2N964 

9-44 
9-44 
8-48 

AFA 
HSA 
HSA 
HSA 
HSA 
HSA 
HSA 

~~A 
AFC 
CHP 
CHP 
PMS 
PHS 
PMS 
RFC 
RFC 
R 
RFA 
HSS 
HSS 
HSS 
HSS 
HSS 
LNA 
LNA 
LNA 
LN, 
AFC 
AFC 
AFC 
RFA 
RFA 
PMS 
HSS 
HSS 
HSS 
HSS 
LPA 
LPA 

150M A 200 40 24 0 
400M A 200 60 40 0 
400M A 200 60 40 0 
400M A 200 80 50 a 
400M A 200 80 50 0 
400M A 200 60 40 0 
400M A 200 60 40 a 

:~~~I~ ~~~ ~~ ~5 a 
.1eWA 8520 15R 

.6W A 200 25 7 0 

.6W A 200 25 7 0 
170W ClIO 60 30 0 
170W C 110 100 60 0 
170W ClIO 120 80 0 

60M A 125 20 20 a 
60M A 125 2 a 20 a 

~~~I~ :~~ ~~ ~~ 0 
400M A 200 120 80 0 
400M A 200 120 80 0 
360M A 200 40 40 S 
360M A 200 40 40 S 
360M A 200 40 40 S 

.2W A 200 15 15 0 

.2W A 200 15 15 0 
.15WA200 15 150 

2~~~1:1~~~ ~~ 35 S 
250M A 100 35 35 S 
250M A 100 35 35 S 
150M A 140 25 25 0 
150M A 140 10 10 0 
150W C 95 100 80 S 
600M A 175 80 40 0 
600M A 175 80 40 0 
300M A 100 30 15 0 
300M A 100 45 20 0 

85W C 180 80 60 0 
85W C 180 80 60 0 

r, s~e Tabl 
AFA 300M 
AFA 300M 
AFA 4S0M 
AFA 450M 
AFA 300M 
AF, 300M 

n Fa e 1- 71 
A 175 45 45 a 
A 175 45 45 0 
A 200 75 50 F 
A 200 75 50 R 

A ~~~ ~5 ~~ a 
AFA 
AFA 
AF' 
AF~ 
HS 
RFC 
RFC 
HS 

450M A 175 
450M A 175 
450M A 200 
450M A 20C 
300M A 20C 

60M AlOe 
60M A 10 

150M Aloe 

50 
50 
60 
60 
35 
20 
20 
12 
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35 0 
35 C 
40 C 
40 C 
15 
20 
20 

7 C 

2N2334 - 2N2400 
ELECTRICAL CHARACTERISTICS 

I!,FE @ Ie YCE(sAT)@le 

(min) (max) ~ (volts) ~ 

7 
6 

10 40 
40 100 
10 40 
40 100 

6A 
1.5A 
750M 
750M 
750M 
750M 

120 250 10M 
100 300 150M 
100 300 150M 
40 120 150M 
40 120 150~ 

20 60 150M 
20 60 150M 

~~ :~~~ 
50 150 35M 

30 
30 
30 
10 
10 

:~ 
40 
40 
20 
40 

15 
20 
15 

90 
90 
90 

2eo 
120 
120 
60 

120 
120 

I~O 300 
35 110 
35 110 
10 1 CO 
IS 
25 37 
20 120 
20 120 
40 

20A 
20A 
20A 

2M 
2M 

~~ 
150M 
150M 

10M 
10M 
10M 
25-
25-
25-
L3* 

100M 
100M 
100M 

5M 
15M 

SA 
150M 
150M 
200M 

40 
20 
20 

200M 
60 I. SA 
60 1. SA 

40 120 10-
100 300 10-

40 120 150M 
100 300 150M 

!5 ~,5 :~~ 
20 45 
30 90 
20 60 
40 120 
25 120 
10 
10 
30 

150M 
150M 
150M 
150M 

10M 
2M 
2M 

10M 

1.5 3A 
1.5 .3A 

4 750M 
4 750M 
3 750M 

2.5 750M 

1.5 10M 
.35 150M 
.25 150M 
.35 150M 
.25 150M 
.35 150M 
.25 150M 

.9 50A 

.9 50A 

.9 50A 

.35 150M 

.25 150M 

.25 10M 

.25 10M 
.2 10M 

liSA 
1.3 150M 
1.3 150M 
.40 200M 
.40 20~M 

1 1. SA 
1 1.5A 

110M 
110M 

1.5 150M 
1.5 150M 
.6 10M 

1.5 
1.5 

1 
I 

.30 

.22 

'0" 
150M 
150M 
150M 
150M 

10M 

10M 

hf_ :f 
In 
I~ 

12 E 
12 E 

60 E 
2.5 E 
2.5 E 
2.5 E 
2.5 E 
2.5 E 
2.5 E 

15K E 
.7M T 

550K E 
350K E 
550K E 
350K E 

50M T 
SaM T 

20 E .6M T 
20 E .6M T 
20 E .6M T 

10 E 250M T 
50M T 
50~ T 

400~ T 
50 OM T 
500~ T 

15 E 
20 E 
IS E 

1~~ E 
35 E 
35 ~ 
15 E 8M T 

7.2M T 
4K E 

100M T 
60 E 100~. T 

300~ T 
5UUM 

15 E 3CK E 
15 E 30K E 

6 E 30M 
15 E 30M 

3 E 60M 
5 E 70M 
I' E 140M 
~I 140' 

50M 
60M 
40M 
50M 

200M 

150M 



--Numerical Index --

2N2401-2N2480 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

;;; ~ REPLACE· . PAGE t~ VeE-it hf_ :1 ,-
TYPE i S USE Po TJ VeBo h" @ Ie VCE(SAT)@le L I-!' 

MENT HUMBER ,~ 

~ ~ ~I~ ~ @25'C I';; 'C (volts) (YOlts>IJi (min) (mall) (volts) 
,~ 

,~ ,';; =,~ 

2N2401 G ~ ~~~~6 8-48 HSS 150M A '00 15 10 0 50 10M' _2 10M 200M T 
2N2402 G 8-119 HSS 150M A 100 18 12 0 60 10M .2 10M 250M T 
2N2403 S N MSA lW· A 200 60 60 0 20 60 .6A 1.5 .6A 147M T 
2N2404 S N MSA lW A 200 60 60 0 40 120 .6A 1.5 .6A 147M'T 
2N2405 S N 2N3498 8-70 AFA 5W C 120 90 0 60 200 150M .5 150M 50 E 
2N2410 S N N2537 8-107 HSS 800M A 200 60 30 0 30 120 10M 200M T 
2N24l1 S P 2N3250 8-141 HSS 300M A 200 25 20 0 20 60 10M .2 10M 140M T 
2N2412 S P 2N3250 8-141 HSS . 300M A 200 25 20 0 40 120 10M .2 10M 140M T 
2N2413 S N RFA 300M A 175 40 18 0 30 120 10M .4 10M 300M T 
2N2414 S N SPP 500M A 200 60 40 R 50 250 10M 1.2 50M 50 E 50M .T 

I~~~~;~ G P I~~A .~~~ I: ;~~ ;~ 10 0 '~I<~~ , ~~ 10 E ~~~~ T 
2N2417 
thru U i unction ansisto 5, 5 e Tabl r Pa e 1- 77 
2N2422 
2N2423 G P N3616 6-113 PMS 90W C 100 100 80 V 20 100 2A 1.5 SA 3K E 
2N2424 S P MSS 375M A 160 40 5 0 30 200 5M .3 15M 15M 8 
2N2"25 5 P MSS. 375M A 160 50 10 0 25 110 5M .3 15M 10M 8 
2N2426, G N AFA 150M A 100 40 25 R 0.5 100M 35 E 25K E 
2N2427 S N RFA .5W A 200 40 40 0 20 60 10· 40 E 50M T 
ZNZ4Z" 

P ~~~; 
-~v ,Ar .0' I" '0 O£ 0, JU '0' '" c. 

;O~ 2N2429 G 7-20 AFC .5W A 75 32 32 S 65 300 2M 130 E E 
2N2430 G N AFC .2BW A 75 32 32 R 6Q 210 .IA 10K E 
2N2431 P AFC .55W A 90 32 32 R 60 175 .3A 10K E 
2N2432 S N CHP 300M A 175 30 30 0 50 1M .15 10M 20M T 
2N2433 S N HSS SOOM A 200 75 45 0 40 120 150M 1.5 150M 30 E 80M T 
2N2434 S N HSS SOOM A 200 75 45 0 100 300 150M 1.5 150M 50 E 90M T 
2N2435 5 N HSS SOOM, A 200 120 80 0 40 120 150M 3 150M 30 E 80M T 
2N2436 S N HSS SOOM A 200 120 80 0 100 300 150M 3 150M 50 E 90M T 
2N2437 S N vIa SOOM A 200 100 75 0 15 10M .2 10M 18 E 70M T 
.mZ4~~ S 

~~: IAI ZUI ;~~ ~~ :~~ 
.4 

50~ 76 90M 2N2439 S N VID A 200 75 0 .4 E T 
2N2440 S N HSS 300M A 200 120 80 0 100 300 150M .4 50M 50 E 90M T 
2N2443 S N RFA BOOM A 200 120 100 0 50 150 50M 1.2 50M 45 E 50M T 
2N2444 G P lPA 85W C llO 80 80 0 90 120 3A 1 SA 50 E 4.5M T 
2N2445 G P lPA 90W C 100 100 50 0 30 60 lOA 1 lOA 30 E .IM T 
2N2446 G P PMS 90W C 100 60 50 S 15 45 SA 1.5 7A 3K E 
2N2447 G P 2NH87 7-25 AFA 75M A 85 45 24 0 25 E 
2N2448 G P 2NH87 7-25 AFA 75M A 85 45 24 0 25 E 
2N2449 G P 2N652 7-20 AFA 75M A 85 35 20 0 50 E 

'zNZ4!>U I" I P N652 7-20 A. 
~~~ ~~ ~~ Z~ 0 ~~ 2N2451 G P HSS A 25 10M .1 10M E 80M T 

2N2452 S N SPP 500M A 200 100 80 R 
2N2453 S N DFA o.sw A 200 60 30 0 150 600 1M 1 5M 150 E 60M T 
2N2453A S N DFA O.SW A 200 80 50 0 150 600 1M 1 5M 150 E 60M T 
2N24S4 T y istor, 5 e Table n P c 1-16 
2N2455 G P HSA 150M A 100 15 15 S 20 100 2M .19 10M 30 E 600M T 
2N2456 G P HSA 150M A 100 15 15 S 20 100 2M .19 10M 30 E lG T 
2N2459 S N AFA .4W A 200 100 60 0 10 .1 M .3 10M 40 E 100M T 
2N2460 S N AFA .4W A 200 100 60 0 20 .1 M .3 10M 70 E 120M T 

~~~~~~ S N 
~~A 

... 
~~~ ;~~ ~~ 0 ~~ 

. 
;~~ ;~~~ S N .4W A .IM ·.3 160 E T 

2N2463 S N AFA .5W A 200 100 60 0 10 .1 M .3 10M 40 E 100M T 
2N2464 S N AFA .5W A 200 100 60 0 20 .1M .3 10M 70 E 120M T 
2N2465 S N AFA .5W A 200 100 60 0 40 .IM .3 10M 115 E 140M T 
2N2466 S N AFA .5W A 200 100 60 0 60 .1M .3 10M 160 E 160M T 
2N2467 G P lPA 5W C llO 60 30 0 30 90 .5A .4 lA 40 E 20M T 
2N2468 G P lPA 5W C llO 100 60 0 30 90 .5A .4 lA 40 E 20M T 
2N2469 G P lPA 5W C 110 200 100 0 30 90 .5A .4 lA 40 E 20M T 
2N2472 S N lPA lW A 175 120 100 0 30 90 .2A 1.7 .2A 30 E 10M T 
2N2473 S N lPA lW A 175 120 100 0 30 90 .2A 1.1 .2A 30 E 10M T 
2N2474 S P AFA 250M A 160 30 15 0 8 100. .126 10M 8 E 
2N2475 S N HSS 300M A 200 15 6 0 20 20 50M 6 E 
2N2476 S N N32S2 8-147 HSS 2W C 200 60 20 0 20 150M .4 150M 250M T 
2N2477 S N 2N3252 8-147 HSS 2w C 200 60 20 0 40 150M .4 150M 250M T 
2N2478 S N N2218 8-74 HSS 600M A 175 120 40 0 30 150M .1 150M 200M T 
2N2479 S N 2N2218 8-74 HSS 600M A 175 80 40 0 30 120 150M .85 150M 60 E 150M T 
2N2480 S N H-4 OFA .3W A 200 75 40 0 30 350 1M 1.3 50M 50M T 

1·136 
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2N2480A - 2N2561 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

;$ ~ REPLACE- PAGE t~ VCE_I~ 1:9- ,-
TYPE i ~ USE PD TJ VC80 h" @ Ie ~ VCE(SAT)@le .= L I'~ 

MENT NUMBER 1"- hr-l! =I~ 
@25'C I," 'C (volts) (YOltS}:~ (min) (max) £ (volts) ;§ ;:Iog 

,~ I~ =>,~ I 
2,,2480A S N 11-4 OFA _3. A 200 80 4C 0 50 2CO 1M 1.~ 50M 50 E 50M I 
2N2481 S N 8-100 HSS 1.2>1 C 200 40 15 0 40 120 10M .25 10M 300M T 
2N248~ G N RFA !SOM A 20 IS S 25 2GO 2M 15 E 
2N2483 S N ""'2483 8-266 AFA 360M A 200 60 60 0 40 120 10- .35 1M 80 E 12M T 
2N2484 S N MM2484 8-266 AFA HOM A 200 60 60 0 100 5CO 10- .35 1M 150 E 15M T 
2N2485 S N HPA 8.B" C 200 120 120 0 10 .5A 100M T 
2N2486 5 N HPA 8.ew C 200 140 140 0 10 .5A 100M T 
2N2487 G P H5S 60M A 100 15 10 0 ~O 10M .115 40M 360M T 
2N2488 G P HSS 60M A lCO 15 10 0 20 50M .175 15M 360M T 
2N2489 G P HS5 bOM A 100 20 15 0 20 10M .18 10M 300M T 
2N2490 G P boO" PMS 'UW 

1 :~ ~~ ~~ S ~~ ~~ ~: :~: "' 2N2491 G p 6-82 PMS 170W C .7 5K E 
2N2492 G P 6-82 PMS 170W C 110 80 70 S 25 50 SA .5 12A 5K E 
2N2493 G P 6-82 PMS 170W C 110 100 85 S 25 50 SA .5 12A 5K E 
2N~494 P ~FC 83M A 75 20 20 V 25 1M 
2N2495 P RFC 125M A 100 40 40 S 25 1M 
2N2496 P RFC 100M A 100 40 20 V 25 1M 
2N2497 
thru F 01 Effect ransisto s, ee Tabl n Pa e 1 71 
2N2500 
2N2;01 S N 8-104 H55 .36W A 200 4U 2U 50 150 10M .2 10M, 350M T 
2N2502 
thru T yr . stars. s c Table pn P ge 1-1 1 
2N2508 
2N,,50? S N VIO 1.211 C 200 125 80 0 ,,5 10- 1 5M 45M T 
2N2510 S N VIO 1.211 C 200 100 65 0 150 500 10M 1 5M 45M T 
2N251 I S N 2N3444 8-147 VIO 1.2W C 200 80 50 0 240 150 10M 1 5M 45M T 
2N2512 G P VIC .15W A 75 70 70 R 20 1M 40 E 140M T 
2N2514 S N AFA .4W A 200 80 60 0 15 50 5M .5 10M 20 E 30M T 
t2N2.5J 5 5 N AFA .4W A 200 80 60 a 30 100 5M .5 10M 40 E 60M T 
2N2516 S ,~ AFA .4W A 200 80 60 0 60 200 5M .5 10M 80 E 100M T 
2N2517 S N AFA .4W A 200 125 80 a 15 so 5M ,5 10M 20 E 30M T 
2N2518 S N AFA .4W A 200 125 80 a 30 1 co 5M .5 10M 40 E 60M T 
2N2519 S N AFA .4" A 200 125 80 0 60 200 5M .5 10M 80 E 100M T 
2N2520 S N AFA .4W A 200 60 60 0 12 1M .5 10M 18 E SaM B 
2N2521 5 N AFA .4" A 200 60 60 a 25 1M .5 10M 36 E 50M B 
2N2522 S N AFA .4" A 200 60 60 0 50 1M .5 10M 76 E 50M 8 
2N2523 S N AFA .4W A 200 60 45 a 40 120 10- .5 10M 60 E 45M T 
2N2524 S N AFA .'IW A 200 60 45 a 100 300 10- .5 10M 150 E 45M T 
I?N?'?' HPA ?<'" C 200 100 80 0 10 .35A .8 lA 154M T 
2N2526 G P 6-83 PHS 85W C 110 80 80 0 20 50 3A .8 IDA 30K T 
2N2527 G P 6-83 PHS ssw C 110 120 120 a 20 50 3A .8 IDA 30K T 
2N2528 G P 6-83 PHS 85W C 110 160 160 0 20 50 3A .8 lOA 30K T 
2N2529 S N AFA 150M A 175 'IS 40 0 10 20 1M 2 10M 12 E 6M B 
2N2530 S N AFA 150M A 175 45 40 0 12 35 1M 2 10M, 18 E 10M B 
2N2531 S N AFA 150M A 175 45 40 0 20 80 1M 2 10M 36 E 12M B 
2N253< S N AFA 150M A 175 45 40 0 45 185 1M 2 10M 76 E 16M B 
2N2533 S N AFA 150M A 175 45 40 a 20 55 10M 1.5 10M 19 E 10M 8 
2N2534 S N AFA 150M A 175 45 40 0 45 150 10M 1.5 10M 39 E 20M 8 
?N?53S AFA lOW C 100 60 30 0 40 120 .4A .5 1.0A 15 E 8K E 
2N2536 G P AFA lOW C 100 80 40 0 40 120 .4A .5 1.0A 15 E 8K E 
2N2537 S N 8-107 HSS .8W A 200 60 30 0 SO 150 150M .45 150M 250M T 
2N2538 S N 8-107 HSS .8" A 2CO 60 30 0 100 300 150M .45 150M 250M T 
2N2539 S N 8-107 HSS .5W A 200 60 30 a SO 150 150M .45 150M 250M T 
2N2540 S N 8-107 HSS .5" A 200 60 30 0 100 3GO 150M .45 150M 250M T 
2N2541 G P MSS 215M A 100 30 14 a 60 250 SaM .25 50M 10M B 
2N2542 
thru T y istors, s e Table on P ge 1-1 1 

~%~~Z p '" . 4W A 00 150 150 0 15 45 .1 A 1 ? A 
2N2552 G P LPA 20W C 100 40 40 V 20 60 lA .25 lA 18 E 225K T 
2N2553 G P LPA 2(1W C 100 60 60 V 20 60 lA .25 lA lB E 225K T 
2N2554 G P LPA 20W C 100 80 80 V 20 60 lA .25 lA 18 E 225K T 
2N2555 G P LPA 2(1W C 100 100 100 V 20 60 lA .25 lA 18 t 225K T 
2N2556 G P LPA 20W C 100 40 40 V 20 60 I A .25 lA lB E 225K T 
2N2557 G P LPA 20W C 100 60 60 V 20 60 lA .25 lA 18 E 225K T 
2N2558 G P LPA 20W C 100 SO 80 V 20 60 lA .25 lA 18 E 225K T 
2N2559 G P LPA 20W C 100 100 100 V 20 60 lA .25 lA 18 E 225K T 
2N2560 G P LPA 20W C 100 40 40 V 20 60 3A .75 3A 25 E 250K T 
?N7S6 IGlp LPA ?nr.T C 100 60 60 V 20 60 3A .75 3A 25 EI?'CK 
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2N2562 - 2N2634 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

;;; 1: REPLACE- PAGE r~ TJ VCBO vcE-il VCE(sAn@lc h I~ f_ I~ TYPE $ ~ USE Po ~FE @ Ic 
MENT NUMBER I~ 

~ ~ 
f_1 ~ :It:': 

'" @25'C I~ 'C (volts) (YOltS)I~ (min) (max) (volts) I§ '21§ ,= I~ =,~ 

2N2562 G P lPA 20W C 100 80 80 V 20 60 3A .75 3A 25 E 250K T 
2N2563 G P lPA 20W C 100 100 100 V 20 60 3A .75 3A 25 E 250K T 
2N2564 G P lPA 20W C 100 40 40 V 20 60 3A .75 3A 25 E 250K T 
2N2565 G P lPA 20W C 100 60 60 V 20 60 3A .75 3A 25 E 250K T 
2N2566 G P lPA 20W C 100 80 80 V 20 60 3A .75 3A 25 E 250K T 
2N2567 G P lPA 20W C 100 100 100 V 20 60 3A .75 3A 25 E 250K T 
2N2568 G N HPA IW C 100 32 32 S 10 60 40M .75 100M 600M T 
2N2569 S N CHP 300M A 200 20 5 a 50 100- 100M T 
2N2570 S N CHP 300M A 200 20 5 0 50 100- 100~ T 
2N2571 S N CHP 300M A 200 20 15 a 50 100M 100" T 
2N2572 S N CHP 300M A 200 20 I, 0 50 100M 
2N2S73 
thru T y istors, ~ ee Table on P ge 1-1 1 
2N2S79 
2N2580 S N PMS ISOW C 150 400 400 0 10 40 5A .7 SA 30K 
2N2581 S N PMS ISOW C 150 400 400 a 25 65 5A 1 lOA 30K E 
2N2582 S N PMS ISOW C 150 500 500 0 10 40 SA .7 SA 30K 
2N2583 S N PMS ISOW C 150 500 500 0 25 65 SA 1 lOA 30K E 
2N2584 S N PMS ISOW C 150 600 600 0 10 40 SA .7 SA 30K E 
2N2585 S N PMS ISOW C 150 600 600 0 25 65 5A 1 lOA 30K E 

12N2586 I S I AF 300M 60 4 120 ,361 10- . 10M 15' t .5K 
2N2587 G P RFA 150M A 100 30 30 S 15 100 8M 0.5 50M .95 8 320M 
2N2588 G P RFA 150M A 100 40 20 0 50 150 1.5M 50 E 75M T 
2N2589 S N PMS ISOW C 200 150 150 a 17 51 7A 1.05 7A 5 E .25M T 
2N2590 S P VIC .4W A 200 100 60 a 10 .1M .4 10M 40 E 50M T 
2N2591 S P VIO .4W A 200 100 60 0 20 .1M .4 10M 70 E 70M T 
2N2592 S P VIC .4W A 200 100 60 a 40 .1 M .4 10M 115 E 90~, 

2N2593 S P VIO • ~W A 200 100 60 0 60 .1 M .4 10M 160 E 110M T 
2N2594 S N AFA 5W C 200 80 90 R 50 150 100M 1 200M 15 E 40M T 
2N2595 S P VIC .4W A 200 80 60 0 15 60 5M .5 10M 20 E 30M T 

[2N251f6 S P VIO .4W A 200 80 60 0 30 120 5M .5 10M 40 E 40M T 
2N2597 S P VIC .4W A 200 80 60 0 60 240 5M .5 10M 80 E 60M T 
2N2598 S P VIO .4W A 200 125 80 0 15 60 5M .5 10M 20 E 30M T 
2N2599 S P VIC .~W A 200 125 80 a 30 120 5M .5 10M 40 E 40M T 
2N2599A S P VIC .4W A 200 125 100 0 30 120 5M .5 10M 40 E 40M T 
2N2600 S P VIC .4W A 200 125 80 0 60 240 5M .5 10M 80 E 60M T 
2N2600A S P VIC .4W A 200 125 100 0 60 240 5M .5 10M 80 E 60M T 
2N2601 S P VID .4W A 200 60 60 0 12 1M .5 10M 18 E 20M T 
2N2602 S P VIO .4W A 200 60 60 a 25 1M .5 10M 36 E 40M T 
2N2603 S P VIO .4W A 200 60 60 a SO 1M .5 10M 76 E 60M T 

["2N2b04 IS VIO .4W AI2U 6 4 0 4 10- .5 10M 60 E 30M T 
2N2605 S P 2N3798 8-208 VIO .4W A 200 60 45 0 100 10- .5 10M ISO E 30M T 
2N2605A S P VIO .4W A 200 60 45 0 50 200 I- .25 10M 200 E 45M T 
2NZ606 
thru Fe d Effect ransist rs, ee Tab e ion P ge 1 171 
2NZ609 
2N2610 S N AFA .15W A 150 45 40 a I 5M 4.5 e 
2N2611 S N lPA 2W A 175 120 100 0 7 36 .2A 1.7 .2A 12 E 4M T 
2N2612 G P ZN15S9 6-63 lPA 75W C 100 65 65 V 85 250 IDA 1 IDA 
2N2613 G P 2N1l93 7-30 AFA 120M A 100 30 25 R 120 E 4M B 
2N2614 G P 2N1l93 7-30 AFA 120M A 100 40 35 R 100 E 4M B 
2N2615 S N SPP 300M A 200 30 15 0 20 200 3M .5 3M 500M T 
2N2616 S N SPP 300M A 200 30 15 0 20 200 3M .4 10M 600M T 
2N2617 S P AFC .25W A ISO 25 IS 80 20M 25 E 
2N2618 S N VIO .6W A 200 60 40 0 25 10M 30 E 200M T 
2N2619 T Y istor J 5 le Table n Pa e 1-16 
2N2621 G P RFC 150M J 100 IS IS S IS 1M 
2N2622 G P RFC 150M J 100 24 24 S IS 1M 
2N2623 G P RFC 150M J 100 32 32 S 20 1M 
2N2624 G P RFC 150M J 100 15 IS S 20 1M 
~ RFC 150M J 10C 24 24 S M 
2N2626 G p RFC 150M J 100 32 32 S 20 1M 
2N2627 G p RFC 150M J 100 IS IS S IS 1M 
2N2628 G P RFC 150M J 100 24 24 S 15 1M 
2N2629 G P RFC 150M J 100 32 32 S 10 1M 
2N2630 G p HSS 300M A 100 18 10 a 25 100M .45 100M 3 t 
2N2631 S N AFA 8.75W C 200 80 80 V 8 200M 
2N2632 S N 2N3487 6-107 lPA 40W C 175 90 60 a 40 120 IA .25 ]A 40 E 20M T 
2N2633 S N 2N3488 6-107 LPA 4011 C 175 120 80 0 40 120 lA .25 ]A 40 E 20M T 
2N2634 S N 2N3489 6-107 lPA 40W C 175 ISO 100 0 40 120 IA .25 IA 40 E 20M T 
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2N2635 - 2N2717 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

:s !;; 
REPLACE- PAGE 1- VeE-i~ I~ ,-

TYPE ~ ~ USE Po I~ TJ VCBO ~FE @ Ie VCE(SAT)@ Ie L I'~ 
MENT NUMBER ,~ :0 

~ 
hf_ [!;! 

~I~ " @25'C I';; 'C (volts) (vo'tS)I~ (min) (max) ;g (volts) I~ 
,~ It! """, I 

2N2635 G P 8-109 HSS 150M A 100 30 1.2 a 45 300 50M .2 10M 150M T 
2N2636 G P PMS 100W C 110 100 60 a 20 80 25A .65 25A .6M T 
2N2637 G P PMS 100W C 1 to 100 60 a 20 80 25A .65 25A .6M T 
2N2638 G P PMS loOW C 110 100 60 0 20 80 25A .65 25A .6M T 
2N2639 S N AFA 300M A 175 45 45 a 50 300 10. 1 10M 65 E 33M T 
2N2640 S N AFA 300M A 175 45 45 0 50 300 10. 1 10M 65 E 33M T 
2N2641 S N AFA 300M A 175 45 45 a 50 300 10. 1 10M 65 E 33M T 
2N2642 S N AFA 300M A 175 45 45 a 100 300 10' 1 10M 130 E 33M T 
2N2643 S N AFA 300M A 175 45 45 a 100 300 10. 1 10M 130 E 33M T 
2N2644 S N AFA 300M A 175 45 45 a 100 3CO 10. 1 10M 130 33M 
2N2645 S N AFA 500M A 200 75 50 R 100 300 150M .4 10M 75 E 50M T 
2N2646 

U i fnction T ansisto e Tabl 0 Pa e 1- 77 2N2647 s, s 

2N264-8 G P MSA 5W C 100 35 10 0 80 500 lA .4 lA 10M T 
2N2649 S N HPA 8.7W C 200 65 65 0 10 .5A 100M T 
2N2650 S N HPA 8.7W C 200 140 140 a 10 .5A 100M T 
2N2651 S N 2N2501 8-104 HSS 360M A 200 40 20 0 25 10M .25 10M 350M T 
2N2652 S N 2N2060 11-4 OFA .3W A 200 100 60 a 50 200 1M 1.2 50M 50 E 60M T 
2N2652A S N 2N2060 11-4 DFA .3W A 200 100 60 a 50 200 1M 1.2 50M 50 E 60M T 
2N2653 T Y is tor • se TabTe Fa e 1-16 

~~~~~~ RI'C i~~ ~ r" z, ,!O M 
S N LPA 200 100 100 0 30 90 .2A 2 .2A 30 E .25M E 

2N2656 S N RFA .36W A 200 25 15 a 40 160 .IM .5 10M 250M T 
2N2657 S N PMS 1.25W A 200 80 60 0 40 120 lA .5 lA 20M T 
2N2658 S N PMS 1.25W A 200 100 80 0 40 120 lA .5 lA 20M T 
2N2659 G P LPA 15W C 100 50 50 V 30 90 500M .2 50 OM 30 E 280K T 
2N2660 G P LPA 15W C 100 70 70 V 30 90 500M .2 50 OM 30 E 280K T 
2N2661 G P LPA 15W C 100 90 90 V 30 90 50 OM .2 500M 30 E 280K T 
2N2662 G P LPA 15W C 100 50 50 V 30 90 500M .2 50 OM 30 E 280K 1 
2N2663 G P LPA 15W C 100 70 70 V 30 90 500M .2 50 OM 30 E 280K T 
zN<6o" Ie P LeA .,W lUI 

~~ 
YU V 

~~ 1~~ I~~~~ .ZI'UUM jl 

E ~~~~ 2N2665 G P LPA 15W C 100 50 V .2 500M 50 T 
2N2666 G P LPA 15W C 100 70 70 V 50 150 500M .2 500M 50 E 300K 1 
2N2667 G P LPA 15W C 100 90 90 V 50 150 500M .2 500M 50 E 300K 1 
2N2668 G P LPA 15W C 100 50 50 V 50 150 50 OM .2 500M 50 E 300K T 
2N2669 G P LPA 15W C 100 70 70 V 50 150 500M .2 500M 50 E 300K T 
2N2670 G P LPA 15W C 100 70 70 V 50 150 500M .2 500M 50 E 300K T 
2N2671 P RFC .IW A 75 25 40 1M 
2N2672 P RFC .IW A 90 25 40 1M 
2N2672A P RFC .IW A 90 32 32 S 40 1M 
<N<6 ro , N lArA L,uM A 

~~~ ~~ ~~ a I; ~~ ;~ 
., ,M 

18 1 ~ I L.OM 
2N2674 S N AFA 250M A 1.5 5M 5H II 
2N2675 S N AFA 250H A 200 60 45 0 22 76 1M 1.5 5M 37 E 10M II 
2N2676 S N AFA 250M A 200 60 45 0 45 290 1M 1.5 5M 76 E 10M U 
2N2677 S N AFA 250M A 200 45 35 0 20 55 1M 1.5 5M 19 E 10M B 
2N2678 S N AFA 250M A 200 45 35 a 45 150 1M 1.5 5>1 39 E 20M B 
2N2679 
thru T y istors, s e Table on P ge 1-1 1 
2N2690 
2N269t G P PMS 100W C 110 100 80 a 30 100 20A .65 20A 6M T 

~~~~~~ ~ N I~SS 3~~~ 
.0 

3~ a 
'v )Ov .vv· •• £ .vv· 

~~~ T A 175 45 40 10. .12 100. 
2N2694 S N HSS 300M A 175 45 20 a 20 10. .12 100. 42M 1 
2N2695 S P HNS 360M A 200 25 25 a 30 130 50M .25 50M 25 E 100M T 
2N2696 S P 2N2837 8-111 MNS 360M A 200 25 25 a 30 130 SaM .25 SaM 25 E 100M T 
2N2697 S N PHS IB1l C 200 80 60 a 40 120 lA .5 lA 20M T 
2N2698 S N PHS IB1l c 200 100 80 a 40 120 ]A .5 lA 20M T 
2N2699 G P 2N964 8.,48 HSS 150M A 100 15 8 0 40 200 10M .18 10M 300M T 
2N2706 G P AFC .5W A 75 32 32 S 65 120 20M 80 E 1. 3M 8 
2N2707 G 
2N2708 S N RFC 200M A 200 35 20 a 30 200 2M 30 E 
2N2709 S P 2N2800 8-111 AFA 240M A 160 50 35 a 10 22 .2M .4 8M 200K B 
2N2710 S N HSS 360M A 200 40 20 0 40 10M .25 10M 500M T 
2N2711 S N l!IPS2711 8·281 AFC .2W A 125 18 18 a 30 90 2M 30 E 
2N2712 S N MPS2712 8·281 AFC .2W A 125 18 18 a 75 225 2M 80 E 
2N2713 S N MPS27111 8·283 AFC .2W A 125 18 18 0 30 90 2H .3 SaM 30 E 
2N2714 S N MPS2714 8-283 AFC .2W A 125 18 18 0 75 225 2M .3 SaM 80 E 
2N2715 S N MPS2715 8-281 AFC .2W A 125 18 18 a 30 90 2M 30 E 
2N2716 S N MPS2716 8-281 AFC .2H A 125 18 18 a 75 225 2M 80 E 
2N2717 G P HSS .IH A 75 20 15 a 50 3014 .35 10M 300M T 
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2N2718 - 2N2785 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

:;! ~ 
:.! VeE-i~ hf_ :1 '- I~ TYPE ~§ REPLACE- PAGE USE Po TJ VCBO hIT @ Ie VCE(sAn@le . 

MENT NUMBER I" ~ ~ ~:~ :Eli! @25·C 110 ·C (volts) {YOlts)l~ (min) (mOl) (volls) I~ ,= I&: "I~ 
2N2718 G P HSS 240M A 100 20 12 0 25 170M .27 170M 150M T 
2N2719 S N HSS 300M A 175 25 8 0 30 60M .40 60M 200M T 
2N2720 S N 2N2060 11-4 OFA .3W A 200 80 60 0 30 120 .1M 1 10M 30 E 80M T 
2N2721 S N 2N2060 11-4 OFA .3W A 200 80 60 0 30 120 .1M 1 10M 30 E 80M T 
2N2722 S N 2N2916 11-7 OFA .3W A 200 45 45 0 50 250 I- I 10M 100 E 100M T 
2N2723 S N SPP .5W A 200 80 60 0 2K 10K 10M 1 10M 1500 E 100M T 
2N2724 S N SPP .5W A 200 80 60 0 7K 50K 10M 1 10M 5000 E 100M T 
2N2725 S N SPP .5W A 200 45 45 0 2K 10K .IM 1 10M 1500 E 100M T 
2N2726 S N HPA lW A 200 200 200 R 30 90 .2A 2 .2A 30 E 15M T 
2N2727 S N HPA lW A 200 200 200 R 75 150 .2A 2 .2A 75 E 15M T 

I~~~;~~ 6-85 ;~~ 3~~~ A ;~ 1~ 0 ~~ ~~~ ~~~ · ~~M 60~~ S N 200 .4 T 
2N2730 G P MPS06 6-.68 PMS 17011 C 110 80 60 0 30 120 25A .25 25A 200K T 
2N2731 G P MPS05 6-168 PMS 17011 C 110 60 45 0 30 120 25A .25 25A 200K T 
2N2732 G P MPS04 6-168 PMS 17011 C 110 40 30 30 120 25A .25 25A 200K T 
2N2733 G P MPS06 6-168 PHS 14011 C 110 80 60 0 30 120 25A .25 25A 200K T 
2N2734 G P MPSOS 6-168 PMS 14011 C 110 60 45 0 30 120 25A .25 25A 200K T 
2N2735 G P MPS04 6-168 PMS 14011 C 110 40 30 a 30 120 25A .25 25A 200K T 
2N2736 G P MPS06 6-168 PMS 140W ClIO 80 60 0 30 120 25A .25 25A 200K T 
2N2737 G P MPS05 6-168 PMS 14011 ella 60 45 0 30 120 25A .25 25A 200K T 

I~~~~~~ MPS04 6-168 P~~ 14011 ;~ ~~ v ~~ 
o<u 

~~: i~5 ~~: 
I ~uu~ 

S N 20011 C 175 
2N2740 S N PMS 20011 C 175 100 100 V 10 lOA 1.5 lOA 
2N2741 S N PMS 20011 C 175 150 150 V 10 lOA 1.5 lOA 
2N2742 S N PMS 20011 C 175 200 200 V 10 . lOA 1.5 lOA 
2N2743 S N PMS 200W C 175 250 250 V 10 lOA 1.5 lOA 
2N2744 S N PMS 20011 C 175 300 300 V 10 lOA 1.5 lOA 
2N2745 S N PMS 20011 C 175 50 50 V 10 15A 1.5 15A 
2N2746 S N PMS 20011 C 175 100 100 V 10 15A 1.5 15A 
2N2747 S N PHS 20011 C 175 150 150 V 10 15A 1.5 15A 

12N2 (4" 
~ N ~~~ 

20011 
1~~ I ~~~ I~~~ v :~ :~: · ;~: 2N2749 20011 C 1.5 

2N2750 S N PMS 20011 C 175 300 300 V 10 15A 1.5 15A 
2N2751 S N PMS 20011 C 175 50 50 V 10 20A 1.5 20A 
2N2752 S N PMS 20011 C 175 100 100 V 10 20A 1.5 20A 
2N2753 S N PMS 20011 C 175 150 150 V 10 20A 1.5 20A 
2N2754 S N PMS 20011 C 175 200 200 V 10 20A 1.5 20A 
2N2755 S N PMS 20011 C 175 250 250 V 10 20A 1.5 20A 
2N2756 S N PMS 201M C 175 300 300 V 10 20A 1.5 20A 
2N2757 S N PMS 20011 C 175 50 50 V 10 lOA 1.5 lOA 

I~~~;~~ p~~ 
<uun 

1~~ ;~~ ;~~ v :~ :0: · :~: S N 200W C 1.5 
2N2760 S N PMS 20011 C 175 200 200 V 10 lOA 1.5 IDA 
2N2761 S N PHS 20011 C 175 250 250 V 10 lOA 1.5 70A 
2N2762 S N PMS 20011 C 175 300 300 V 10 lOA 1.5 lOA 
2N2763 S N PHS 201lW C 175 50 50 V 10 15A 1.5 15A 
2N2764 S N PMS 201M C 175 100 100 V 10 15A 1.5 15A 
2N2765 S N PMS 201lW C 175 150 150 V 10 15A 1.5 15A 
2N2766 S N PMS 201M C 175 200 200 V 10 15A 1.5 15A 
2N2767 S N PMS 201M C 175 250 250 V 10 15A 1.5 15A 

12N2768 S N ;~~ 
<uun 

~ :75 15~~ 15~~ ~ :~ ~~: I.? ~6: 2N2769 S N 20011 1.5 
2N2770 S N PHS 201lW C 175 100 100 V 10 20A 1.5 20A 
2N2771 S N PHS 20011 C 175 150 150 V 10 20A 1.5 20A 
2N2772 S N PHS 20011 C 175 200 200 V 10 20A 1.5 20A 
2N2773 S N PHS 20011 C 175 250 250 V 10 20A 1.5 20A 
2N2774 S N PHS 201lW C 175 300 300 V 10 20A 1.5 20A 
2N2775 S N PHS 201lW C 175 50 50 V 10 25A 1.5 25A 
2N2776 S N PHS 201lW C 175 100 100 V 10 25A 1.5 25A 
2N2777 S N PHS 201lW C 175 150 150 V 10 25A 1.5 25A 
2N2778 S N PHS ~g: C 175 200 200 V 10 25A 1.5 25A 
2N2779 S N PHS C 175 250 250 V 10 25A 1.5 25A 
2N2780 S N PHS 20bi! C 175 300 300 V 10 25A 1.5 25A 
2N2781 S N HPA 20011 C 175 75 30 0 7.5 75 .35A 5 lA 75~ T 
2N2782 S N HPA 201M c 175 100 0,0 0 7.5 75 .35A 5 lA 75M T 
2N2783 S N HPA 201lW C 175 100 40 0 7.5 75 .35A 5 lA 75M T 
2N2784 S N HNS 20011 c 200 15 6 0 40 30H .26 3H lG T 
2N2785 S N AFA 20011 C 175 60 40 0 2K 20K .1 A 1 15M 600 E 10M T 
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2N2786- 2N2853 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ 1;, 
REPLACE· PAGE l~ TJ VCBO VeE_I~ ~FE @ Ie VCE(SAT)'@ Ie !:! b 1:2- I~ TYPE 

~ USE Po L 

i MENT NUMBER I~ -'" f- Ij ~I~ @25°C 1'0; °C (voltsl (volt$)I~ (min) (max) ;§ (volts) ;§ 
,~ I~ ~I~ I 

2N2786 G P RFA 1:~~ g 90 35 20 0 33 200 .1 A 
2N2786A G P RFA 90 35 20 0 33 200 .1 A 
2N2787 S N 2N2218 8-74 HSA 800M A 175 75 35 0 20 60 150M .4 150M 15 E 250M T 
2N2788 S N 2N2218A 8-74 HSA 800M A 175 75 35 0 40 120 150M .4 150M 30 E 250M T 
2N2789 S N 2N2219A 8-74 HSA 800M A 175 75 35 0 100 300 150M .4 150M 80 E 250M T 
2N2790 S N 2N2218 8-74 HSA 50 OM A 175 75 35 0 20 60 150M .4 150M 15 E 250M T 
2N2791 S N 2N2221A 8-74 HSA 500M A 175 75 35 0 40 120 150M .4 150M 30 E 250E T 
2N2792 S N 2N2222A 8-74 HSA 50 OM A 175 75 35 0 100 300 150M .4 150M 80 E 250E T 
2N2793 G P HPA l10W C 110 75 60 a 50 100 15A .45 50A 20 E 2K E 
2N2795 G P HSS 75M A 100 25 15 0 50 50M .125 50M 300M T 

~~27;~ I" n" 13' , U' 

~~ ~~ 0 ~~ ~~~ .<~ ~~~ I ~~~~ G P HSS 75M A 100 .2 T 
2N2798 G P HSS 75M A 100 60 25 0 20 50M .25 50M 120M T 
2N2799 G P HSS 75M A 100 30 15 0 20 50M .25 50M 120M T 
2N2800 S P 8-111 HSS .8W A 200 50 35 0 30 90 150M .4 150M 120M T 
2N2801 S P 8-111 HSS .8W A 200 50 35 0 75 225 150M .4 150M 120M T 
2N2802 S P lPA 250M A 175 25 20 0 20 120 100' .5 10M 20 E 60M T 
2N2803 S P LPA 250M A 175 25 20 a 20 120 10' .5 10M 20 E 60M T 
2N2804 S P lPA 250M A 175 25 20 0 20 120 100' .5 10M 20 E 60M T 
2N2805 S P lPA 250M A 175 25 20 0 40 120 10' .5 10M 40 E 60M T 

2~2~~~ '~ p 
I cr <JU," '" <u .v o<v 'v' 'v, QVO 

lPA 250M A 175 25 20 0 40 120 100' .5 10M 40 E 60M T 
2N2808 S N RFA 300M A 200 30 10 20 120 2M .25 4M 20 E 1G T 
2N2808A S N RFA 200M A 200 30 10 0 20 120 2M .25 4M 7 E 1.5G T 
2N2809 S N RFA 200M A 200 30 15 0 20 120 2M .25 4H 20 E 600M T 
2N2809A S N RFA 200M A 200 30 15 a 20 120 2M .25 4M 20 E 1G T 
2N2810 S N RFA 200M A 200 24 10 0 20 120 2M .25 4M 20 E 600M T 
2N2810A S N RFA 200M A 200 24 10 a 20 120 2M .25 4M 20 E 1G T 
2N2B11 S N 2N3487 6-107 lPA 7& J 200 80 60 0 20 60 5A .5 5A 20 E 15M T 
2N2812 S N 2N3488 6-107 lPA 7& J 200 80 60 a 40 120 5A .5 5A 40 E 15M T 

~~~~~~ ~ N ~~:;~ ~:~~; It~: ~; ~o~ ;20 ~o 0 ~o I~O 5; .3 5; ~o E ;5~ J .5 T 
2N2815 S N PHS 20& C 200 80 80 0 10 50 lOA 1.5 lOA .6M T 
2N2816 5 N PHS 20& C 200 10,0 100 0 10 50 lOA 1.5 lOA .6M T 
2N2817 S N PHS 20& C 200 150 150 0 10 50 lOA 1.5 lOA .6M T 
2N2818 S N PMS 20& C 200 200 200 0 10 50 lOA 1.5 lOA .614 T 
2N2819 S N PMS 20& C 200 80 80 0 10 50 15A 1.5 15A .6M T 
2N2820 S N PHS 20& C 200 100 100 0 10 50 15A 1.5 15A .614 t 
2N2821 S N PMS 20& C 200 150 150 0 10 50 15A 1.5 15A .6M T 
2N2822 S N PMS 200W C 200 200 200 0 10 50 15A 1.5 15A .614 T 

~~~~~~ ~~~ 
<vow 

CI~~O 1~~ 1~~ 0 
'v ~O ~O~ 

. 
20~ 

.00 

S N 20& 10 1.1 .6M T 
2N2825 S N PHS 20& C 200 150 150 0 10 40 20A 1.1 20A .614 T 
2N2826 G P lPA 4.5W c 95 15 0 75 200 100M 1 500M 
2N2827 G P lPA 4.5W C 95 30 0 75 200 100M 1 50 OM 
2N2e28 S N PMS 4& C 200 80 60 0 20 60 .5A .4 .5A 1M T 
2N2829 S N PMS 4& C 200 80 60 0 20 60 1A .3 1A 1M T 
2N2831 S N V1D 360M A 200 40 12 0 25 10M 0.25 10M 40 E 250M T 
2N2832 G P 8-113 PHS 85W C 110 80 50 0 25 100 lOA .5 20A 10M T 
2N2833 G P 6-87 PMS 85W C 110 120 75 0 25 100 lOA .5 20A 10M T 

~~~~~~ 8-113 A~~ ~~~ C ';~ '~~ R ~~ ~ ~~ '~: 
., LUA 

G P 90 .4 1A .3M B 
2N2836 G : 2N3612 6-110 lPA 37.5W C 100 55 55 R 30 100 250K B 
2N2837 S 8-111 HSS .5W A 200 50 35 a 30 90 150M .4 150M 120M T 
2N2838 5 P 8-tll HSS .5H A 200 50 35 0 75 225 150M .4 150M 120M T 
2N2840 U ij nction T ansisto , se Table on Pag 1-1 7 
2N2841 
thru F e Effect ransist rs, ee'Tab e n P ge 1 171 
2N2844 
2N2845 S N 2N2539 8-107 HSS 360M A 200 60 30 0 30 120 150M .4 150M 250MT 

~~~~:~ 
N2537 8-107 I~~~ ~~~~ l"'uU ~~ ~~ 0 ~~ ;~~ ;~~~ 

.q 

;~~~ ~~~~ T S N N2539 8-107 A 200 .4 
2N2848 S ~ 2N2538 8-107 MSS 800M A 200 60 20 0 40 140 150M .4 150M 250M T 
2N2849 S HSS 850M A 200 100 80 0 100 300 1A .4 1A 30M T 
2N2850 S N HSS 850M A 200 100 80 0 40 120 1A .25 1A 30M T 
2N2851 S N HSS 850M A 200 100 80 0 40 120 1A .4 1A 30M T 
2N2852 S N HSS 850M A 20~0 100 80 0 20 60 1A .4 1A 30M T 
2N2853 S N HSS 850M A 200 60 40 0 40 1A 1.5 5A 30M T 
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2N2854-2N2914 

I 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

TYPE !5 REPLACE- PAGE USE Po ~~ TJ VCBO VCE-It b" @ Ic Y CE(SAn'@ Ie ~ hi:§. L I~ w .. MENT NUMBER iE 10-
(max) ~ f-ll .:sl:': 

@25·C I';; ·C (volts) ivoltslf;; (min) (Yolts) :5 "'I'll 
,~ Iw =,w 

2N2854 5 N H55 850M A 200 60 40 0 100 300 1A .4 1A ~~~ ~ 2N2855 5 N H55 850M A 200 60 40 0 ~O 120 ]A .4 lA 
2N2856 5 N H55 850M A 200 60 40 0 20 60 1A .~ lA 30M T 
2N2857 5 N RFA 200M A 200 30 15 a 30 150 2M 50 E lG T 
2N2858 5 N PM5 .6W C 200 100 80 0 20 60 lA .3 lA 1M T 
2N2859 5 N PHS .6W C 200 120 100 0 20 60 lA .3 lA 1M T 
2N2860 G P H55 150M A 100 18 7 0 ~O ~OM 0.4 36M 250M T 
2N2861 5 P AFA 300M A 200 25 20 a 30 120 10- .2 10M 50 E 60M T 
2N2862 5 P AFA 300M A 200 25 20 0 12 120 10_ .2 10M 25 E 45M T 
2N2863 5 N RFA 800M A 200 60 25 a 30 200 200M 1 500M 150M T 

I~~~~~~ "r ~~O~ 
I~ £uv 

2~ 1~ 0 ~O I~OO £v~M .~13~O~ '3V" 
S N RFA A 200 20 E 600M T 

2N2866 5 N HPA 40W C 175 120 80 0 20 60 .5A .75 lA 10M T 
2N2867 5 N HPA 40W C 175 120 80 0 40 120 .5A .75 lA 10M T 
2N2868 5 N 2N3252 8·147 HSA .8W A 200 60 40 0 40 120 .15A .25 .15A 50M T 
2N2869 G P 2N3614 6·110 LPA 30W C 100 60 50 0 50 165 1A .75 lOA 200K T 
2N2870 G P 2N3617 6-113 LPA 30W C 100 80 50 0 50 165 1A .5 lOA 200K T 
2N2871 5 P CHP .4W A 200 60 60 0 15 1M .2M T 
2N2872 5 P CHP .4W A 200 110 110 0 15 1M .2M T 
2N2873 G P RFC 115M A 100 35 35 V 40 1M 40 E 300M T 

~~~~~~ I ~ I~ I~~: :.!W I~ ~~~ ~~ ~gg i~ ~~ .~~~ 1.~ • SA 20 E '~5~ E 20W 
2N2876 5 N RFA 11.5W C 200 80 60 0 5 2.5A 1 2.5A 150M T 
2N2877 S N HPA 53W C 200 80 60 0 20 60 lA .25 IA 20 E 30M T 
2N2878 S N HPA 53W C 200 80 60 0 40 120 lA .25 lA 40 E 50M T 
2N2879 5 N HPA 53W C 200 100 80 0 20 60 lA .25 IA 20 E 30M T 
2N2S80 S N HPA 53W C 200 100 80 0 40 120 lA _25 lA 40 E 50M T 
2N2€81 S P 2N3740 6-129 LPA 8.SW C 200 60 60 0 20 60 .5A .4 .5A 10 E 25K E 
2N2882 5 P 2N3741 6·129 LPA 8.SW C 200 100 100 0 20 60 .5A .4 .5A 10 E 25K E 
2N2883 5 N 2N3309 9-64 HPA 800M A 200 40 20 a 20 100M .5 100M 400M T 
N,oo" I' N 2N3309 9-fJ4 HPA 

~~~: :,~~~ ~g ~~ I ~ ~g '~g~ :~ '~O~ ;OO~ 2N2885 5 N HS5 120 T 
2N2886 5 N AFA 800M A 200 50 40 0 22 45 5M 1.2 8M 
2N2887 5 N HPA 25W C 200 100 80 0 15 80 .35A 1.2 lA 140M T 
2N2888 

T1Y' istors J s e Table on P ge 1-1 1 
2N2889 
2N2890 5 N 2N3507 8-167 PM5 800M A 200 100 80 0 30 90 lA .5 lA 30 E 30M T 
2N2891 5 N 2N3507 8-167 PM5 800M A 200 100 80 0 50 150 lA .5 1A 50 E 30M T 
2N28n S N PM5 30W C 200 100 80 0 30 90 lA .5 1A 30 E 30M T 
2N2893 5 N PHS 30W C 200 100 80 0 50 150 lA .5 lA 50 E 30M T 
2N2894 5 P 2N3248 8-137 M5S 

m~ : ~~~ 1~~ !~ g ~~ ~~g 1;~~ 
.I~ 

1~~~ E ~~O~ 2N2895 S N M5A .6 50 T 
2N2896 5 N M5A 500M A 200 140 90 0 60 200 150M .6 150M 50 E 120M T 
2N2897 5 N MSA 50 OM A 200 60 45 0 50 200 150M 1 150M 50 " 120M T 
2N2898 5 N MSA 500M A 200 120 65 0 40 120 150M .6 150M 50 E 120M T 
2N2899 5 N MSA' 500M A 200 140 90 0 60 200 150M .6 150M 50 E 120M T 
2N2900 5 N liSA 500M A 200 60 45 0 50 200 150M 1 150M 50 E 120M T 
2N2901 5 N CHP .36W A 200 20 10 0 30 10M .15 10M 300M T 
2N2902 5 N LPA 40W C 200 120 120 0 30 90 500M 7.5 500M 30 E 2M T 
2N2903 5 N 2N2917 11-7 OFA 600M C 200 60 30 0 125 625 1M 1 5M 150 E 60M T 
2N2903A 5 N 2N2915 11-7 DFA OUUl'l C 200 60 jO 0 125 625 M 1 15~~ 

1 ~I E 2g~~ 2N2904 5 P 8-115 H55 3W C 200 60 40 0 40 120 150M .4 T 
2N2904A 5 P 8-115 H55 3W C 200 60 60 0 40 120 150M .4 150M 200M T 
2N2905 S P 8-115 H5S 3W C 200 60 ~O 0 100 300 150M .4 150M 200M T 
2N2905A 5 P 8-115 H5S 3W C 200 60 60 0 100 300 150M .4 150M 200M T 
2N2906 S P 8-115 H55 1.8W C 200 60 40 0 40 120 150M .4 150M 200M T 
2N2906A 5 P 8-115 H55 1.8W C 200 60 60 0 40 120 150M .4 150M 200M T 
2N2907 5 P 8-115 H5S 1.8W C 200 60 40 0 100 3CO 150M .4 150M 200M T 
2N2907A 5 P 8-115 H55 1.8W C 200 60 60 0 100 300 150M .4 150M 200M T 
2N2908 5 N LPA ' 75W C 200 80 80 R 12 60 lA 10 lA 10 E 1M E 
2N2909 5 N H5A _4. A 200 60 40 0 40 120 .15A .25 .15A 50M T 
2N2910 5 N 2N3409 11-9 DFA .3W A 200 45 25 0 10 .IM 1 10M 50 E 11M T 
2N2911 5 N 2N3766 6-134 PM5 SWC 200 150 125 0 20 60 lA .3 lA 1M T 
2N2912 G P 6-89 PM5 75W C 110 15 6 0 75 lOA .5 25A 20M T 
2N2913 5 N 11-7 DFA 300M A 200 45 45 0 60 240 10- .35 1M 60M T 
2N2914 5 N 11-7 DFA 300M A 200 45 45 0 150 600 10- .35 1M bOM T 

-
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TYPE 

2N2915 
2N2916 
2N2917 
2N2918 
2N2919 
2N2920 
2N2921 
2N2922 
2N2923 
2N2924 
2N2925 
2N2926 
2N2927 
2N2928 
2N2929 
2N2930 
2N2931 
2N2932 
2N2933 
2N2934 
2N2935 
2N2936 
2N2937 
2N2938 
2N2939 
2N2940 
2N2941 
2N2942 
2N2943 
2N2944 
2N2945 
2N2946 
2N2947 
2N2948 
2N2949 
2N2950 
2N2951 
2N2952 
2N2953 
2N2954 
2N2955 
2N2956 
2N2957 
2N2958 
2N2959 
2N2960 
2N2961 
2N2962 
2N2963 
2N2964 
2N2965 
2N2966 
2N2967 
2N2968 
2N2969 
2N2970 
2N2971 
2N2972 
2N2973 
12N2914 
2N2915 
2N2976 
2N2977 
2N297ti 

5 N 
5 N 
5 N 
5 N 
S N 
5 N 
5 N 
S N 
S N 
S N 
S N 
S N 
S P 
G P 
G P 
G P 
S N 
S N 
S N 
S N 
5 N 
S N 
5 N 
S N 
S N 
5 N 
S N 
G P 
G P 
5 P 
5 P 
5 P 
5 N 
S N 
5 N 
5 N 
S N 
S N 
G P 
S N 
G P 
G P 
G P 
S N 
S N 
S N 
S N 
G P 
G P 
G P 
G P 
G P 
S N 
S P 
S P 
S P 
S· P 
S N 

~ N 

S N 
5 N 
S N 
S N 

REPLACE· 
MENT 

MPS6512 
MPS2923 
MPS2924 
MPS2925 
MPS2926 

2N3427 

2N1194 

2N3283 

PAGE 
NUMBER 

11-7 
11-7 
11-7 
11-7 
11-7 
11-7 

8-300 
8-287 
8-287 
8-287 
8-288 

9-28 
7-41 

9-30 
9-30 
9-33 
9-33 
9-35 
9-35 
7-30 

8-119 
8-119 
8-119 
8-125 
8-125 

9-44 

11-7 
11-7 

11-7 
11-7 
11-7 
11-7 

USE 

DFA 
DFA 
DFA 
DFA 
DFA 
DFA 
AFA 
AFA 
AFA 
AFA 
AFA 
AFA 
MNS 
RFA 
RFA 
MSS 
AFC 
AFC 
AFC 
AFC 
AFC 
LPA 
LPA 
HSS 
HFA 
HFA 
HFA 
HSS 
HSS 
CHP 
CHP 
CHP 
MPA 
MPA 
MPA 
MPA 
MPA 
MP'A 
AFC 
RFA 
HSS 
HSS 
HSS 
HNS 
HNS 
HNS 
HNS 
HPA 
HPA 
HPA 
HPA 
RFA 
HSS 
8MS 
BMS 
BMS 
BMS 
DFA 

Ig:~ 
DFA 
DFA 
DFA 
DFA 

--Numerical Index --

2N2915-2N2978 

Po 

@2S'C 

300M 
300M 

.3W 

.3W 

.3W 

.3W 

.2W 

.2W 

.2W 

.2W 

.2W 

.2W 
800M 
150M 
750M 
250M 

50M 
SaM 
50M 
50M 
SaM 

300M 
300M 
300M 

.8W 

.aw 

.8W 
150M 
150M 
400M 
400M 
400M 

25W 
25W 

6W 
6W 
3W 

1.8W 
120M 
200M 
.15W 
.15W 
.15W 

3W 
3W 
3W 
3W 

350M 
350M 
350M 
350M 

60M 
300M 
150M 
150M 
150M 
150M 
.25W 

: ~~w 
.25W 
250M 
250M 
250M 

.MAXIMUM RATINGS ElECTRICAL CHARACTERISTICS 

:~ TJ VeDa VcE-II hFE @ Ie !l VCE(SAT)@lc !l 

I~ °c (valts) {volts)l~ (min) (max) ;§ (volts) ;§ 
A 200 45 45 0 60 240 10' .35 1M 
A 200 45 45 0 150 600 10' .35 1M 
A 200 45 45 0 60 240 10. .35 1M 
A 200 45 45 0 150 600 10. .35 1M 
A 200 60 60 0 60 240 10' .35 1M 
A 200 60 60 0 150 600 10* .35 1M 
A 125 25 25 0 
A 125 25 25 a 
A 125 25 25 a 
A 125 25 25 a 

: : g ~~ ~~ I~ 
A 200 25 25 0 30 
A 100 15 13 0 .8 
ciao 25 10 0 10 
A 100 30 12 0 60 
A 125 5 5 0 50 
A 125 5 5 0 70 
A 125 5 5 0 50 
A 125 45 30 0 50 
A 125 45 30 a 70 
A 175 60 55 0 100 
A 175 60 55 0 100 
A 200 25 13 0 30 
A 300 75 60 0 60 
A 300 120 80 a 60 
A 200 150 100 0 60 
A 100 50 25 0 50 
A 100 30 15 a 30 
A 175 15 10 0 80 
A 175 25 20 0 40 
A 175 40 35 0 30 
C 175 60 60 S 2.5 
C 175 40 40 S 2.5 
C 175 60 60 S 5 
C 175 60 60 S 5 
C 175 60 60 S 20 
C 175 60 60 S 20 
A 100 30 25 R 100 
A 200 30 20 0 25 
A 100 40 20 
A 100 40 40 
A 100 40 60 
C 200 60 20 0 40 
C 200 60 20 0 100 
C 200 60 30 0 100 
C 200 60 30 0 100 
A 100 40 18 0 
A 100 40 18 0 
A 100 30 15 0 

130 
200 
100 
420 

300 
300 

240 
240 
240 

55 
100 
100 
100 
150 
150 

300 
60 

120 

120 
300 
300 
300 

A 100 30 15 0 
A 100 20 20 0 
A 200 12 6 0 
A 140 30 10 0 
A 140 30 10 0 
A 140 30 20 0 
A 140 30 20 0 
A 200 45 45 0 

8 lCO 
20 120 
15 

AI~g~ ~~ ~~ 0 
A 200 
A 200 
A 200 
A 200 

45 
45 
45 
60 

1·143 

45 0 
45 0 
45 0 
60 0 

15 
10 
10 
60 240 

l~g ~~g 
150 600 

60 240 
150 600 

60 240 

50M 
2M 

10M 
10M 
50M 
50M 
50M 
SaM 
SaM 
10. 
10. 
50M 

.15A 

.15A 

.15A 
10M 
10M 

1 M 
1M 
1M 

.4A 

.4A 
4011 
40M 
10M 
10M 
50M 

2M 
50M 
50M 
10M 

150M 
150M 
150M 
150M 

3M 
10M 

10' 
lO
In_ 
10-
10-
10-
10. 

.25 

.5 
.25 
.45 
.45 
.45 
.45 
.45 
.3 
.3 
.4 

.75 

.75 

.15 
.2 

50M 

50M 
100M 

SaM 
50M 
50M 
50M 
50M 

2M 
2M 

50M 
.15A 
.15A 

10M 
10M 

.5 1 A 

.5 1 A 

.5 .4A 

.5 .4A 

.5.15A 

.5 .15A 

.2 
.18 
.15 
.5 
.5 

0.5 
.5 

.3 

.6 

.6 

.B 

.8 
.35 

: ~~ 
.35 
.35 
.35 
.35 

10M 
10M 
10M 

150M 
150M 
150M 
150M 

3M 
10M 
10M 
10M 
10M 

1M 

:~ 
1M 
1M 
1M 
1M 

35 E 
55 E 
90 E 

150 E 

z~; ~ 
25 E 

.10 E 
10 E 

30 E 
70 E 
45 E 
30 E 

1~~ ~ 
150 E 

200 E 
25 E 

60M T 
60M T 
60M T 
60M T 
60M T 
60M T 

100M T 
400M T 
800M T 

4M B 
20M T 
20M T 
20M T 
20M T 

~~~ T 
30M T 

50 OM T 
150M T 
150M T 
150M T 
150M T 
120M T 

10M T 
,M T 
3M T 

100M T 
100M T 
100M T 
100M T 
200M T 
200M T 

300M T 

~~~~ ~ 
300M T 
250M T 
250M T 
250M T 
250M T 
660M T 
660M T 
660M T 
660H T 
500M T 
400M T 

8M T 
8M T 
4M T 
4M T 

60M T 
60M T 
In, 
60M T 
60M T 
60M T 
60M T 

I 
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--Numerical Index--

2N2979 - 2N3057 A 
MAXIMUM RATINGS ElECTRICAL CHARACTERISTICS 

TYPE 

2N2979 
2N2980 
2N2981 
2N29S2 
21'<2983 
2N2984 
2N2985 
2N29S6 
2N29S7 
2N2988 
2N29S9 
2N2990 
2N2991 
2N2992 
2N2993 
2N2994 
2N2995 
2N2996 
2N2997 
2N299S 

S N 

REPLACE
MEtlT 

S N 2N2060A 
S N 2N2223 
S N 2N2223A 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
G P 2N3283 
G P 2N3279 
G P 2N3284 
G P 2N3283 

PAGE 
llUl.lBER 

11-7 
11-4 
11-4 
11-4 

9-44 
9-42 

_9-44 
9-44 

USE 

DFA 
DFA 
OFA 
DFA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
HPA 
RFA 
RFA 
RFA 
RFA 

.25W A 

.25W A 

.25W A 

.25W A 
IW A 
lW A 
IW A 
IW A 
lW A 
IW A 
IW A 
IW A 
2W A 
2W A 
2W A 
2W A 

1.5W A 
75M A 
75M A 
75M A 
75M A 

200 
200 
200 
200 
175 
175 
175 
175 
200 
200 
200 
200 
200 
200 
200 
200 
175 
100 
100 
100 
100 2N2999 

2N30u1 
thru 
2N3008 
2N3009 
2N3010 
2N30 11 
2N3012 
2N30 13 
2N3014 

T Y istors, s e Table on P ge 1-1 1 

2N3015 
2N3016 
2N30 17 
2N30lS 
2N3019 
2N3020 
2N3021 
2N3022 
2N3023 
2N3024 
2N3025 
2N3026 
2N3027 

S N 2N3511 
S N 
S N 
S P ~2894 
S N 2N3511 
S N 2N3511 
S N 2N2537 
S N 
S N 
S N 
S N 
S N 
S P 
S P 
S P 
S P 
S p 
S P 

8-172 

8-274 
8-172 
8-172 
8-107 

8-127 
8-127 
6-91 
6-91 
6-91 
6-91 
6-91 
6-91 

HSS 360M A 
HSS 300M A 
HSS 360M A 
MSS 360M A 
HSS 360M A 
HSS 360M A 
HSS SOOM A 
HFA 3.33W C 
HFA 3.33W C 
HFA 25W C 
RFA .SW A 
RFA .8W A 
PHS 25W C 
PHS 25W C 
PHS 25W C 
PHS 25W C 
PHS 25W C 
PHS 25W C 

200 
200 
200 
200 
200 
200 
200 
150 
150 
150 
200 
200 
175 
175 
175 
175 
175 
175 

thru T fY' istors, s~e Table on P ge 1-1 1 
2N3032 
2N3033 S N 
2N3034 S 
2N3035 S 
2N3036 S 
2N3037 S 
2N3038 S 
2N3039 S 
2N3040 S 
2N3043 S 
2N3044 S 
2N3045 S 
2N3046 S 
2N3047 S 
2N3048 S 
2N3049· S 

N 
P 
P 
N 2N2916 
N 2N2918 
N,2N2914 
N 2N2915 
N 2N2917 
N 2N2913 
P 

2N3050 S 
2N3051 S 
2N3052 S 
2N3053 S 
2N3054 S N 
2N3055 5 N 
2N3056 S N 
2N3056A S N 
2N3057 S N 
2N305]A S N 

P 
P 
N 
N 2N3498 

11-7 
11-7 
11-7 
11-7 
11-7 
11-7 

8-161 

6-96 

SPP 
SPP 
SPP 
AFA 
AFA 
AFA 
AFA 
AFA 
DFA 
DFA 
AFA 
DFA 
DFA 
AFA 
DFA 
DFA 
AFA 
HSS 
HSS 
LPA 
LPA 
RFA 
RFA 
RFA 
RFA 

300M 
300M 
300M 
800M 
360M 
j6UM 
360M 
360M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 
250M 

5W 
25W 

llSW 
.4W 
.4W 
.4W 
.4W 

A 175 
A 175 
A 175 
A 200 
A 175 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
C 
C 
C 
A 
A 
A 
A 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
200 
200 
200 
200 
200 
200 
200 

VCBO vCE_I~ hFE @ Ie -= 'VCE(sAT),@l e .%:3 

(volts) (volts) I ~ (min) (max) ;g (volts) ;§ 

60 
100 
100 
100 
155 
ISS 
ISS 
ISS 
95 

60 0 150 600 
60 0 25 75 
60 a 50 200 
60 a 50 2CO 
80 a 20 60 

120 a 20 60 
SO a 40 120 

10-
10-
10M 
10M 

500M 
50 OM 
500M 
500M 
200M 
200M ISS 

120 0 40 120 
80 a 25 75 

lOa a 25 75 
95 

155 
95 

ISS 
95 

155 
120 

IS 
30 
IS 

80 a 60 120 200M 
200M 
200M 

100 0 60 120 
80 0 25 75 

100 a 20 1M 
200M 
200M 

SO a 60 120 
100 a 60 120 
100 a 25 90 .2A 

4M 
4M 
3M 

10 a 25 500 
IS 0 40 5CO 
12 0 15 300 

15 10 0 10 

40 
15 
30 
12 
40 
40 

15 0 30 
6 0 25 

12 0 30 
12 0 30 
15 0 30 
20 0 30 

60 
100 
100 
100 
140 
140 
30 
45 
60 
30 

30 0 30 
50 0 60 
50 0 60 
50 0 60 
80 0 100 
80 0 40 
30 0 20 
45 0 20 
60 0 20 
30 0 50 

45 
60 

45 0 50 
60 0 50 

100 100 R 
70 70 R 
50 50 R 

120 80 0 
120 70 0 
IUU 6U 
50 35 0 
40 30 0 
45 45 0 
45 45 0 
45 45 0 
45 45 0 
45 45 a 
45 45 0 
25 20 0 
25 20 0 
25 20 0 
35 15 0 
60 40 0 
90 60 R 

100 70 R 
100 60 0 
140 SO 0 
100 60 0 
140 ·SO 0 
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50 
40 
80 
20 
40 

100 
100 
100 

50 
50 
50 
20 
20 
20 
25 
50 
25 
20 
40 
40 

100 
100 

3M 

120 30M 
125 10M 
120 10M 
120 30M 
120 30M 
120 30M 
120 150M 
ISOlA 
ISOlA 
ISOlA 
300 .15A 
120 .15A 
60 lA 
60 lA 
60 1 A 

180 1 A 
lSu A 
ISO lA 

150 150M 
120 150M 

2~g :~g~ 
160 150M 
300 10-
300 10-
300 10-
200 10-
200 10-
200 10-
120 10-
120 10-
120 10-
130 10M 
250 .15A 
100 .5A 

70 4A 
120 .15A 
120 .15A 
300 .15A 
300 .15A 

.35 
1.2 
1.2 
1.2 
.6 
.8 
.8 
.8 
.S 
.8 
.8 
.S 
.S 
.8 
.8 
.S 

1.7 

.1S 

.25 
.2 

.15 

.18 

.18 
.4 

.75 

.75 

.75 
.2 
.2 

1.5 
1.5 
1.5 

I 

1M 
50M 
50M 
50M 

IA 
200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 
200M 

.2A 

30M 
10M 
10M 
10M 
30M 
10M 

150M 
lA 
SA 
SA 

.15A 

.15A 
3A 
3A 
3A 
3A 

1 100M 
1 100M 
1 100M 

.25 150M 
.2 10M 
.2 IUM 

.2 10M 
110M 
110M 
110M 
110M 
110M 
110M 

.2 10M 

.2 10M 

.2 10M 
.25 10M 
1.4.15A 

1 .5A 
1.1 4A 
.25 .15A 

.2 .15A 
.25.15A 
.2 .15A 

50 E 
40 E 
40 E 
20 E 
20 E 
40 E 
40 E 
25 E 
25 E 
50 E 
50 E 
25 E 
25 E 
50 E 
50 E 
30 E 
35 E 
50 E 
20 E 
15 E 

80 E 
30 E 

60M T 
60M T 
50M T 
sOM T 
60M T 
60M, T 
60M T 
60M T 
30M T 
30M T 
30M T 
30M T 
30M T 
30M T 
30M T 
30M T 
10M T 

400M T 
400M T 
600M T 
1.4G T 

350M T 
600M T 
400M T 
400M T 
350M T 
350M T 
2~UM 
200M T 
200M T 
200M T 
100M T 

SOM T 
60M T 
60M T 
60M T 
60M T 

40 E 50M T 
30 E 50M T 

~~ ~ ;~~; 
40 E 50M T 

130 E 30M T 
130 E 30M T 
130 E 30M T 
65 E 30M T 
65 E 30M T 
65 E 30M T 
30 _E 60M II 
30 E 60M T 
30 E 60M T 

200M T 
100M T 

25 E 30K E 
15 E 20K E 
30 E 80M T 
30 E SOM T 
SO E 100M T 
80 100M T 



-- Numerical Index --

2N3058-2i'J3148 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ t:; 
REPLACE- PAGE I~ TJ VC80 VCE_I~ hFE @ Ie " VCE (sAT)@l c f:l hf_ :I I~ TYPE 

~ USE PD L 

i MEHT NUMBER I~ ~I~ 
@25'C 1'0; 'C (volts) (YDItS)~~ (min) (max) ;§ (volts) ;§ I~ ·~I~ ,= I~ ~I~ I 

2N3058 5 P AFA 400M A 200 6 6 0 40 120 lOON 40 E 
2N3059 5 P AFA 400M A 200 10 10 0 100 300 10- 100 E 
2N3060 5 P AFA 400M A 200 70 60 0 30 90 1M .:10 E 
2N3061 S P AFA 400M A 200 70 60 0 60 180 1M 60 E 
2N3062 S P AFA 400M A 200 90 80 0 20 80 1M 20 E 
2N3063 S P AFA 400M A 200 90 80 0 50 150 1M 50 E 
2N3064 5 P AFA 400M A 200 110 100 0 15 45 1M 15 E 
2N3065 S P AFA 400M A 200 110 100 0 30 90 1M 30 E 
2N3066 
thru F el Effect ransist rs, ee Tab e n P ge 1 171 

~~~Ucii2 5 P MNS 800M A 200 60 60 0 30 130 50M .25 50M 25 E 130M T 
2N3073 S P MNS 360M A 200 60 60 0 ;0 130 50M .25 501~ 25 E 130M T 
2N3074 G P RFA .14W A 85 30 25 5 25 300 3.5M 
2N3075 G P RFA .14W A 85 35 25 S 20 250 3M 
2N3076 S N PHS 125W C 175 140 50 0 30 90 7A 1 lOA 60 E SOM T 
2N3077 S N AFC .36W A 200 80 60 0 100 4CO 10. .35 1M 120 E 15M T 
2N3078 S N AFC .36W A 200 80 60 0 40 120 10_ .35 1M 50 E 15M T 
2N.:I079 S N PMS 178W C 150 200 200 0 7 40 SA .7 SA 30K E 
2N3080 S N PMS 178W C 150 300 300 0 7 40 SA .7 SA 30K E 

~~~~~2 ~~~ 6~~: AI;~~ ~~ '~ I~ l~g :~~~ 0 • .:1 150M 150M T 
S N 100M T 

2N3083 S N CHP .5W A 200 25 7 0 100 .25M 100M T 
2N3084 
thru F el Effect ransistc s, ee Tab e n P ge 1 171 
2N3089 
2N3091 
thru T y istors) s e Table on P ge 1-1 1 
2N3106 
2N3107 S N MSS .8W A 200 100 60 0 100 300 .15A 1 lA 60 E 70M T 

2~~ 11)9 ~~S o~8~ A)200 so ~o 0 100 300 :15~ 
.<J 'J1A 60 10M T s N 1 E 

2N311 0 S N 2N2218A 8-74 MS$ 800M A 200 80 40 0 40 120 150M .25 150M 60M T 
2N3U.2 

F e d Effect 2N3113 ransist rs, ee Tab e n P ge 1 171 

2N3114 S N 2N3500 8-129 VID 800M A 200 150 150 0 30 120 30M 1 50M 25 E 40M T 
2N3115 $ N 8-125 HNS .4W A 200 60 20 0 40 120 .15A .5 .15A 250M T 
2N3116 S N 8-125 HNS .4W A 200 60 20 0 100 300 .15A .5 .15A 250M T 
2N3117 S N AFC 360M A 200 60 60 0 250 500 10. .35 1M 400 E 60M T 
2N3118 S N RFA IW A 200 85 60 0 50 275 25M 250M T 

~~~120 S P 2N2800 8-111 ~~; 80~~ A I~~~ '~~ ~~ 0 ~~ ;~~ '~~~ .2~ '~~~ 25 EI~~~~ T 
2N3121 S P 2N2837 8-111 MNS 360M A 200 45 45 0 30 130 50M .25 50M 25 E 130M T 
2N3122 S N AFA 800M A 200 50 30 0 25 lCO 300M 1.5 300M 60M T 
2N3123 S N HSS .8W A 175 60 30 0 100 300 .15A .4 .15A 400M T 
2N3124 G P lPA 9011 C 100 40 30 S 50 lCO lOA .5 lOA 20 E 2.5K E 
2N3125 G P lPA 9011 C 100 80 80 S 30 75 3A 1.5 3A 10 E 5K E 
2N3126 G P lPA 9011 C 100 100 75 S 10 30 lOA 1 lOA 10 E 6K E 
2N3127 G P 9-38 RFA .IW A 100 30 20 0 20 75 3M .3 5M 20 E 400M T 
2N3128 S N AFA .15w A 150 20 20 0 50 150 .1 M .25 1M 75 E 60M T 

~~~:~~ I' A.A • lOW IOU 4' 4' '~~ ~~~ :~~ :~~ 
1M IOU It OUM 

S N AFA .15H A 150 60 60 0 1M 110 E 60M T 
2N3131 S N HSS .15W A 150 40 15 0 30 120 10M .25 10M 250M T 
2N3132 G P PHS 90W C 100 100 70 S 40 200 2A 1.5 SA 3K E 
2N3133 S P 8-131 HSS _6W A 200 50 35 0 40 120 .15A .6 .15A 200M T 
2N3134 S P 8-131 HSS .6W A 200 50 35 0 100 300 .15A .6 .15A 200M T 
2N3135 S P 8-131 HSS _4W A 200 50 35 0 40 120 .15A .6 • 15A 200M T 
2N3136 S P 8-131 HSS .4W A 200 50 35 0 iOO 300 .15A .6 • 15A 200M T 
2N3137 S N 9-40 RFA 600M A 200 40 20 0 .3 50M 500M T 
2N3138 S N HPA 20W C 200 65 65 0 10 lA 100M T 
2N3139 S N HPA 20W C 200 140 140 0 10 lA 100M T 
2N3140 S N HPA 20W C 200 65 65 0 10 lA 100M T 
2N3141 5 N HPA 20W C 200 140 140 0 10 lA 100M T 
2N3142 S N HPA 25W C 200 65 65 0 10 lA 100M T 
2N3143 S N HPA 25W C 200 140 140 0 10 lA 100M T 
2N3144 S N HPA 25W C 200 65 65 0 10 lA 100M T 
2N3145 S N HPA 25w C 200 140 140 0 10 lA 100M T 
2N3146 G P 2N3616 6-113 lPA 150W C 100 150 140 V 30 90 SA .4 SA 20 E 200K T 
2N3147 G P 2N3616 6-113 lPA 150W C 100 180 160 V 30 90 SA .4 SA 20 E 200K T 
2N314B G P MSS ,45M A 100 11 6 a 70 20M .2 50M 80 E 25M T 
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--Numerical Index --

2N3149-2N3217 

I 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ r: REPLACE- PAGE :~ TJ VCBO YeE-I~ hFE @ Ie VCE(sAT),@le !3 h,_ :"1 I~ TYPE 

~ USE PD L !;i MENT NUMBER I~ ~ ~I~ '" @25·C I';; ·C lvolts) (voltS)I~ (min) Imax) 1"lts) ;§ l.g 
,~ I~ =>,~ 

2N31~9 5 N PHS 3000 C 200 80 80 0 10 50A 1.5 50A .IH T 
2N3150 5 N PHS 3000 C 200 100 100 0 10 SOA 1.5 SOA .IM T 
2N3151 5 N PHS 3000 C 200 150 150 0 10 50A 1.5 50A .IM T 
2N3152 5 N V!O 25M C 200 120 120 0 ~O 30M 20 E 200M T 
2N3153 5 N CHP .3W A 200 15 15 0 30M. T 
2N315~ G r PHS 37.5W C 100 ~o 25 0 60 180 .5A 1.1 3A I!>K E 
2N3155 G P PHS 37.5W C 100 60 40 a 60 180 .5A 1.1 3A 15K E 
2N3156 G P PHS 37 .5W C 100 80 55 0 60 180 .5A 1.1 3A 15K E 
2N3151 G P PMS 37.5W C 100 100 65 0 60 180 .5A 1.1 3A 15K E 
2N3158 G P PH5 37.5W C 100 40 25 0 30 15 .5A 1.4 3A 10K E 
2N3159 G P PH5 31.5W C 

~~~ 
6u 4u 3u t!> .!>A .4 ~A I UK E 

2N3160 G P PHS 37 .5W C 80 55 0 30 75 .5A 1.4 3A 10K E 
2N3161 G P PM5 37.5W C 100 100 65 0 30 75 .5A 1.4 3A 10K E 
2N3162 5 N 2N3411 11-9 OFA 300M A 200 45 25 0 50 200 10M .5 10M 300M T 
2N3163 5 P HPA 8SW C 200 40 40 0 12 36 lA .15 lA 10 E 1M T 
2N3164 5 P HPA 8SW C 200 60 60 0 12 36 I A 15 lA 10 E 1M T 
2N3165 5 P HPA 8SW C 200 80 80 0 12 36 lA .15 lA 10 E 1M T 
2N3166 5 P HPA 8SW C 200 100 100 0 12 36 IA .15 IA 10 E 1M T 
2N3161 5 P HJ2267 6-160 HPA 8SW C 200 40 40 0 12 36 lA .15 IA 10 E 1M T 
2N3168 5 P 2N3789 6-139 HPA 8SW C 200 60 60 0 12 36 IA .15 IA 10 E 1M T 
2N3169 5 P 2N3790 6-139 HPA 8SW C 200 80 80 0 12 36 lA .15 IA 10 E 1M T 
2N3110 5 P 2N3790 6-139 HPA 8SW C 200 100 100 0 12 36 IA .75 IA 10 E 1M T 
2N3111 5 P HJ2267 6-160 HPA 7SW C 200 40 40 0 12 36 IA .15 IA 10 E 1M T 
2N3112 5 P 2N3789 6-139 HPA 7SW C 200 60 60 0 12 36 IA .15 IA 10 E 1M T 
2N3113 5 P 2N3790 6-139 HPA 7SW C 200 80 80 0 12 36 lA .15 IA 10 E 1M T 
2N3114 5 P 2N3790 6-139 HPA 7SW C 200 100 100 0 12 36 lA .15 IA 10 E 1M T 
2N3115 5 P M.J2267 6-160 HPA 8SW C 200 40 40 a 10 30 2A I 2A 10 E 1M T 
2N3116 5 P 2N3789 6-139 HPA 8SW C 200 60 60 a 10 30 2A I 2A 10 E 1M T 
2N3117 5 P 2N3790 6-139 HPA 8SW C 200 80 80 0 10 30 2A 1 2A 10 E 1M T 
2N3118 5 P 2N3790 6-139 HPA 8SW C 200 100 100 0 10 30 2A I 2A 10 E 1M T 
2N3119 5 P HJ2267 6-160 HPA 8SW C 200 40 40 a 10 30 2A 1 2A 10 E 1M T 
2N3180 5 P 2N3789 6-139 HPA 8SW C 200 60 60 0 10 30 2A I 2A 10 E 1M T 
2N3181 5 P 2N3790 6-139 HPA 8SW C 200 80 80 0 10 30 2A I 2A 10 E 1M T 
2N3182 5 P 2N3790 6-139 HPA 8SW C 200 100 100 0 10 30 2A I 2A 10 E 1M T 
2N3183 5 P 2N3789 6-139 HPA 7SW C 200 40 40 0 10 30 2A I 2A 10 E 1M T 
2N3184 5 P 2N3789 6-139 HPA 7SW C 200 60 60 a 10 30 2A I 2A 10 E 1M T 
2N3185 5 P 2N3790 6-139 HPA 7SW C 200 80 80 0 10 30 2A I 2A 10 E 1M T 
2N3186 5 P 2N3790 6-139 HPA 7SW C 200 100 100 0 10 30 2A I 2A 10 E 1M T 
2N3181 5 P M.J2267 6-160 HPA 8SW C 200 40 40 0 10 30 3A .9 3A 10 E 1M T 
2N3188 5 P 2N3789 6-139 HPA 8SW C 200 60 60 0 10 30 3A .9 3A 10 E 1M T 
2N3189 5 P 2N3790 6-139 HPA 8SW C 200 80 80 0 10 30 3A .9 3A 10 E 1M T 
2N3190 5 P 2N3790 6-139 HPA 8SW C 200 100 100 0 10 30 3A .9 3A 10 E 1M T 
2N3191 5 P HPA 8SW C 200 40 40 a 10 30 3A .9 3A 10 E 1M T 
2N3192 5 P 2N3789 6-139 HPA 8SW C ZOO 60 60 0 10 30 3A .9 3A 10 E 1M T 
2N3193 5 P 2N3790 6-139 HPA 8SW C 200 80 80 0 10 30 3A .9 3A 10 E 1M T 
2N3194 5 P 2N3790 6-139 HPA 8SW C 200 100 100 a 10 30 3A .9 3A 10 E 1M T 
2N3195 5 P HPA 7SW C 200 40 40 a 10 30 3A .9 3A 10 E 1M T 
2N3196 5 P 2N3789 6-139 HPA 7SW C 200 60 60 a 10 30 3A .9 3A 10 E 1M T 
2N3191 5 P 2N3790 6-139 HPA 75W C 200 80 80 a 10 30 3A .9 3A 10 E 1M T 
2N319B 5 P 2N3790 6-139 HPA 

"" C 
200 100 100 a 10 30 3A .9 3A 10 E 1M T 

2N3199 5 P HPA 40W C 200 40 40 a 20 60 lA .3 IA 10 E 1M T 
2N3200 5 P 2N3740 6-129 HPA 40W C 200 60 60 0 20 60 lA .3 IA 10 E 1M T 
2N3201 5 P 2N3741 6-129 HPA 400 C 200 80 80 0 20 60 lA .3 IA 10 E 1M T 
2N3202 5 P HPA 8.BW C 200 40 40 a 20 60 IA .3 IA 10 E 1M T 
2N3203 5 P 2N3740 6-129 HPA 8.BW C 200 60 60 0 20 60 IA .3 lA 10 E 1M T 
2N3204 5 P 2N1741 6-129 HPA 8.BW C 200 80 80 0 20 60 lA .3 lA 10 E 1M T 
2N3205 5 P HPA 40W C 200 40 40 0 20 60 .5A .4 .5A 10 E 1M T 
2N3206 5 P 2N3740 6-129 HPA 40W C 200 60 60 0 20 60 .5A .4 • SA 10 E 1M T 
2N3207 5 P 2N3741 6-129 HPA 40W C 200 100 100 0 20 60 .5A .4 .5A 10 E 1M T 
2N3208 5 P 2N37!i0 6-129 HPA A.All 1'00 40 40 '0 \0 .~ • 4 ., . F 1M 
2N3209 5 P MM2894 8-274 M55 .36W A 200 20 20 0 30 120 30M .2 30M 400M T 
2N3210 5 N H55 .36W A 200 40 15 a 30 120 10M .75 .2A 300M T 
2N:S21 I 5 N H55 .36W A 200 40 15 0 5.lJ 150 10H .2 10M 350M T 
2N3212 G P LPA 14W C 110 100 80 a 30 90 3A .5 5A 3 E 
2N3213 G P LPA 14W C 110 80 60 30 90 3A .5 5A 3 E 
2N3214 G P LPA 14W C 110 60 40 30 90 3A .5 5A 3 E 
2N3215 G P LPA 14W C 110 40 30 25 100 3A .5 5A 3 E 
2N3216 G P M55 150M A 100 20 10 a 60 200M .22 200M 10M T 
2N32 11 5 P CHP 400M A 200 15 10 a 1M T 

1-146 



--Numerical Index --

2N3218 - 2N3294 
MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

TYPE 

2N3218 
2N3219 
2N3220 
2N3221 
2N3222 
2N3223 
2N3224 
2N3225 
2N3226 
2N3227 

5 P 
S P 
S N 
5 N 
S N 
S N 
5 P 
5 P 
5 N 
S N 

REPLACE
MENT 

2N3498 
2N3498 

PAGE 
NUMBER USE Po f~ TJ YCBO VcE-II hFE @ Ie = VCE(SAT)@lc ~ 

@25°C I ~ DC (volts) (voltsll ~ (min) (max) :5 (volts) :5 
CHP 400M A 200 25 20 a 
CHP 400M A 200 40 35 a 
HFA "61/ C 175 100 80 0 20 60 
HPA 61/ G 175 lOa 80 0 40 120 
HPA 61/ C 175 80 60 0 20 60 
HPA 6\{ C 175 80 60 a 40" 120 

8-161 VIO .7W A 200 lOa 100 0 20 60 
8-161 VIa .7W A 200 lOa 100 0 40 120 

lPA 7511 C 200 35 35 0 20 50 
8-92 HSS .36W A 200 40 20 0 100 300 

IA 
IA 
IA 
IA 

50M 
50M 

2A 
10M 

1.25 
1.25 
1.25 
1.25 

lA 
IA 
lA 
lA 

1.2 2.7A 
.25 10M 

~~Z;~9 If ~r star, 

5 N 

se Taole 0 H:: \~~~~J C 200 105 60 0 5 2.5A I 
1.4 
1.4 
2.5 
2.5 
2.5 
1.1 
1.1 

2.5A 
2A 
2A 
3A 
3A 
3A 
4A 
SA 

2N3230 
2N3231 
2N3232 
2N3233 
2N3234 
2N3235 
2N3236 
2N3237 

~~~~~~ 
2N3240 
2N3241 
2N3242 

~~~~~~ 
2N3246 
2N3247 
2N3248 

2~~~~~ 

5 N 
5 N 
5 N 
5 N 
S N 
5 N 
5 N 

I~ N 

5 N 
5 N 
5 N 
5 P 
5 P 
5 N 
5 N 
5 P 
5 P 
5 P 
5 P 
5 P 
5 P 
5 N 
5 N 

PHS 251/ C 200 80 60 a 2K 20K 2A 
PHS 2251/ C 200 100 80 0 2K 20K 2A 

6-98 HPA 117W C 200 80 60 0 18 55 3A 
HPA 117W C 200 110 100 0 18 55 3A 
HPA 117W C 200 160 160 0 18 55 3A 

6-98 HPA 117W G 200 65 55 0 20 70 4A 
HPA 15011 C 200 90 90 0 17 60 SA 
HPA 20011 C 200 90 75 a 12 36 lOA 2 lOA 

~~: ISOII C ~~~ ~~ ~~ 0 8:~ ~~ ;~: 
HPA IS"OII C 200 160 160 a 8.5 25 lOA 
lNA .SW A 175 30 25 0 50 300 10M 
lNA .5W A 175 30 25 0 75 10M 

8-131 HSS IW A 200 40 40 0 SO ISO .5A .3 .15A 
8-131 HSS IW A 200 SO 50 0 30 90 .5A .35 .15A 

8-137 
O-UI 

8-141 
8-141 
8-141 
8-141 
8-141 
8-147 

lNA .35W A 200 60 45 a 200 600 10- .5 5M 
lNA .I5W A ISO 60 45 a 200 600 10- .5 5H 
HSS .36W A 200 15 12 a 50 150 .IM .125 10M 

~;; :~~~: ~~~ ~~ ~~ ~ II~~ I~~~ i~~' ~~~ :~~ 
HSS .36W A 200 60 60 0 50 150 10M .25 10M 
HSS .36W A 200 50 40 0 100 300 10M .25 10M 
HSS .36W A 200 60 60 a 100 300 10M .25 10M 
HSS IW A 200 60 30 0 30 90 .5A .3 .15A 
HSS IW A 200 75 40 a 25 75375M .35 .15A 

2N3250A 
2N3251 
2N3251A 
2N3252 
2N3253 
2N3254 
thru 
2N3259 

T yr stars, s e Table pn P ge 1-16 

~~~~~~ I ~ N 
2N3262 S N 
2N3263 S N 
2N3264 S N 
2N3265 S N 
2N3266 S N 
2N3267 G P 
2N3268 S N 
2N3269 
turu IUyr SLors, s e ~aD~e 
2N3276 
2N3277 

F e1 
2N3278 
2N3279 G P 
2N3280 G P 
2N3281 G P 
2N3282 G P 
2N3283 G P 
2N3284 G P 

~~~~~~ '~ P 
2N3287 S N 
2N3288 S N 
2N3289 S N 
2N3290 S N 
2N3291 S N 
2N3292 S N 
2N3293 S N 
2N3294 S N 

Effect ransist 

9-42 
9-42 
9-42 
9-42 
9-44 
9-44 

;::: 
9-47 
9-47 
9-47 
9-47 
9-49 
9-49 
9-49 
9449 

H~~ '~~~ A {~~ "~~ '~~ a 
HSS 8.75W C 200 100 80 a 
PMS 7511 C 200 150 90 a 
PMS 7511 C 200 120 60 a 
PMS 12SW C 200 150 90 a 
PHS 1251/ C 200 120 60 a 
RFA 75M A 100 15 8 a 
AFA .15H A 200 45 45 a 

s, ee Tabl~ 

.IW A 

.IW A 

.IW A 

.IW A 

.IW A 

.IW A 

RFA 
RFA 
RFA 
RFA 
RFC 
RFC 

I~~~ 
RFA 
RFA 
RFA 
RFA 
RFC 
RFC 
RFC 
RFC 

::: A 
.2W A 

".2W A 
.2W A 
.2W A 
.2W A 
.2W A 
.2W A 
.2W A 

n Pel 71 

100 30 20 0 
100 .30 20 0 
100 30 IS a 
100 30 15 a 
100 25 25 S 
100 25 25 S 

:~~ ~~ ~~ S 
200 40 20 0 
200 40 20 0 
200 30 15 0 
200 30 15 0 
200 25 25 S 
200 25 25 S 
200 20 20 S 
200 20 20 S 
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~~ I~~ ~~~ 
40 .5A 
20 55 15A 
20 80 15A 
20 55 15A 
20 80 15A 
10 500 3M 
12 80 10M 

10 
10 
10 
10 
10 
10 

5 
IS 
15 
10 
10 
10 
10 
10 
10 

70 
70 

100 
100 

100 
100 
150 
150 

3M 
3M 
3M 
3M 
3M 
3M 

3~ 
2M 
2M 
2M 
2M 
2M 
2M 
2M 
2M 

.3~ ~~: 
.6 1A 

I 20A 
1.6 20A 

I 20A 
1.6 20A 

I 5M 

.3 

.3 

.5 

.5 

.3 

.3 

.4 

.4 

5M 
5M 
5M 
5M 

5M 
5M 
5M 
5M 

h I~ 
1-1:;: 

log 
I~ 

20 E 
40 E 
20 E 
40 E 
20 E 
40 E 
20 " 

10 E 
10 E 
10 E 
10 E 
10 C 
10 E 

;~ I ~ 
10 E 
70 E 

lao E 

1M T 
1M T 

10M T 
10M T 
10M T 
10M T 
60M T 
80M T 
30K E 

500M T 

150M T 
40M T 
40M T 

1M E 
1M E 
1M E 
1M E 
1M E 
1M E 

1M E 
1M E 

SaM T 
SaM T 

175M T 
150M T 

200 E 60M T 
200 E 60M T 

250M T 

50 
50 

100 
lOa 

E ~~~~ ~ 
E 250M T 
E 300M T 
E 300M T 

200M T 
175M T 

60~~ T 
150M T 

20M T 
20M T 
20M T 
20M T 

15 E 
40 E 

900M T 
2.5M B 

10 E 400M T 
10 E 400M T 
10 E 300M T 
10 E 300M T 
10 E 250M T 
10 E 250M T 

sle 250M T 
15 E 350M T 
15 E 350M T 
10 E 300M T 
10 E 300M T 
10 E 250M T 
10 E 250M T 
10 E 250M T 
10 E 250M T 

I 



I 
2N3295-2N3391A 

2N3295 5 N 
2N3296 5 N 
2N3291 5 N 
2N3298 5 N 
2N3299 5 N 
2N3300 5 N 
2N3301 5 N 
2N3302 5 N 
2N3303 5 N 
2N330', 5 P 

2~~~~~ 5 P 
2N 3307 
2N3308 5 P 
2N3309 5 N 
2N3309A 5 N 
2N3310 5 N 
2N3311 G P 
2N 3312 G P 
2N3313 G P 

I~~~~~~ ~ P 
2N3316 G P 
2N3311 5 P 
2N3318 5 P 
2N3319 5 P 
2N3320 G P 
2N3321 G P 
2N3322 G P 
2N3323 G P 

2~~~~~ G ~ 
2N3326 5 N 
'N3321 5 N 
2N3328 

REPLACE
MENT 

2N2218A 
2N2219A 
2N2221A 
2N2222A 

2N3546 

2N3309A 

2N2218A 

thru F e Effect 
2N3336 
2N3331 5 N 2N3287 
2N3338 5 N 2N3289 
2N3339 5 N 2N3288 

I~~~~:~ I ~ P 
2N3342 5 P 
2N3343 5 P 
2N3344 5 P 
2N3345 5 P 
2N3346 5 P 
2N3341 5 P 
2N3348 5 P 
2N3349 S P 
12N33,u 5 P 
2N3351 5 P 
2N3352 5 P 
2N3353 

PAGE 
NUMBER 

9-51 
9-54 
9-57 
9-60 
8-74 
8-74 
8-74 
8-74 
8-152 
8-175 

9-62 
9-62 
9-64 
9-64 

6-100 
6-100 
6-100 
6QI00 
6-100 
6-100 

9-66 
9_66 
9-66 
8-74 

USE 

MPA 
MPA 
MPA 
HPA 
H55 
H55 
HS5 
H5S 
H55 
M55 

A~~ 
RFA 
RFA 
MPA 
HPA 
HPA 
LPA 
LPA 
LPA 

LPA 
LPA 
CHP 
CHP 
CHP 
H55 
H55 
H55 
RFC 
RFC 
RFC 
H5A 
HPA 

ransist rs, 

9-47 RFA 
9-47 RFA 
9-47 RFA 

M~: 

M55 
MS5 
CHP 
CHP 
CHP 
CHP 
OFA 
OFA 
OFA 
OFA 
OFA 
OFA 

-- Numerical Index --

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

Po !~ TJ VCBO veE_I! hFE @ Ie VCE(SAn,@le 

@ 25°C 1:S °C (volts) (voltsll ~ (min) (max) ~ (volts) ~ 
800M A 115 60 605 20 60 10M .5 .15A 
700M A 115 60 60 5 5 50 40M .5 .4A 

2SW C 115 60 60 5 2.5 35 .4A .5 lA 
lW C 115 25 15 0 80 240 10M 

.8W A 200 60 30 0 40 120 .15A 

.8W A 200 60 30 0 100 300 .15A 
.36W A 200 60 30 0 40 120 .15A 
.36W A 200 60 30 a 100 300 .15A 

.6w A 200 25 12 a 30 120 .3A 

.3W A 200 6 6 0 30 120 10M 

:~= AI~~~ ~~ :~ a 1~~ ~~~ :;~ 
;2W A 200 40 35 0 40 250 2M 
.2W A 200 30 25 0 25 250 2M 

3.SW C 175 50 50 5 5 100 30M 
SW C 200 60 60 5 8 80 50M 

.3W A 200 35 15 0 10 20M 
l70W ClIO 30 305 60 120 3A 
170W 110 45 45 S 60 120 3A 
170W C llU 60 60S 60120 3. 

.22 

.22 

.22 

.22 

.33 

.16 
.L 
.2 
_4 
.4 
.5 
.5 
.5 
.1 
.1 
.1 

~;;; C 1;~ ~~ ~~ 5 ;~~ ~~~ ~: :1 
170W C 110 60 60 5 100 200 3A .1 
.ISW A 140 30 30 0 
.15w A 140 15 15 0 
.ISW A 140 10 6 0 

60M A 100 15 10 0 50 
60M A 100 12 1 a 100 
60M A 100 12 1 0 30 

.ISW A 100 35 35 5 30 200 

:;;~ : :~~ ~; j; I; ~~ ~~~ 

20M 
10M 
40M 

3M 

~~ 

.19 

.12 

.25 

.15A 

.15A 

.ISA 

.15A 
.3A 
10M 

;~~ 
3M 
3M 

.2SA 

.25A 
20M 

3A 
3A 
3A 

~: 
3A 

40M 
10M 
20M 

.8W A 115 60 45 O. 40 120 .15A 
.5A 

.4 .15A 
20W C 200 65 65 a 10 

ee Tab c 

.3W A 

.3W A 

.3W A 

.4W 

.4W A 
.25W A 
.25W A 
.25W A 
.25W A 
.25W A 
300M A 
300M A 
300M A 
.ouuM A 
300M A 
300M A 

n P go 1 171 

200 40 40 a 
200 40 40 0 
200 40 40 0 

1~~ ~~ ~~ 0 
115 20 8 a 
115 25 8 a 
115 30 30 0 
175 50 50 0 
115 50 50 0 
115 60 45 a 
115 60 45 a 
115 60 45 0 

1~; ~~ ~~ 0 
175 60 45 0 

30 300 
30 300 
30 300 

:~ 
30 
20 
25 
15 
25 
40 300 
40 300 
40 300 

;~~I~~~ 
100 300 

4M 
4M 
4M 

;~: 
5M 

.251'1 
1M 
1M 
1M 

10-
lO
la-

.2~ 
.1 

.5 

.5 

.5 

.5 

.5 

.5 

,u-
10-

5M 

10M 
10M 
10M 

~~ E 
40 E 
25 E 

30 E 
30 E 
30 E 

200M T 
100M T 
100M T 
200M T 
250M T 
250M T 
250M T 
250M T 
450M T 
500M T 

~~~ T 
300M T 
300M T 
300M T 
300M T 
3004 T 

lK E 
lK E 
lK E 

;~ E 
lK E 

6.4M T 
7.6M T 

12M T 
600M T 
600M T 
600M T 

30 E 200M T 

E ~~~~ T 
250M T 
100M T 

30 E 400M T 
30 E 400M T 
30 E 4001'1 T 

2M T 
2M T 
2M T 
2M T 

60 E 60M T 
60 E 60M T 
60 E 60M T 

:~g ~ ~g~ ~ 
150 E 60M T 

thru 
2N3364 
2N3365 
thru 
2N3370 
2N3311 

T Y istors, s~e Table on P ge 1-1 1 

2N:l314 
2N3315 
2N3376 

F el Effect 

G P 
5 N 
5 N 

thru Fed Effect 
2N3387 
2N3388 5 N 
2N3389 5 N 
2N3390 S N MPS6521 
2N3391 5 N MPS6515 
2N3391 A 5 N MPS6520 

ransist rs, ee Tab e 1m P ge 1 171 

RFA 150M A 100 25 10 a 20 300 12M 
HPA 5W C 200 80 80 a 

40 a 
10 .11A 
10 100 .25A 9-69 HPA 11.6W C 200 65 

ransist rs J 

MS5 
M55 

8-300 AFC 
8-300 AFC 
8-300 AFC 

ee Tab e pn P ge 1 171 

.6W A 175 125 100 

.6W A 115 195 160 

.2W A 125 25 25 

.2W A 125 25 25 

.2W A 125 25 25 

1-148 

o 60 
o 60 
o 400 
a 250 
a 250 

800 
500 
500 

2.5M 
7M 
2M 
2M 
2M 

.3 .15A 
1 .25A 

1 2.51'1 
1 1M 

25 E 320M T 

400 E 
250 E 
250 E 

230M T 
400M T 

36M T 
36M T 



TYPE 

N3402 

~~~~ge 
~N3405 
2N3406 

~~~~g~ 
~~~~~6 
2N3411 

N3412 
2N3413 
I2N3414 
2N3415 
~N3416 
~N3417 
I2N3418 
~N3419 
~N3420 
2N3421 
N1422 

2N3423 
~N3424 
2N3425 
2N.l426 
2N3427 
2N3428 
2N3429 

~~m~ 
2N3432 
2N3433 

~~~~~~ 
2N1416 
thru 
2N1418 
2N3439 
2N344Q 
2N3441 
2N3442 
2N3443 
2N3444 
2N3445 
2N3446 
2N3447 
2N3448 
2N3449 
2N3450 
2N.l451 

NJ45" 
thru 
2N3460 
2N3461 
2N3462 
2N346:l 
2N3464 
2N3465 
2N3466 

:;5 ~ 
a: a::: REPLACE-
!;i ~ MENT 
'" .. 
S ~ ~S3392 
S ~ PS3393 
S ~ ~·S3394 
S ~ 1;53395 
S ~ PS3396 
S ~ ~PS3397 
S ~ MPS3398 

G P 
S 

~ 
~. 

PAGE 
NUMBER 

8-289 
8-289 
8-289 
8-289 
8-289 
8-289 
8-289 

OFC 
~FC 
~FC 

~FC 
fFC 

FC 
_FC 
~FC 
~ss 

HP 

U ij 
S to 
S P 

netion T ansistor se 
RFA 
RFA 

~ ~ 
S N 
G P 
S P 

NN PS6513 
PS6S1S 

N >!PS6S1S 
N >!PS651S 

S N 
S N 
S N 
S N 

11-9 
11-9 
11-9 

8-100 
8-100 
8-100 
8-100 

OFA 
OFA 
OFA 
AFA 
AFA 
AFC 
AFC 
AFC 
AFC 
PMS 
PMS 
PMS 
PMS 

~t Nr star, 

S N 
S N 
S N 
G P 
G P 
S N 
S N 
S N 

se Table 0 Pa e 
OFA 
OFA 
HPA 
HSS 

S N 
S N 
S N 
~ N 

2N1711 
2N3714 

7-41 
7-41 
6-117 
6-117 

AFA 
AFA 
PMS 
PMS 
PMS 
PMS 
PMS 
PMS 
HPA 

--Numerical Index --

2N3392 - 2N3466 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

.2W A 125 25 25 P 150 1300 2M 150 E 

.2W A 125 25 25 ~ 90 180 2M 90 E 

.2W A 125 25 25~ 55110 2M 55 E 

.2W A 125 25 25 0 150 500 2M 150 E 

.2W A 125 25 25 a 90 500 2M 90 E 

.2W A 125 25 25 ~ 55 500 2M 55 E 

.2W A 125 25 25 a 55 800 2M 55 E 
80M A 100 20 10 1.5M 

.15W A 100 20 20 0 50 300 10M 

.25W AlSO 25 25 0 

:~~: A ;~~ ~~ ~~ 0 
.56W A 150 50 50 0 
.56W A 150 50 50 0 

1 ~~ I~~~ ~~ 
75 225 2M 

180 540 2M 

.15 

.25 
.~ 
.3 
.3 
.3 

10M 
5M 

5~~ 
50M 
50M 

4 E 

l~O I~ 
75 E 

100 E 

400M T 
150M T 

• iM B 

Table n Page 1-17 
.2W A 200 35 

4W A 200 40 
.5W A 200 60 
.5W A 200 60 
.5W A 200 60 

18 
25 
30 
30 
30 

a 10 100 10M 
a 10 100 40M 
o .l0 120 .1M 
o 20 lCO 10. 
o 20 100 10' 

.15 10M 
; 15 10M 
.15 10M 

10 E 300M T 
10 E 200M T 

250M T 
250M T 
250M T 

~~: ! ~~g l~g 20 
150 

25 
25 
50 
50 
60 
80 
60 
80 

~ ~~ 2~~ ~g~ 
.36W A 160 25 
• .l6W A 160 25 
.36W A 160 50 
.36W A 160 50 

.8W A 175 85 

.8W A 175 125 

.8W A 175 85 

.8W A 175 125 

o 75 225 2M 
o 180 540 2M 
o 75 225 2M 
o 180 540 2M 
a 20 60 lA 

1-161 
.3W A 
.3W A 
.3W A 
.6W A 
.2W A 
.2W A 

151M C 
151M C 
151M C 

~~~ C 
151M C 

lW A 

o 20 60 1 A 
o 40 120 lA 
a 40 120 1 A 

200 30 15 0 
200 30 15 0 
200 40 15 0 
200 25 12 0 
100 45 30 R 
100 45 30 R 
175 50 50 0 
175 )00 100 0 
175 150 150 0 

1;~ I~~~ ~~~ 0 
175 300 300 0 
200 80 60 0 

20 200 
20 200 
30 120 
30 120 

100 350 
150 400 

10 35 
10 35 
10 35 

:~ ~~ 
10 35 
50 200 

3M 
3M 

10M 
.3A 
.1A 
.1A 

5A 
5A 
5A 
'A 
5A 
5A 

10M 

1:~ ~~~ 
.3 50M 
.3 50M 
.3 50M 
.3 50M 

.25 lA 

.25 lA 

.25 lA 

.25 lA 

.4 

.4 

.4 
.33 
.2 

.19 
1 
1 
1 

10M 
10M 
10M 
.3A 
.1A 
.1A 

5A 
SA 
SA 

25 E I~~~: I~ 
75 E 

180 E 
75 E 

100 E 

20 E 

200 E 
350 E 

40M T 
40M T 
40M T 
40M T 

600M T 
600M T 
300M T 
450M T 

4M T 
5M T 

20K E 
20K E 
20K E 

140M T 

F el Effect ransisto 5, ee Tabl n P e 1- 71 

S N 1010 
G P 
S N 
S N 
S N 
S N 
S N 
G P 
S N 
S P 

6-166 
6-166 
6-125 
6-164 

8-147 
6-103 
6-101 
6-103 
6-103 

VIO 
V!O 
LPA 
LPA 
RFA 
HSS 
LPA 
LPA 
LPA 
LPA 
HSS 
HSS 
HSS 

lW A 
lw A 

2511 C 
10uw 
.3W A 

lW A 
115W C 
115W C 
115W C 
115W C 
150M A 

.6W A 
• .lW A 

200 450 350 a 
200 300 250 0 
200 160 140 a 
2uu IOU 4u 
100 20 15 0 
200 80 50 a 
200 80 60 0 
200 100 80 0 
200 80 60 a 
200 100 80 0 
100 15 6 a 
200 120 60 0 
200 6 6 0 

40 160 
40 160 
20 80 

~~ 1~~ 
20 60 
20 60 
20 60 
40 120 
40 120 
20 
40 120 
30 120 

F el Effect ransist s, ee Tab! n P ~e 1 71 

G P 
S N 
S N 
S N 

LPA 
LNA 
LNA 
HPA 

5W ClIO 60 
.3W A 200 50 
.3W A 200 60 

511 C 200 60 

30 0 90 150 
35 0 100 300 
45 a 120 360 
40 0 35 100 

F el Effect ransist s~ ee Tab! n P ~e 1 71 

1·149 

20M 
20M 
.5A 

19~ 
.5A 

3A 
3A 
5A 
5A 

10M 
.15A 

10M 

.5A 
10* 
10. 
.2A 

6 2.7A 
, IUA 

.35 .15A 
1.5 3A 
1.5 3A 
1.5 5A 
1.5 5A 
.2 2M 
.5 .15A 

.16 10M 

.4 lA 
.35 5M 
.35 1M 

1 .2A 

25 E 
25 E 
15 E 

20 E 
20 Eo 

40 E 
40 E 

40 E 
150 E 
150 E 

30 E 

15M T 
15M T 
.2M T 
"uK 

750M T 
150M T 

10M T 
10M T 
10M T 
10M T 

300M T 
100M T 
500M T 

10K E 
10M T 
45M T 
50M T 

I 



--Numerical Index --

2N3467 -2N3549 

I 
MAX'MUM RATINGS ELECTRICAL CHARACTERISTICS :s i= 

PAGE ,- T, VeE-II VCE{SAn@le ... • .2- ,-
TYPE ~§ REPLACE· USE Po .~ VCBO h" @ Ie M 

hf_ :1 '- I'~ MENT NUMBER I~ 

~ 
... ~l~ .. :i! @25·C I';; ·C ("Its) (YOlts)l~ (min) (max) ("a,) ,5 .= I~ =,~ 

2N3467 S P 8-154 HSS lW A 200 40 40 0 40 120 .5A .3 .15A 175M 
2N3468 S P 8-154 HSS lW A 200 50 50 0 25 75 .5A .35 .15A 150M 
2N3469 S N HPA 1.25W A 200 35 25 a 100 350 .5A .5 lA 10 E 2~~ E 2N3470 S N lPA 150W C 150 50 50 a 100 500 9A 3.5 9A 50 E 
2N3471 S N lPA 150W C 150 100 100 a 100 500 9A 3.5 9A 50 E 7K E 
2N3472 S N lPA 150W C 150 150 150 a 100 500 9A 3.5 9A 50 E 7K E 
2N3473 S N lPA 150W C 150 200 200 0 100 500 9A 3.5 9A 50 E 7K E 
2N3474 S N lPA 150W C 150 50 50 a 700 10K 4A 3.5 9A 100 E 4K 
2N3475 S N lPA 15011 C 150 100 100 a 700 10K 4A 3.5 9A 100 E 4K 
2N3476 S N lPA 150W C 150 150 150 0 700 10K 4A 3.5 9A 100 E 4K E 
2N3477 S N lPA DUW C 1~0 20 200 a 700 10K 4A 3.5 9A 100 E 4K 
2N3478 S N RFA .2W A 200 30 15 0 25 150 2M 25 E 750M 
2N3479 
thru U i unction ransisto s, s e <Tabl n Pa e 1- 77 
2N3484 
2N3485 S P 8-ll5 HSS 2W C 200 60 40 0 40 120 .15A .4 .15A 200M 
2N3485A S P 8-ll5 HSS 2W C 200 60 60 a 40 120 .15A .4 .15A 200M 
2N3486 S P 8-ll5 HS 2W C 2g: 60 ~gl ? 100 300 .15A .4 .15A 200M 
2N3486A S P 8-ll5 HSS 2W C 20 60 100 300 .15A .4 .15A 200M 
2N3487 S N '_107 LP 115W C 201 80 60 a 20 60 3A .3 lA 2( E 10M 

ilN3488 S N 6-107 LP 115W C 200 100 80 a 20 60 3A .3 IA 2 E 10M 
2N3489 S N 6-107 LP 115W C 201 120 100 a 15 45 3A .3 lA 2 E 10M 
2N3490 S N 6-107 LP 115W C 201 80 601 ( 40 120 SA .3 lA 4 E 10M 
2N3491 S N 6-107 LP 115W C 200 100 80 a 40 120 SA .3 IA 4 E 10M 
2N3492 S N 6-107 lP 115w C 200 120 100 0 30 90 SA .3 IA 4 E 10M 
2N3493 S N 8-157 HSS .15W A 200 12 8 a 40 120 .5M .15 10- 400M 
2N3494 S P 8-159 VI .6W A 200 80 80 0 35 .IA .3 10M 4 E 200M 
2N349'> S P 8-159 VI[ .6W A 200 120 120 a 35 .IM .35 10M 4 E 150M 
2N3496 S P 8-159 VI[ .4W A 20e 80 80 0 35 .IA .3 10M 4 E 200M 
2N3497 S P R_ 10 VI[ .4W A 200 120 120 0 35 .IM .35 10M 4 E 150M 

12N3498 N 8-161 VI IW A m 100 100 40 120 .15A .2 10M 
~5 E 150M 

2N3499 S N 8-161 Vll IW A 100 100 0 100 300 .15A .2 10M I: ISOM 
2N3500 S N 8-161 VI[ lW A 200 150 150 0 40 120 .15A .2 10M 

~~ E 150M 
2N3501 S N 8-161 VIC IW A 200 150 150 0 100 300 .ISA .2 10M E 150M 
2N3502 S P 2N2905 8-ll5 HSS .7W A 200 45 45 a liS 300 SaM .2S SaM 

1 ~~ E 200M 
2N3S03 S P 2N290SA 8-ll5 HSS .7W A 200 60 60 0 liS 300 SaM .2'> SaM I ~~ E 200M 
2N3S04 S P 2N2907 8-ll5 HS .4W A 20C 45 4S a liS 300 SOM .25 SOM 

: ~S E 200M 
2N3505 S P 2N2907A 8-ll5 HSS .4W A 200 60 60 a liS 300 SaM .2S SaM E 200M 
2N3506 S N 8-167 HSS IW A 200 60 40 0 40 200 1.5A I I. SA 60M 
2N3S07 S N "_1 " HSS IW A 200 80 SO 0 30 150 I.SA 1 1.5A 60M 

12N350B S 8-169 HSS .4W A 200 40 20 a 40 120 10M .25 10M 500M 
2N3S09 S N 8-169 HSS .4W A 200 40 20 0 100 300 10M .25 10M 500M 
2N3S10 S N 8-172 HS .36W A 200 40 10 a 25 150 .15A .25 10M 2( E 350M 
2N3511 S N 8-172 HS .36W A 200 40 15 0 30 120 .15A .2S 10M 2( . E 450M 
2N3S12 S N 8-107 HS .8W A 200 60 35 a 10 .5A I .5A 250M 
2N3513 S N 2N2480A ll-4 OFt .25W A 200 80 40 0 50 200 1M 1.2 SaM 5 E SaM 
2N3514 S N OFt .2SW A 175 80 40 0 50 200 1M 1.2 SaM S E SaM 
2N3515 S N OFt .2SW A 175 80 40 0 50 200 1M 1.2 SaM 50 E SaM T 
2N3S16 S N OFA .2SW A 200 100 60 a SO 200 1M 1.2 50M 5 E 60M 
2N3S 17 S N OFA .25W A 175 100 60 a so 200 1M 1.2 SaM S E 60M 
2N35Te S N OF .25W A 175 100 60 a 50 200 1M 1.2 SaM S c 60M T 
2N3519 S N OFA .2SW A 175 60 30 a 150 600 1M 1 5M lSI E 60M 
2N3520 S N OFA .2SW A 175 60 30 a 150 600 1M I SM 1 SO E 60M T 
2N3521 S N OFA .3W A 200 70 55 0 100 300 10- I 10M 30M T 
2N3522 S N OFA .25W A 200 70 55 a 100 300 10- I 10M 30M T 
2N3523 S N OFt .25W A 175 70 S5 a 100 300 10- 1 10M 30M T 
2N3524 S N OFA .25W A 175 70 55 0 100 300 10- 1 10M 30M T 
2N3525 h istor, s e Table puP jge 1-16 
2Nj'26 S N VIO .8W A 200 130 120 0 30 120 30M I SaM 25 E 40M T 
2N3527 S P AFA .4W A 200 30 30 a 25 75 .1 N • IN 100 E SM 
2N:J528 

T~Y thru istors, ee Table on P ge 1-1 1 
2N3541 
2Nj543 S N HPA bOW C 200 65 60 a 10 80 4.SA 1 4.5A IS0M T 
2N3544 S N 9-73 RFC .3W A 175 25 25 S 25 10M 600M T 
2N3S45 S P HSS .36W A 200 20 20 a 40 120 10M .2 10M 250M T 
2N3546 S P 8-175 HSS .36W A 200 IS 12 a 30 120 10M .15 10M 700M T 
2N3547 S P lNA .4W A 200 60 60 a 100 500 1M 1 10M 120 E 45M T 
2N354B S P LNA .4W A 200 60 4S a 100 3CO 10- I 10M 150 E 60M T 
2N3S49 S P lNA .4W A 200 60 60 a 100 sao 10· I 10M 150 E 60M T 

1-150 



TYPE 

2N3550 
2Nj551 
2N3552 
2N3553 
2N3554 
2N3556 
thru 
2N3562 
2N3563 
2N3564 
2N3565 
2N3566 
2N3567 
2N3568 
2N3569 
2N3570 
2N3571 
2N3572 
2N3573 
thru 
2N3575 
2N3576 
2N3577 
ZN3578 
2N3579 
2N3580 
2N3581 
2N3582 
2N3583 
2N3584 
l2Nj585 
2N3586 
2N3587 
2N3588 
2N3589 
2N3590 
2N3591 
2N3592 
2N3593 
2N3594 

12N35' 5 
2N3596 
2N3597 
2N3598 
2N3599 
2N3600 
2N3601 
2N3602 
2N3603 
2N3604 
[2N36U5 
2N3606 
2N3607 
2N3611 
2N3612 
2N3613 
2N3614 
2N3615 
2N3616 
2N3617 

N3618 
2N3619 
2N3620 
2N3621 
2N3622 
2N3623 
2N3624 
2N3625 
2N3626 
2N3621 

S p 
S N 
S N 
S N 
S N 

REPLACE
MENT 

PAGE 
NUMBER 

9-69 

USE 

LNA 
PHS 
PHS 
HPA 
HSS 

-- Numerical Index--

MAXIMUM RATINGS 

,- T 
PD t~ J 

@2S'C I':;; 'C ,= 
.411 A 200 
4fM C 175 
40W C 175 

7W C 200 
.SII A 200 

VC80 VCE-I~ 
(volts) (volts)l~ 

60 45 a 
11 5 60 a 
140 80 a 

65 40 0 
60 30 0 

2N3550 - 2N3627 
ElECTRICAL CHARACTERISTICS 

hFE @ Ie VCE(sAT)@le 

(min) (max) ~ (volts) ~ 
200 600 10* .9 5M 300 E 

20 90 lOA I lOA 
20 90 lOA I lOA 
10 lOa .25A I .25A 
25 lOa .75A .7 .75A 

60M T 
40M r 
40M r 

400M r 
U50M r 

T yr stors, s e Table pn P ge 1-1 1 

S N 
S N 
S N P':'S6514 
S N ,"PS6514 
S N iMPS6530 
S N 
S N iMPS6531 
5 N 
5 N 
S N 

8-302 
8-302 
8-310 

8-310 

RFA 
RFA 
AFA 
AFA 
AFA 
AFA 
AFA 
RFA 
RFA 
RFA 

F e Effect ransist rs 

S P 
S N 

HSS 
HPA 

F el Effect 
S P 
S P 
S P 

ransistc , s 
VIO 
V[a 
VIa 

~ ~ !MJZ251 
S N 

I"N3767 
S p 

S N 
G P 
S N 
S N 
S N 
S N 
S N 
S N 

S N 
5 N 
5 N 
5 N 
S N 
G P 
G P 
G P 
G P 

2N3767 
2N3446 
2N3447 

6~154 

0-1]4 

6-134 
6-103 
6-103 

1> [!Il'S3"6l'iO Ilf=Jf 
S N ~S3646 8-298 
S N I""S3646 8-298 
G P 6-110 
G P 6-110 
G P 6-110 
G P 6-110 
G P 6-113 
G P 6-113 
G P 6-113 
G P 6-113 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 
5 N 

VIO 
HPA 
PMS 
PMS 
CHP 
DFA 
RFC 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
HPA 
PHS 
PHS 
PHS 
RFA 
PMS 
PMS 
PM5 
PHS 

fRS'C 
M5C 
MSC 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
LPA 
IlPA 
HPA 
IlPA 
IlPA 
HPA 
HPA 
HPA 
HPA 
HPA 

_211 A 
.211 A 

125 
125 

30 
30 

12 a 20 
15 a 20 

200 
5eo 

.211 A 

.311 A 

.311 A 

.311 A 

.311 A 

.211 A 

.211 A 

.211 A 

125 
125 
125 
125 
125 
200 
200 
200 

30 
40 
80 
80 
80 
30 
25 
25 

25 0 150 
30 0 150 
40 0 40 
60 0 40 
40 a 100 
IS a 20 
15 0 20 
13 a 20 

600 
600 
120 
120 
300 
150 
200 
300 

ee Tab e n Pel 171 

.3611 A 200 20 15 0 
8SW C 175 100 80 0 

e Tab! a Pa e 1- 71 
.411 A 200 60 60 0 
.411 A 200 60 60 0 
.411 A 200 50 40 0 
.411 A 200 50 40 a 
3SW C 200 250 175 0 
35W C 200 330 250 0 
3SW 1200 1-4'iU r.mu 

125M A 200 45 45 0 
.31/ A 200 60 45 0 
• II/ A 85 25 

211 A 175 200 200 R 
211 A [75 200 200 R 
III A 115 200 200 R 
III A 175 200 200 R 
II/ A 175 200 200 R 
11/ A 175 200 200 R 

.5W 7512001200 
1.511 A 115 200 200 R 
100W C 200 60 40 0 
100W C 200 80 60 0 
100W C 200 lOa 80 0 
.211 A 200 30 15 0 

.286W C 100 lOa 40 0 

.28611 C 100 laO 40 0 

.286W C 100 130 55 0 

.286W C 100 130 55 0 
.>W I5U 18 4 
.211 A 150 18 14 0 
.2W A ISO 18 14 0 
8SW C 11 0 40 30 S 
8SW C 11 0 60 45 S 
8SW C 110 40 30 5 
8SW CliO 60 45 S 
85W CliO 80 60 S 
85W ClIO 100 75 S 
85WCIIO 80 605 
85W CliO lao 75 5 

7.5W C 175 75 40 a 
7.5W C 175 75 40 0 

30W C 175 75 40 0 
30W C 175 75 40 0 

7.511 C 175 75 40 0 
7.511 C 175 75 40 0 

3011 C 175 75 40 0 
30W C 175 75 40 0 

7.5W C 175 100 50 a 

1-151 

40 120 
12 60 

30 120 
60 240 
50 150 

lOa 300 
40 200 

8 140 
8 140 

80 500 
20 
30 90 
75 150 
30 90 
75 ISO 
30 90 
75 ISO 
30 90 
75 150 
40 120 
40 120 
40 120 
20 150 
60 180 
60 180 
60 180 
60 180 

~~ 
30 
35 70 
35 70 
60 120 
60 120 
30 60 
30 60 
45 90 
45 90 
40 
40 
40 
40 
40 
40 
40 
40 
40 

8M 
15M .3 20M 

1M 
10M 

.15A 

.15A 

.15A 

I .IA 
.25 .15A 
.25 .15A 
.25 .15A 

5M 
5M 
5M 

10M .15 
IA 5.25 

1M .5 
1M .5 

.IM .5 

.IM .5 

.5A 5 
I A .15 
IA .75 

1M I 
1M 

.2A 2 

.2A 2 

.2A 2 

.2A 2 

.2A 2 

.2A 2 

:~! ~ 
lOA .5 
lOA .5 
lOA .5 

3M 
IA .2 
IA .2 
IA .2 
IA .2 

IUM .2!> 
10M .25 
10M .25 

3A .25 
3A .25 
3A '.25 
3A .25 
3A .25 
3A .25 
3A .25 
3A .25 
IA .75 
IA I 
IA 1.25 
IA 1.25 
I A .75 
IA I 
IA 1.25 
I A 1.25 
1 A .15 

10M 
IA 

5M 
5M 
5M 
5M 
IA 
IA 
IA 

10M 

.2A 

.2A 

.2A 

.2A 

.2A 

.2A 

:~: 
lOA 
lOA 
lOA 

• I A 
.IA 
.IA 
.IA 
IUM 
10M 
10M 

3A 
3A 
3A 
3A 
3A 
3A 
3A 
3A 
IA 
3A 
5A 
SA 
IA 
3A 
5A 
5A 
IA 

20 E 
20 E 

120 E 

20 E 
20 E 
20 E 

600M r 
400M r 

40M r 
40M r 
60M r 
60M r 
60M r 

I_50 r 
1.20 r 

10 r 

400M r 
12 E 10M T 

30 E 
60 E 
50 E 

100 E 
25 E 

80H T 
80M r 
30M r 
30M r 
10M T 
10M T 
, u. 
.IM T 
80M T 

200M T 
30 E 15M r 
75 E 15M T 
30 E 15M r 
75 E 15M T 
30 E 15M T 
75 E 15M r 

~~I~ :~~I~ 
75 E 30M T 
15 E 30M r 
75 E 30M T 
40 E 850M T 
50 E 20M T 
50 E 20M r 
50 E 20M T 
50 E 20M r 

40 E 
40 E 
60 E 
60 E 
40 E 

~gl~ 
60 E 

300M r 
300M T 
300M T 

.3M T 

.3M T 

.3M T 

.3M T 

.3M T 

: ~~ T 
.3M T 

200M T 
200M T 
200M T 
200M r 
200M T 
200M T 
200M T 

I~gg~ ~ 

I 



--Numerical Index --

2N3628 - 2N3707 

I 
,MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

;$ 1: REPLACE- PAGE t·! VeE_I~ bf_ :f 1-
TYPE ~ ::I USE PD TJ VCBO b", @ Ie VCE(SAu@le '- I~ MENT NUMBER 10.. ~ ~ ;gl~ .. ll! @25·C I~ ·C (voitSI (volts)l~ (mini (maxI (voltsl log 

I~ I~ "I~ 

2N3628 S N HPA 7.5W C 175 100 50 0 40 lA 1 3A 200M T 
2N3629 5 N HPA 30W C 175 100 50 0 40 lA 1.25 SA 20Ur T 
2N3630 5 N HPA 30W C 17, 100 50 0 40 lA 1.25 5A 200~ T 
2N3632 S N 9-69 HPA 2* C 200 65 40 0 10 150 .25A 1 I A 250~ T 
2N3631 F e1 Effect ransisto , s e Tab! a Pa e 1- 71 
2N3633 S N HNS .3W A 200 15 6 0 50 150 10M .21 3M 1.3G T 
2N3634 S P 8-178 VIa lW A 200 140 140 0 50 150 50M 40 E 150~ T 
2N3635 S P 8-178 VID lW A 200 140 140 0 100 300 50M 80 C 200M T 
2N3636 S P 8-178 VID lW A 200 175 175 0 50 150 50M "0 E 150M T 

N3637 Is P "_178 VIa lW A 200 175 175 0 100 300 . 50M 80 E 200M T 
2N3638 5 P HS5 .3W A 125 25 25 0 30 50M .25 50M 25 E 100M T 
2N3638A S P HSS .3W A 125 25 25 0 100 50M .25 SOM 100 t 150M T 
2N3639 5 P MPS3639 8-293 HSS .2W A 125 6 6 0 30 120 10M .16 10M 500M T 
2N3640 S P MPS3640 8-296 HS5 .2W A 125 12 12 0 30 120 10M .2 10M 50 OM T 
2N3641 S N MPS6530 8-310 HPA .35W A 125 60 30 0 40 120 .15A .22 .15A 250M T 
2N3642 S N MPS6530 8-310 HPA .35W A 125 60 45 0 40 120 .15A .22 .15A 250M T 
2N3643 S ~ MPS6531 8-310 HPA .35W A 125 60 30 0 100 300 .15A .22 .15A 250M T 
2N3644 5 H5S .3W A 125 45 45 0 115 300 50M .25 50M 200M T 
2N3645 S ~ iMPS3646 

H55 .3W A 125 60 60 0 115 300 50M .25 50M 200M T 
2N3646 S 8-298 HSS .2W A 125 40 15 0 30 120 30M .2 30M 350M T 
2N3647 S N 0-1/L HSS .4W 

: I ~~~ ~g :~ 0 ~g ~~~ 
• lOA 

:~~ 
luM 2 E,"'UM T 

2N3648 5 N 8-172 H55 .4W .15A 10M 20 E 450M T 
2N3649 
thru T y is tors , s e Table on P ge 1-1 1 
2N3658 
2N3659 S N VID 4W C 200 220 170 0 20 10M 20 E 50M T 
2N3660 5 P HPA 5W C 200 40 30 0 25 100 .5A 1.2 • SA 25M T 
2N3661 5 P HPA 5W C 200 60 50 0 25 100 .5A 1.2 .5A 25M T 
2N3662 S N RFC .2W A 125 18 12 0 20 8M 700M T 
2N3663 5 N RFC .2W A 125 30 12 0 20 8M 700M T 

~~~~~~ I ~ I~ -" ~~~ 5; I~ I ~~~ 1~~ .~~ 0 4~ 1~~ .~~~ 
.ro .L'A , "UUM 
.5 .15A 60M T 

2N3666 5 N MN5 5W C 200 120 80 0 100 300 .15A .5 .15A 60M T 
2N3667 5 N PHS 117W C 200 50 50 0 15 60 8A 1.5 8A .5M T 
2N3668 
thru I TfYI istors, s e Tabl,e on P ge 1-1 1 
2N3670 
2N3671 S P H55 .6W A 200 60 50 0 75 225 .15A .4 .15A 200M T 
2N3672 5 P H55 .4W A 200 60 50 0 75 225 .15A .4 .15A 200M T 
2N3673 5 P H55 .35W A 200 60 50 0 75 225 .15A .4 .15A 200M T 
2N3675 S N PH5 

~:: C 2uu vu ~~ IZ OU 
" 

.tl 
" 

1M 
2N3676 5 N PMS C 200 90 90 0 12 60 lA .8 lA 1M T 
2N3677 S P CHP .4W A 200 30 20 0 5M T 
2N3678 5 N H55 .8W A 200 75 55 0 40 120 .15A .4 .15A 250M T 
2N3679 U ij nction_ T ansisto • se Table 

PAn ~O~' 1-1 7 
2N3680 5 N DFA .3W 60 50 0 150 600 10- .7 10M 300 E 60M T 
2N3681 S N RFA .2W A 200 10 7 0 20 220 2M .37 4H 20 E IG T 
2N3682 5 N RFA .36W A 200 40 15 0 40 120 10M 45 E 600M T 
2N3683 S N RFA .2W A 200 30 12 0 20 150 8M 30 E lG T 
2N3684 
tnru t': e ",nee< ranSl.S1:C rs, ee l.aOJ e In n g" L- a 
2N3687 
2N3688 5 N RFC .2W A 125 40 40 0 30 4M 400M T 
2N3689 S N RFC .2W A 125 40 40 0 30 4M 400M T 
2N3690 5 N RFC .2W A 125 40 40 0 30 4M 400M T 
2N3691 5 N ~S6512 8-302 AFC .2W A 125 35 20 0 40 160 10M .7 10M 40 E 200M T 
2N3692 5 N ~PS6513 8-302 AFC .2W A 125 35 20 0 100 400 10M .7 10M 100 E 200M T 
2N3693 5 N RFC .2W A 125 45 45 0 40 160 10M 200M T 
2N3694 S N RFC .2W A 125 45 45 0 100 400 10M 200M T 
2N3695 
curu 
2N3698 

it: e ",neeo: ranSLS1:C s, I"e wu, In ~e L' ~a 

2N3700 5 N RFA .5W A 200 140 80 0 100 300 .15A .2 .15A 80 E 100M T 
2N3701 5 N RFA .5W A 200 140 80 0 40 120 .15A .2 .15A 30 E 80M T 
2N3702 5 P AFC .3W A 150 40 25 0 60 300 50M .25 50M 100M T 
2N3703 5 P AFC .3W A 150 50 30 0 30 150 50M .25 50M 100M T 
2N3704 S N AFC .36W A 150 50 30 0 100 300 50M .6 .IA 100M T 
2N3705 5 N AFC .36W A 150 50 30 0 50 150 50M .8 .IA 100M T 
2N3706 5 N AFC .36W A 150 40 20 0 30 600 50M' 1 .1 A 100M T 
2N3707 5 N AFC .25W A 150 30 30 0 100 400 .1 M 1 10M 100 E 

1-152 



--Numericallndex--
2N3708-2N3791 

.r.lAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 
g~ 

REPLACE- PAGE t1 VeE-It hf_ :1 '- 1% TYPE ~§ USE Po TJ 'ceo -FE @ Ie VCE(SAT)@lc ~ 
i5! MENT NUMBER I~ ~ .:11:;: 

@25"C I'; "C ( .. Itsl (VDltS)la (mini (m,x) ( .. Itsl S log ;§Ia I'" Iw 
2N3708 5 N AFC .25W A 150 30 30 0 ~5 660 1M I 10M ~~ E 
2N3709 5 N AFC .25W A 150 30 30 0 45 165 1M I 10M 45 E 
2N3710 5 N AFC .25W A 150 30 30 0 90 330 1M I 10M 90 E 
2N3711 5 N AFC _25W A 150 30 30 0 180 660 1M I 10M 180 E 
2N3712 5 N RFC .8W A 200 150 150 0 30 150 30M 2 50M 25 E ~OM T 
2N3713 5 N 6-117 HPA 1SCM C 200 80 60 0 25 75 IA I SA 25 E 30K E 
2N371~ 5 N 6-117 HPA 15CM C 200 100 80 0 25 75 IA I SA 25 E 30K E 
2N3715 S N 6-117 HPA 15CM C 200 80 60 0 50 150 IA _8 5A 25 ~ 30K E 
2N~716 S N 6-117 HPA 15CM C 200 100 80 0 50 150 IA .8 5A 25 E 30K E 
2N3717 5 N HPA 7.5H C 200 60 60 5 2 100 .5A I .5A 250M T 
2N3718 S N HPA lOW C 2uO 6u 6u 5 

2~ :~~ 
.~A • ~A ~~~~ T 2N3719 5 P 6-121 PHS 6W C 200 40 40 0 IA 1.5 _3A 

2N3720 S P 6-121 PHS 6W C 200 60 60 0 25 180 IA 1.5 3A 60M T 
2N3721 5 N AFC _2H A 125 18 18 0 60 E 
2N3722 5 N M55 _BW A 200 80 60 0 40 ISO .IA .22 .IA 300M T 
2N3723 5 N H5S .8W A 200 100 80 0 40 150 .IA .25 10M 300M T 
2N3724 5 N H5S .8W A 200 50 30 0 60 150 .IA .2 .IA 300M T 
2N3725 5 N HSS _8W A 200 80 50 0 60 150 .1A .26 .IA 300M T 
2N3726 S P OFA _~W A 200 45 45 0 135 350 1M .25 50M 135 E 200M T 
2N3727 5 P OFA _4W A 200 45 45 0 135 350 1M _25 50M 13S E 200M T 
2N3728 S N OFA .45W A 200 60 30 0 80 280 .15A .22 .15A ~g E ~~~: T 
2N3729 S N OFA .45W A 200 60 30 0 80 280 .15A .22 .15A T 
2N3733 S N 9-77 HPA 23W C 200 65 40 0 10 150 .25A I IA 250M T 
2N3734 5 N 8-189 HSS IW A 200 50 30 a 30 120 IA .2 10M 300M T 
2N3735 S N 8-189 HSS IW A 200 75 50 0 20 ao IA .2 10M 250~ T 
2N3736 S N 8-189 HSS _5W A 200 50 30 0 30 120 IA .2 10M 300M T 
2N3737 5 N 8-189 HSS .5w A 200 75 50 0 20 80 IA _2 10M 250M T 
2N373B S N 6-125 LPA 20W C 175 250 225 0 40 200 .IA 2.5 _25A 35 E 15M T 
2N3739 5 N 6-125 LPA 20W C 175 325 300 0 40 200 .IA 2.5 .25A 35 E 15M T 
2N3740 5 P 6-129 LPA 25W C 200 60 60 0 ~O 100 .25A .6 IA 25 E 4M T 

I~~~~~~ ~ N 
6-129 I~~~ 

<oW 
A ~~~ 3~~ 3~~ a ~~ ~~~ .~~~ .~ ~~ 3~~ 8-195 IW 10M E T 

2N3743 5 P 8-203 VIO IW A 200 300 300 0 25 250 30M 5 10M 30 E 30M T 
2N3744 5 N HPA 3CM C 200 60 40 0 20 60 IA _25 IA 20 E 30M T 
2N3745 S N HPA 30W C 200 80 60 0 20 60 IA .25 IA 20 E 30M T 
2N3746 S N HPA 30W C 200 100 80 a 20 60 IA .25 IA 20 E 30M T 
2N3741 S N HPA 3CM C 200 60 40 0 40 120 IA .25 IA 40 E 40M T 
2N3748 5 N HPA 3CM C 200 80 60 a 40 120 IA _25 IA 40 E ~OM T 
2N3749 S N HPA 3CM C 200 100 80 0 40 120 IA .25 IA 40 E: 40M T 
2N3750 5 N HPA 3CM C 200 60 40 a 100 300 IA .25 IA 100 E 50M T 

I ~~~;~2 I' nr lOW cl~~~ I~~ ~~ 0 ;~~ ! ~~~ ;: :~~ :: :~~ ~~~ 5 N HPA E T 
2N37S3 
thru T y istors, e Table on P ge 1-1 1 
2N3761 
2N3762 S p 8-203 HSS IW A ioo 40 qO 0 ~O 120 IA .1 10M 180M T 
2N376~ S P 8-203 HSS IW A 200 60 60 0 20 eo IA .1 10M 150M T 
2Nn64 S P 8-203 HS5 .5w A 200 40 40 0 30 120 IA .1 10M 180M T 
2N3765 S P 8-203 HSS _5W A 200 60 60 0 20 80 IA .1 10M 150M T 
2N3766 S N 6-134 LPA' 20W C 175 80 60 0 40 160 _SA 2.5 IA 40 E 15M T 

2~~;~O I~I~ 
O-LOq 

~~A ~~~ '~~ ~~ 0 ~~ ~~~ 
.~A ~. IA 

~~ I~~~ A 100 1M E T 
2N3171 S N LPA 150H C 200 50 40 0 15 60 15A 2 15A 40 E .2M T 
2N3172 5 N 2N3715 6-117 LPA 150W C 200 100 60 0 15 60 lOA 1.4 lOA 40 E .2M T 
2N3773 S N LPA I~OW C 200 160 140 0 15 60 8A 1_4 8A 40 E .2M T 
2N~17q S P PHS 5w C 200 40 40 0 20 to .2A .2 .2A 1M T 
2N3775 S p PHS 5W C 200 60 60 0 20 60 _2A .2 .2A 1M T 
2N~176 S P PHS 5W C 200 80 80 0 20 60 _2A .2 .2A 1M T 
2N3777 S p PHS 5W C 200 100 100 0 20 60 .2A .2 .2A 1M T 
2N3778 S P PMS ~W C 200 40. 40 0 10 40 _2A _2 .21'.' 1M T 

~~~780 I~I" PMS 5W C 200 60 60 0 10 40 .2A .2 .2A 1M T 
5 P PHS 5W C 200 80 eo 0 10 40 _2A .2 .2A 1M T 

2N3781 5 P PHS 5W C 200 lOa 100 0 10 40 .2A .2 .2A 1M T 
2N3782 S P PMS 5W C 200 40 40 0 10 60 IA .75 IA 1M T 
2N378~ G P 9-79 RFA _15W A 100 30 20 0 20 200 3M _25 5M 20 E .8G T 
2N3184 G P 9-79 RFA _15W A 100 30 20 0 20 200 3M _25 5H 20 E .7G T 
2N3785 G P 9-79 RFA .15W A 100 15 12 0 IS 200 3M .35 5M IS E .7G T 
2N3189 S P 6-139 LPA lSOl/ C 200 60 60 0 25 90 IA I 5A 25 E 30K E 
2N3790 S P 6-139 LPA lSOl/ C 200 80 80 0 25 90 IA 1 SA 25 E 30K E 
2N3791 5 P 6-139 LPA 1 SOl/ C 200 60 60 0 50 180 IA I 5A 25 E 30K E 

1-153 



--Numerical'ndex--
2N3792 - 2N3868 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

TYPE 

2N3792 
2N3793 
2N3794 
2N3795 
ZN3796 
2N3797 
2N3798 
2N3799 
2N3800 
2N3801 
2N3802 
2N3803 
2N3804 
2N3805 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3811 
2N3818 
2N3819 
thru 
2N3824 
2N3825 
2N3826· 
2N3827 
2N3828 
2N3829 
2N3830 
2N3831 
2N3832 
2N3836 
2N3837 
2N3838 
2N3840 
2N3841 
2N3842 
2N3843 
2N3843A 
2N3844 
2N3844A 
2N3845 
2N3845A 
2N3846 
2N3847 
2N3E48 
2N3849 
2N3850 
2N3851 
2N3852 
2N3853 
2N3854 
2N3854A 
2N3855 
2N3855A 
2N3856 
2N3856A 
2N3857 
2N3858 
2N3859 
2N3860 
2N3861 
2N3862 
2N3863 
2N3864 
2N3865 
2N3866 
2N3867 
2N3868 

S P 
S N 
S N 
S P 

F el 

S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
5 P 
S P 
S P 
S P 
S N 

REPLACE· 
MENT 

Rffect 

F· el Effect 

5 N 
S N 
S N 
S N 
S P 
S N 
S N 
S N 
S N 
S N 
S 
S P 
S P 
S P 
S N 
S N 
S N PS6512 
S N f!PS651Z 
S N f!PS651Z 
S N f!PS65l3 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N 
S N PS651Z 
S N f!PS651Z 
S N f!PS651Z 
S N f!PS651Z 
S N ~S65l3 
S N f!PS6513 
5 P 
S N MPS651Z 
S N ~S65l3 
S N f!PS6514 
S N 
S N 
S N 
S N 
S N 
S N 
5 P 
S P 

PAGE 
NUMBER 

6-l39 

USE 

lPA 
AFA 
AFA 
PMS 

ransistc s, 

8-ZQ8 AF.A 
8-208 AFA 
llQ11 AFA 
ll-ll AFA 
11-11 OFA 
11-11 OFA 
11-11 OFA 
ll-ll OFA 
11-11 AFA 
11-11 AFA 
11-11 OFA 
11-11 OFA 
11-11 OFA 
11-11 OFA 

1- T 
Po t~ J 

@25·C I':;; ·c ,= 
150W C 200 

.25W A 125 

.25W A 125 
SW C 200 

'CBO YCE-I~ ~ @ Ie YCE(SAT)@lc 
It: - -

(volts) (YOlts)l~ (min) (max) ~ (wits) ~ 
80 80 0 50 180 1 A 1 SA 
40 20 0 20 120 10M .4 10M 
40 20 0 100 600 10M .4 10M 

120 120 0 12 36 10M .2 10M 

ee Tab e Ii Pel 171 

.36W 
.36W 
.25W 
.25W 
.25W 
.25W 
.25W 
"25W 

.5W 

.5W 

.5W 

.5W 

.5W 
.5W 
251/ 

A 200 
A 200 
A 200 
A 200 
A 2uO 
A 200 
A 200 
A 200 
A 200 
A 200 
A 2eO 
A 200 
A 200 
A 200 
C Ill' 

60 6Q 0 150 450 .5M 
60 60 a 300 OCO .5M 
60 60 a ISO 450 .1M 
60 60 0 300 900 .1M 

~.~ ~~ a l~~ ~~~ ::~ 
60 60 a 150 450 .1M 
60 60· a 300 900 .1M 
60 60 a 150 450 .1M 
60 60 0 300 900 .1M 
60 60 a 150450 .1M 
60 60 0 300 900 .IM 
60 60 a 150 450 .1M 
60 60 0 300 900 .JM 
bU bU S , 50 40UM 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 
• 2 
• 2 
.2 
.2 
.2 
.5 

.1M 

.1M 

.1M 
M 

.1M 

.1M 

.1M 

.1M 

.1M . 

.1M . 

.1M 

.1M 

.1M 
lA 

ransisto s, ee Tabl n Pa e 1- 71 

RFC .2SW AlSO 
RFC .2W A 150 
RFC .2W A 150 

30 15 0 20 
60 45 a 40 160 
60 45 0 100 400 

2M 
10M 
10M 
12M 
30M 

.25 2M 

.8-300 
8.-300 
8-300 
8-300 

8-300 
8-300 
8-300 
8-300 
8-300 
8-300 

8-300 
8-300 
8-300 

9-86 

RFC 
HSS 
HSS 
HSS 
HSS 
PHS 
PHS 
HSA 
CHP 
CHP 
CHP 
RFC 
RFC 
RFC 
RFC 
RFC 
RFC 
LPA 
lPA 
LPA 
lPA 
PHS 
PHS 
PHS 
PHS 
RFC 
RFC 
RFC 
RFC 
RFC 
RF~ 
AFA 
RFC 
RFC 
RFC 
lPA 
HSS 
PMS 
PHS 
PMS 
HPA 
HSS 
HSS 

.3W A 150 40 40 0 
.36W A 200 35 20 a 

lW A 200 80 50 0 

.~~ : ~~~ ;~ 4~ 0 
lW A 200 80 60 a 
lW A 200 100 80 0 

.25W A 200 60 40 0 
.4W A 200 50 50 a 
.3W A 200 lOa 100 0 
.3W A 200 120 120 0 
.2W A 125 30 30 0 
.2W A 125 30 30 a 

:;~ : ;~~ ~~ ~~O 
.2W A 125 30 40 0 
.2W.A 125 30 30 a 

4W A 175 300 200 0 
4W A 175 4CO 300 a 
4W A 175 300 300 0 
4W A 175 400 300 a 

30W C 200 100 80 0 
30W C 200 100 80 0 
30W C 200 60 40 0 
30W C 200 60 40 0 
.2W A 150 18 1'8 0 
.2W AlSO 30 30 0 
.2W A 150 18 18 0 
.2W A 150 30 30 a 
.2W A 150 18 lil a 
.2W A 150 30 30 0 

:~~ : ~~~ ~6 ~~ a 
.2W A 125 30 30 0 
.2W A 125 30 30 0 

2W A 175 530 530· V 
.36W A 200 50 20 0 
11711 C 200 70 50 0 
11711 C 200 110 90 0 
11711 C 200 160 150 a 

5W C 200 55 30 0 
1W A 200 40 40 a 
lW A 200 60 60 0 

1·154 

30 200 
30 120 
30 

~~ 125 
2K 20K 
2K 20K 

100 300 
30 
15 
10 

,20 40 
20· 40 

~~ ;~ 
60 120 
60 120 
10 60 
10 60 
10 60 
10 60 
50 150 
30 90 
50 150 
30 90 
35 70 
35 '70 
60 120 
60 .120 

lOa 200 
100 200 

~~ ~~~ 
100 200 
150 300 

30 200 
50 150 
30 90 
30 90 
30 90 
10 200 
40 200 
30 150 

.15A 

• I~~ 
2A· 
2A 

.15A 
,2M 
.2M 

1M 
2M 
2M 

~~ 
2M 
2M 

lOA 
IDA 
15A 
15A 

lA 
1A 
lA 
1A 
2M 
2M 
2M 
2M 
2M 
2M 
1M 
2M 
2M 
2M 

25M 
10M 

3A 
3A 
3A 

SaM 
1.5A 
1.SA 

.18 10M 
.3 .15A 
.~ • 1 >A 
.4 10M 

1.8 SA 
1.8 SA 
.4.15A 
.1 5M 

.• 12 5M 
5M 

.75 lOA 

.75 lOA 
liSA 
liSA 

.2~ lA 

.25 1A 
;25 lA 
.25 lA 

.1 10M 

1.5 25M 
.25 10M 

1 3A 
I 3A 
1 3A 
1 .1 A 

:~~ ::~: 

25 E 30K 
100M T 
100M T 

.5M T 

150 
300 
150 
300 

l~~ 
150 
300 
150 
300 
150 
300 
ISO 
300 

E 30M T 
E 30M T 
E 100M T 
E 100M T 
E 1 UuM T 
E 100M T 
E 100M T 
E 100M T 
E 100M T 
E lOOM T 
E 100M T 
E 100M T 
E 100M T 
E 100M T 
E 

200M T 
200M T 
200M T 
360M T 
350M T 
200M T 

~~~~ T 

60 E 

40M T 
40M T 

200M T 
6M T 

1.5M T 
1M T 

60M T 
60M T 

50 E 
50 E 
50 E 
50 E 

45 E· 

20 E 

;~~ T 
126M T 
126M T 

10M T 
10M T 
10M T 
10M T 
20M T 
20M T 
"OM 
20M T 

100M T 
100M T 
130M T 
130M T 
l"OH T 
140M T 

96~T 
90M T 
90M T 
50M T 

600M T 
.5M T 
.SM T 
.5M T 

250M T 

~g~ T 



---Numericallndex--

2N3869- 2N3960 
.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ !: REPLACE- PAGE t~ TJ VCBO VeE-II @ Ie VCE(SAT)@le hf_ :1 1-
TYPE 

~ USE PD hFE t_ I'~ 

i MENT NU.MBER 10. '" ~ ~I~ @25'C I~ 'C (volts) (VOlts)t~ (min) (max) ;§ (volts) 
,~ 

1= Itl "I~ 
<N~OO' Hr. <.~I 1 ~ ~U LU LU IOU ~UH . .~'A .4G T 
2N3870 
thru Ty lstora ~ s e Table on P !ge 1-11 1 
2N3im 
2N3876 S N LPA 150\1 C 175 140 50 0 25 150 lOA I lOA 80 E 50M T 
2N3877 S N AFC .2W A 150 70 70 0 20 250 2M 
2N3877A S N AFC .2W A 150 85 85 0 20 250 2M 
2N3878 S N HPA lsW C 200 120 50 0 40 200 .sA 2 4A 40 E 40M T 
2N3879 S N PHS 3511 C 200 120 75 0 12 100 4A 1.2 4A 40M T 
2N3880 S N RFA .2W A 200 30 15 0 30 200 3H 50 E 1.2G T 

;~~~~I IS N "A .OW I';, <~~E e l~ 710: .J • 'J" ou , UI 

F e Effect ransist , s e Tab! 
2N3883 G P 8-212 HSS .3W A 100 25 15 0 30 .2A .5 .2A 100M T 
2N3884 
thru T 'Y' latora J S e Table on P ge 1-1 1 
2N3899 
2N3900 S N MPS6515 8-300 AFC .2W A 125 18 18 0 250 500 2H 170 E 
2N3900A S ". MPS6520 8-300 AFC .2W A 125 18 18 0 250 500 2M 170 E 
2N3901 S N MPS6521 8-300 AFC .2W A 125 18 18 0 350 700 2M 350 E 
2N3902 S N PMS 101lW C 150 400 .. 00 0 20 100 IA 2.5 2.5A 40K E 
N~Yu~ I~ N 0-"" ~~~ 

dlW 
I: ;~~ ~~ :~ 0 I~~ ~~~ ;~~ 

.L 
;~~ I~~ E 30~~ 2N3904 8-216 .31w .2 T 

2N3905 S P 8-221 HSS .31W A 135 40 40 0 50 150 10M .25 10M 50 E 200M T 
2N3906 S P 8-2!l HSS .31w A 135 40 40 0 100 300 10M .25 10M 100 E 250M T 
2N3907 S N 2N2915 11-7 DFA .3W A 200 60 45 0 60 300 10- .35 1M 60M T 
2N3908 S N 2N2~~6 11-7 DFA .3W A 200 60 60 0 100 500 10- .35 1M 60M T 
2N3909 F e d Effect ransist r, S e Tabl 0 Pa e I- II 
2N3910 S P CHP .5W A 200 60 50 0 40 160 1M .3 10M "M T 
2N3911 S P CHP .5W A 200 60 40 0 60 240 1M .3 10M 8M T 
2N3912 S P CHP .5W A 200 60 30 0 90 1M .3 10M 10M T 

~~~9;~ I~ P :~~ I~I~~~ ~~ ~~ ~~ ~~~ ;~ 
.J 

;~~ ;~ CHP 0 .3 T 
2N391S S P CHP .4W A 200 60 30 0 90 1M .3 10M 10M T 
2N3916 S N LPA 5W C 150 150 150 0 40 200 .15A 5 .15A 30 E 50M T 
2N3917 S N LPA 20W C 150 80 40 0 30 120 IA 1.2 IA 15 E 50M T 
2N3918 S N LPA 20W C ISO 80 40 0 100 300 lA 1.2 IA 30 E 50M T 
2N3919 S N PMS 15W C 150 120 60 0 40 120 2A 1.2 lOA 80M T 
2N3920 S N PMS 15W C ISO 120 60 0 100 300 2A 1.2 lOA 80M T 
2N3921 

ee Tab e n P ge 1 171 2N3922 F e d Effect ransist rs, 

2N3923 S N VID .8W A 200 bO bu 0 3u I.U 2,M 2,M 2 E 4UI 

2N3924 S N 9-91 HPA 7W C 200 36 18 0 250M T 
2N3925 S N 9-91 HPA lOW C 200 36 IS 0 250M T 
2N3926 S N 9·91 HPA 11.6W C 200 36 18 0 250M T 
2N3927 S N 9-91 HPI. 23.2W C 200 36 18 0 200~ T 
2N3928 S N PHS 7.5W C 175 80 40 0 20 300 1.5A 5 1.5A 200M T 
2N3929 S N PHS 311W C 175 80 40 0 20 300 1.5A 5 I. SA 200M T 
2N3930 S P AFA .4W A 200 180 180 0 80 300 10M .25 10M 100 E 40M T 
2N3931 S P AFA .7W A 200 180 180 0 80 300 10M .25 10M 100 E 40M T 
2N3932 S N RFA .2W A 200 30 20 0 40 150 2M 50 E 750M T 
2N3933 S N RFA .2W A 200 40 30 0 60 200 2M 60 E 750M T 
2N3934 Fe d Effect ransist rs, ee Tab e n P ge 1 171 
2N3935 
2N3936 
thru T y istors, s 
2N3940 

~e Table on P ge 1-1 1 

2N3941 S N DFA .75W C 200 60 45 0 400 10- 300 E 200M T 
2N3942 S N DFA .75W C 200 60 45 0 400 10- 300 E 200M T 
2N3943 S N DFA .5W C 200 60 45 0 400 10- 300 E 200M T 
2N3944 S N DFA .5W C 200 60· 45 0 400 10- 300 200M T 
2N3945 S N MNS 5W C 200 70 50 0 40 250 .15A .5 .15A 60M T 
2N3946 S N 8·226 HSA 360M A 200 60 40 0 50 150 10M .3 50M 50 E 250M 1 
2N3947 S N 8-226 HSA 360M A 200 60 40 0 100 300 10M .3 saM 100 E 300M 
2N3953 S N RFA .2W A 200 15 12 0 30 360 2M 40 E 1.3G T 
2N3954 
thru F e d Effect ransist rs, ee Tab e n P ge 1 171 
2N3958 
2N3959 S N 8-232 IlNS 400M A 200 20 12 0 40 200 10M .3 30!: 13 E 1.3 C T 
2N3960 S N 8-232 IlNS 400M A 200 20 12 40 200 10 M .3 30M 16 ~E 1.6 C T 
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--Numericallndex--
2N3961 - 2N4062 

.MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ ~ REPLACE- PAGE :.~ TJ Veeo VeE-II VCE{SAT)@lc bf_ :t I·~ TYPE S USE Po h" @ Ie '-i MENT NUMBER I~ '" ~ ~I~ If: @25"C 1':0 "C (volts) (YOltSlll (min) (max) ;§ (volts) I~ ,= I';; =I~ 

2N3961 S N 9-69 HPA lOW C 200 65 40 a 400M T 
2N3962 S P AFA .36W A 200 60 60 0 100 300 10* .25 10M 100 E 40M T 
2N.l963 S P AF A .36W A 200 80 80 0 100 300 10* .25 10M 100 E 40M T 
2N3964 S P AFA .36W A 200 45 45 0 250 500 10* .25 10M 250 E SaM T 
2N3965 S P AFA .36W A 200 60 60 0 250 500 10* .25 10M 250 E SaM T 2N3966 
thru F 01 Effect ransist s, ee Tab e n P ge 1 171 
2N3972 
2N3975 S N MSC • .l6W A 150 60 30 0 35 100 10M .3 .15A 200M T 
2N3974 S N MSC .36W A 150 60 30 a 55 200 10M .3 .15A 200M T 

~~~9;~ 
S N MSC .36W A :~g 60 30 a 35 100 1011 .3 .15A 200M T 
S N MSC • .l6W A 60 30 0 55 200 10M .3 .15A 200M T 

2N3977 S P CHP .4W A 200 15 10 0 40 5M .1 511 1M T 
2N397e S P CHP .4W A 200 25 20 a 30 5M .15 5M 1M T 
2N3979 S P CHP .4W A 200 40 35 0 20 511 .15 5M 1M T 
2N3980 U ij nction T ansisto! , se Table on Pag 1-1 7 
,N3Y81 S N HSS .8W A 200 60 30 0 30 120 .15A .4 .15A 250M T 
2N.l982 S N HSS .8W A 200 50 20 0 40 140 .15A .4 .15A 250M T 
2N3ge3 S N RFC .2W A 150 30 12 0 30 4M 500M T 
2N3984 S N RFC .2W A 150 30 12 0 20 4M 400M T 
2N3985 S N RFC .2W A 150 30 12 0 20 4M 300M T 
2N3986 
thru T .yt stars, s e Table n P ge 1-1 1 
2N3992 
2N3993 F e1 2N3994 Effect ransisto s, ee Tab Ie n P ~e 1 171 

N3995 G P N2929 9-28 RFA .3W A 100 20 12 a 40 200 2M 150 E .6G T 
N3996 S N PHS 2W A 200 100 80 0 40 120 1A .25 1A 40M T 

2N3997 S N PHS 2W A 200 100 80 0 80 240 1A .25 1A 40M T 
2N29'1B Is N PHS 2W A 200 100 80 a 40 120 1A .25 1A 40M T 

N3999 S N PHS 2W A 200 100 80 0 80 240 1A .25 1A 40M T 
2N4000 S N PHS 1W A 200 100 80 a 30 120 .5A .3 .5A 40M T 
2N4001 S N PHS 1W A 200 120 100 a 40 120 .5A .3 .5A 40M T 
2N4012 S N 9-95 LPA 11.61/ C 200 65 40 0 4 40 1A 1 .25A 400M T 
2N4015 S P OFA .4W A 200 60 60 0 135 350 111 .25 50M 135 E 200M T 
2N4016 S P OFA _4W A 200 60 60 0 135 350 1M .25 50M 135 E 200M T 
2N4020 S P OFA .4W A 200 45 45 0 250 500 10' .2S 10M 250 E 50M T 
2N4021 S P OFA .4W A 200 60 60 0 100 350 10. .25 10M 100 E 40M T 
2N402, S p OFA .4W A 200 60 60 0 250 500 10* .25 10M 250 E 50M T 
2N4023 S P OFA .4W A 200 45 45 0 250 500 10. .25 10M 250 E 50M T 
2N4024 S P OFA .4W A 200 60 60 0 100 350 10* .25 10M 100 E 40M T 
2N4025 S P OFA .4W A 200 60 60 0 250 500 10* .25 10M 250 E 50M T 
2N4026 S P AFA .5W A 200 60 60 0 40 120 .1 A 1 1A 100M T 
2N4027 S P AFA .5W A 200 80 80 0 40 120 .IA .5 .5A 100M T 
2N402B S P AFA .5W A 200 60 60 0 100 300 .1A 1 1A 150M T 
2N4029 S P AFA .5W A 200 80 80 0 100 300 .1 A .5 .SA 150M T 
2N4030 S P AFA .81/ A 200 60 60 0 40 120 .1A 1 1A 100M T 

N4031 S P AFA _8W A 200 80 80 0 40 i20 .1A .5 .5A 100M T 
2N4032 S P AFA .BW A 200 60 60 0 100 300 .1A 1 1A 150M T 

N4033 S P AFA .BW A 200 80 80 0 100 300 .IA .5 .5A 150M T 
2N4034 S P HSS .36W A 200 40 40 a 7u ,uO 

;~~ 
• ,.> 

;~ 1~~ ~ I~~~~ 2N4035 S P HSS .36W A 200 40 40 0 150 300 .13 T 
2N4040 S N HPA 17.5W C 200 60 40 0 10 80 .1A 2 1A 400M T 
2N4041 S N HPA lOW C 200 60 40 0 10 80 75M 2 .SA 400M T 
2N4042 S N OFA .3W C 200 60 60 0 200 600 10. 035 1M 200M T 
2N4043 S N OFA .3W C 200 45 45 0 80 800 10- .35 1M 150M T 
2N4044 S N OFA .4W C 200 60 60 a 200 600 10* .35 1M 200M T 
2N4045 S N OFA _4W C 200 ~5 45 0 80 800 10* .35 1M 150M T 
2N4048 (;1' 6-144 LPA 17OW"C 110 45 -30 0 60 liD 15 A 50 60 A 2K E 

2N4049 G P 6-144 LPA 17011 C 110 60 45 0 60 120 15 A _30 60 A 2 K E 

2N4050 G P 6-144 LPA 17011 C 110 75 60 0 60 120 15 A .30 60 A 2 K E 
2N4051 G P 6-144 LPA 170W C 110 45 30 0 60 180 15 A .30 60 A 2 K E 

2N4052 G P 6-144 LPA 17011 C 110 60 45 0 60 180 15 A .30 60 A 2K E 
2N4053 G P 6-144 LPA 17011 C 110 75 60 0 60 180 15 A .30 60 A 2K E 

2N405e S P AFC .25W A 150 30 30 0 100 400 .1M .7 10M 100 E 
2N4059 S P AFC .25W A 150 3D 30 0 45 660 1M .7 10M 45 E 
2N4060 S P AFC .25W A 150 3D 30 0 45 165 1M .7 10M 45 E 
2N4061 S P AFt .2SW A 150 3D 30 0 90 330 1M .7 10M 90 E 
2N4062 S P AFC .25W A 150 30 30 0 180 660 1M .7 10M 180 E 
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2N4072-3N126 

TYPE 

2N4072 
2N4073 
2N4082 
thru 
2N4085 
2N4091 
thru 
2N4093 
2N4101 
thru 
2N4103 
2N4117 
thru 
2N4119 
2N4123 
2N4124 
2N4125 
2N4126 
2N4144 
thru 
2N4149 
2N4151 
thru 
2N4204 
2N4220 
thru 
2N4224 
2N4234 
2.14235 
2N4236 
2N4237 
2N4238 
2N4239 
2N4260 
2N4261 
2N4264 
2N4265 
2N4276 
2N4277 
2N4278 
2N4279 
2N4280 
2N4281 
2N4282 
2N4283 
2N4351 
2N4352 
3N39 
thru 
3N44 
3N45 
3N46 
3N47 
3N48 
3N49 
3N50 
3N51 
3N52 

1;~58 
3N60 
3N80 

S N 
S N 

REPLACE
MENT 

PAGE 
NUMBER 

9-97 
9-97 

USE 

HPA 
HPA 

Po 
@25°C 

L5W 
L5w 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

~ TJ Yeao VeE-If 
I~ 

c: °C (volts) (volts)IVI 

hFE @ Ie .!1 VCE{SAT)@l c .!l 

(min) (max) ~ (volts) ~ 
C 200 40 20 a 10 - 25 A 
c 200 40 20 0 10 - 25 A 

Fed Effect ransist rs, ec Tab c n P<ge 1- 71 

Fed Effect ransist rs, ec Tab e n P gc 1 171 

T istors, s e Table on P e 1-1 1 

Fed Effect ransist rs, ee Tab e n P~ge 1 171 

S N 
S N 
S N 
S N 

8-236 
8-236 
8-240 
8-240 

HSA 310M A 135 
HSA 310M A 135 
lISA 310M A 135 
HSA 310M A 135 

T is tors s e Table n P e 1-1 1 

T Y istors, s e Table n P ge 1-1 1 

40 30 0 50 150 
30 25 0 120 360 
30 30 0 50 150 
25 25 a 360 120 

2mA 0.3 50 rnA 50 
2rnA 0_3 50 rnA 120 
2rnA 0.3 50 rnA 2.0 
2rnA 0.3 50 rnA 2.5 

Fed Effect ransist rs, ee Tab e n P ge 1 71 

S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
S P 
G P 

G P 
G P 
G P 
G P 
G P 
G P 
G P 

6-146 
6-146 
6-146 
6-148 
6-148 
6-148 
8-244 
8-244 
8-248 
8-248 
6-150 
6-150 
6-150 
6-150 
6-150 
6-150 
6-150 
6-150 

LPA 6W C 200 
LPA 6W C 200 
LPA 6W C 200 
LPA 5W C 175 
LPA 5W C 175 
LPA 5W C 175 
HNS 200M AI 200 
HNS 200M A 200 
H88 310M A 135 
H88 310M A 135 
LPA 170W C 110 
LPA 170W C' 110 
LPA 170W C 110 
LPA 170W c 110 
LPA 170W C 110 
LPA 170W C 110 
LPA 170W C 110 
LPA 170W C 110 

40 40 0 30 
60 60 0 30 
80 80 0 30 
50 40 0 40 
80 60 0 40 

100 60 0 40 
15 15 0 30 

5 15 0 30 
30 15 0 40 
30 12 0 100 
30 20 0 60 
30 20 0 80 
45 30 0 60 
45 30 0 80 
60 45 0 60 
60 45 0 80 
75 60 0 60 
75 60 0 80 

150 250rnA 
150 250rnA 
150 250rnA 
160 500rnA 
160 500rnA 
160 500rnA 
150 lOrnA 
150 15 A 
160 15 A 
400 15 A 
120 15 A 
180 15 A 
120 15 A 
180 15 A 
120 15 A 
180 15 A 
120 15 A 
180 15 A 

0.6 LO A 25 
0.6 LO A 25 
0.6 1.0 A 25 
2.5 1.0 A 40 
2.5 1.0 A 40 
2.5 1.0 A 40 
15 10 rnA 16 
15 10 rnA 20 
0.22 10 rnA 
0.22 10 rnA 
0.30 50 A 
0.30 50 A 
0.30 50 A 
0.30 50 A 
0.3050 A 
0.30 50 A 
0.30 50 A 
0.30 50 A 

F e1 Effect ransisto s, ee Tab! n P ~e 1- 71 

R f 

G P 
G P 
G P 
G P 
G P 
G P 
G P 
G P 

ence Amp ifiers. ~ee able a 

PMS 75W 
PMS 75W 
PMS 75W 
PHS 75W 
PMS 94w 
PMS 94w 
PMS 94W 
PMS 94W 

, ~, 

Pge1175 

ClOD 
ClOD 
CLOD 
C 100 
c 100 
C 100 
C 100 
C 100 

60 35 
80 50 
40 25 
60 40 
60 35 
80 50 
40 25 
60 40 

30 120 
20 80 
30 120 
20 80 
30 120 
20 80 
30 120 
20 80 

5 A .4 
5 A .4 
5 A .4 
5 A .4 
5 A .4 
5 A .4 
5 A .4 
5 A .4 

5 A 30 
5 A 
5 A 30 
5 A 
5 A 30 
5 A 
5 A 30 
5 A 

thru T yr stars, s e Table n P ge 1-1 
3N86 
3N89 F el Effect ransista, s e Table 0 Pag I-I! 
3N96 
thru F el Effect ransisto s, ee Tab! n Pa e !_ 71 
3N99 
3N124 
thru POe! Effect ransisto s, ee Tab! n Pa e 1- 71 
3N126 
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550M T 
550M T 

E 250M 
E 300M 
E 200M 
E 250M 

E 3.0M T 
E 3.0M T 
E 3.0M T 
E 10M T 
E 10M T 
E 10M T 
E IS00M T 
E 2000M T 

300M T 
OOM T 
.4M T 
.4M T 
.4M T 
.4M T 
.4M T 
.4M T 
.4M T 
.4M T 

E OOK 
OOK 

E OOK 
OOK 

E OOK 
OOK 

E OOK 
OOK 
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. 
ADDITIONS AND MODIFICATIONS 
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ADDITIONS AND MODIFICATIONS 
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THYRISTORS 

Index and Short Form Specifications 

This table contains a numerical listing and short-form specifications for 

thyristors with EIA-registered 2N and 3N num):lers. Specific types of thyristors 

listed include silicon controlled rectifiers, gate-controlled switches, and silicon 

controlled switches. 

KEY 

I TYPE REPLACE- PAGE 10 VFOM/VROM T J IGT· VGT 
MENT NUMBER A V ·c mA V 

Numerical Listing of 
Registered Type Num-
bers *Device with gate 
turn-off characteristics 

Type number of recommended 
replacement or of nearest 
electrical equivalent fully 
characterized in this book 

Page in this book on which the device 
is fully characterized 

Average Forward Current (180' conduction angle) 
C<Pulse current rating 

Maximum Forward Voltage 
Maximum Reverse Voltage 

For most thyristors, VFOtA = VitOlo( and 
only one voltage value is tabulated 

Maximum Junction Temperature 

Maximum DC Gate Current required to cause switching 
from the "OFF" state to the "ON" state (at 25'C) 

The DC VOltage between gate and cathode required to produce 
the DC Gate Trigger Current (IGT) 
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--Numericallndex--

THYRISTOR INDEX 2N681 - 2N 1597 A 

TYPE REPLACE· PAGE 10 VroM/VROM TJ IGT VGT 
MENT NUMBER A V DC rnA V 

2N681 5-9 16 25 125 40 2.0 
2N681A 18 25 125 40 2.0 
2N682 5-9 16 50 125 40 2.0 
2N682A 18 50 125 40 2.0 
2N683 5-9 16 100 125 40 2.0 
2N683A 18 100 125 40 2.0 
2N684 5-9 16 150 125 40 2.0 
2N684A 18 150 125 40 2.0 
2N685 5-9 16 200 125 40 2.0 
2N685A 18 200 125 40 2.0 
2N686 5-9 16 250 125 40 2.0 
2N686A 18 250 125 40 2.0 
2N687 5-9 16 300 125 40 2.0 
2N687A 18 300 125 40 2.0 
2N688 5-9 16 400 i25 40 2.0 
2N688A 18 400 125 40 2.0 
2N689 5-9 16 500 125 40 2.0 
2N689A 18 500 125 40 2.0 
2N690 16 600 125 40 2.0 
2N690A 18 600 125 40 2.0 
2N691 16 700 125 40 2.0 
2N692 16 800 125 40 2.0 
2N764~' .20 30 125 1.0 1.0 
2N765* .20 60 125 1.0 1.0 
2N766* .20 100 125 1.0 1.0 
2N767~' .20 200 125 1.0 1.0 
2N876 .20 15 150 .2 .8 
2N877 .20 30 150 .2 .8 
2N878 .20 60 150 .2 .8 
2N879 .20 100 150 .2 .8 
2N880 .20 150 150 .2 .8 
2N881 .20 200 150 .2 .8 
2N882 .20 300 150 .2 .8 
2N883 .20 400 150 .2 .8 
2N884 .20 15 150 .02 .6 
2N885 .20 30 150 .02 .6 
2N886 .20 60 150 .02 .6 
2N887 .20 100 150 .02 .6 
2N888 .20 150 150 .02 .6 
2N889 .20 200 150 .02 .6 
2N890 .20 300 150 .02 .6 
2N891 .20 400 150 .02 .6 
2N892'" .250 15 125 .05 .70 
2N893'" .250 15 125 .05 .70 
2N894* .250 30/15 125 0.05 0.70 
2N895* .250 30/15 125 0.05 0.70 
2N896* .250 60/15 125 0.05 0.70 
2N897'" .250 60/15 125 0.05 0.70 
2N898* .250 100/15 125 0.05 0.70 
2N899i , .250 100/15 125 0.05 0.70 
2N900* .250 200/15 125 0.05 0.70 
2N901i , .250 200/15 125 0.05 0.70 
2N948 .200 30 150 0.02 1.0 
2N949 .200 60 150 0.02 1.0 
2N950 _200 100 150 0.02 1.0 
2N951 .200 200 150 0.02 1.0 
2N1595 5-12 1.0 50 125 10 3.0 
2N1595A 1.0 50 150 2.0 2.0 
2N1596 5-12 1.0 100 125 10 3.0 
2N1596A 1.0 100 150 2.0 2.0 
2N1597 5-12 1.0 200 125 10 3.0 
2N1597A 1.0 200 150 2.0 2.0 
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--Numericallndex--

2N1598-2N1845B THYRISTOR INDEX (continued) 

TYPE REPLACE· PAGE 10 VFOM/VROM TJ IGT VGT 
MENT NUMBER A V ·c mA V 

2N1598 5-12 LO 300 125 10 3.0 
2N1598A LO 300 150 2.0 2.0 
2N1599 5-12 LO 400 125 10 3.0 
2N1599A LO 400 150 2.0 2.0 
2N1600 2N4168 5-23 3 50 125 10 3.0 
2N1600A 3 50 125 4.5 3.0 
2N1601 2N4169 5-23 3 100 125 10 3.0 
2N1602 2N4170 5-23 3 200 125 10 3.0 
2N1603 2N4171 5-23 3 300 125 10 3.0 
2N1604 2N4172 5-23 3 400 125 10 3.0 
2N1686;' .5 30 125 1 1 
2N1687;' .5 60 125 1 1 
2N1688;' .5 100 125 1 1 
2N1689* .5 200 125 1 1 
2N1765 50 400/- 85 10 L5 
2Nl770 2N4167 5-23 4.7 25 125 15 2 
2Nl770A 5.7 25 150 15 2.0 
2N1771 2N4168 5-23 4.7 50 125 15 2 
2Nl771A 4.7 50 150 15 2.0 
2N1772 2N4169 5-23 4.7 100 125 15 2 
2Nl772A 4.7 100 150 15 2.0 
2Nl773 2N4170 5-23 4.7 150 125 15 2 
2Nl773A 4.7 150 150 15 2.0 
2Nl774 2N4170 5-23 4.7 200 125 15 2 
2Nl774A 4.7 200 150 15 2.0 
2Nl775 2N4171 5-23 4.7 250 125 15 2 
2Nl775A 4.7 250 150 15 2.0 
2Nl776 2N4171 5-23 4.7 300 125 15 2 
2Nl776A 4.7 300 150 15 2.0 
2Nl776B 4.7 300 150 15 2.0 
2N1777 2N4172 5-23 4.7 400 125 1 ~ ? 

2Nl777A 4.7 400 150 15 2.0 
2Nl778 2N4173 5-23 4.7 500 125 15 2 
2Nl7T8A 4.7 500 150 15 2.0 
2N1792 70 60 125 75 3.0 
2N1793 70 120 125 75 3.0 
2N1794 70 180 125 75 3.0 
2N1795 70 240 125 75 3.0 
2N1796 70 300 125 75 3.0 
2N1797 70 360 125 75 3.0 
2N1798 70 480 125 75 3.0 
2N1799 70 600 125 75 3.0 
2N1800 70 720 125 75 3.0 
2N1801 70 840 125 75 3.0 
2N1802 70 960 125 75 3.0 
2N1803 70 1080 125 90 3.0 
2N1804 70 1200 125 90 3.0 
2N1805 70 500 125 75 3.0 
2N1806 70 600 125 75 3.0 
2N1807 70 700 125 75 3.0 
2N1842 5-14 10 25 100 80 2.0 
2N1842A 5-17 10 25 125 80 2.0, 
2Nl842B 13 25 125 75 3.0 
2N1843 5-14 10 50 100 80 2.0 
2N1843A 5-17 10 50 125 80 2.0 
2N1843B 13 50 125 75 3.0' 
2N1844 5-14 10 100 100 80 2.0 
2N1844A 5-17 10 100 125 80 2.0 
2N1844B 13 100 125 75 3.0 
2N1845 5-14 10 150 100 80 2.0 
2N1845A 5-17 10 150 125 80 2.0 
2N1845B 13 150 125 75 3.0 

1-162 



---Numericallndex--

THYRISTOR INDEX (continued) 2N1846-2N2009 

TYPE REPLACE· PAGE 10 VFOM/VROM TJ IGT VGT 
MENT NUMBER A V ·C rnA V 

2N1846 5-14 10 200 100 80 2.0 
2N1846A 5-17 10 200 125 80 2.0 
2NI846B 13 200 125 75 3.0 
2N1847 5-14 10 250 100 80 2.0 
2N1847A 5-17 10 250 125 80 2.0 
2N1847B 13 250 125 75 3.0 
2N1848 5-14 10 300 100 80 2.0 
2N1848A 5-17 10 300 125 80 2.0 
2N1848B 13 300 125 75 3.0 
2N1849 5-14 10 400 100 80 2.0 
2N1849A 5-17 10 400 125 80 2.0 
2NI849B 13 400 125 75 3.0. 
2N1850 5-14 10 500 100 80 2.0 
2N185OA 5-17 10 500 125 80 2.0 
2N1850B 13 500 125 75 3.0 
2N1869 80 l~ 150 2 8 
2N1869A .80 15 150 .2 .8 
2N1870 .80 30 150 .2 .8 
2N1870A .80 30 150 .2 .8 
2N1871 .80 60 150 .2 .8 
2N1871A .80 60 150 .2 .8 
2N1872 .80 100 150 .2 .8 
2N1872A .80 100 150 .2 .8 
2N1873 .80 150 150 .2 .8 
2N1873A .80 150 .2 .8 
2N1874 .80 200 150 .2 .8 
2N1874A .80 200 150 .2 .8 
2N1875 .80 15 150 .020 .6 
2N1875A .80 15 150 .020 .6 
2N1876 .80 30 150 .020 .6 
2N1876A .80 30 150 .020 6 
2N1877 .80 60 150 .020 .6 
2N1877A .80 60 150 .020 .6 
2N1878 .80 100 150 .020 .6 
2N1878A .80 100 150 .020 .6 
2N1879 .80 150 150 .020 .6 
2N1879A .80 150 150 .020 .6 
2N1880 .80 200 150 .020 .6 
2N1880A .80 200 150 .020 .6 
2N1881 1.00 30 150 2 2 
2N1882 1.00 60 150 2 2 
2N1883 1.00 100 150 2 2 
2N1884 1.00 150 150 2 2 
2N1885 1.00 200 150 2 2 
2N1909 70 25 125 75 3.0 
2N1910 70 50 125 75 3.0 
2N1911 70 100 125 75 3.0 
2N1912 70 150 125 75 3.0 
2N1913 70 200 125 75 3.0 
2N1914 70 250 125 75 3.0 
2N1914A 70 250 125 75 3.0 
2Nl914B 70 250 125 75 3.0 
2N1915 70 300 125 75 3.0 
2N1916 70 400 125 75 3.0 
2Nl929 2N4191 5-23 .550 25 125 15 2.0 
2N1930 2N4192 5-23 .550 50 125 15 2.0 
2N1931 2N4193 5-23 .550 100 125 15 2.0 
2N1932 2N4194 5-23 .550 150 125 15 2.0 
2N1933 2N4194 5-23 .550 200 125 15 2.0 
2N1934 2N4195 5-23 .550 250 125 15 2.0 
2N1935 2N4195 5-23 .550 300 125 15 2.0 
2N2009 1.0 25 150 0.2 1.0 
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2N2010-2N2547 

lYPE REPLACE· PAGE 
MENT NUMBER 

2N2010 
2N2011 
2N2012 
2N2013 
2N2014" 
2N2023 
2N2024 
2N2025 
2N2026 
2N2027 
2N2028 
2N2029 
2N2030 

2N;~! 2N2 
2N2045 
2N2046 
2N2047 
2N2074 
2N2260* 
2N2261* 
2N2262* 
2N2322 
2N2322A 
2N2323 
2N2323A 
2N2324 
2N2324A 
2N2325 
2N2325A 
2N2326 
2N2326A 
2N2327 
2N2327A 
2N2328 
2N2328A 
2N2329 
2N2329A 
2N2344 
2N2345 
2N2346 
2N2347 
2N214S 
2N2454 
2N2502 2N1S50A 5-17 
2N2503 
2N2504 
2N2505 
2N2506 
2N2507 
2N2508 
2N2542 
2N2543 
2N2544 
2N2545 
2N2546 
2N2547 

--Numericallndex-

THYRISTOR INDEX (continued) 

10 VFOM/VROM 

A V 

1.0 50 150 
1.0 100 150 
1.0 200 150 
1.0 300 150 
1.0 400 150 
70 . 25 150 
70 50 150 
70 100 150 
70 150 150 
70 200 150 
70 250 150 
70 300 150 
70 400 150 
70 50 125 
l~n 200 125 
150 300 125 
150 400 125 
150 500 125 
1 50 150 
200 30 100 
200 30 100 
200 30 100 
1.0 25 125 
1.0 25 125 
1.0 50 125 
1.0 50 125 
1.0 100 125 
1.0 100 125 
1.0 150 125 
1.0 150 125 
1.0 200 125 
1.0 200 125 
1.0 250 125 
1.0 250 125 
1.0 300 125 
1.0 300 125 
1.0 400 125 
1.0 400 125 
1.0 25 1,00 
1.0 50 100 
1.0 100 100 
1.0 150 100 
1.0 200 100 
2.5 400 105 
7 500 125 
150 50 125 
150 100 125 
150 200 125 
150 300 125 
150 400 125 
150 500 125 
230 50 125 
230 100 125 
230 200 125 
230 300 125 
230 400 125 
230 500 125 
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TJ IGT VGT 

·C mA V 

0.2 1.0 
0.2 1.0 
0.2 1.0 
0.2 1.0 
0.2 1.0 
75 3 
75 3 
75 3 
75 3 
75 3 
75 3 
75 3 
75 3 
75 3 
80 3 
SO 3 
SO 3 
SO 3 
0.2 .65 
.25 -
.5 -
5 -
.2 .8 
.02 .6 
.2 .8 
.02 .6 
.2 .S 
.02 .6 
.2 .8 
.02 .6 
.2 .8 
.02 .6 
.2 .S 
.02 .6 
.2 .S 
.02 .6 
.2 .8 
.02 .6 
.02 .8 
.02 .8 
.02 .8 
.02 .8 
.02 .S 
15 3.0 
75 3.0 
100 2.5 
100 2.5 
100 2.5 
100 2.5 
100 2.5 
100 2.5 
125 3 
125 3 
125 3 
125 3 
125 3 
125 3 



--Numericallndex--

THYRISTOR INDEX (continued) 2N2548 - 2N31 00 

TYPE REPLACE· PAGE 10 VFOM/VROM TJ IGT VGT 
MENT NUMBER A V ·C rnA V 

2N2548 230 600 125 125 3 
2N2549 150 800 125 125 3 
2N2550 150 1000 125 125 3 
2N2573 5-20 16 25 125 40 3.5 
2N2574 5-20 16 50 125 40 3.5 
2N2575 5-20 16 100 125 40 3.5 
2N2576 5-20 16 200 125 40 3.5 
2N2577 5-20 16 300 125 40 3.5 
2N2578 5-20 16 400 125 40 3.5 
2N2579 5-20 16 500 125 40 3.5 
2N2619 2N4174 5-23 4.7 600 125 45 2.0 
2N2653 2N4172 5-23 2.5 400 105 35 3.0 
2N2679 0.25 30 150 .02 .7 
2N2679A 0.25 30 150 0.02 0.7 
2N2680 0.25 60 150 .02 .7 
2N268OA 0.25 60 150 0.02 0.7 
2N2681 0.25 100 150 .02 .7 
2N2681A 0.25 100 150 0.02 0.70 
2N2682 0.25 200 150 .02 .7 
2N2682A 0.25 200 150 0.02 0.70 
2N2683 0.20 30 125 0.02 .8 
2N2683A 0.20 30 125 0.02 0.80 
2N2684 0.20 60 125 0.02 .8 
2N2684A 0.20 60 125 0.02 0.80 
2N2685 0.20 100 125 0.02 .8 
2N2685A 0.20 100 125 0.02 0.80 
2N2686 0.20 200 125 0.02 .8 
2N2686A 0.20 200 125 0.02 0.80 
2N2687 0.20 30 125 .2 1.0 
2N2688 0.20 60 125 .2 1.0 
2N2689 .20 100 125 .2 1.0 
2N2690 .20 200 125 .2 1.0 
2N2888 16 200 125 40 1.5 
2N2889 16 250 125 40 1.5 
2N3001 .25 30 150 .02 0.7 
2N3002 0.25 60 150 .02 0.7 
2N3003 0.25 100 150 .02 0.7 
2N3004 0.25 200 150 .02 0.7 
2N3005 0.25 30 150 .2 .8 
2N3006 0.25 60 150 .2 .8 
2N3007 0.25 100 150 .2 .8 
2N3008 0.25 200 150 .2 .8 
2N3027 .25 30 150 .2 .8 
2N3028 .25 60 150 .2 .8 
2N3029 .25 100 150 .2 .8 
2N3030 .25 30 150 .02 .6 
2N3031 .25 60 150 .02 .6 
2N3032 .25 100 150 .02 .6 
2N3091 70 600 125 70 2.0 
2N3092 70 700 125 70 2.0 
2N3093 70 800 125 70 2.0 
2N3094 70 900 125 70 2.0 
2N3095 70 1000 125 70 2.0 
2N3096 70 1100 125 70 2.0 
2N3097 70 1200 125 70 2.0 
2N3098 70 1300 125 70 2.0 
2N3099 70 600 125 70 2.0 
2N3100 70 700 125 70 2.0 
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--Numericallndex--

2N3101-2N3649 THYRISTOR INDEX (continued) 

TYPE REPLACE· PAGE 10 VrOM/VROM TJ IGT VGT 
MENT NUMBER A V ·C mA V 

2N3101 70 800 125 70 2.0 
2N3102 70 900 125 70 2.0 
2N3103 70 1000 125 70 2.0 
2N3104 70 1100 125 70 2.0 
2N3105 70 1200 125 70 2.0 
2N3106 70 1300 125 70 2.0 
2N3228 2N4154 5-23 3.2 200 100 15 2.0 
2N3254 0.25 15 150 0.02 0.75 
2N3255 0.25 30 150 0.02 0.75 
2N3256 0.25 60 150 0.02 0.75 
2N3257 0.25 15 150 0.2 0.75 
2N3258 0.25 30 150 0.2 0.75 
2N3259 0.25 60 150 0.2 0.75 
2N3269 6 100 150 0.2 0.8 
2N3270 6 200 150 0.2 0.8 
2N3271 6 300 150 0.2 0.8 
2N3272 6 400 150 0.2 0.8 
2N3273 1.7 100 150 0.2 .8 
2N3274 1.7 200 150 0.2 0.8 
2N3275 1.7 300 150 0.2 0.8 
2N3276 1.7 400 150 0.2 0.8 
2N3353 250 50 125 200 4.0 
2N3354 250 100 125 200 4.0 
2N3355 250 200 125 200 4.0 
2N3356 250 300 125 200 4.0 
2N3357 250 400 125 200 4.0 
2N3358 250 500 125 200 4.0 
2N3359 250 600 125 200 4.0 
2N3360 250 700 125 200 4.0 
2N3361 250 800 125 200 4.1T 
2N3362 250 900 125 200 4.0 
2N3363 250 '1000 125 200 4.0 
2N3364 250 1200 126 200 4.0 
2N3422 125 600 125 150 3.0 
2N3525 2N4156 5-23 3.2 400 100 15 2 
2N3528 2N4186 5-23 1.3 200 100 15 2 
2N3529 2N4188 5-23 1.3 400 100 15 2 
2N3530 250 50 125 300 4.0 
2N3531 250 100 125 300 4.0 
2N3532 250 200 125 300 4.0 
2N3533 250 300 125 300 4.0 
2N3534 250 400 125 300 4.0 
2N3535 250 500 125 300 4.0 
2N3536 250 600 125 300 4.0 
2N3537 250 700 125 300 4.0 
2N3538 250 800 125 300 4.0 
2N3539 250 900 125 300 4.0 
2N3540 250 1000 125 300 4.0 
2N3541 250 1200 125 300 4.0 
2N3555 1.0 30 150 .020 0.7 
2N3556 1.0 60 150 .020 0.7 
2N3557 1.0 100 150 .020 0.7 
2N3558 1.0 200 150 .020 0.7 
2N3559 1.0 30 150 0.20 0.8 
2N3560 1.0 60 150 0.20 0.8 
2N3561 1.0 100 150 0.20 0.8 
2N3562 1.0 200 150 0.20 0.8 
2N3649 16 50 120 180 3 
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--Numericallndex--

THYRISTOR INDEX (continued) 2N3650- 2N4144 

TYPE REPLACE· PAGE 10 VFOM/VROM TJ IGT V GT 
MENT NUMBER A V ·C rnA V 

2N3650 16 100 120 180 3 
2N3651 16 200 120 180 3 
2N3652 16 300 120 180 3 
2N3653 16 400 120 180 3 
2N3654 16 50 120 180 3 
2N3655 16 100 120 180 3 
2N3656 16 200 120 180 3 
2N3657 16 300 120 180 3 
2N3658 16 400 120 180 3 
2N3668 MCR649P-3 5-28 8 100 100 40 2 
2N3669 MCR649P-4 5-28 8 200 100 40 2 
2N3670 MCR649P-6 5-28 8 400 100 40 2 
2N3753 22 50 120 100 3 
2N3754 22 100 120 100 3 
2N3755 22 200 120 100 3 
2N3756 22 300 120 100 3 
2N3757 22 400 120 100 3 
2N3758 22 500 120 100 3 
2N3759 22 600 120 100 3 
2N3760 22 700 120 100 3 
2N3761 22 800 120 100 3 
2N3870 MCR808-3 5-33 22 100 100 40 2 
2N3871 MCR808-4 5-33 22 200 100 40 2 
2N3872 MCR808-6 5-33 22 400 100 40 2 
2N3873 MCR808-8 5-33 22 600 100 40 2 
2N3884 175 50 125 300 4 
2N3885 175 100 125 300 4 
2N3886 175 200 125 300 4 
2N3887 175 300 125 300 4 
2N3888 175 400 125 300 4 
2N3889 175 500 125 300 4 
2N3890 175 600 125 300 4 
2N3891 175 700 125 300 4 
2N3892 175 800 125 300 4 
2N3893 175 900 125 300 4 
2N3894 175 1000 125 300 4 
2N3895 175 1200 125 300 4 
2N3896 MCR1308-3 5-33 22 100 100 40 2 
2N3897 MCR1308-4 5-33 22 200 100 40 2 
2N3898 MCR1308-6 5-33 22 400 100 40 2 
2N3899 MCR1308-8 5-33 22 600 100 40 2 
2N3936 5.25 100 125 60 3.2 
2N3937 5.25 200 125 60 3.2 
2N3938 5.25 300 125 60 3.2 
2N3939 5.25 400 125 60 3.2 
2N3940 5.25 500 125 60 3.2 
2N3986 70 500 125 150 3 
2N3987 70 600 125 150 3 
2N3988 70 700 125 150 3 
2N3989 70 800 125 150 3 
2N3990 70 900 125 150 3 
2N3991 70 1000 125 150 3 
2N3992 70 1100 125 150 3 
2N41 01 2N4158 5-23 3.2 600 100 15 2 
2N4102 2N4166 5-23 1.3 600 100 15 2 
2N41 03 MCR649P-8 5-28 8 600 100 40 2 
2N4144 .250 15 150 1.0 .8 
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---Numericallndex--

2N4145 - 2N4202 THYRISTOR INDEX (continued) 

TYPE REPLACE· PAGE 10 VroM/VROM TJ IGT VGT 
MENT NUMBER A V ·C rnA V 

2N4145 .250 30 150 1.0 .8 
2N4146 .250 60 150 1.0 .8 
2N4147 .250 100 150 1.0 .8 
2N4148 .250 150 150 1.0 .8 
2N4149 .250 200 150 1.0 .8 
2N4151 5-23 5 25 100 20 1.5 
2N4152 5-23 5 50 100 20 1.5 
2N4153 5-23 5 100 100 20 1.5 
2N4154 5-23 5 200 100 20 1.5 
2N4155 5-23 5 300 100 20 1.5 
2N4156 5-23 5 400 100 20 1.5 
2N4157 5-23 5 500 100 20 1.5 
2N4158 5-23 5 600 100 20 1.5 
2N4159 5-23 5 25 100 20 1.5 
2N4160 5-23 5 50 100 20 1.5 
2N4161 5-23 5 100 100 20 1.5 
2N4162 5-23 5 200 100 20 1.5 
2N4163 5-23 5 300 100 20 1.5 
2N4164 5-23 5 400 100 20 1.5 
2N4165 5-23 5 500 100 20 1.5 
2N4166 5-23 5 600 100 20 1.5 
2N4167 5-23 5 25 100 20 1.5 
2N4168 5-23 5 50 100 20 1.5 
2N4169 5-23 5 100 100 20 1.5 
2N4170 5-23 5 200 100 20 1.5 
2N4171 5-23 5 300 100 20 1.5 
2N4172 5-23 5 400 100 20 1.5 
2N4173 5-23 5 500 100 20 1.5 
2N4174 5-23 5 600 100 20 1.5 
2N4175 5-23 5 25 100 20 1.5 
2N4176 5-23 5 50 100 20 1.5 
2N4177 5-23 5 100 100 20 1.5 
2N4178 5-23 5 200 100 20 1.5 
2N4179 5-23 5 300 100 20 1.5 
2N4180 5-23 5 400 100 20 1.5 
2N4181 5-23 5 500 100 20 1.5 
2N4182 5-23 5 600 100 20 1.5 
2N4183 5-23 5 25 100 20 1.5 
2N4184 5-23 5 50 100 20 1.5 
2N4185 5-23 5 100 100 20 1.5 
2N4186 5-23 5 200 100 20 1.5 
2N4187 5-23 5 300 100 20 1.5 
2N4188 5-23 5 400 100 20 1.5 
2N4189 5-23 5 500 100 20 1.5 
2N4190 5-23 5 600 100 20 1.5 
2N4191 5-23 5 25 100 20 1.5 
2N4192 5-23 5 50 100 20 1.5 
2N4193 5-23 5 100 100 20 1.5 
2N4194 5-23 5 200 100 20 1.5 
2N4195 5-23 5 300 100 20 1.5 
2N4196 5-23 5 400 100 20 1.5 
2N4197 5-23 5 500 100 20 1.5 
2N4198 5-23 5 600 100 20 1.5 
2N4199 5-26 100* 300 105 50 1.5 
2N4200 5-26 100* 400 105 50 1.5 
2N4201 5-26 100" 500 105 50 1.5 
2N4202 5-26 100" 600 105 50 1.5 
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--Numericallndex--

THYRISTOR INDEX (continued) 2N4203-3N86 

TYPE REPLACE· PAGE 10 YFOM/VROM TJ IGT V GT 
MENT NUMBER A V ·C rnA V 

2N4203 5-26 100", 700 105 50 1.5 
2N4204 5-26 100", 800 105 50 1.5 
3N58 .064 40 150 .001 .65 
3N59 .064 40 150 .001 .65 
3N60 .064 40 150 .001 .65 
3N80 .127 40 150 .001 .65 
3NB1 .127 65 150 .001 .65 
3NB2 .127 100 150 .001 .65 
3NB3 .032 70 125 .15 .BO 
3N84 .111 40 125 .01 .65 
3NB5 .111 100 125 .01 .65 
3NB6 .127 65 150 .001 .65 
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FIELD-EFFECT TRANSISTORS 

This table contains a numerical listing and short-form specifications for field

efiecttransistors with EIA-registered 2N and 3N numbers. 

KEY 

~ 
Breakdown NF @ f 

PAGE loss IGSS Voltage Y1, 
Cis dB 

TYPE 

~ NUMBER "IDGo* ",vc .. NOTE 
Min Max V(SR; I,SUb. Min Max ·c 
rnA rnA nA Volts script !.Imhos !.Imhos pF y'Hz ::> 

,-- Minimum and 
Noise ~re in~ Maximum 

Numerical Listing Drain Current p.V / Hz at a specified 
of Registered with gate frequency 
Type Numbers connected 

to source frequency units: 
H= Hz 

N = n-channel Maximum Gate Current K = kHz 
P = p-channel (leakage) with drain M=MHz 

connected to source 

Page in this book on which the device *Maximum leakage Maximum Input Capacitance 
is fully characterized from drain to gate with 

source open Minimum and Maximum Forward Transadmiltance 

Minimum Breakdown Voltage (Subscript defines conditions) 

GS = Gate to source, drain connection not specified DGO = Drain to gate, source open 
GSS = Gate to source, drain connected to source DGS = Drain to gate, source connected to drain 

GO = Gate to drain, source connection not specified OS = Drain to source, gate connection not specified 
GDS = Gate to drain, source connected to drain DSX = Drain to source, gate biased to cutoff or beyond 
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--Numericallndex--

FIELD-EFFECT TRANSISTORS INDEX 
2N2386 - 2N3385 

>- Breakdown NF @ f 
>-

PAGE loss IGSS Voltage Yfs 
Cis dB , 

TYPE ii: lOGO· 'OJ) NOTE :5 NUMBER Min Max V(BR) Sub- Min Max fJ.V* ,-
e 

YHz 
I'e 

"- rnA rnA nA Volts script fJ.rnhos fJ.rnhos pF '::l 

2N2386 P 10 20 GS 1000 50 
2N2497 P 1.0 5.0 10 20 GD 1000 2000 32 3.0 lK 
2N2498 p 2.0 6.0 10 20 GD 1500 3000 32 3.0 lK 
2N2499 p 5.0 15 10 20 GD 2000 4000 32 4.0 lK 
2N2500 p 1.0 6.0 10 20 GS 1000 2000 32 1.0 lK 
2N2606 p .1 .5 1 30 GDS 110 6 3 lK 
2N2607 p .3 1.5 3 30 GDS 330 10 3 lK 
2N2608 p .9 4.5 10 30 GDS 1000 17 3 1K 
2N2609 p 2.0 10 30 30 GDS 2500 30 3 1K 
2N2841 p .025 .125 1.0 60 6 3 lK 
2N2842 p .065 .325 3 180 10 3 1K 
2N2843 P .2 1.0 10 540 17 3 1K 
2N2844 p 1.0 2.2 30 1400 30 3 lK 
2N3066 N .8 4.0 1.0 50 DGO 400 1000 10 3 lK 
2N3066A N .8 4.0 1.0 50 DGO 400 1000 10 .25 lK 
2N3067 N .2 1.0 1.0 50 DGO 400 18 3 1K 
2N3067A N .2 1.0 1.0 50 DGO 300 1000 10 .25 1K 
2N3068 N .05 0.25 1.0 50 DGO 200 18 3 1K 
2N3068A N .05 0.25 1.0 50 DGO 200 1000 10 .25 lK 
2N3069 N 2.0 10 1.0 50 DGO 1000 15 3 lK 
2N3069A N 2.0 10 1.0 50 DGO 1000 2500 15 .25 lK 
2N3070 N .5 2.5 1.0 50 DGO 750 15 3 1K 
2N3070A N 0.5 2.5 1.0 50 DGO 750 2500 15 .25 lK 
2N3071 N 0.1 .6 1.0 50 DGO 500 2500 15 3 lK 
2N3084 N .8 3 .1 15 DGO 400 2000 14 
2N3085 N 0.8 3.0 0.1 15 DGO 400 2000 14 
2N3086 N 0.8 3.0 1.0 30 DGS 400 2000 14 
2N3087 N 0.8 3.0 1.0 30 DGS 400 2000 14 
2N3088 N 0.5 2.0 1.0 10 DGS 300 2000 14 3 
2N3088A N 0.5 2.0 1.0 10 DGS 300 2000 14 .5 lOR 
2N3089 N 0.5 2.0 1.0 10 DGS 300 2000 14 3 
2N3089A N 0.5 2.0 1.0 10 DGS 300 2000 14 .5 lOR 
2N3112 p .035 0.175 .05 20 GDS 50 115 3.5 
2N3113 p .035 0.175 .05 20 GDS 50 115 2 
2N3277 p .15 0.5 0.4 25 DGO 100 3 
2N3278 p 0.4 0.9 0.4 25 DGO 150 3 
2N3328 P 1.0 1.0 20 GSS 100 3 3 
2N3329 P 1.0 3.0 10 20 GSS 1000 2000 20 3 
2N3330 P 2.0 6.0 10 20 GSS 1500 3000 20 3 
2N3331 P 5.0 15 10 20 GSS 2000 4000 20 4 
2N3332 P 1.0 6.0 10 20 GSS 1000 2200 20 1 
2N3333 P 0.3 1.0 10 20 GSS 600 1800 30 Dual 
2N3334 p 0.3 1.0 10 20 GSS 600 1800 30 Dual 
2N3335 p 0.3 1.0 10 20 GSS 600 1800 30 Dual 
2N3336 p 0.3 1.0 10 20 GSS 600 1800 30 Dual 
2N3365 N 0.8 4.0 5 40 DGO 250 1000 15 
2N3366 N 0.2 1.0 5 40 DGO 250 1000 15 
2N3377 N .005 .25 5 40 DGO 100 1000 15 
2N3368 N 2.0 12 5 40 DGO 1000 4000 20 
2N3369 N 0.5 2.5 5 40 DGO 600 2500 20 
2N3370 N 0.1 0.6 5 40 DGO 300 2500 20 
2N3376 p 0.6 6.0 3 30 DGS 800 5 
2N3377 p 0.6 6.0 3 30 DGS 800 2300 4 
2N3378 P 3.0 6.0 3 30 DGS 1500 2300 5 
2N3379 p 3.0 6.0 3 30 DGS 1500 2300 4 
2N3380 p 3.0 20 3 30 DGS 1500 3000 4 
2N3381 P 3.0 20 3 30 DGS 1500 3000 4 
2N3382 P 3.0 30 15 30 DGS 4500 12500 
2N3383 p 3.0 30 15 30 DGS 4500 12500 
2N3384 p 15 30 15 30 DGS 7500 12500 
2N3385 p 15 30 15 30 DGS 7500 12500 
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2N3386 2N4085 -
>-
!:: PAGE TYPE "" :5 NUMBER 
co ... 

2N3386 p 

2N3387 p 

2N3436 N 
2N3437 N 
2N3438 N 
2N3452 N 
2N3453 N 
2N3454 N 
2N3455 N 
2N3456 N 
2N3457 N 
2N3458 N 
2N3459 N 
2N3460 N 
2N3465 N 
2N3466 N 
2N3573 P 
2N3574 P 
2N3575 P 
2N3578 P 
2N3631 N 
2N3684 N 
2N3685 N 
2N3686 N 
2N3687 N 
2N3695 p 

2N3696 P 
2N3697 P 
2N3698 p 
2N3796 N 10-4 
2N3797 N 10-4 
2N3819 N 
2N3820 P 
2N3821 N 10-8 
2N3822 N 10-8 
2N3823 N 
2N3824 N 10-8 
2N3882 P 
2N3909 P 
2N392l N 
2N3922 N 
2N3934 N 
2N3935 N 
2N3954 N 
2N3955 N 
2N3956 N 
2N3957 N 
2N3958 N 
2N3966 N 
2N3967 N 
2N3968 N 
2N3969 N 
2N3970 N 
2N3971 N 
2N3972 N 
2N3993 P 
2N3994 p 
2N4082 N 
2N4083 N 
2N4084 N 
2N4085 N 

--Numericallndex-

FIElD·EFFECT TRANSISTORS INDEX (continued) 

Breakdown 
loss IGSS Voltage Yis 

Cis 1000' 
Min Max V(SR) Sub· Min Max 
rnA rnA nA Volts script J'rnhos J'rnhos pF 

13 50 15 30 DGS 7500 12500 
13 50 15 30 DGS 5000 10000 

3 15 0.5 50 DGO 2500 10000 18 
0.8 4.0 0.5 50 DGO 1500 6000 18 
0.2 1.0 0.5 50 DGO 800 4500 18 
0.8 4.0 0.1 50 DGO 200 1200 6 
0.2 1.0 0.1 50 DGO 150 900 6 
.05 0.25 0.1 50 DGO 100 600 6 
0.8 4.0 .04 50 DGO 400 1200 5 
0.2 1.0 .04 50 DGO 300 900 5 
.05 0.25 .04 50 DGO 150 600 5 
3.0 15 .25 50 DGO 2500 10000 18 
0.8 4.0 .25 50 DGO 1500 6000 18 
0.2 1.0 .25 50 DGO 800 4500 18 
1.0 5.0 1 40 DGO 400 1200 15 
1.0 5.0 1 40 DGO 400 1200 15 
.02 0.1 0.6 25 GSS 100 300 6 
.075 .375 0.6 25 GSS 200 600 6 
0.2 1.0 0.6 25 GSS 300 900 6 
0.9 4.5 15 20 GSS 1200 3500 65 
2.0 10 20 DSX 1400 2800 7.5 
2.5 7.5 0.1 50 GS 2000 3000 4 
1.0 3.0 0.1 50 GS 1500 2500 4 
0.4 1.2 0.1 50 GS 1000 2000 4 
0.1 0.5 0.1 50 GS 500 1500 4 
1.25 3.75 0.1 30 GS 1000 1750 5 
0.5 1.5 0.1 30 GS 750 1250 5 
0.2 0.6 0.1 30 GS 500 1000 5 
.05 0.25 0.1 30 GS 250 750 5 
0.5 3.0 .001 25 DSX 900 1800 6 
2.0 6.0 .001 20 DSX 1500 3000 8 

2 20 2 25 GSS 2000 6500 8 
0.3 15 20 20 GSS 800 5000 32 
0.5 2.5 0.1 50 GSS 1500 4500 6 
2.0 10 0.1 50 GSS 3000 6500 6 
4.0 20 0.5 30 DGS 3500 6500 6 

0.1 50 GSS 6 
.25 0.1 30 DS 1000 2400 4 
0.3 15 10 20 DGS 1000 5000 32 
1.0 10 0.25 50 GSS 1500 7500 18 
1.0 10 0.25 50 GSS 1500 7500 18 
.25 1.3 0.1 50 GSS 300 900 7 
.25 1.3 0.1 50 GSS 300 900 7 
0.5 5.0 0.1 50 GSS 1000 4 
0.5 5.0 0.1 50 GSS 1000 4 
0.5 5.0 0.1 50 GSS 1000 4 
0.5 5.0 0.1 50 GSS 1000 4 
0.5 5.0 0.1 50 GSS 1000 4 

2 0.1 30 DGS 6 
2.5 10 0.1 30 DGS 1600 2400 5 
1.0 5.0 0.1 30 DGS 1400 2000 5 
0.4 2.0 0.1 30 DGS 950 1450 5 
50 150 .25* 40 DGS 25 
25 75 .25* 40 DGS 25 

5 30 .25* 40 DGS 25 
10 1.2* 25 GSS 6000 12000 16 
2.0 1.2* 25 GSS 4000 10000 16 
.25 1.3 0.1 50 300 7 
.25 1.3 0.1 50 300 7 
1.0 10 .25 50 1500 18 
1.0 10 .25 50 1500 18 

1-172 

NF @ f 

::. t .. 
I:t:: NOTE 

y'HZ Ie 
::> 

2 
2 
2 
2 
2 
2 
4 
4 
4 
6 
4 
4 
5 
5 
3 
3 
3 

0.5 
0.5 
0.5 
.15* 
.2* 
.2* 
.2* 
.2* 
4 
4 

5 10 H 
5 10 H 
2.5 100lM 

3 

2 1 K Dual 
2 1 K Dual 
2 100 H Dual 
2 100 H Dual 
0.5 100 H Dual 
0.5 100H Dual 
0.5 100 H Dual 
0.5 100 H Dual 
0.5 100 Ii Dual 

Dual 
Dual 
Dual 
Dual 



--Numericallndex---

FIELD-EFFECT TRANSISTORS INDEX (continued) 2N4091 -3N126 

~ loss 
Breakdown NF ~ f 

PAGE GSS Voltage Yls 
Cis ,,'l:. TYPE '" lOGo· :~ NOTE ::s NUMBER Min Max V(8R) Sub- Min Max Q 

y'HZ 'C "- rnA rnA nA Volts script ,urnhos ..,mhos pF ':I 

I 
2N4091 N 30 .21, 40 Deo 16 
2N4092 N 15 .21' 40 Deo 16 
2N4093 N 8 .Z"·): 40 Deo 16 
2N4117 N .03 .09 .01 40 ess 70 210 3 
2N4118 N .08 .24 .01 40 ess 80 250 3 
2N4119 N 0.2 0.6 .01 40 ess 100 330 3 
2N4220 N 10-9 0.5 3.0 0.1 30 ess 1000 4000 6 
2N4221 N 10-9 2.0 6.0 0.1 30 ess 2000 5000 6 
2N4222 N 10-9 5.0 15 0.1 30 ess 2500 6000 6 
2N4223 N 10-12 3 18 .25 30 ess 3000 7000 6 5 200M 
2N4224 N 10-12 2 20 0.5 30 ess 2000 7500 6 
2N4351 N 10-15 .01 .01 25 DSS 1000 5.5 
2N4352 P 10-19 .005 .01 25 DSS 1000 6.5 
3N89 p 0.5 2.5 5.0 30 450 1300 3 
3N96 P 0.5 2.5 5.0 30 450 1300 4 Dual 
3N97 p 0.5 2.5 5.0 30 450 1300 4 Dual 
3N98 N 3.5 7.7 .05 32 1000 3000 7 
3N99 N 5.0 10.5 .05 32 1000 4500 7 
3N124 N 10-23 0.2 2.0 .25 50 ess 500 2000 14 4 lK 
3N125 N 10-23 1.5 4.5 .25 50 ess 800 2400 14 4 lK 
3N126 N 10-23 3.0 9.0 .25 50 ess 1200 3600 14 4 lK 
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REFERENCE AMPLIFIERS 

This table contains a numerical listing and short-form specifications for 

reference amplifiers with EIA-registered 3N numbers. In addition, short form 

specifications are also provided for special house numbered reference ampli

fiers. 

KEY 

LWREF 
PAGE V REF Tol (volts) 

I ZT ZZT Tl T2 TYPE 
NUMBER (volts) ±% ----- (rnA) (ohms) 'C 'C "TC 

(%I"C) 

~ 
Nominal Tolerance Temperature Range over 

Numerical listing Reference of Nominal which DVm ;s specified 
of Registered Voltage Reference 
Type Numbers Voltage "'Maximum Operating 

Page in this book on which the Temperature 

device is fully characterized 

Maximum Voltage Variation over the Temperature Range from TI to T2 Maximum Zener Impedance 

( (\, V, 100) 
'~Temperature Coefficient V (T2 _ T

I
) Zener Test Current 
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---Numericallndex--

REFERENCE AMPLIFIER INDEX 3N39-MCA2234 

I L'\VREF 

PAGE VREF Tol (volts) 
IZT ZZT Tl T2 TYPE 

NUMBER (volts) ±% ----- (rnA) (ohms) ·C ·C "TC 
(%I"C) 

3N39 9.0. 9 .0.0.5* 5 71;' 
3N4D 9.0. 9 .0.0.3* 5 71* 
3N41 9.0. 9 .0.0.2* 5 71* 
3N42 9.0. 9 .0.0.5-;' 5 10.0;' 
3N43 9.0. 9 .0.0.3;' 5 10.0* 
3N44 9.0. 9 .0.0.2* 5 1 DOi, 
3N44A 9.0. 10. .0.0.1* 5 150* 
MCA1911 2-39 6.8 10. .0.51 5 40. 0 75 
MCA1912 2-39 6.8 10. .0.25 5 40. 0. 75 
MCA1913 2-39 6.8 10. .0.10. 5 40. 0. 75 
MCA1914 2-39 6.8 10. .0.0.5 5 40. 0. 75 
MCAl921 2-39 6.8 5 .10.5 5 40. -55 10.0 
MCA1922 2-39 6.8 5 .0.52 5 40. -55 10.0 
MCAl923 2-39 6.8 5 .0.20. 5 40. -55 10.0 
MCAl924 2-39 6.8 5 .0.10. 5 40. -55 100 
MCA1931 2-39 6.8 5 .139 5 40. -55 150 
MCA1932 2-39 6.8 5 .0.69 5 40. -55 150 
MCA1933 2-39 6.8 5 .0.26 5 40. -55 150 
MCA1934 2-39 6.8 5 .0.13 5 40. -55 150 
MCA2D11 2-39 8.6 10. .0.60. 5 40. 0. 75 
MCA2D12 2-39 8.6 10. .0.30. 5 40. 0. 75 
MCA2D13 2-39 8.6 10. .0.12 5 40. 0. 75 
MCA2D14 2-39 8.6 10. .0.0.6 5 40. 0. 75 
MCA2D21 2-39 8.6 5 .124 5 40. -55 10.0 
MCA2D22 2-39 8.6 5 .0.62 5 40. -55 10.0 
MCA2D23 2-39 8.6 5 .0.24 5 40. -55 10.0 
MCA2D24 2-39 8.6 5 .0.12 5 40. -55 10.0 
MCA2D31 2~39 8.6 5 .164 5 40. -55 150 
MCA2D32 2-39 8.6 5 .0.82 5 40. -55 150 
MCA2D33 2-39 8.6 5 .0.32 5 40. -55 150 
MCA2D34 2-39 8.6 5 .0.16 5 40. -55 150 
MCA2111 2-39 9.5 10. .0.71 5 40. 0. 75 
MCA2112 2-39 9.5 10. .0.35 5 40. 0. 75 
MCA2113 2-39 9.5 10. .0.14 5 40. 0. 75 
MCA2114 2-39 9.5 10. .0.0.7 5 40. 0. 75 
MCA2121 2-39 9.5 5 .147 5 40. -55 10.0 
MCA2122 2-39 9.5 5 .0.73 5 40. -55 10.0 
MCA2123 2-39 9.5 5 .0.28 5 40. -55 10.0. 
MCA2124 2-39 9.5 5 .0.14 5 40. -55 10.0 
MCA2131 2-39 9.5 5 .194 5 40. -55 150 
MCA2132 2-39 9.5 5 .0.97 5 40. -55 150 
MCA2133 2-39 9.5 5 .0.38 5 40. -55 150 
MCA2134 2-39 9.5 5 .0.19 5 40. -55 150 
MCA2211 2-39 ll.D 10. .0.82 5 40., 0. 75 
MCA2212 2-39 11.0. 10. .0.41 5 40. 0. 75. 
MCA2213 2-39 ll.D 10. .0.16 5 40. 0. 75 
MCA2214 2-39 11.0. 10. .0.0.8' 5 40. 0. 75 
MCA2221 2._39 11.0. 5 .170. 5 40. -55 100 
MCA2222 2-39 11.0. 5 .0.85 5 40 -55 10.0 
MCA2223 2-39 11.0. 5 .0.34 5 40 -55 10.0 
MCA2224 2-39 11.0. 5 .DD 5 40. -55 10.0 
MCA2231 2-39 11.0. 5 .225 5 40. -55 150. 
MCA2232 2-39 n.D 5 .112 5 40 -55 150 
MCA2233 2-39 11.0. 5 .0.44 5 40. -55 150 
MCA2234 2-39 11.0. 5 .0.22 5 40. -55 ISO. 
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UNIJUNCTION TRANSISTORS 

This table contains a numerical listing and short·form specifications for unijunction 
transistors with EIA·registered 2N numbers. 

KEY 

Po = Power Dissipation @ 25°C 
RSB = Interbase Resistance 
." = Intrinsic Standoff Ratio 
IVlm;n} = Minimum Valley Current 
IPlmax} = Maximum Peak Point Current 
lEo = Maximum Emitter Reverse Current at Indicated VEB2 

VEISAT} = Emitter Saturation Voltage @ IE =50 rnA, VBS = 10 V 
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---Numericallndex--

UNIJUNCTION TRANSISTORS INDEX 2N489-2N2421B 

TYPE REPLACE· PAGE PD I •• '7 
Iv(min) Ip(max) IEO @VES2 VE(SAT) 

MENT NUMBER (mW) (kn) (mA) lilA> (pA@Vmaxl (V@50mA) I 
2N489 450 6.8 0.62 8.0 20 12 @ 60 5.0 
2N489A 450 6.8 0.62 8.0 15 12 @ 60 4.0 
2N489B 450 6.8 0.62 8.0 6.0 0.2 @ 60 4.0 
2N490 450 9.1 0.62 8.0 20 12 @ 60 5.0 
2N490A 450 9.1 0.62 8.0 15 12 @ 60 4.0 
2N490B 450 9.1 0.62 8.0 6.0 0.2 @60 4.0 
2N490C 450 9.1 0.51 
2N491 450 6.8 0.68 8.0 20 12 @ 60 5.0 
2N491A 450 6.8 0.68 8.0 15 12 @ 60 4.3 
2N491B 450 6.8 0.68 8.0 6.0 0.2 @ 60 4.3 
2N492 450 9.1 0.68 8.0 20 12 @ 60 5.0 
2N492A 450 9.1 0.68 8.0 15 12 @ 60 4.3 
2N492B 450 9.1 0.68 8.0 6.0 0.2 @ 60 4.3 
2N492C 450 9.1 0.56 
2N493 450 6.8 0.75 8.0 20 12 @ 60 5.0 
2N493A 450 6.8 0.75 8.0 15 
2N493B 450 6.8 0.75 8.0 6.0 0.2 @ 60 5.0 
2N494 450 9.1 0.75 8.0 20 12 @ 60 5.0 
2N494A 450 9.1 0.75 8.0 15 12 @ 60 4.6 
2N494B 450 9.1 0.75 8.0 6.0 0.2 @ 60 4.6 
2N494C 450 9.1 0.62 8.0 2.0 0.02 @ 60 4.6 
2N1671 450 9.1 0.62 8.0 25 12 @ 30 5.0 
2N1671A 450 9.1 0.62 8.0 25 12 @ 30 5.0 
2N1671B 450 9.1 0.62 8.0 6.0 0.2 @ 30 5.0 
2N1671C 450 4.1 -9.1 

2N2160 450 4.0 -12 0.47 -0.80 8.0 25 12 @ 30 

2N2417 390 0.68 0.62 8.0 20 12 @ 60 5.0 
2N2417A 390 0.68 0.62 8.0 20 12 @ 60 4.0 
2N2417B 300 6.8 0.51 -0.62 8.0 6.0 0.2 @ 30 4.0 
2N2418 390 0.68 0.62 8.0 20 12 @ 60 5.0 
2N2418A 390 9.1 0.62 8.0 20 12 @ 60 4.0 
2N2418B 300 9.1 0.51 -0.62 8.0 6.0 0.2 @ 60 4.0 

2N2419 390 4.7-6.8 0.68 8.0 20 12 @ 60 5.0 

2N2419A 390 6.8 0.68 8.0 20 12 @ 60 4.3 
2N2419B 300 6.8 0.56 -0.68 8.0 6.0 0.2 @ 30 4.3 

2N2420 390 9.1 0.68 8.0 20 12 @ 60 5.0 
2N2420A 390 9.1 0.68 8.0 20 12 @ 60 4.3 
2N2420B 300 9.1 0.56 -0.68 8.0 6.0 0.2 @ 30 4.3 

2N2421 390 6.8 0.75 8.0 20 12 @ 60 5.0 
2N2421A 390 6.8 0.75 8.0 20 12 @ 60 4.6 
2N2421B 300 6.8 4.7 -6.8 8.0 6.0 0.2 @ 30 4.6 
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--Numericallndex--

I 
2N2422- 2N3980 UNIJUNCTION TRANSISTORS INDEX (continued) 

TYPE 
REPlACE· PAGE PD Res 

" 
Iv(mln) Ip(mu) IEO@YES2 YI(IAT) 

MENT NUMBER (mW) (ko) (mAl ("AI !J.A@Vmax) IV@lIOmA) 

2N2422 390. 9.1 0.75 8.0 20 12 @ 60 5.0 
2N2422A 390 9.1 0.75 8.0 20 12 @ 60 4.6 
2N2422B 300 9.1 0.62 -0.75 8.0 6.0 0.2 @ 30 

2N2646 300 4.7 0.56 4.0 25 12 @ 30 2.0 
2N2647 300 4.7 0.68 8.0 2.0 0.2 @ 30 2.0 
2N2840 300 4.7 -9.1 1.3 ·-1.5 0.70 10 1 @ 30 

2N3406 450 8.0 
2N3479 400 4.7-9.1 0.47 -0.62 6.0 20 12 @ 30 5.0 

2N3480 400 9.1 0.75 4.0 15 12 @ 30 5.0 
2N3481 400 9.1 0.85 6.0 15 12 @ 30 5.0 
2N3482 400 4.7-6.8 0.51 -0.62 8.0 2.0 0.02 @ 30 5.0 

2N3483 400 9.1 0.72 8.0 2.0 1 @ 30 5.0 
2N3484 400 9.1 0.85 8.0 2.0 0.2 @ 30 5.0 
2N3679 250 9.1 0.80 4.2 
2N3980 360 8.0 
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ADDITIONS AND MODIFICATIONS I 
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--Numericallndex--

ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS 

This table lists non -registered device types characterized in this manual 
in alphabetical sequence. 

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

1/4M2.4AZ 2-8 1/4M47Z 2-8 MA882 7-50 
1/4M2.7AZ 2-8 1/4M50Z 2-8 MA883 7-50 
1/4M3.0AZ 2-8 1/4M52Z 2-8 MA884 7-50 
1/4M3.3AZ 2-8 1/4M56Z 2-8 MA885 7-50 
1/4M3.6AZ 2-8 1/4M62Z 2-8 MA886 7-50 
1/4M3.9AZ 2-8 1j4M68Z 2-8 MA887 7-50 
1/4M4.3AZ 2-8 1/4M75Z 2-8 MA888 7-50 
1/4M4.7AZ 2-8 1/4M82Z 2-8 MA889 7-50 
1/4M5.1AZ 2-8 1/4M91Z 2-8 MA909 7 -52 
1/4M5.6AZ 2-8 1/4MlOOZ 2-8 MA910 7 - 52 
1/4M6.2AZ 2-8 1/4M105Z 2-8 MA1702 7-53 
1/4M6.8Z 2-8 1/4MllOZ 2-8 MA1703 7-53 
1/4M7.5Z 2-8 1/4M120Z 2-8 MA1704 7-53 
1/4M8.2Z 2-8 1/4M130Z 2-8 MA1705 7-53 
1/4M9.1Z 2-8 1/4M140Z 2-8 MA1706 7-53 
1/4M10Z 2-8 1/4M150Z 2-8 MA1707 7-53 
1/4MllZ 2-8 1/4M175Z 2-8 MA1708 7 -53 
1/4M12Z 2-8 1/4M200Z 2-8 MC200 Series 13-4 
1/4M13Z 2-8 MAlOO 7-44 MC201 13-5 
1/4M14Z 2-8 MA1l2 7-46 MC202 13-5 
1/4M15Z 2-8 MA1l3 7-46 MC203 13-7 
1/4M16Z 2-8 MA1l4 7-46 MC204 13-9 
1/4M17Z 2-8 MAll5 7-46 MC205 13-11 
1/4M18Z 2-8 MA1l6 7-46 MC206 13-13 
1/4M19Z 2-8 MA1l7 7 -46 MC207 13-15 
1/4M20Z 2-8 MA200 7-47 MC208 13-17 
1/4M22Z 2-8 MA201 7-47 MC209 13-19 
1/4M24Z 2-8 MA202 7-47 MC212 13-21 
1/4M25Z 2-8 MA203 7-47 MC213 13-23 
1/4M27Z 2-8 MA204 7-47 MC215 13-25 
1/4M30Z 2-8 MA205 7-47 MC217 13-27 
1/4M33Z 2-8 MA206 7-47 MC250 Series 13-29 
1/4M36Z 2-8 MA286 7-49 MC251 13-30 
1/4M39Z 2-8 MA287 7-49 MC252 13-30 
1/4M43Z 2-8 MA288 7-49 MC253 13-32 
1/4M45Z 2-8 MA88I 7-50 MC254 13-33 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) I 
Type No. Page Type No. Page Type No. Page 

MC255 13-35 MC804G 13-112 MC916G 13-126 
MC256 13-37 MC805G 13-123 MC918G 13-144 
MC257 13-39 MC806G 13-123 MC920G 13-147 
MC258 13-42 MC807G 13-114 MC921G 13-151 
MC259 13-44 MC814G 13-120 MC926G 13-130 
MC260 13-46 MC815G 13-1.20 MC927G 13-133 
MC262 13-49 MC816G 13-126 MC928G 13-142 
MC263 13-51 MC826G 13-130 MC929G 13-117 
MC265 13-54 MC827G 13-133 MC930 Series 13-152 
MC267 13-56 MC829G 13-117 MC930F 12-174 
MC300 Series 13-58 MC830 Series 13-152 MC930G 13-170 
MC301 13-62 MC830F 13-174 MC931G 13'-154 
MC302 13-70 MC830G 13-170 MC931F 13-160 
Me303 13-68 MC831F 13-160 MC932F 13-184 
MC304 13-61 MC831G 13-154 MC932G 13-182 
MC305 13-74 MC832F 13-184 MC933F 13-167 
MC306 13-62 MC832G 13-182 MC933G 13-167 
MC307 13-62 MC833F 13-167 MC944F 13-176 
MC308 13-70 MC833G 13-167 MC944G 13-172 
MC309 13-62 MC844F 13-176 MC945F 13-162 
MC310 13-62 MC844G 13-172 MC945G 13-156 
MC311 13-62 MC845F 13-162 MC946F 13-180 
MC312 13-62 MC845G 13-156 MC948F 13-164 
MC350 Series 13-75 MC846F 13-180 MC948G 13-158 
MC351 13-79 MC848F 13-164 MC962F 13-178 
MC352 13-87 MC848G 13-158 MC999G 13-109 
MC353 13-85 MC862F 13-178 MC1050F 13-186 
MC354 13-78 MC899G 13-109 MC1051F 13-186 
MC355 13-91 MC900G Series 13-104 MC1052F 13-186 
MC356 13-79 MC901G 13-107 MC1ll0 13-191 
MC357 13-79 MC902G 13-126 MC1519 13-196 
MC358 13-87 MC903G 13-114 MC1524 13-200 
MC359 13-79 MC904G 13-112 MC1530 13-204 
MC360 13-79 MC905G 13-123 MC1531 13-204 

MC361 13-79 MC906G 13 -123 MCAI911 2-39 

MC362 13-79 MC907G 13-114 MCA1912 2-39 

MC650G Series 13-92 MC908G Series 13-136 MCA1913 2-39 

MC651F 13-92 MC908G 13-138 MCA1914 2-39 

MC652F 13-98 MC909G 13-139 MCA1921 2-39 

MC652G 13-98 MC910G 13-140 MCA1922 2-39 

MC700G Series 13-102 MC911G 13-141 MCA1923 2-39 

MC 800G Series 13-104 MC912G 13-150 MCA1924 2-39 

MC801G 13-108 MC913G 13-145 MCA1931 2-39 

MC802G 13-126 MC914G 13-120 MCA1932 2-39 

MC803G 13-114 MC915G 13-120 MCA1933 2-39 
MCA1934 2-39 
MCA2011 2-39 
MCA2012 2-39 
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--Numericallndex--

I ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 

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

MCA2013 2-39 MCR649-6 5-2B MCR2304-6 5-23 
MCA2014 2-39 MCR649-7 5-2B MCR2304L-6 5-23 
MCA2021 2-39 MCR729-5 5-31 MCR2304-7 5-23 
MCA2022 2-39 MCR729-6 5-31 MCR2304L-7 5-23 
MCA2023 2-39 MCR729-7 5-31 MCR2304-B 5-23 
MCA2024 2-39 MCR729-B 5-31 MCR2304L-B 5-23 
MCA2031 2-39 MCR729-9 5-31 MCR2305-1 5-23 
MCA2032 2-39 MCR729-10 5-31 MCR2305L-l 5-23 
MCA2033 2-39 MCRBOB-l 5-33 MCR2305-2 5-23 
MCA2034 2-39 MCRBOBR-l 5-33 MCR2305L-2 5-23 
MCA2111 2-39 MCRBOB-2 5-33 MCR2305-3 5-23 
MCA2112 2-39 MCRBOBR-2 5-33 MCR2305L-3 5-23 
MCA2113 2-39 MCRBOB-3 5-33 MCR2305-4 5-23 
MCA2114 2-39 MCRBOBR-3 5-33 MCR2305L-4 5-23 
MCA2121 2-39 MCRBOB-4 5-33 MCR2305-5 5-23 
MCA2122 2-39 MCRBOBR-4 5-33 MCR2305L-5 5-23 
MCA2123 2-39 MCRBOB-5 5-33 MCR2305-6 5-23 
MCA2124 2-39 MCRBOBR-5 5-33 MCR2305L-6 5-23 
MCA2131 2-39 MCRBOB-6 5-33 MCR2305-7 5-23 
MCA2132 2-39 MCRBOBR-6 5-33 MCR2305L-7 5-23 
MCA2133 2-39 MCRB46-1 5-36 MCR2305-B 5-23 
MCA2134 2-39 MCRB46-2 5-36 MCR2305L-B 5-23 
MCA2211 2-39 MCRB46-3 5-36 MCR2604-1 5-23 
MCA2212 2~39 MCRB46-4 5-36 MCR2604L-l 5-23 
MCA2213 2-39 MCR171B-5 5-3B MCR2604-2 5-23 
MCA2214 2-39 MCR171B-6 5-3B MCR2604L-2 5-23 
MCA2221 2-39 MCRl71B-7 5-3B MCR2604-3 5-23 
MCA2222 2-39 MCR171B-B 5-3B MCR2604L-3 5-23 
MCA2223 2-39 MCR1907-1 5-40 MCR2604-4 5-23 
MCA2224 2-39 MCR1907-2 5-40 MCR2604L-4 5-23 
MCA2231 2-39 MCR1907-3 5-40 MCR2604-5 5-23 
MCA2232 2-39 MCR1907-4 5-40 MCR2604L-5 5-23 
MCA2233 2-39 MCR1907-5 5-40 MCR2604-6 5-23 
MCA2234 2-39 MCR1907-6 5-40 MCR2604L-6 5-23 
MCL1300 11-13 MCR2304-1 5-23 MCR2604-7 5-23 
MCL1301 11-13 MCR2304L-1 5-23 MCR2604L-7 5-23 
MCL1302 11-13 MCR2304-2 5-23 MCR2604-B 5-23 
MCL1303 11-13 MCR2304L-2 5-23 MCR2604L-B 5-23 
MCL1304 11-13 MCR2304-3 5-23 MCR2605-1 5-23 
MCR649-1 5-2B MCR2304L-3 5-23 MCR2605L-1 5-23 
MCR649-2 5-2B MCR2304-4 5-23 MCR2605-2 5-23 
MCR649-3 5-2B MCR2304L-4 5-23 MCR2605L-2 5-23 
MCR649-4 5-2B MCR2304-5 5-23 MCR2605-3 5-23 
MCR649-5 5-2B MCR2304L-5 5-23 MCR2605L-3 5-23 
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--Numericallndex--

ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) I 
Type No. Page Type No. Page Type No. Page 

MCR2605-4 5-23 MDA920-4 4-7 MDA972-3 4-10 
MCR2605L-4 5-23 MDA920-5 4-7 MDA972-4 4-10 
MCR2605-5 5-23 MDA920-6 4-7 MDA972-5 4-10 
MCR2605L-5 5-23 MDA920-7 4-7 MDA1330H 4-14 
MCR2605-6 5-23 MDA930-1 4-7 MDA1331H 4-14 
MCR2605L-6 5-23 MDA930-2 4-7 MDA1332H 4-14 
MCR2605-7 5-23 MDA930-3 4-7 MDA1333H 4-14 
MCR2605k7 5-23 MDA930-4 4-7 MDA1491-1 4-10 
MCR2605-8 5-23 MDA930-5 4-7 MDA1491-2 4-10 
MCR2605L-8 5-23 MDA930-6 4-7 MDA1491-3 4-10 
MCS2135 8-253 MDA930-7 4-7 MDA1491-4 4-10 
MCS2136 8-253 MDA940-1 4-7 MDA1491-5 4-10 
MCS2137 8-255 MDA940-2 4-7 MDA1491-6 4-10 
MCS2138 8-255 MDA940-3 4-7 MDA1505-1 4-10 
MD984 11-14 MDA940-4 4-7 MDA1505-2 4-10 
MD986 11-16 MDA940-5 4-7 MDA1505-3 4-10 
MD1120 11-18 MDA940-6 4-7 MDA1505-4 4-10 
MD1121 11-18 MDA940-7 4-7 MDA1505-5 4-10 
MD1122 11-18 MDA942-1 4-10 MDA1505-6 4-10 
MD1126 11-20 MDA942-2 4-10 MDA1591-1 4-10 
MD1127 11-20 MDA942-3 4-10 MDA1591-2 4-10 
MD1128· 11-22 MDA942-4 4-10 MDA1591-3 4-10 
MD1129 11-24 MDA942-5 4-10 MDA1591-4 4-10 
MD1130 11-26 MDA942-6 4-10 MDA1591-5 4-10 
MD1131 11-28 MDA950-1 4-7 MDA1591-6 4-10 
MD1132 11-30 MDA950-2 4-7 MF3304 8-257 
MD1134 11-32 MDA950-3 4-7 MFE2093 10-27 
MD2218 11-34 MDA950-4 4-7 MFE2094 10-'27 
MD2218A 11-34 MDA950-5 4-7 MFE2095 10-27 
MD2219 11-34 MDA950-6 4-7 MH745 14-2 
MD2219A 11-34 MDA950-7 4-7 MH746 14-2 
MD2904 11-41 MDA952-1 4-10 MJ2249 6-152 
MD2904A 11-41 MDA952-2 4-10 MJ2250 6-152 
MD2905 11-41 MDA952-3 4-10 MJ2251 6-154 
MD2905A 11-41 MDA952-4 4-10 MJ2252 6-154 
MD3250 11-47 MDA952-5 4-10 MJ2253 6-156 
MD3250A 11-47 MDA952-6 4-10 MJ2254 6-156 
MD3251 11-47 MDA962-1 4-10 MJ2255 6-158 
MD3251A 11-47 MDA962-2 4-10 MJ2256 6-158 
MD6001 11-51 MDA962-3 4-10 MJ2257 6-158 
MD6002 11-51 MDA962-4 4-10 MJ2267 6-160 
MDA920-1 4-7 MDA962-5 4-10 MJ2268 6-160 
MDA920-2 4-7 MDA972-1 4-10 MJ2801 6-162 
MDA920-3 4-7 MDA972-2 4-10 MJ2802 6-162 
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I ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) 

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

MJ3010 6-164 MPS2712 8-281 MPS6532 8-310 
MJ3011 6-164 MPS2713 8-283 MPS6533 8-310 
MJ3101 6-152 MPS2714 8-283 MPS6"534 8-310 
MJ3201 6-166 MPS2715 8-281 MPS6535 8-310 
MJ3202 6-166 MPS2716 8-281 MR322 3-15 
MK-I0 14-3 MPS2894 8-285 MR323 3-15 
MK-15 14-3 MPS2923 8-287 MR324 3-15 
MK-20 14-3 MPS2924 8-287 MR325 3-15 
MM709 8-259 MPS2925 8-287 MR326 3-15 
MM1803 9~40 MPS2926 8-288 MR990 3-26 
MM1812 8-261 MPS3392 8-289 MR991 3-26 
MM1941 9-99 MPS3393 8-289 MR992 3-26 
MM1943 9-101 MPS3394 8-289 MR993 3-26 
iMM2258 8-263 MPS3395 8-289 MR994 3-26 
MM2259 8-263 MPS3396 8-289 MRI030 3-24 
MM2260 8-263 MPS3397 8-289 MRI031 3-24 
MM2483 8-266 MPS3398 8-289 " MRI032 3-24 
MM2484 8-266 MPS3563 9-105 MRI033 3-24 
MM2503 9-103 MPS3638,A 8-291 MRI034 3-24 
MM2550 8-268 MPS3639 8-293 MRI035 3-24 
MM2552 8-270 MPS3640 8-296 MR1036 3-24 
MM2554 8-272 MPS3646 8-298 MR1038 3-24 
MM2894 8-274 MPS3707 8-300 MRI040 3-24 
MP500,A 6-168 MPS3708 8-300 MR1120 3-28 
MP501,A 6-168 MPS3709 8-300 MR1121 3-28 
MP502,A 6-168 MPS3710 8-300 MR1122 3-28 
MP504,A 6-168 MPS3711 8-300 MR1123 3~28 

MP505,A 6-168 MPS3721 8-288 MR1124 3-28 
MP506,A 6-168 MPS6507 9-107 MR1125 3-28 
MP525 6-170 MPS6511 9-110 MR1126 3-28 
MP1612 6-172 . MPS6512 8-302 MR1128 3-28 
MP1612A 6-172 MPS6513 8-302 MR1130 3-28 
MP1612B 6-172 MPS6514 8-302 MR1200 3-32 
MP1613 6-174 MPS6515 8-302 MR1201 3-32 
MP2060 6-176 MPS6516 8-306 MR1202 3-32 
MP2061 6-176 MPS6517 8-306 MR1203 3-32 
MP2062 6-176 MPS6518 8-306 MRl205 3-32 
MP2063 6-176 MPS6519 8-306 MRl207 3-32 
MPS706 8-277 MPS6520 8-302 MRl209 3-32 
MPS834 8-279 MPS6521 8-302 MR1210 3-35 
MPS918 9-105 MPS6522 8-306 MR1211 3-35 
MPS2711 8-281 MPS6523 8-306 MR1212 3-35 

MPS6530 8-310 MRl213 3-35 
MPS6531 8-310 MR1215 3-35 
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ALPHABETICAL INDEX OF NON-REGISTERED TYPE NUMBERS (continued) I 
Type No. Page Type No. Page Type No. Page 

MR1217 3-35 MR1263 3-46 MSD6101 11-55 
MR1218 3-35 MR1265 3-46 MT32 5-49 
MR1219 3-35 MR1267 3-46 MV830 12-21 
MR1220 3-38 MR1268 3-46 MV831 12-21 
MR1221 3-38 MR1269 3-46 MV832 12-21 
MR1222 3-38 MR1290 3-48 MV833 12-21 
MR1223 3-38 MR1291 3-48 MV834 12-21 
MR1225 3-38 MR1292 3-48 MV835 12-21 
MR1227 3-38 MR1293 3-48 MV836 12-21 
MR1228 3-38 MR1295 3-48 MV837 12-21 
MR1229 3-38 MR1297 3-48 MV838 12-21 
MR1230 3-41 MR1298 3-48 MV839 12-21 
MR1231 3-41 MR1299 3-48 MV840 12-21 
MR1232 3-41 MR1337-1 3-50 MV1806C 12-12 
MR1233 3-41 MR1337-2 3-50 MV1807C 12-12 
MR1235 3-41 MR1337-3 3-50 MV1808A 12-15 
MR1237 3-41 MR1337-4 3-50 MV1808B 12-15 
MR1238 3-41 MR1337-5 3-50 MV1808C 12-15 
MR1239 3-41 MR2261 3- 52 MV1810A 12-18 
MR1240 3-44 MR2262 3- 52 MV1810B 12-18 
MR1241 3-44 MR2263 3-52 MV1864A, B 12-23 
MR1242 3-44 MR2264 3-52 MV1892 12-25 
MR1243 3-44 MR2265 3-52 MZ600 2-38 
MR1245 3-44 MR2266 3-54 MZ800 2-38 
MR1247 3-44 MR2271 3- 56 M4L2052 5-44 
MR1248 3-44 MR2272 3-58 M4L2053 5-44 
MR1249 3-44 MR2273 3-54 M4L2054 5-44 
MR1260 3-46 MS-I0 14-5 M4L3052 5-46 
MR1261 3-46 MS-15 14-7 M4L3053 5-46 
MR1262 3-46 MSD6100 11-53 M4L3054 5-46 

XC-63 14-9 
XC-72 14-10 
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--- Device Outline Dimensions ---

DEVICE OUTLINE DIMENSIONS 

CASE 1,3 TO·3 PACKAGE 
COII"10"O"~ 1 

...... I~ 

KO~::EtE 155i:;'=," 0 I : 
OIA MM 

0135 

~r==---=J MAX ~ 

'lpINOI~::~ 
1177 mr 

%:m0IA ~~ 

CASE 8 

PIN 
INSULATING 

EYELETS 

EMInER 

0.136_ 
0.146 

TO·3EXCEPT 
PIN DIAMETER 

Collettor connected to case 

0.136 
0.146 

All dimensions are in inches. 

CASE 4 TO-41 PACKAGE 

CASE 9 TO·61 PACKAGE 

1-186 

#10-32 UNf2A 

•

SE O.34S 

'/' NOMRAO 

0.}40 b COLLECTOR MA, 
0" 

INSlJLATED 
LOCATOR PIN E~HTTER 

GASE 5 (WITH LUGS] 
CASE 6 IWITH FLEXIBLE lEADS) 
CASE 7 IWITHSTRA.IGHT LEADSI 

CASE 11 TO-3 PACKAGE 
Collector connected to case 

~xo,L 

RATE ~~ \ MAX~ CODE 
1.550 MAX 

0.83 
MAX 0.,0 0L tDIA=:j .. MA' 

'I MTG 
BASE 

-----. 
0.44 
i5:4R 

0.420 
OMO 

BASE 



--- Device Outline Dimensions ---

CASE 16 (TO-41 Except Lug Length) 
;:~::!o, 'O"~"""d 1 

Ro"" B ° ~~ 
CODE 

1550 MAX 

t1'~----j 
DlA I 

CASE 22 TO-18 PACKAGE 

BASE 

COLLECTOR 

0.028 
0.048 

CASE 25 (Case 31 with Stud Mount) 

CASE 20 TO-72 PACKAGE 

0.209 1 0230 I 
~i~: 0"11 DIA L 

I wO -T 
0500 

:~i;OIA J 

CASE 23 

MAX 
D1A 

0.130 
MAY. "ro ~:;:I 

H-----'-----,-

r-
0.500 
MIN 

0.016 
0.019 

OIA 

CASE 26 TO-46 PACKAGE 

0.190 
MAX 

~
O'209 ..QlZ! OIA 
0.230 0.195 

OIA 

0.040MAX LrJ--:r5 
0.085 

0.500 
MIN L 0.012 01A 

0.019 

1-187 

CASE 21 TO-17 PACKAGE 

O,016DIA~ 
0.019 

CASE 24 TO-102 PACKAGE 
6·32·UNC·2A 

ICOATEO) THREAO 

BASE 

Collector connected to case; 
stud isolated from case 

0.100 
0.050-

CASE 27 TO-52 PACKAGE 

I 



I 
All dimensions 
are in inches. 

CASE 31 A TO-5 PACKAGE 

:li:OIAE~ 
OJ05 D1A H 0,.240 
0.335 0260 

Q.QllOIA!ffili-+ 
0,019 

15 

~~Lj 

CASE 34 

~:~~~D1At=1 
0.305 DIA 0.240 
0.335 1),260 

iI--r 

rl 
Qm§ olA I i ~ 

MIN 

0.019 ~ 

--- Device Outline Dimensions __ _ 

CASE 29 TO·92 PACKAGE 
PLASTIC TRANSISTORS 

E.B,C,unlessnlherwise 
noted O~ data sheet. 

-+ 0.175 is 
Jl 

J~'045 0.055 
0.045 
0.055 

Leads tofit into 
0016 
0.019 

01/\ HOLE(TYP) 

CASE 32, 32A, 328 
&lit OIA ij4All I .. d, ;,ol ... d "om ",. 
OJOl 01A 
0,335 DIM "A" 

]T ,! 

::::~~!~!j 
0.200 

PINS4AND80MITTED 

0029 
0045 

DIM""" 

CASE 32 -0.150/0,180 
CASE 32A-O.140/Q.260 

CASE 32B,TO·71-0.240/0.260 

CASE 35 TO-71 PACKAGE 
All leads isolated from case 

0.209 1 0130 r 
:~1 ~~ 11: 

0.500 
MIN 

0.016 01A I 
0.019 ~ 

PINS 4 AND 8 OMITIEO 

1·188 

CASE 31 TO·5 PACKAGE 

0.305DIA~ 0','00 

~,;~~ DIA+-~ 
0335 II 1-+ 
OOI'OIA~li 0.019 

15 

~~tJ 

CASE 33 TO-89 PACKAGE 
All leads isolated from case 

lead 1 identified by square 
impression on underside of case. 

0.290 r 0.240l 

.L.
c::::::::J 

~ 
0.030 
0.070 

I 2 4 5 

0.150 
MIN 

0.095 L_lo.095 
0.105 0.105 

CASE 36 TO-60 PACKAGE 

0.185 
0.215 

COLLECTOR 

0.320 

0.360~ OIA 
0.135 ----.i 0.355 
0'I=f00 0.215 0.430 

0T2ii I 
t t = 0.375 

IO·32·UNF-2A - 0.455 
THREAD =~ 



--- Device Outline Dimensions ---

CASE 37 CERAMIC PACKAGE 

DOlOn 0070 
MAX MAX 

l 00050lA 

BASE 

COLLECTOR 0.5 
MIN EMInER 

J 
0.040 
NOM 

c::n 
CASE 43 00·21 PACKAGE 

0.047 
0,053 

:E l 
r-'----'., 

CASE 48 

CATHODE n- 0.077 
" 0.083 
~ i_OI'_--.-

r-~---+ 
0.037 0,050 
0.043 0,070 

CASE 41 

OUTliNE DIMENSIONS IINCHES) 

PKG. A B C 0 
MAX MAX :':::0.002 MIN 

41·1 

41-2 

41·3 

414 

41-5 

41·6 

41·7 

CASE 46 

1.00 0.500 

0.500 0.375 

1.030 0.37a 

1.220 0.641 

0.655 0.641 

0.520 0.275 

1.000 0.375 

~~ 
0.130 

OIA 

a 
0.077 
0.087 
01' 

0,032 

0.032 

(1,032 

0,032 

0.032 

0.022 

0.032 

0.059 0,060 

1.25 

1.25 

1.25 

1.75 

1.25 

1.25 

1.25 

0Lito.Q66 DIA 

CATHOOE~:-I 1 0.105 IE 0.225 

0.070 =', I 
0.076 ~ 

CASE 49 

1-189 

0059 
0.065 

0.070 NOM [l1A 

CASE 42 00·5 PACKAGE 

.~ 

CASE 47 

CATHODE 

0.667 

O."S_tj 
0.245 

OIA 

~t@j 
016S-W 

OIA 

0.185 
0I95 

OIA 

0,180 
CillO 

CASE 51 00·7 GLASS PACKAGE 



-- Device Outline Dimensions--

All dimensions 
are in inches. 

CASE 52 DO-13 PACKAGE r-r- 0.225 MAX OIA 

G 

I 
1.25 
MIN 

I :-~_O._090~MAXOIA 
0.21 
MAX. 

~,~~~ OIA 

CASE 54 nO-3 Except Pin Diameter) CASE 55 

CASE 56A DO-4 PACKAGE 

eH,...=-,o.'" 
~ 0.437 

L.1 

DlA 

°M~B 0.256 ~
D.41) 

DIA MAX 

L.~~_-+ ,-
D.D47 
MAX 

~~li DIA../ 
tOO 
MAX 

~ 
J-t&lll 

~ 
CASE 57 

1-190 

CASE 53 
0.210 
0.230 
DIA 

~:~g'DIA 

0.180 
0.200 
DIA 

0.350 
0.370 

i 
1.062 

~ 
a£~ 

CASE 56 DO-4 PACKAGE 

MAX DIA 

DIA 

MAX 

CASE 58 

~~ \]7 o 0.687 

U 
0.280 
MAX 
DlA 

0.125 NOM 



CASE 59 
-1 r-- UQQ OIA I I 0,107 

8 

r-
1.10 ~,~~~ DIA 
MIN L :i:; 

'"~""". :: I 

CASE 62 

CATH(JN 

l.iO 
MIN 

~ 

df:"" 
~ ~0£10 

0630 

0" 

GATE 

CASE 68 

-- Device Outline Dimensions--

Q.2001il1N 
KNURL 

CASE 60 

~
"'45M\x"" 

@ 

035 MAX O:A 

CASE 63 
"n 

o[!,S=J 0.437 

_1-

DIA 

a ~~m 

LSD R 2 PLACES 

o.o7°_I_,t:.~~'" 

IO-32-UNF-2A 

CASE 70 

1-191 

0.280 
MAX 
D1A 

CASE 61 TO-41 PACKAGE 

CASE 64 TO-48 PACKAGE 
CAlIIOOE~ 

GATE~L 0.544 J MAX 
IU15 DIA 
0.562 

~ ~ 
---------+-'" ~~ 

0.300 
0,113 
ffi 

~~~--.i 

CASE 71, 71A 
CASE 71A
PIN 10 UNDER 
TAS 

0.305 alA 0.180 i:m-I~ " 0.335 -- MAX 

D" 

O0l6~1o 0.019 TYP 

D1A ~ 

~
O'230 

I 0.028 

~r o~".::o 00i' 
0000 L I 

~ 0.026 
0,034 

I 



--- Device Outline Dimensions ---

All dimensions 
are in inches. 

CASE 80 TO·66 PACKAGE 

~:~~ OIA !-I-l---!I-___ ~_ll:-~ 

~:~~~ DIA 

BASE 

0.350 R. MAX 

0.570 
0.590 

CASE 85t 

~0'093 
0.107 

0.190 
0.210 

~:1~~ OIA 

0.360 
MIN 

Collector connected to case 

CASE 72 lO·LEAD FLAT PACKAGE 
10·91 

LEAD 1 IDENTIFIED BY IMPRESSION 
ON UNDERSIDE OF CASE. 

0.030 

~ REF 

t=ICCCCCI~ 
0.003 
0.006 

Tar 
0.070 

ALL PINS ELECTRICAllY 
ISOlATED FROM PACKAGE 0.045 

0.055 

9JllQ Ir -II..J 

::~." -~I::: ;~~l 
0.240 I 
0.290 

CASE 83 l4-LEAD FLAT PACKAGE 
TO-a6 

lfAO I IDENTIFIED BY IMPRESSION 
ON UNDERSIDE OF CASE. 

0.030 
~ REF 

t=~d...l 
0.003 ----:f.l 
0.006 0.070 

ALL PINS ElECTRICAllY 
ISOlATED FROM PACKAGE 

0.01011-
0.019 I 

TOP 
VIEW 

CASE 86 

r-J~ 0.437 
MAl( 

HEX 

~ ~ATCAN 
0.110 

GATE 

1-192 

CASE 79 TO-39 PACKAGE 

~:~~DlA~ 
0.315 DlA 0.240 
0.335 0.260 

O.oI6 0IA!TIi=i 0.019 MIN 

---.l 
0.200 

BASE 

-'---f"~~ )!\.+----r-

45Y:)a}.<:9 

0.034 0.040 

CASE 85 

GATE 

CASE 86t 



-- Device Outline Dimensions--

CASE 87 

~
-'-150DISPLACEMENT 

0.180 
0.200 

~:n~ AT CAN 

~DIA 
O.oJ'~ 

O'070:.:~~~~ I o~ 0, I MIN 

1- fl.580 
f'Q[0.350 MAX 

CASE 88l 

MAX OIA 
MAX 

0.420 

01' 
MAX 

CASE 96 TO-99 PACKAGE 

~Oli:~ 0.305 DJA OIA 0.165 
0.335 0.185 

Ok,O_ 
0.040 
MAX 0.500 MIN 

0.016 DIA I 
0.019 -----.l 

0.140 
",., .,,---,- 0.160 

CASE 87l 

~~~rl 
~~ n-H--'ANCCOO~E 1 

I.J70 0030 \lJ u ~:~~~ 
MIN O'03AO"~------"'AU20 
.-- t MIN 

02700030 ~ 

MAX :~::: .[o.
3sop

M:X Jii 

MAX OIA MAX 
0.420 

01' MAX 

CASE 89 
0.135 

r0370 -j 

:~1l11' OIA r ,- 0.180 

M":i['9"~ 0.019 TYP 

.........1 

0.Q28 
0.034 

CASE 96A TO-100 PACKAGE 

~omh 0.105 OIA OIA 0.165 
0.335 0.185 

°k~O_ 
0.040 
MAl(' 0.500 MIN 

0.DI6 01A I 
0.019 ---.l 

0.140 

,,<-"'''"'''~-+ 0.160 

1-193 

0.029 
0.045 

CASE 88 

CASE 94 

0.420 

01' MAX 

~~.-D.110 

GATE 

0.90 
MIN 

0.350 

01' 
MAX 

0.049 
[Q55 

01' 

~:~~~O'AE 
0.305 DlA 0.090 
0.335 0.120 

----.L 

0.016 01A ffi----r 0.019 MIN 

CASE 98 

0.305 
0.335 

OIA 

-------...l 

0.180 
MAX 



A 
HEX 

80 1.250 

1.75 

2.00 

400 2.250 

E, 
olA 

80 0.281 

0.343 

0.531 

0.562 

e, 
MAX 

0.135 

0.260 

0.260 

0.320 

F, 
MAX 

2.25 

3.0 

3.50 

3.72 

CASE 101 

Device Outline Dimensions ---

Dimensions - Inches 

C 
81 MAX 

MAX DIA 

0.113 1.20 

0.155 1.72 

0.200 1.94 

0.260 2.20 

F, 
MAX 

6.25 0.125 

D, 
MAX 

0.525 

0.760 

1.10 

1.10 

H 
THREAD 

10-32 

D, 
MAX 

0.590 

0.64 

1.00 

1.155 

J 
MAX 

0.500 

8.10 0.375 l·t6 UNF 1.00 

8.i.0 0.375 ~·16 UNF 1.00 

8.10 0.375 ~·16 UNF 1.00 

CASE 102 

E, 
OIA 

0.250 

0.375 

0.562 

0.562 

K 
MAX 

1.10 

l.10 

1.10 

10 
Output 
Current A 

160 2.25 

240 3.00 

400 3.00 

650 3.25 

F, 
MAX 

160 0.64 

240 1.00 

400 1.155 

650 

e 
DIA 

0.203 

0.281 

0.281 

0.281 

G, 
MAX 

1.9 

2.50 

2.70 

2.50 

CASE 103 

1-194 

Dimensions - 1"_'_heS 

D E, 
M~X ~~: MAX 

0.880 1.720 0.260 

1.255 2.100 0.260 

1.255 2200 0.320 

1.380 2885 0.500 

G, H, H, 
MAX DIA DIA 

7.10 0.375 0.343 

6.90 0.562 0.531 

6.90 0.562 0.562 

0.562 

E, 
MAX 

0.155 

0.200 

0.260 

J 
MAX 

0.260 

0.260 

0.260 

0.260 

CASE 104 

F, 
MAX 

0.760 

1.100 

1.100 

1.30 

K 
MAX 

1.00 

1.00 

1.00 

1.00 



--- Device Outline Dimensions ---

COLOR-CODED POLARITY DOTS: 

Y = AC INPUT 

R = +DC OUTPUT 

(NO MARK) = -DC OUTPUT 

CASE 107 
POLARITY 

~
DOTS 

• ---1 
o 0.150 NOM 

. I 
0.300 r26551' I_onsj - MIN - MAX MIN 

~~:~~:DIA 

CASE 109 

TIN·DIPPED 
COPPER 

~)' --..l. 
Q,]50NQM 

- I t 

~ ~265 51' LOl75j 
0.300- MAX MIN 0',018 OIA 

~IN 0028 
Wi-DIPPED 
COPPER 

CASE 111 

0,147 0.114 
[ill~OM ~O.SOO-l...15!l2...J 

CASE 106 
POLARITY 

~ 009k .dNoM 
II L . f 

-I 0.090 ~ 4- j MAX 0.265 50 0.35: 
MAX 0400 . I 

4== c=J 0.110 MAX 

L 0.015 MAX 

CASE 108 

CASE 110 

-1 m 0.565 W MAX 

O.18SJ [' 
MAX 

CASE 112 

~:::~:OIA 
I Y , 

().~ 

I y I J 0.565 LO.850-j 
MAX MIN 

0,260 MAX ---1 r-
0,125 NO" -[E 

LONGER LEADS AVAll),BlE 
UPON REQUEST 

O.303~- 1~~6 

0_297 I ~"IN' I "AX Ii 

,-- -.l 

CASE 113 

0.14001A 
CB()'ZSOIO.125 
2PlACfS 

OM1 0.029 
0453 lEAO= 0035 OIA - . 

CASE 114 

0,1400111. 
CBo.25010.125 
2 PLACES 

1-195 

1

_1.50--j 
MA~ I 

0.557~ rt 0.870 

1.1lS }--- ... -

O'''OM''~ ,-----

4 PLACES 



CASE 115 

1.1~ 

~
1'6110_ M,I,X 1--- 1.780 --

~ / 1 
/11. 1.7~ a ~:.t8 ~@ MAX 

~U 
01400lA 
C'8 o.l~O I O.l2~ 
lPlACfS 

D . e Outline Dimensions ---- eVlc 

1.50---1 

I-MAX I 

~
.551 

I.IT I::::: 0.870 

O.140MINIlI" 
~PlAC[S 

CASE 116 700MA'-- I 

~¥I :, ;' .', lSi 
0.144 L~I -~---6-:-,OO:-:M~A:-' -=-=-=_= ___ ~I 
NOM -.-"lEO TERM"I'N'Al SLOTS 

0.046 WIDE. 0.172 DEEP ~ 0.50 

r-UA-~DL-_____ ~___ U I~-=r 

~d _--, 

1-19cS 
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SILICON ZENER DIODES 
Including 

TEMPERATURE COMPENSATED DIODES 

REFERENCE AMPLIFIERS 
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The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manuaL For additional information, military-type data sheets are available. 

SILICON REGULATOR DIODES page 

JAN lN746A thru JAN IN759A MIL-S-19500/127 2-10 

JAN IN962B thru JAN IN984B MIL-S-19500/117 2-11 

JAN IN2804B thru JAN IN2811B MIL-S-19500/114 2-15 

JAN IN2813B MIL-S-19500/114 2-15 

JAN IN2814B MIL-S-19500/114 2-15 

JAN IN2816B MIL-S-19500/114 2-15 

JAN IN2818B thru JAN IN2820B MIL-S-19500/114 2-15 

JAN IN2822B thru JAN IN2827B MIL-S-19500/114 2-15 

JAN IN2829B MIL-S-19500/114 2-15 

JAN IN2831B thru JAN IN2838B MIL-S-19500/114 2-15 

JAN IN2804B thru JAN IN2846B MIL-S-19500/114 2-15 

JAN IN2970B thru JAN IN2977B MIL-S-19500/124 2-18 

JAN IN2979B MIL-S-19500/124 2-18 

JAN IN2980B MIL-S-19500/124 2-18 

JAN IN2982B MIL-S-19500/124 2-18 

JAN IN2984B MIL-S-19500/124 2-18 

JAN IN2988B thru JAN IN2993B MIL-S-19500/124 2-18 

JAN IN2995B MIL-S-19500/124 2-18 

JAN IN2997B MIL-S-19500/124 2-18 

JAN IN2999B thru JAN IN3005B MIL-S-19500/124 2-18 

JAN IN3007B thru JAN IN3009B MIL-S-19500/124 2-18 

JAN !N30l1B MIL-S-19500/124 2-18 

JAN IN3012B MIL-S-19500/124 2-18 

JAN IN3014B MIL-S-19500/124 2-18 

JAN IN3015B MIL-S-19500/124 2-18 

JAN IN3016B thru JAN IN3051B MIL-S-19500/115 2-19 

JAN IN3821A thru JAN IN3828A MIL-S-19500/115 2-23 

JAN IN3993A thru JAN IN4000A MIL-S-19500/272 2-24 

JAN IN4370A thru JAN IN4372A MIL-S-19500/127 2-10 

SILICON REFERENCE DIODES page 

JAN IN429 MIL-S-19500/299 2-32 

USN IN821 MIL-S-19500/159 2-32 

USN IN823 MIL-S-19500/159 2-32 

USN IN825 MIL-S-19500/159 2-32 

USN IN827 MIL-S-19500/159 2-32 

USN IN829 MIL-S-19500/159 2-32 

USN IN935B MIL-S-19500/156 2-32 

USN IN937B MIL-S-19500/156 2-32 

USN IN938B MIL-S-19500/156 2-32 

USN IN939B MIL-S-19500/156 2-32 

USN IN941B MIL-S-19500/157 2-32 

USN IN943B MIL-S-19500/157 2-32 

USN IN944B MIL-S-19500/157 2-32 

JAN IN3154 thru JAN IN3157 MIL-S-19500/158 2-32 
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--- Silicon Zener Diodes ---

SILICON ZENER DIODES 
300 

FORWARO 
CHARACTERISTIC 
TYPICAL 
(ALL TYPES) 200 

7 . :< .s 
I -

100 

REVERSE VOLTAGE 
) 

(VOLTS) / 
f'j .. IR @V .. /1,1, 0.5 1.0 1. 

11 
v, (VOLTS) 

I- - - - .-

:< .s . 
..!' REVERSE 

CHARACTERISTIC 

~I," 
(See table for 

specific values) 

• If· Forward Current 
• Iz - Zener Current 
• 11K • Zener Current Near 

Breakdown Knee 
• Izw - Maximum DC Zener Current 

(limited by power dissipation) 
• Izr - Zener Test Current 
• Vf - Forward Voltage 
• Vz - Nominal Zener Voltage 
• 21 - Zener Impe.:Jance 
• ZlK - Zener Impedance Near 

Breakdown Knee (lZK) 
• Zn - Zener Impedance At 

Test Currenl (I,,) 
• I ... Reverse Current 
• Vl • Reverse Test Voltage 

The zener diode is unique within the semiconductor family of devices in that 
its important electrical properties are associated with a p - n junction operated 
under reverse-bias avalanche (breakdown) conditions. The major electrical 
characteristics associated with such devices, from an applications viewpoint, 
are defined as follows: 

Zener Voltage -- (VZ) -- Nominal zener voltage, measured at a specified 
test current (IZT) in the constant,...voltage region, with the device junction in 
thermal eqUilibrium with a 250 C ambient temperature. 

Zener Impedance -- (ZZ) -- The impedance of a zener diode is normally 
specified at two points of the zener characteristics curve: at the knee of the 
zener plateau, and near the midrange of the zener excursion. The values of 
Zz are derived by superimposing a 60-cycle current on the zener test current 
(IZT) or on the zener knee current (IZK) and measuring the resulting AC volt
age across the device. The RMS value of the applied 60-cycle current is 10% 
of the zener current (IZT or IZK). 

A 100% CRT curve trace is used to insure that each zener diode breakdown 
region begins at a current lower than IZK and continues at nearly constant 
voltage to a current level in excess of IZM. 

Maximum Zener Current Rating -- (IZM) -- This current rating denotes the 
maximum current that can be supplied by a device without exceeding the rated 
power level. This depends, of course, on the nominal zener voltage (VZ). 

Reverse Current -- (IR) -- Reverse current is the leakage current of the 
zener diode in the non-conducting region of the device, i. e., in the area of an 
applied voltage between 0 and avalanche breakdown. It is normally specified 
at a reverse voltage (VR) of approximately 0.8 (VZ -- tolerance). 

For case outline dimensions, see page 1-186. 
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--- Silicon Zener Diodes ---

HOW TO OBTAIN NON-STANDARD ZENER DIODES 

Zener Diodes With Special Voltage Ratings and Tolerances 

Each of JEDEC "1N" type numbers for zener diodes stands for a device with 
a specific zener voltage, power rating and voltage tolerance. A variation of 
voltage tolerances, however, is provided for in the EIA registration by a series 
of suffixes. For example, the JEDEC type number 1N4728 stands for a 1-watt 
diode with a zener voltage rating of 3.3 volts ±10%. The same type number, 
with a suffix A, i. e., 1N4728A, indicates a ±5% voltage tolerance. 

The suffix usage varies with individual registrations. Consult data sheets or Selection 
Guide for particulars. 

There are many instances, however, when a circuit design calls for a device 
with a special zener voltage rating and/or a special tolerance not provided for 
in the standard registration format. Nevertheless, such special devices are 
normally available on special order, giving the designer a tremendous choice 
of voltages and tolerances for his design. 

To facilitate the purchase of a device with a non-standard voltage or toler
ance, a special code number has been devised, as follows: 

x X M X X X Z X 

I 
=r-

I 
I ~ L-, 

Power Nominal Zener Tolerance 
Rating Zener Voltage Diode (±%) 
(Watts) (Volts) 

For example, a special 10 watt zener diode with a zener voltage of 41 volts 
±1 % would be ordered as follows: 

10M41Z1 

The above nomenclature applies for all packages and all power categories in
dicated in the selector gUIde on pages 2-6 and 2-7, except for the 1-watt 
plastic package and the 50-watt stud package. These two exceptions are made 
necessary by the fact that each of these power categories is served by two 
different package types. 
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-- Silicon Zener Diodes --

Special1:"watt plastic packaged devices are specified as follows: 

1MXXXZSX 

Special 10-watt or 50-watt stud packaged devices are specified as follows: 

50MXXXSZXX 

Matched Sets of Zener Diodes 

Zener diodes can also be obtained in sets consisting of two or more matched 
devices. The method for specifying such matched sets is similar to that used 
in specifying special units except that two extra suffixes are added to the spe
cification described above. 

These units are marked with code letters to identify the matched sets. 

For example: 

10M 5 1 Z 5 B 1 
~I-------'-~rl ----~~~~rr._l ~ T~ __ ~I 

10 Watts 51 Volts Zener ±5% C\Ode Overall 
(each device) Diodes (A-Not used) Tolerance 

ZENER CLIPPERS 

of Set (±l%) 
Ciode 

B-Two 
devices in 
Series 

C - Three devices 
in Series 

D- Four devices 
in Series 

P-Two devices 
in parallel 
(not recommended) 

X-Two devices; one 
standard polarity, 
the other reverse 
polarity. (10 and 
50 watts only) 

Special clipper diodes with opposing zener junctions built into the device are available 
by using the following nomenclature 

X M XXX Z Z X 

T ~ T T T Power Nominal Zener Clipper Tolerance for 
Rating Voltage Diode each of the two 
(Watts) Zener Voltages 

This nomenclature is applicable to all packages and power ratings as restricted on page 
2-4 and above. 
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--- Silicon Zener Diodes ---

ZENER DIODE SELECTION GUIDE 

IMPORTANT ..• The devices listed represent a basic profile of the largest inventoried 
zener diode line in the industry. Many additional types not listed, including in-between 
voltages, matched pairs, double-anode clippers and combination molded assemblies are 
also available. 

1AWAn 400 MILLIWATT 1 WAn 1 WAn 
Cathode = Polarity Mark Cathode = Polarity Mark Cathode = Polarity Mark Cathode to Case 

~ --e!!!9-- !!! ---t:J=--
Nominal 

Zener 
CASE 51 CASE 51 CASE 59 CASE 52 

Voltage MEETS SPECS OF 
INDUSTRIAL INDUSTRIAL INDUSTRIAL Mll·S·19500/l27 INDUSTRIAL INDUSTRIAL MEETS SPECS OF 

VZ (NOTE 1) ±5% TOLERANCE (NOTE 2, 3) (lN746A·759A 
lN4370A·4372A) 

(NOTE2) (NOTE 2, 3) Mll·S·19500/115 

M Il·S·19500/117 
(lN962B·992B) 

2.4 1/4M2.4AZ lN4370 lN4370A 
2.7 %M2.7AZ lN437l lN4371A 
3.0 1/4M3.0AZ lN4372 lN4372A 
3.3 lf4M3.3AZ lN746 lN746A lN4728 lN382l lN382lA 
3.6 V4M3.6AZ lN747 lN747A lN4729 lN3822 lN3822A 
3.9 1f4M3.9AZ lN748 lN748A lN4730 IN3823 lN3823A 

4.3 1f4M4.3AZ lN749 lN749A lN473l lN3824 lN3824A 
4.7 1f4M4.7AZ lN750 lN750A lN4732 lN3825 lN3825A 
5.1 1/4MS.IAZ lN75l lN75lA lN4733 lN3826 lN3826A 
5.6 V4M5.6AZ lN752 lN752A lN4734 IN3827 lN3827A 
6.2 V4M6.2AZ lN753 lN753A lN4735 lN3828 IN3828A 

6.8 V4M6.8Z lN4099 lN754 lN754A lN4736 IN3829 
lN957 IN3016 lN30l6B 

7.5 1/4M7.SZ lN4l00 lN755 lN755A lN4737 lN3830 
lN958 lN3017 lN30178 

8.2 %MB.2Z lN4l01 lN756 IN756A· IN4738 IN3018 lN3018B 
lN959 

9.1 lJ4M9.1Z IN4l03 lN757 lN757A lN4739 lN3019 lN30l9B 
lN960 

10 l!4MIOZ IN4104 IN758 IN758A IN4740 IN3020 lN3020B 
lN96l 

11 1/4MllZ lN4l05 lN962 IN962B lN474l lN302l lN302lB 

12 1/4M12Z lN4l06 lN759 lN759A lN4742 lN3022 lN3022B 
IN963 lN963B 

13 1/4M131 lN4l07 lN964 lN964B lN4743 lN3023 lN3023B 
15 1/4M15Z lN4l09 lN965 lN965B lN4744 lN3024 lN3024B 
16 1f4M16Z IN4110 IN966 IN9668 IN4745 IN3025 lN3025B 
18 1/4M18Z lN4112 lN967 lN967B lN4746 lN3026 lN3026B 
20 1/4M20Z lN4114 lN968 lN968B lN4747 IN3027 lN3027B 
22 1/4M22Z lN4115 lN969 lN969B lN4748 lN3028 lN3028B 

24 1/4M24Z lN4116 lN970 lN970B lN4749 lN3029 lN3029B 
27 1/4M27Z lN4118 lN971 lN97lB lN4750 lN3030 lN3030B 
30 1/4M30Z lN4l20 lN972 lN972B IN4751 lN303l lN303lB 
33 %M33Z lN4l2l lN973 lN973B lN4752 IN3032 lN3032B 
36 1/4M36Z lN4l22 lN974 lN974B lN4753 lN3033 lN3033B 
39 1f4M39Z lN4l23 lN975 lN975B lN4754 lN3034 lN3034B 

43 V4M43Z lN4l24 lN976 lN976B lN4755 lN3035 lN3035B 
47 l/4M47Z lN4l25 lN977 lN977B lN4756 lN3036 lN3036B 
51 lJ4M51Z IN4126 lN978 lN978B lN4757 lN3037 lN3037B 
56 1f4M56Z lN4l27 lN979 lN979B lN4758 lN3038 lN3038B 
62 %M62Z lN4l29 lN980 lN980B lN4759 lN3039 lN3039B 
68 1f4M68Z lN4l30 lN98l lN98lB lN4760 lN3040 lN3040B 

75 %M75Z lN4l3l lN982 lN982B lN476l lN304l lN304lB 
82 1f4M82Z lN4l32 lN983 lN983B lN4762 lN3042 lN3042B 
91 1f4M91Z lN4l34 lN984 lN984B lN4763 lN3043 lN3043B 

100 %MIOOZ lN4l35 lN985 lN985B lN4764 IN3044 lN3044B 
110 l/4MllOZ IN986 IN986B IN3045 IN30458 
120 1f4M120Z lN9B7 lN987B lN3046 lN3046B 

130 lf4M130Z lN988 lN988B lN3047 IN3047B 
150 1f4M150Z lN9B9 lN989B lN3048 lN3048B 
160 1f4M160Z lN990 lN990B lN3049 lN3049B 
180 1f4M180Z lN99l lN99lB IN3050 lN3050B 
200 1f4M200Z lN992 lN992B lN305l lN305lB 
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--- Silicon Zener Diodes ---

NOTES: 
1. Standard tolerances of 5, 10. and 20% are avail· 

able - no suffix is ±20% tolerance; "10" suffjx is 
±lO% tolerance and "5" suffix ;s ±5% tolerance. 

2. No suffix denotes =10% tolerance. "A" suffix is 
±5% tolerance. (lN4370·4372, IN746-759; IN3821-
30, 1 N3993·4000) 

11;2 WATT 10 WATT 
Cathode to Case Cathode to Case:::: IN3993 series 

Anode to Case =: IN2970 series 

3. Standard tolerances of 5. 10, and 20% are avail
able - no suffix ;s ±20% tolerance; "Au suffix ;s 
±10% tolerance, and "8" suffix is ±5% tolerance. 
(lN957-992; IN3016-3051; IN3785-3820; IN2970&R-
3015&R; IN4549-4556; IN4557-4564; IN2804&R· 
2846&R; IN3305&R·3350&R) 

4. R & RB = Reverse Polarity Types Available. 

50 WATT 
Anode to Case 

~A"" fr .,~" 4 ". Nominal 
-li( I 

CASE 56 '" CASE 58 
Zener 

Voltage 

MEETS SPECS OF 
INDUSTRIAL INDUSTRIAL Mll·$·19500/272 INDUSTRIAL MEETS SPECS OF INDUSTRIAL 

VZ (NOTE 3) (NOTE 2, 3, 4) (lN3993A·4000A) (NOTE 3, 4) MIL-S-19500/114 (NOTE 3, 4) 
M I L-S-19500/124 (NOTE 4) 
(lN2970B·3015B) 

2.4 
2.7 
3.0 
3.3 
3.6 

IN3993 IN3993A&RA IN4557&R IN4549&R 3.9 

1N3994 1N3994A 1N4558&R 1N4550&R 4.3 
1N3995 IN3995A 1N4559&R 1N4551&R 4.7 
IN3996 IN3996A 1N4560&R lN4552&R 5.1 
1N3997 1N3997A 1N4561&R 1N4553&R 5.6 
1N3998 IN3998A&RA 1N4562&R 1N4554&R 6.2 

1N3785 IN3999 1N3999A IN4563&R 1N4555&R 6.8 
1N2970&R 1N2970B&RB 1N2804&R 1N2804B&RB IN3305&R 

1N3786 1N4000 1N4000A 1N4564&R 1N4556&R 7.5 
1N2971&R 1N2971B&RB 1N2805&R IN2805B&RB 1N3306&R 

1N3787 1N2972&R 1N2972B&RB 1N2806&R 1N2806B&RB 1N3307&R 8.2 

1N3788 1N2973&R 1N2973B&RB 1N2807&R lN2807B&RB 1N3308&R 9.1 

1N3789 IN2974&R 1N2974B&RB IN280B&R 1N2808B&M 1N3309&R 10 

IN3790 1N2975&R 1N2975B&RB 1N2809&R 1N2809B&RB 1N3310&R 11 

1N3791 1N2976&R 1N2976B&RB lN2810&R 1N2810B&RB 1N3311&R 12 

1N3792 1N2977&R 1N2977B&RB 1N2811&R 1N2811B&RB 1N3312&R 13 
1N3793 1N2979&R 1N2979B&RB 1N2813&R 1N2813B&RB 1N3314&R 15 
1N3794 1N2980&R 1N2980B&RB 1N2814&R 1N2814B&RB 1N3315&R 16 
IN3795 IN2982&R IN2982B&RB IN2816&R IN2816B&RB IN3317&R 1. 
1N3796 1N2984&R 1N2984B&RB lN2818&R 1N2818B&RB IN3319&R 20 
1N3797 1N2985&R 1N2985B&RB 1N2819&R 1N2819B&RB 1N3320&R 22 

1N3798 1N2986&R IN2986B&RB' 1N2820&R 1N2820B&RB 1N3321&R 24 
IN3799 1N2988&R 1N2988B&RB 1N2822&R 1N2822B&RB lN3323&R 27 
1N3800 1N2989&R 1N2989B&RB 1N2823&R IN2823B&RB lN3324&R 30 
1N3801 1N2990&R lN2990B&RB 1N2824&R 1N2824B&RB 1N3325&R 33 
1N3802 1N2991&R 1N2991B&RB 1N2825&R lN2825B&RB IN3326&R 36 
IN3803 1N2992&R 1N2992B&RB 1N2826&R 1N2826B&RB lN3327&R 39 

IN3804 IN2993&R IN2993B&RB IN2827&R IN2827B&RB IN3328&R 43 
IN3805 1N2995&R 1N2995B&RB 1N2829&R 1N2829B&RB lN3330&R 47 
IN3806 1N2997&R lN29978&RB 1N2831&R lN2831B&RB 1N3332&R 51 
1N3807 IN2999&R 1N2999B&RB 1N2832&R 1N2832B&RB lN3334&R 56 
1N3808 1N3000&R 1N3000B&RB 1N2833&R 1N2833B&RB 1N3335&R 62 
1N3809 1N3001&R IN3001B&RB 1N2834&R 1N2834B&RB 1N3336&R 68 

IN3810 1N3002&R 1N3002B&RB 1N2835&R 1N2835B&RB 1N3337&R 75 
1N3811 IN3003&R 1N3003B&RB 1N2836&R 1N2836B&RB 1N3338&R 82 
lN3812 1N3004&R .IN3004B&RB 1N2837&R lN2837B&RB 1N3339&R 91 
IN3813 1N3005&R 'lN3005B&RB 1N2838&R 1N2838B&RB 1N3340&R 100 

Military Types 

IN3B14 IN3007&R IN3007B&RB IN2840&R IN2840B&RB IN3342&R 110 
1N3815 1N3008&R 1N300BB&RB 1N2841&R 1N2841B&RB IN3343&R 120 

1N3816 IN3009&R IN3009B&RB 1N2842&R 1N2842B&RB 1N3344&R 130 
1N3817 1N3011&R IN3011B&RB 1N2843&R 1N2843B&RB 1N3346&R 150 
1N3818 1N3012&R 1N3012B&RB 1N2844&R 1N2844B&RB lN3347&R 160 
1N3819 IN3014&R 1N3014B&RB 1N2845&R 1N2845B&RB 1N3349&R 180 
1N3820 1N3015&R IN3015B&RB 1N2846&R 1N2846B&RB 1N3350&R 200 
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-- Silicon Zener Diodes --

1f.IM2.4AZthru lAaM200Z ~w 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

2.4 -200V 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 

Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 1/4 Watt (Derate 1. 67 mWrCAbove 25°C) 

The type numbers specified have a standard voltage (V z> tolerance of ±20%. 
For closer tolerances, add suffix "10" for ±10% or "5" for ±5%. (3%, 2%, 1% 
tolerances also available. See page 2- 4 • ) 

ELECTRICAL CHARACTERISTICS (At 25·C Ambient VF= 1.5V max @ 100 rnA) 

MAXIMUM 
REVERSE LEAKAGE CURRENT NOMINAL" ZENER MAXIMUM 

ZENER TEST IMPEDANCE DC ZENER 
VOLTAGE CURRENT (lnl ohms CURRENT --

TYPE NO. (V,) VOLTS (In) rnA @In) (I .. ) rnA I. MAX TEST VOLTAGE Vdc * 
@In ~,A) V'l V. 2 

1/4M2.4AZ 2.4 10 60 70 75 I I 
1/4M2.7AZ 2.7 10 60 65 75 I I 
1/4M3.0AZ 3.0 10 55 60 50 I I 
1/4M3.3AZ 3.3 10 55 55 50 I 1 
1/4M3.6AZ 3.6 10 50 52 50 1 1 

1/4M3.9AZ 3.9 10 50 49 25 1 1 
1/4M4.3AZ 4.3 10 45 46 25 1.5 1.5 
1/4M4.7AZ 4.7 10 35 42 10 1.5 1.5 
1/4M5.1AZ 5.1 10 25 39 5 1.5 1.5 
1/4M5.6AZ 5.6 10 20 36 5 1.5 1.5 
1/4M6.2AZ 6.2 10 15 33 5 3.5 3.5 

1/4M6.8Z 6.8 9.2 7.0 33 150 5.2 4.9 
1/4M7.5Z 7.5 8.3 8.0 30 75 5.7 5.4 
1/4M8.2Z 8.2 7.6 9.0 26 50 6.2 5.9 
1/4M9.IZ 9.1 6.9 10 24 25 6.9 6.6 
1/4MIOZ 10 6.3 11 21 10 7.6 7.2 

1/4MllZ 11 5.7 13 19 5 8.4 8.0 
1/4MI2Z 12 5.2 15 18 5 9. I 8:6 
1/4M13Z 13 4.8 18 16 5 9.9 9.4 
1/4M14Z 14 4.5 20 15 5 10.6 10. I 
1/4M15Z 15 4.2 22 14 5 11. 4 10.8 

1/4M16Z 16 3.9 24 13 5 12.2 11.5 
1/4MI7Z 17 3.7 26 12.5 5 13.0 12.2 
1/4M18Z 18 3.5 28 11.5 5 13.'1 13.0 
1/4M19Z 19 3.3 30 11.0 5 14.4. 13.7 
1/4M20Z 20 3.1 33 1.0.5 5 15.2 14.4 
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--- Silicon Zener Diodes --

1f.IM2.4AZ thru 1f.IM 200 Z (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient V, = 1.5 V max @llOO mA) 

MAXIMUM 
NOMINAL ZEHER MAXIMUM REVERSE LEAKAGE CURRENT 

ZENER TEST IMPEDANCE DC ZENER 
VOLTAGE CURRENT (Zll) ohms CURRENT --

TYPE tlO. (V,) VOLTS (lrr)mA @llT) (llII)mA I, MAX TEST VOLTAGE Vile • 

@llT (,<A) v'l I VRI2 

1/4M22Z 22 2.8 40 9.5 5 16.7 15.8 
1/4M24Z 24 2.6 46 9.0 5 18.2 17.3 
1!4M25Z 25 2.5 50 8.0 5 19.0 18.0 
1!4M27Z 27 2.3 58 7.5 5 20.6 19.4 
1!4M30Z 30 2.1 70 7.0 5 22.8 21. 6 

1!4M33Z 33 1.9 85 6.5 5 25. I 23.8 
1!4M36Z 36 1.7 100 6.0 5 27.4 25.9 
1!4M39Z 39 1.6 120 5.0 5 29.7 28. I 
1!4M43Z 43 1.5 140 4.8 5 32.7 31. 0 
1!4M45Z 45 1.4 150 4.5 5 34.2 32.4 

1!4M47Z 47 1.3 160 4.3 5 35.8 33.8 
1!4M50Z 50 1.2 180 4.1 5 38.0 36.0 
1!4M52Z 52 1.2 200 4.0 5 39.5 37.4 
1!4M56Z 56 1.1 230 3.8 5 42.6 40.3 
1!4M62Z 62 1.0 290 3.3 5 47. I 44.6 

1!4M68Z 68 0.92 350 3.0 5 51. 7 49.0 
1!4M75Z 75 0.83 450 2.8 5 56.0 54.0 
1!4M82Z 82 0.76 550 2.5 5 62.2 59.0 
1!4M91Z 91 0.69 700 2.3 5 69.2 65.5 
1!4MIOOZ 100 0.63 900 2.0 5 76.0 72.0 

1!4Ml05Z 105 0.60 1000 1.9 5 79.8 75.6 
1!4MllOZ 110 0.57 1200 1.8 5 83.6 79.2 
1!4M120Z 120 0.52 1500 1.7 5 91. 2 86.4 
1!4M130Z 130 0.48 1900 1.5 5 98.8 93.6 
1!4M140Z 140 0.45 2200 1.4 5 106.4 100.8 

1/4M150Z 150 0.42 2500 1.3 5 114.0 108.0 
1!4M175Z 175 0.36 3300 1.1 5 133.0 126.0 
1!4M200Z 200 0.31 4300 1.0 5 152.0 144.0 

SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 
2 - Matched sets: 

b', j:~ ~~ r;;,~~~ ~~iA~ t::,~~;~~ed ~oo~~;c:~oo~hv;/:~ithc;~;e:p~o~i/;:d~~J~~}~~:' voltage } ~~:n;5~~, T~1e;tn~~~ ::!:1 % 

1 N702 thru 1 N74S 

CASE 51 
(00·7) 

*v Rl - Test Voltage fC?r 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 

1;4 W 
2 - 200 V 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferredreplacement devices, see IN746--, IN957-- and 
IN4370-- series. Absolute maximum rating-junction 
and storage temperature range -65 to +175°C, derated 
1. 67 mW/oC. 
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--- Silicon Zener Diodes ---

lN746 thru lN759 

lN764A thru IN 759A USN and HI-REL 

1 N4370 thru 1 N4372 
1 N4370A thru 1 N4372A USN and HI-REL 

400mW 
2.4 -12V 

CASE Sl 
(00-7) 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW r C 
Above 50° Ambient) 

TOLERANCE DESIGNATION 
The type numbers shown have tolerance designations as follows: 

IN4370 series: ± 10%, suffix A for ± 5% units. 
IN746 series: ± 10%, suffix A for ± 5% units. 

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

NOMINAL 
ZENER VOLTAGE TEST 

TYPE Vz@l n CURRENT 
NUMBER In 

VOLTS mA 

IN4370 2.4 20 
IN4371 2.7 20 
IN4372 3.0 20 
IN746 3.3 20 
IN747 3.6 20 
IN748 3.' 20 

IN749 4.3 20 
IN750 4.7 20 
IN751 5.1 20 
IN752 5.6 20 
IN753 6.2 20 
IN754 6.8 20 

IN755 7.5 20 
IN756 8.2 20 
IN757 9.1 20 
IN75B 10.0 20 
IN759 12.0 20 

lN761 thru lN769 

REVERSE LEAllAGE CURRENT 
MAXIMUM 

MAXIMUM ZENER IMPEDANCE DC ZENER CURRENT 
T.=25·C T. = 150'C In@ln I", 

!.@V.=lY I.@V.=IV 
Ohms mA "" "" 

30 150 100 200 
30 135 75 150 

2' 120 50 100 

2' 110 10 30 
24 100 10 30 
23 .5 10 30 

22 85 30 
19 75 30 
17 70 20 
II 65 20 

7 60 0.1 20 
5 55 0.1 20 

50 0.1 20 
45 0.1 20 

10 40 0.1 20 
17 35 0.1 20 
30 30 0.1 20 

Recommended for applications requiring an exact re
placement only_ For new designs see IN746 -- and 
IN4370 -- series. 
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--- Silicon Zener Diodes --

lN951 thru lN992 

lN9628 thru lN9928 USN 

lN9628 thru lN9848 HI-REL 

400 mW 
6.8 - 200V 

CASE 51 \ 
(DO·7) 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode 
end when operated in the zener region. 

MAXIMUM RATINGS 
Junction and Storage Temperature: -65 to +1750 C 
DC Power Dissipation: 400 mW at 500 C Ambient (Derate 3.2 mw/oC 
above 50°C Ambient. ) 
TOLERANCE DESIGNATIONS 

With no suffix, tolerance is ± 20%, for ,± 10% units, add suffix A, for ± 5% units, 
add suffix B. 

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

NOMINAL 
ZENER VOLTAGE 

TYPE V, 
IIUMBER 

VOlTS 

IN957 6.8 
IN9S8 7.5 
lN959 8.2 
IN960 9.1 
IN96l 10 
IN962 11 

IN963 12 
IN964 13 
IN965 15 
IN966 16 
IN967 18 
IN968 20 

IN969 22 
IN970 24 
IN971 27 
IN972 30 
IN973 33 
IN974 36 

IN975 39 
IN976 43 
IN977 47 
IN978 51 
IN979 56 
IN980 62 

IN9Bl 68 
IN9B2 75 
IN9B3 82 
IN984 91 
IN9B5 100 
IN9B6 110 

IN9B7 120 
IN98B 130 
1N9B9 150 
IN990 160 
IN991 180 
IN992 200 

MAXIMUM ZENER IMPEDANCE MAXIMUM 
TEST DC ZENER CURRENT 

CURRENT I .. 
In Zn@ln Irl@l llI I. 

mA Ohms Ohms mA mA 

IS.S 4.5 700 1.0 47 
16.5 5.5 700 0.5 4' 
15 6.5 700 0.5 38 
14 7.5 700 0.5 35 
12.5 8.5 700 0.25 32 
11.5 9.5 700 0.25 28 

10.5 11.5 700 0.25 26 
9.5 13 700 0.25 24 
8.5 16 700 0.25 21 
7.8 17 700 0.25 19 
7.0 21 750 0.25 17 
6.2 '5 750 0.25 15 

5.6 29 750 0.25 14 
~.2 33 750 0.25 13 
4.6 41 750 O.~5 11 
4.2 49 1000 0.25 10 
3.8 58 1000 0.25 9.2 
3.4 70 1000 0.25 8.5 

3.2 80 1000 0.25 7.8 
3.0 93 1:)00 0.25 7.0 
2.7 105 }300 0.25 6.4 
2.5 125 1500 0.25 5.9 
2.2 150 2000 0.25 5.4 
2.0 185 2000 0.25 4.9 

1.8 230 2000 0.25 4.5 
1.7 270 2000 0.25 4.0 
1.5 330 3000 0.25 3.7 
1.4 400 3000 0.25 3.3 
1.3 500 3000 0.25 3.0 
1.1 750 4000 0.25 2.7 

1.0 900 4500 0.25 2.5 
0.95 1100 5000 0.25 2.3 
0,85 1500 6000 0.25 2.0 
O.BO 1700 6500 0.25 1.9 
0.68 2200 7100 0.25 1.7 
0.65 2500 8000 0.25 1.5 

*v Rl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 
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REVERSE LEAKAGE CURRENT 

TEST VOlTAGE V~r: I. MAXIMUM 
(.AI V'l y. V'2 

150 5.2 4.9 
7~ 5.7 5.4 
50 6.2 5.9 
25 6.' 6.6 
10 7.6 7.2 
5 8.4 8.0 

5 9.1 8.6 
5 9.' 9.4 
5 11.4 10.8 
5 12.2 ll.S 
5 13.7 13.0 
5 15.2 14.4 

5 16.7 15.8 
5 18.2 17. :I 
5 20.6 19.4 
5 22.8 21. 6 
5 25.1 23',8 
5 27.4 25.9 

5 29.7 28.1 
5 32.7 31. 0 
5 35.8 33.8 
5 38.8 36.7 
5 42.6 40.3 
5 47.1 44.6 

5 51.7 49.0 
5 56.0 54.0 
5 62.2 59.0 
5 69.2 65.5 
5 76.0 72.C 
5 B3.6 79.2 

5 91.2 B6.4 

5 98.8 93.t 
5 114.0 108.0 
5 121.6 115.2 
5 136.8 129.6 
5 152.0 144.0 



-- Silicon Zener Diodes --

1N1313 thru 1N1327 150mW 
8.75 - 127.5 V 

Very low power zener diodes with standard ±l 0% toler
ances. Available with ±5% tolerance by adding suffix 
"A" to type number. 

Standard cathode-to-case polarity. 

MAXIMUM RATINGS 

Junction and Storage Temperature Range: -65 to +175°C (Derate 1 mW/oC 
above 25° C). 

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

Max Reverse Current Max Reverse CUrrent 
Nomlnol Test Nominal Test 
Volt.!. TA = 25°C TA = 100cC Voltag. Voltag. TA = 25"C TA = 100C Voltage 

Vz@lzr=200pA I,@V. IA@V. V. Vz @ Izr = 200 pA I.@V, IA@V. V. 
Typ. volts pA pA volts Typ. volts pA "A volts 

1N1313 8.75 0.5 5 6.8 1N1318 23.50 0.1 10 18 
1N1314 10.50 0.5 5 8.2 1N1319 28.50 0.1 10 22 
1N1315 12.75 0.5 5 10 1N1320 34.50 0.1 10 27 
1N1316 15.75 0.5 5 12 1N1321 41.00 0.1 10 33 
1N1317 19.00 0.5 5 15 1N1322 48.50 0,1 10 39 

Mal Reverse Current 
Nominal Test 
Volt.!. TA = 25'C TA = 100"C Volta!. 

Vz@ In = 200 pA I,@V. IA@V, V, 
Typ. yolts pA pA yolts 

1N1323 58.00 0.1 10 47 
1N1324 71.00 1.0 50 56 
1N1325 87.50 1.0 50 68 
1N1326 105.0 1.0 50 82 
1N1327 127.5 1.0 50 100 

Standard types are ±10% tolerance; suffix "A" denotes ±5% tolerance. 

1N1351 thru 1N1375 10 W 
10 - 100V 

CASE56~ 
(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 series. 

2-12 



-- Silicon Zener Diodes--

1 N 1501 thru 1 N] 5111 
%W 
3.9 -27V 

CASE 52 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see I-watt, IN3016 and 
IN382I series. 

1 N 1518 thru 1 N 1528 
1W 
3.9-27V 

CASE 52 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see IN3016 and 
IN3821 series. 

lN1S88 thru lN1S98 
3.5W 
3.9 -27 V 

CASE 56 
(DO-4) 

CASE 56 
(DO-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 and IN3993 
series. 

10 W 
3.9-27V 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see IN2970 and 
IN3993 series. 

lN1765 thru lN1802 
lW 
5.6 -200V 

Recommended for applications requiring anexact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN30I6 series. 
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-- Silicon Zener Diodes --

IN 1803 thru IN 1836 
lOW 
5.6 - 200 V 

~ 
'\ 

», ' 

CASE 56 ' '\\ 
(00·4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 and IN3993 
series. 

lOW 
100 -150 V 1 N2008 thru 1 N20 12 

~ ----".:/, 

CASE 56 ' '---"' 
(00·4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 series. 

%W 
4.3 -12 V IN2032 thru IN2040 

CASE 52 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN3821 and IN3016 
series. 

1 N2041 thru 1 N2049 lOW 
4.3 -27 V 

CASE 56 
(00·4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN3993 and IN2970 
series. 

1 N2498 thru 1 N2S00 lOW 
10 - 12 V 

CASE 56 
(00·4) 

~O\, , 
'\ 

" 

, 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 series. 
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--- Silicon Zener Diodes ---

10-3 Package 

IN2804 thru IN2846 (6.8 Vthru 200 V) 

1 N2804B and RB thru 1 N2846B and RBJAN 

1 N2804B thru 1 N2846B HI-REL 

1 N4557 thru 1 N4564 (3.9 V thru 7.5 V) 
Stud Package 

1 N3305 thru 1 N3350 (6.8 V thru 200 V) 
1 N4549 thru 1 N4556 (3.9 V thru 7.5 V) 

50 W 
3.9- 200 V 

~S~ 
(TO-3) 

Units are available with anode-to-case and cathode
to-case connections (standard and reverse polarity). 
For reverse poiarity, add suffix "R" to type number. 

CASE 58 
(stud package) 

MAXIMUM RATINGS 
Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 50 Watts. (Derate 0.5 wjOc above 75°C). 

TOLERANCE DESIGNATION 
The type numbers shown have a standard tolerance of ±20% on the nominal 

zener voltage. Add suffix II A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4.) 

TO-3 APPLICATIONS INFORMATION 

If these m;'its are used with a socket, the unregulated line should be connected 
to one pin through a suitable current limiting reSistor and the load should be 
connected to the other pin. The load will now be disconnected from the line if 
the unit is removed from the socket. 

Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are shown below: 

CASE TERMINAL 

LOAD 

CHASSIS 
OR GND. 

I-I 

CIRCUIT CONNECTIONS 

STANDARD POLARITY 
1 ANODE TO CASE) 

REVERSE POLARITY 
(CATHODE TO CASE I 

("~'~~~FOF~)( O~NCATSyE PEA~~ _) 
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--- Silicon Zener Diodes ---

1 N2804 thru 1 N2846 (continued) 

ELECTRICAL CHARACTERISTICS 
(Tc = 30'C unless otherwise specified) VF = 1.5 V max @ 10 A on all types. 

Max Zener Impedance Nominal Max DC Zener 
Zener Voltage Test 

Current 
50 Watt (T0·3) 50 Watt (sfud) @IZT 

Current 
75°C Case Temp 

(lZT) . (Vz) Volfs 
mA ZZT @IZT ZZl(@lzK=smA (lm)mA 

ohms ohms 

IN4557 IN4549 3.9 3200 0.16 400 11900 
IN4558 IN4550 4.3 2900 0.16 500 10650 
IN4559 IN4551 4.7 2650 0.12 600 9700 
IN4560 IN4S52 5.1 2450 0.12 650 8900 
IN4561 IN4553 5.6 2250 0.12 900 a100 
IN4562 IN4554 6.2 2000 0.14 1000 7300 

IN2804 IN3305 6.' 1850 0.2 70 6600 
IN4563 IN4555 6.' 1850 0.16 200 6650 
INZ605 IN3306 7.5 1700 0.3 70 5900 
IN4564 IN4556 7.5 1650 0.24 100 6050 
IN2806 IN3307 '.2 1500 0.4 70 5200 
IN2807 IN330a 9.1 1370 0.5 70 4600 

INZ80B IN3309 10 1200 0.6 BO 4300 
IN2809 IN3310 11 1100 0.' .0 3900 
IN2810 IN3311 12 1000 1.0 .0 3600 
IN2811 lN3312 13 960 1.1 80 3300 
IN2812 IN3313 14 B90 1.2 BO 3000 
IN2813 IN3314 15 830 1.4 .0 2800 

IN2814 lN3315 16 790 I.' BO 2650 
IN28ts lN3316 17 740 1.' .0 2500 
IN2816 IN3317 lB 700 2.0 '0 2300 
IN28l7 IN3318 19 660 2.2 BO 2200 
tN2818 IN3319 20 630 2.4 .0 2100 
IN2819 IN3320 22 570 2.5 .0 1900 

IN2820 lN3321 24 520 2.6 .0 1750 
1N2821 IN3322 25 500 2.7 90 1550 
1N2822 lN3323 27 460 2.' 90 1500 
IN2823 IN3324 30 420 3.0 90 1400 
IN2824 1N3325 33 380 3.2 90 1300 
IN2825 lN3326 36 350 3.5 90 1150 

IN2826 IN3327 39 320 4.0 90 1050 
1N2827 IN3328 43 290 4.5 90 975 
1N2828 IN3329 45 '"0 4.5 100 930 
1N2829 IN3330 47 270 5.0 100 8.0 
1N2830 IN333! 50 250 5.0 100 830 
IN2831 IN3332 51 245 5.2 100 910 

- 1N3333 52 240 5.5 100 790 
IN2832 IN3334 " 220 6 no 740 
IN2833 IN3335 62 200 7 120 660 
IN2834 IN3336 " lBO • 140 600 
IN2835 IN3337 75 170 9 150 540 
IN2836 IN3338 " 150 n 160 490 

IN2837 IN3339 91 140 15 lBO 420 
IN2838 lN3340 100 120 20 200 400 
IN2839 lN3341 105 120 25 210 380 
IN2840 lN3342 no 110 30 220 365 
IN2841 IN3343 120 100 40 240 335 
lN2842 IN3344 130 95 50 275 310 

IN3345 140 90 60 325 290 
lN2843 IN3346 150 as 75 400 270 
IN2844 IN3347 160 .0 .0 450 250 

1N3348 175 70 as 500 230 
IN2845 tN3349 lBO " 90 525 220 
IN2846 IN3350 200 65 100 600 200 

SPECIAL SELECTIONS 

I-Nominal zener voltages between those shown. 

2-Matched sets: a. Two or more units tor series connections with specL!ied tolerance on total voltage 
b. Two or more units matched to one another with any apecUied tolerance 

*V Rl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 
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RMRSE • Typical 

LEAKAGE CURRENT Zener 

I. MAX 
("A) 

150 
150 
100 

20 
20 
20 

150 
10 
75 
10 
50 
25 

10 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

Vollage 
Temp. Coeff. 

V. , V •• %/oC 

0.5 0.5 -.025 
0.5 0.5 -.025 
1.0 1.0 .010 
1.0 1.0 .015 
1.0 1.0 .030 
2.0 2.0 ,040 

4.5 4.3 .040 
2.0 2.0 ,045 
5.0 4.7 ,045 
3.0 3.0 .053 
5.4 5.2 .048 
6.1 5.7 .051 

6.7 6.3 ,055 
9.4 9.0 .060 
9.1 '.6 .065 
9.9 9.4 .065 

10.6 10.1 .070 
11.4 10.8 .070 

12.2 11.5 .070 
13.0 12.2 .075 
13.7 13.0 .075 
14.4 13.7 .075 
15.2 14.4 .075 
16.7 15.8 .080 

18.2 17.3 .080 
19.0 18.0 .080 
20.6 19.4 .085 
22.8 21.6 .085 
25.1 23.8 .085 
27.4 25.9 .085 

29.7 28.1 .090 
32.7 31.0 .090 
34.2 32.4 .090 
35.8 33.8 .090 
38.0 36.0 .090 
38.8 36.7 .090 

39.5 37.4 .090 
42.6 40.3 .090 
47.1 44.6 .090 
51.7 49.0 .090 
56.0 54.0 .090 
62.2 59.0 .090 

69.2 65.5 .090 
76.0 72.0 .090 
79.8 75.6 .095 
83.6 79.2 .095 
91.2 86.4 .095 
98.8 93.6 .095 

106.4 100.8 .095 
114.0 10B.O .095 
121.6 115.2 .095 
133.0 126.0 .095 
136.8 129.6 .095 
152.0 144.0 .100 

standard Tolerances 
are t 5%, -:I: 2%, and * 1%. 



--- Silicon Zener Diodes ---

1 N2804 thru 1 N2846 (continued) 
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--- Silicon Zener Diodes ---

lN2970 thru IN3015 lOW 
6.8 -200 V 

1 N2970B, RB thru 1 N301 SB, RBJAN 

1 N2970B, RB thru 1 N301 SB, RB HI-REL 

CASE 56 
(00-4) 

Diffused-junction zener diodes for both military and 
high -reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand
ard and reverse polarity), i. e., IN2970 and IN2970R. 
Supplied with mounting hardware. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts. (Derate 83.3 mW;oC above 55°C). 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix" A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4.) 

ELECTRICAL CHARACTERISTICS (At 30'C case temperature unless otherwise specifiecj) 
V, = 1.5 V max @ I, = 2 amp on all types_ 

Nominal Max Zener Impedance REVERSE LEAIlAGE CURRENT ;10 

Zener Voltage Test Max OC Zener 
V, @ In Current Current 

Type No. Volts 'n Zn @ I" ZlK @ "K "K ',M rnA I, Max V" V" 
rnA Ohms Ohms rnA (,uA) 

IN2970 6.6 370 1.2 ,00 1.0 1,320 150 5.2 4.9 
IN2971 7.5 335 1.3 250 1.0 1,180 75 5.7 5.4 
IN2972 6.2 305 1.5 250 1.0 1,040 50 6.2 5.9 
IN2973 9.1 275 2.0 250 1.0 960 25 6.9 6.6 
IN2974 10 250 3 250 1.0 660 10 7.6 7.2 
--- --- --- --- -- --------
IN2975 II 230 3 250 1.0 760 5 6.4 B.O 
IN2976 12 210 3 250 1.0 720 5 9.1 8.6 
IN2977 13 190 3 250 1.0 660 5 9.9 9.4 
IN2976 14 160 3 250 1.0 600 5 10.6 10.1 
IN2979 15 170 3 250 1.0 560 5 11.4 10.6 
--- --- --- ---- -- ---------
IN2980 16 155 4 250 1.0 530 5 12.2 11.5 
IN2962 16 140 4 250 1.0 460 5 13.7 13.0 
IN2983 19 130 4 250 1.0 440 5 14.4 13.7 
IN2964 20 125 4 250 1.0 420 5 15.2 14.4 
IN2965 22 115 5 250 1.0 360 5 16.7 15.6 

--- --- --- -- ------
IN2966 24 105 5 250 1.0 350 5 18.2 17.3 
1 N2988 27 95 7 250 1.0 300 5 20.6 18.4 
IN2989 30 65 8 300 1.0 260 5 22.6 21.~ 

IN2990 33 75 9 300 1.0 260 5 25.1 23.6 
IN2991 36 70 10 300 1.0 230 5 27.4 25.9 
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--- Silicon Zener Diodes ---

1 N2970 thru 1 N3015 (continued) 

ELECTRICAL CHARACTERISTICS (At 30'C case temperature unless otherwise specified) 
V, = 1.5 V max @ I, = 2 amp on all types. 

Nominal 
Zener Voltage 

V, @ I" 
Type No. Volts 

IN2992 39 
IN2993 43 
IN2995 47 
IN2996 50 
IN2997 51 ---
IN2998 52 
IN2999 56 
IN3000 62 
IN3001 68 
IN3002 75 

---
IN3003 82 
IN3004 91 
IN3005 100 
IN3006 105 
IN3007 110 ---
IN3008 120 
IN3009 130 
IN3010 140 
IN3011 150 
IN3012 160 ---
IN3014 180 
IN3015 200 

Test 
Max Zener Impedance 

Max DC Zener 
Current Current 

I" Z" @ I" Z,. @ I,. IzK I'MmA 
mA Ohms Ohms mA 

65 11 300 1.0 210 
60 12 400 1.0 195 
55 14 400 1.0 175 
50 15 500 1.0 165 
50 15 500 1.0 163 --- ------- --
50 15 500 1.0 160 
45 16 500 1.0 150 
40 17 600 1.0 130 
37 18 600 1.0 120 
33 22 600 1.0 110 --- --- ---- --
30 25 700 1.0 100 
28 35 800 1.0 85 
25 40 900 1.0 80 
25 45 1,000 1.0 75 
23 55 1,100 1.0 72 --- --- --
20 75 1,200 1.0 67 
19 100 1,300 1.0 62 
18 125 1,400 1.0 58 
17 175 1,500 1.0 54 
16 200 1,600 1.0 50 --- --- --
14 260 1,850 1.0 45 
12 300 2,000 1.0 40 

*v Rl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% foleranee Device 

REVlRSE lEAKAGE CURRENT" 

I, Max V" V" 
{/LAl 

5 29.7 28. I 
5 32.7 3l.0 
5 35.8 33.H 

5 38.0 36.0 
5 38.8 36.7 

--- -- ---
5 39.5 37.4 
5 42.6 40.3 
5 47.1 44.6 
5 51. 7 49.0 

5 56.0 54.0 

--- -- --
5 62.2 59.0 
5 69.2 65.5 
5 76.0 72.0 
5 79.8 75.6 
5 83.6 79.2 ------ ---
5 91.2 86,4 
5 98.8 93.6 
5 106.4 100.8 
5 114.0 108.0 
5 121.6 115.2 ------ --
5 136.6 129.6 
5 152.0 144.0 

lN3016thru lN30S1 
1W 
6.8-200V 

lN3016B thru lN3051B USN/JAN 

1 N3016 B thru 1 N3051 B HI-REL 

CASE 52 \- Hermetically sealed package, with 36 standard volt
age ratings and 5%, 10% and 20% standard tolerances. 
Cathode connected to case. 

MAXIMUM RATINGS 

Junction and Storage Temperature: _65°C to +175°C. 
D-C Power Dissipation: 1 Watt. (Derate 6.67 mW;oC above 25°C). 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix" A" for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available. See page 2-4.) 
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--- Silicon Zener Diodes ---

1 N3016 thru 1 N3051 (continued) 

ELECTRICAL CHARACTERISTICS 

(At 25'C case temperature unless otherwise specified) 
Vy::: 1.5 \'max (t! 200 mA on alll),pes 

Max ·Zener Impedance 
Nominal 

Zener Voltage Test 
Type No. V,@I" Current 

Volts I" Z"@I,, Lx@I~ I" 
mA Ohms Ohms mA 

1N3016 6.8 37 3.5 700 1.0 
1N3017 7.5 34 4.0 700 0.5 
1N3018 8.2 31 4.5 700 0.5 
1N3019 9.1 28 5.0 700 0.5 

1N3020 10 25 7 700 0.25 
1N3021 11 23 8 700 0.25 
1N3022 12 21 9 700 0.25 
1N3023 13 19 10 700 0.25 

1N3024 15 17 14 700 0.25 
1N3025 16 15.5 16 700 0.25 
1N3026 18 14 20 750 0.25 
IN3027 20 12.5 22 750 0.25 

1N3028 22 11.5 23 750 0.25 
1N3029 24 10.5 25 750 0.25 
1N3030 27 9.5 35 750 0.25 
1N3031 30 8.5 40 1,000 0.25 

1N3032 33 7.5 45 1,000 0.25 
1N3033 36 7.0 50 1,000 0.25 
1N3034 39 6.5 60 1,000 0.25 
1N3035 43 6.0 70 1,500 0.25 

1N3036 47 5.5 80 1,500 0.25 
1N3037 51 5.0 95 1,500 0.25 
1N3038 56 4.5 110 2,000 0.25 
1N3039 62 4.0 125 2,000 0.25 

1N3040 68 3.7 150 2,000 0.25 
1N3041 75 3.3 175 2,000 0.25 
1N3042 82 3.0 200 3,000 0.25 
1N3043 91 2.8 250 3,000 0.25 

1N3044 100 2.5 350 3,000 0.25 
1N3045 110 2.3 450 4,000 0.25 
1N3046 120 2.0 550 4,500 0.25 
1N3047 130 1.9 700 5,000 0.25 

1N3048 150 1.7 1,000 6,000 0.25 
1N3049 160 1.6 1,100 6,500 0.25 
1N3050 180 1.4 1,200 7,000 0.25 
1N3051 200 1.2 1,500 8,000 0.25 

SPECIAL SELECTIONS 1 - Nominal zener voltages between those shown. 
2- Matched sets: 

REVERSE LEAKAGE CURRENT • 

Max DC Zener 
Current 

I. Mal V .. V" 1,.mA 
(fLA) 

150 5.2 4.9 130 
75 5.7 5.4 120 
50 6.2 5.9 105 
25 6.9 6.6 95 

10 7.6 7.2 85 
5 8.4 8.0 75 
5 9.1 8.6 70 
5 9.9 9.4 65 

5 11. 4 10.8 56 
5 12.2 11. 5 53 
5 13.7 13.0 46 
5 15.2 14.4 42 

5 16.7 15.8 38 
5 18.2 17.3 35 
5 20.6 19.4 30 
5 22.8 21. 6 28 

5 25.1 23.8 26 
5 27.4 25.9 24 
5 29.7 28.1 20 
5 32.7 31. 0 19 

5 35.8 33.8 17 
5 38.8 36.7 16 
5 42.6 40.3 15 
5 47.1 44.6 13 

5 51. 7 49.0 12 
5 56.0 54.0 11 
5 62.2 59.0 10 
5 69.2 65.5 9 

5 76.0 72.0 8 
5 83.6 79.2 7.2 
5 91. 2 86.4 7.0 
5 98.8 93.6 6.0 

5 114.0. 108.0 5.5 
5 121. 6 115.2 5.2 
5 136.8 129.6 4.6 
5 152.0 144.0 4.0 

Typical 
Zener Voltage 
Temp. Coefl. 

%rC 

.040 

.045 

.048 

.051 

.055 

.060 

.065 

.065 

.070 

.070 

.075 

.075 

.OBO 

.OBO 

.085 

.OB5 

.085 

.OB5 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.095 

.095 

.095 

.095 

.Og5 

.095 

.100 

b: ~:~ ~~ ~~~: ~~jj~: ~~;;h~ed ?o0~~:cat~~~h~i:,':vilhe:~;e:p~od~~:~~~'~~a~::' voltage } :::nl~;t.T~ke%.n;~d ±l % 

*v Hl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 
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--- Silicon Zener Diodes ---

IN330S thru IN33S0 
For Specifications, see IN2804 data sheet. 

IN367S thru IN3703 JAW 
6.8 - IOOV 

CASE S9 

Oxide passivated silicon zener diodes in void-free sili
cone polymer .case. Offer 3/4 Watt performance in a 
package no larger in volume than a conventional 400 mW 
glass package. 

MAXIMUM RATINGS 
Junction and Storage Temperature: _65°C to +175°C. 
D-C Power Dissipation: 750 Milliwatts at 50°C Ambient. 

(Derate 6 mW;oC) 
Lead Temperature, 1/16 ± 1/32 inch from case: +235°C for 12 seconds. 

(Method 2031, MIL-STD-750). 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix" A" for ±10% units or "B" for ±5% units. 

ELECTRICAL CHARACTERISTICS 25°C Ambient VF = 1.5V @ IF = 200 mA for all units) 

Nominal 
Test Max Zener Impedanca Max DC Zener I. = 5pA 

Typical 
Zener Voltaga Zener 

Type No. Vz @ Izr Current Current Max@ Voltage 
Volts Izr Zzr @ In ZZK @ IZK IZM rnA Reversa Temp. Coeff. 

rnA Ohms Ohms voltaga %/"C 

IN3675 6.6 16.5 4.5 700 100 5.2 4.9 
IN3676 7.5 16.5 5.5 700 90 5.7 5.4 
IN3677 6.2 15.0 6.5 700 60 6.2 5.9 
IN3676 9.1 14.0 7.5 700 70 6.9 6.2 
IN3679 10 12.5 a.5 700 65 7.6 7.2 

IN3660 11 11.5 9.5 700 55 6.4 6.0 
IN3661 12 10.5 11. 5 700 53 9.1 6.6 
IN3662 13 9.5 13.0 700 50 9.9 9.4 

14 9.0 14.5 700 45 10.6 10.1 
IN3663 15 6.5 16.0 700 42 II. 4 10.8 

IN3684 16 7.8 17.0 700 40 12.2 II. 5 
17 7.2 19.0 700 38 13.0 12.2 

IN3685 18 7.0 21.0 750 35 13.7 13.0 
19 6.5 23.0 750 33 14.4 13.7 

IN3666 20 6.2 25.0 750 32 15.2 14.4 

IN3687 22 5.6 29.0 750 29 16.7 15.6 
IN3686 24 5.2 33.0 750 26 16.2 17.3 

25 5.0 36.0 750 24 19.0 16.0 
IN3669 27 4.6 41. 0 750 23 20.6 19.4 
IN3690 30 4.2 49.0 1000 21 22.6 21. 6 

IN3691 33 3.6 56.0 1000 20 25.1 23.6 
IN3692 36 3.4 70.0 1000 16 27.4 25.9 
IN3693 39 3.2 60.0 1000 15 29.7 26.1 
IN3694 43 3.0 93.0 1500 14 32.7 31. 0 

45 2.6 99.0 1500 13.5 34.2 32.4 

IN3695 47 2.7 105.0 1500 13 35.8 33.6 
IN3696 51 2.5 125.0 1500 12.2 36.6 36.7 
IN3697 56 2.2 150.0 2000 11 42.6 40.3 
IN3696 62 2.0 165.0 2000 10 47.1 44.6 
IN3699 68 1.8 230.0 2000 9 51. 7 49.0 

IN3700. 75 1.7 270.0 2000 8.5 56.0 54.0 
IN3701 62 1.5 330.0 3000 7.5 62.2 59.0 
IN3702 91 1.4 400.0 30UO 7 69.2 65.5 
IN3703 100 1.3 500.0 3000 6 76. (} 72.0 
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-- Silicon Zener Diodes--

1 N3785 thru 1 N3820 1.5 W 
6.8-200V 

CASE 55 

Low silhouette single-ended package for printed circuit 
or socket mounting. Cathode connected to case, but 
reverse polarity available on special order. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C • 
. D-C Power Dissipation: 1. 5 Watts. (Derate 10 mW;oC) 

The type numbers shown have a standard tolerance of ±20% on the zener volt
age. Standard tolerances of ±10% and ±5% on individual units are also available 
and are indicated by suffixing" A" for ±10% and "B" for ±5% unit to the standard 
type number. 
ELECTRICAL CHARACTERISTICS·@25ocAmbloatv.=I.5VoIl ..... @300111A 

Namlnal 
zener'Valbp 

Type ND. Yz@ lIT 
Yolts 

1113785 8.8 
1113788 7.5 
1113787 8.2 
lN37S8 9.1 
1113789 _10 __ 

1113790 11 
1113781 12 
1113782 13 
1113783 15 
1113784 18 --- ---
1113785 18 
1113788 20 
1113787 22 
1113788 24 
1113788 27 

1113800 30 
1113801 33 
1113802 38 
1113803 39 
00804 43 --- ---
1113805 47 
lN3808 51 
1113807· 58 
1113808 82 
1113808 88 ---
1113810 75 
lN3811 82 
1113812 91 
1113813 100 
1113814 ...!!L 
1113815 120 
1113818 130 
00817 150 
1113818 180 
00819 180 
1113820 200 

MaxZanerlmpedallCB RElERSE WKAGE CURREIIT'" 

Test 
Current 

Z~. I. I" Z"@I,, Max DClener I,Ma 
mA ms IRA Current (pAl IZlolmA 

55 2.7 700 1.0 195 150 
50 3.0 700 0.5 175 75 
48 3.5 700 0.5 155 50 
41 4.0 700 0.5 140 25 
~ __ 5_ 700 0.25 125 10 --- -- ---- --

34 8 700 0.25 115 5 
31 7 700 0.25 105 5 
29 8 700 0.25 98 5 
25 10 700 0.25 85 5 
23 11 700 0.25 80 5 ----- 7'5() 0.25- ---- --
21 13 70 5 
19 15 750 0.25 82 5 
17 18 750 0.25 58 5 
18 17 756 0.25 51 5 
14 20 750 0.25 48 5 ----- --- -- ---- --
12 25 1,000 0.25 41 5 
11 30 1,000 0.25 38 5 
10 35 1,000 0.25 35 5 
10 40 1,000 0.25 31 5 
9.0 45 1,500 0.25 28 5 ----- ---- --
8.0 55 1,500 0.25 28 5 
7.4 85 2,000 0.25 24 5 
8.7 75 2,000 0.25 22 5 
8.0 85 2,000 0.25 20 5 
5.5 95 2,000 0.25 18 5 ----- --- -- ---- --
5.0 110 2,000 0.25 18 5 
4.5 130 3,000 0.25 14 5 
4.1 150 3,000 0.25 13 5 
3.7 200 3,000 0.25 12.0 5 
..!,.L~ 4,000 0.25 11.0 5 --

3.1 350 4,500 0.25 10.5 5 
2.9 400 5,000 0.25 9.0 5 
2.5 700 8,000 0.25 8.0 5 
2.3 750 8,500 0.25 8.0 5 
2.1 800 7,000 0.25 7.0 5 
1.9 1,000 8,000 0.25 8.0 5 

*v Rl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance' Device 
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VII Va 

5.2 4.9 
5.7 5.4 
8.2 5.9 
8.9 8.8 
7.8 7.2 --
8.4 8.0 
9.1 8.8 
9.9 9.4 

11.4 10.8 
12.2 11.5 

13.7 13.0 
15.2 14.4 
18.7 15.8 
18.2 17.3 
20.8 19.4 -- --22.8 21.8 
25.1 23.8 
27.4 25.9 
29.7 28.1 
32.7 .31.0 ----
35.8 33.8 
38.8 38.8 
42.8 40.3 
47.1 44.8 
51.7 49.0 ----
58.0 54.0 
82.0 59.0 
89.2 85.5 
78.0 72.0 
83.8 ..!!:.!. 
91;2 88.4 
98.8 93.8 
114.0 108.0 
121.8 115.0 
137.0 130.0 
152.0 144.0 

Typlc.1 
Iener 

Voltale 
Temp.Caeff. 

%,-e 

.040 

.045 

.048 

.051 

.055 

.080 

.085 

.085 

.070 

.070 ---

.075 

.075 

.080 

.080 

.085 ---

.085 

.085 

.085 

.090 

.080 

.090 

.090 

.090 

.090 

.090 ---

.090 

.090 

.090 

.090 

----!!!L 
.095 
.095 
• ODS 
.095 
.095 
.100 



-- Silicon Zener Diodes--

lN3821 thru lN3830 lW 
3.3 -7.5 V 

lN3821A thru lN3828A USN/JAN 

1 N3821 A thru 1 N3828A HI-REL 

CASE 52 

Low-voltage, alloy-junction zener diodes in hermeti
cally sealed package with cathode connected-to-case. 
Available as standard industrial types as well as for 
military and high -reliability applications. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt.(Derate 6.67 mW rC above 25°C) 

The type numbers shown have a standard tolerance on the nominal zener volt
age of ±10%. A standard tolerance of ±5% on individual units is also available 
and is indicated by suffixing" A" to the standard type number. 

ELECTR ICAL CHARACTER I STICS (2S'C Ambient VF = 1.5 V @ iF = 200 mA for all units) 

Nomi.al Ma. Ze.er Impedan.e 
Zener Voltage Test Max DC Zener I, = !O"AMa. Typical Zener 

@hT Current Currerit @ ~olt.ge/temp. Coeff. 
TYPE NO. (V,) Voils I., ZIT @ IZT ZZI( @ Iz..: = 1.0mA 12M rnA Reverse Yoltage %/oC 

rnA ohms ohms V, 

IN3821 3.3 76 10 400 276 1 -. 075 
IN3821A 3.3 76 10 400 276 1 -.075 
IN3822 3.6 69 10 400 252 1 -.065 
IN3822A 3.6 69 10 400 252 1 -. 065 

IN3823 3.9 64 9 400 238 1 -. 055 
IN3823A 3." 64 9 400 238 1 -.055 
IN3824 4.3 58 9 400 213 1 -.040 
IN3824A 4.3 58 9 400 213 1 -.040 

1N3825 4.7 53 8 500 194 1 -.020 
IN3825A 4.7 53 8 500 194 1 -.020 
lN3826 5.1 49 7 550 178 1 +.005 
IN3826A 5.1 49 7 550 178 1 +.005 

lN3B27 5.6 45 5 600 162 2 +.020 
IN3827A 5.6 45 5 600 162 2 +.020 
)N3828 6.2 41 2 700 146 3 +.035 
1N3828A 6.2 41 2 700 146 3 +.035 

IN3829 6.8 37 1.5 500 133 3 +.040 
IN3829A 6.6 37 1.5 500 133 3 +.040 
IN3830 7.5 34 1.5 250 121 3 +.045 
IN3830A 7.5 34 1.5 250 121 3 -t.045 
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-- Silicon Zener Diodes --

lN3993 thru lN4000 
1 N3993A thru 1 N4000A USA/JAN 

1 N3993A thru 1 N4000A HI-REL 

10 W 
3.9-7.5V 

Low-voltage, alloy-junction zener diodes in hermeti
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 

CASE 56 
(00·4) 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts. (Derate 83.3 mW/oC above 55°C). 

The type numbers shown in the table have a standard tolerance on the nominal 
zener voltage of ±10%. A standard tolerance of ±5% on individual units is also 
available and is indicated by suffixing "A" to the standard type number. 

ELECTRICAL CHARACTERISTICS (T. == 30'C ± 3. VF == 1.5 max @ IF = 2 amp for all units) 

Nominal Max Zener Impedance 
Zener Voltage Test Max DC Zener REVERSE 

V,@I" Current Current LEAKAGE CURRENT 
Type No. Volts I" Z"@I,, l.c@I", = l.OmA 1,.mA V. 

mA Ohms Ohms L( IlA lVolts 

1N3993 3.9 640 2 400 2380 100 0.5 
1N3994 4.3 580 1.5 400 2130 100 0.5 
1N3995 4.7 530 1.2 500 1940 50 1 
1N3996 5.1 490 1.1 550 1780 10 1 

1N3997 5.6 445 1.0 600 1620 10 1 
1N3998 6.2 405 1.1 750 1460 10 2 
1N3999 6.8 370 1.2 500 1330 10 2 
1N4000 7.5 335 1.3 250 1210 10 3 
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--- Silicon Zener Diodes ---

1 N4099 thru 1 N4135 %W 
6.8 -IOOV 

Oxide passivated devices with extremely low, speci
fied noise level. Designed for low-level operation over 
expanded temperature range from -75°C to +2oboc. 

MAXIMUM RATINGS 

Characteristic Rating Unit 

DC Power Dissipation, 25 c C Ambient 250 mW 

Derating Factor 1. 43 mWrC 

Junction and Storage Temperature -65 to +200 'c 

ELECTRICAL CHARACTERISTICS(At 25'C Ambient temperature unless otherwise specified.) 
VF == 1.0 max @ IF == 200 mA on all types . 

@ I" = 25O,<lmps Mu. Noise Density 
Nominal Mu.lener REVERSE 311,,= 250MA 

r,Pe lener Voltage Mm. Max. Impedance LEAKAGE Test No Mu. lener Current 
Number V, lener Voltage lener Voltage III CURRENT @ Voltage (Fig 11 I .. 

V, V, I, V, (micro·Yolts per 
(yoltsl (yoltsl (yoltsl (ohmsl (pAl (Yoltsl square root cyclel ImAI 

LN4099 6.8 6.460 7.140 200 10 5.17 40 35.0 
lN4100 7.5 7.125 7.875 200 10 5.70 40 31.8 
lN410L 8.2 7.790 8.610 200 1.0 6.24 40 29.0 
lN4102 8.7 8.265 9.135 200 1.0 6.61 40 27.4 
lN4103 9.1 8.645 9.555 200 1.0 6.92 40 26.2 

lN4104 10 9.500 10.50 200 1.0 7.60 40 24.8 
lN4105 11 10.45 11.55 200 .05 8.44 40 21.6 
lN4106 12 11.40 12.60 200 .05 9.12 40 20.4 
lN4107 13 12.35 13.65 200 .05 9.87 40 19.0 
lN4108 14 13.30 14.70 200 .05 10.65 40 17.5 

lN4109 15 14.25 15.75 100 .05 11.40 40 16.3 
lN4110 16 15.20 16.80 100 .05 12.15 40 15.4 
lN4111 17 16.15 17.85 100 .05 12.92 40 14.5 
lN4112 18 17.10 18.90 100 .05 13.67 40 13.2 
lN4113 19 18.05 19.95 150 .05 14.44 40 12.5 

lN4114 20 19.00 21.00 150 .01 15.20 40 11.9 
lN4115 22 20.90 23.10 150 .01 16.72 40 10.8 
lN4116 24 22.80 25.20 150 .01 18.25 40 9.9 
lN4117 25 23.75 26.25 150 .01 19.00 40 9.5 
lN4118 27 25.65 28.35 150 .01 20.46 40 8.8 

lN4119 28 26.60 29.40 200 .01 21.28 40 8.5 
lN4120 30 28.50 31.50 200 .01 22.80 40 7.9 
lN4121 33 31.35 34.65 200 .01 25.08 40 7.2 
1N4122 36 34.20 37.80 200 .01 27.38 40 6.6 
lN4123 39 37.05 40.95 200 .01 29.65 40 6.1 

lN4124 43 40.85 45.15 250 .01 32.65 40· 5.5 
lN4125 47 44.65 49.35 250 .01 35.75 40 5.1 
lN4126 51 48.45 53.55 300 .01 38.76 40 4.6 
lN4127 56 53.20 58.80 300 .01 42.60 40 4.2 
lN4128 60 57.00 63.00 400 .01 45.60 40 4.0 

lN4129 62 58.90 65.10 500 .01 47.10 40 3.8 
lN4130 68 64.60 71.40 700 .01 51.68 40 3.5 
lN4131 75 71.25 78."15 700 .01 57.00 40 3.1 
lN4132 82 77.90 86.10 800 .01 62.32 40 2.9 
lN4133 87 82.65 91.35 1000 .01 66.12 40 2.7 

lN4134 91 86.45 95.55 1200 .01 69.16 40 2.6 
lN4135. LOO 95.00 105.00 1500 .01 76.00 40 2.3 

SPECIAL SELECTIONS 1- Nominal zener voltages between those shown. 

2 - ~¥;~e~r ~~sr~ units for series connection with ~pec;fied tol~~ance on total voltage I Sta~a~d T..,e'etanCes -+- 0/ 

b. Two or more units matched to one another WIth any specifIed tolerance are _5%. _2 Yo. and _1 /0 
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--- Silicon Zener Diodes ---

1 N4099 thru 1 N4135 (continued) 

The type numbers shown have a standard tolerance of ±5% on the nominal 
zener voltage. 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direction. A 
small part of this noise is due to the internal resistance associated with the 
device. A larger part of zener noise is a result of the ~ener breakdown pheno
menon and is called microplasma noise. This microplasma noise is generally 
considered "white" noise with equal amplitude for all frequencies from about 
zero cycles to approximately 200, 000 cycles. To eliminate the higher frequency 
components of noise a small shunting capacitor can be used. The lower fre
quency noise generally must be tolerated since a capacitor required to eliminate 
the lower frequencies would degrade the regulation properties of the zener in 
many applications. 

This series is rated with a maximum noise density at 250 microvolts. The 
rating of microvolts RMS per square root cycle enables calculation of the 
maximum RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This can be seen by 
the graph in Figure 2 where a typical noise density is plotted as a function of 
zener current. 

The junction temperature will also change the zener noise levels. As tem
perature is increased, the noise levels decrease. The change is approximately 
20% from 25°C to 100°C. Thus the noise rating must indicate bandwidth, cur
rent level and temperature. 

The block diagram gi ven in Figure 1 shows the method used to measure noise 
density. The input voltage and load resistance is high so that the zener is 
driven from a constant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test zener. The filter 
bandpass is known so that the noise density in volts RMS per square root cycle 
can be calculated. 
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-- Silicon Zener Diodes --

1 N4099 thru 1 N4135 (continued) 

FIGURE 1 - NOISE DENSITY MEASUREMENT METHOD 
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FIGURE 2 - NOISE DENSITY versus ZENER CURRENT ~ 20 
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lN4310 thru lN4312 

WHERE: BW = FILTER BANDWIDTH (CYCLES) 

V"' = OUTPUT NOISE (VOLTS RMS) 

For Specifications, see IN746 thru IN759 data sheet. 
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-- Silicon Zener Diodes--

1 N4549 thru 1 N4556 
lN4557 thru lN4564 

For Specifications, See IN2804 Data Sheet 

lN4728thrulN4764 lW 
3.3·100V 

CASE 59 

One-watt silicon zener diodes designed for constant 
voltage reference from 3.3 thru 100 volts, with 10% and 
5% tolerances. These diodes are packaged in a void
free silicone polymer case which is no larger than the 
conventional 400 m W glass package. 

MAXIMUM RATINGS 

Characte ristic 

DC Power Dissipation 

Derating Factor 

Junction and storage Temperature 

1.2 

1.0 

on 

~ 0.8 
z: 
0 

~ 0.6 on 
'" is 

'" "" r--.. "-ffi 
;0: 

0.4 0 c-
d c-

0.2 

"-"-

'" 
25 50 7ft 100 125 150 

TA• AMBIENT TEMPERATURE lOCI 
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-65 to +200 °c 
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--- Silicon Zener Diodes ---

1 N4728 thru 1 N4 764 (continued) 

ELECTRICAL CHARACTERISTICS 

(At 2S'C ambient temperature unless otherwise specified) VF::::; 1.5V max @ 200 rnA on all types 

NomInal Mu Zener Impedance ArmsE SUIlI Max DeZeDer 
Zener VoJtq;e Test (Hot. 3) LEAlm CUAAfltT Current CUrrent 

Vz@)zy Current @TA =2S·C I", 
Type No. Volts Izy lzy@lzy IZK@lzK IzK J1.b~u@ V, I, mA 

(Note 2) mA Ohms Ohms mA VolU (HotoS) (Hote 4) 

IN4728 3.3 76 10 400 1.0 100 1 1380 276 
IN4729 3.6 69 10 400 1.0 100 1 1260 252 
IN4730 3.9 64 9 400 1.0 '0 1 1190 234 
IN4731 4.3 58 9 400 1.0 10 1 1070 217 
IN4732 4.7 53 8 500 1.0 10 1 970 193 

IN4733 5.1 49 7 550 1.0 10 1 690 176 
IN4734 5.6 45 5 600 1.0 10 2 610 162 
IN4735 6.2 41 2 700 1.0 10 3 730 146 
IN4736 6.6 37 3.5 700 1.0 10 4 660 133 
IN4737 7.5 34 4.0 700 0.5 10 5 60S 121 

IN4738 6.2 31 4.5 700 0.5 10 6 550 110 
IN4739 9.1 28 5.0 700 0.5 10 7 500 100 
IN4740 10 25 7 700 0.25 10 7.6 454 91 
IN4?41 11 23 6 700 0.25 5 6.4 414 83 
IN4742 12 21 9 700 0.25 5 9.1 380 76 

IN4743 13 19 10 700 0.25 5 9.9 344 69 
IN4744 IS 17 14 700 0.25 5 11.4 304 61 
IN474S 16 15.5 16 700 0.25 5 12.2 285 57 
IN4746 18 14 20 750 0.25 5 13.7 250 SO 
IN4747 20 12.5 22 750 0.25 5 15.2 225 45 

IN4748 22 11.5 23 750 0.25 5 16.7 205 41 
IN4749 24 10.5 25 750 0.25 5 18.2 190 38 
IN4750 27 9.5 35 750 0.25 5 20.6 170 34 
IN47S1 30 8.5 40 1,000 0.25 5 22.8 ISO 30 
IN4752 33 7.5 45 1,000 0.25 5 25.1 135 27 

IN4753 36 7.0 SO L,OOO 0.25 5 27.4 125 25 
LN4754 39 6.5 60 L,OOO 0.25 5 29.7 US 23 
LN4755 43 6.0 70 L,500 0.25 5 32.7 UO 22 
IN4756 47 5.5 80 1,500 0.25 5 35.8 95 19 
IN4757 51 5.0 95 1,500 0.25 5 38.8 90 18 

IN4758 56 4.5 UO 2,000 0.25 5 42.6 80 16 
IN4759 62 4.0 125 2,00Q 0.25 5 47.1 70 14 
IN4760 68 3.7 ISO 2,000 0.25 5 51.7 65 13 
IN4761 75 3.3 175 2,000 0.25 5 56.0 60 12 
IN4762 82 3.0 200 3,000 0.25 5 62.2 55 11 

IN4763 91 2.8 250 3,000 0.25 5 69.2 SO 10 
IN4764 100 2.5 350 3,000 0.25 5 76.0 45 9 

The type numbers shown have a standard tolerance of ±10% on the nominal 
zener voltage. Suffix I! AI! for ±5% units. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting silicone polymer. 

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

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

MOUNTING POSITION: Any 

WEIGHT: O. 42 gram (approximately) 
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- Silicon Zener Diodes -

ADDITIONS AND MODIFICATIONS 
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-- Silicon Zener Diodes --

TEMPERATURE COMPENSATED REFERENCE DIODES 

Temperature compensated reference diodes are made possible by the 
differing thermal characteristics of forward and reverse biased silicon PN 
junctions. A forward biased junction has a negative temperature coefficient 
of approximately 2.0 millivolts/oC. Reverse biased junctions above 5 volts 
have a positive temperature coefficient and therefore it is pOSSible, by 
judicious selection of combinations of forward and reverse biased junctions, 
to obtain a device, due to cancellation, which shows a very low temperature 
coefficient. Because of the differing impedance-versus-temperature char
acteristics of the junctions involved, optimum temperature stability is 
obtained by operating in the zener current range at which the temperature 
coefficient is a minimum. 

VOLTAGE VARIATION (LiVz) AND TEMPERATURE COEFFICIENT 

Reference diodes are most completely ch~racterized by the "box" method. 
This method provides for a guaranteed maximum voltage variation ( V Z in 
mY) over a specified temperature range, verified by tests at several points 
within the range. (Maximum voltage variations over the specified temper
ature ranges are given in tables associated with each device type.) The 
design engineer now has a specific number - without any calculations -
telling R,im the stability ofthe voltage over the temperature range of interest; 
thus giving him the maximum flexibility as well as economy in selecting the 
temperature stability required. Military specifications now being issued use 
this approach to characterize TC diodes. 

Since reference diodes have a non-linear VOltage-temperature relationship 
the temperature coefficients in the tables are provided primarily for refer
ence purposes and guaranteed only at the endpoints of the temperature range. 

VOLTAGE-CURRENT CHARACTERISTICS 

The reference voltage will vary with changes in zener current. These 
variations can be minimized by driving the device from a constant current 
source. 

ZENER IMPEDANCE DERIVATION 

The dynamic zener impedance, ZZT, is derived from the 60 cycle ac 
voltage which results when an ac current having an rms value equal to 10% of 
the dc zener current, IZT' is superimposed on IZT' A 100% cathode-ray 
tube curve trace test is used to ensure that each zener characteristic has a 
sharp and stable knee region. 
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--- Silicon Zener Diodes-

TEMPERATURE COMPENSATED REFERENCE DIODES -INDEX 
(Table numbers refer to tables on subsequent pages) 

Type Number Voltage Table 
Number 

1N429 6.2 V 1 
1N821, 1N823, 1N825, 1N827, 1N829 6.2 V 1 
1N821A, 1N823A, 1N825A, 1N827A, IN829A 6.2 V 1 
1N935 - IN939 9.0 V 12 
1N935A - IN939A 9.0 V 13 

IN935B - IN939B 9.0 V 14 
1N941 - 1N945 11.7 V 22 
1N941A - 1N945A 11.7 V 23 
1N941B - 1N945B 11.7 V 24 
1N1530, 1N1530A 8.4 V 6 

1N1735 6.2 V 1 
1N1736, !N1736A 12.4 V 25 
1N1737, 1N1737A 18.6 V 26 
1N1738, 1N1738A 24.8 V 28 
1N1739, 1N1739A 31.0 V 30 

1N1740, 1N1740A 37.2 V 32 
1N1741, 1N1741A 43.4 V 34 
1N1742, 1N1742A 49.6 V 35 
1N2620 - 1N2624 9.3 V 19 
1N2620A - 1N2624A 9.3 V 20 

1N2620B - IN2624B 9.3 V 21 

1N2769, 1N2769A 34.0 V 31 
IN2770, IN2770A 40.8 V 33 
IN3154 - IN3157 8.4 v 6 
IN3154A - IN3157A 8.4 V 7 
IN3580 - 1N3582 11.7 V 22 

IN3580A - IN3582A 11.7 V 23 
IN3580B - IN3582B 11.7 V 24 
IN4565- 1N4569 6.4V 2 
IN4565A - 1N4569A 6.4 V 3 
1N4570 - 1N4574 6.4 v 4 

1N4570A - 1N4574A 6.4 V 5 
1N4765 - 1N4569 9.1 V 15 
IN4765A - 1N4569A 9.1 V 16 
IN4770 - 1N4774 9.1V 17 
IN4770A - 1N4774A 9.1 V 18 

1N4775 - IN4779 8.5 V 8 
IN4775A - 1N4779A 8.5 V 9 
1N4780 - 1N4784 8.5 V 10 
IN4780A - 1N4784A 8.5 V 11 
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-- Silicon Zener Diodes -

\ 
Temperature compensated zener 

reference diodes designed for circuits 
requiring a high degree of voltage
temperature stability over a broad 
temperature range. 

CASE 53 

CASE 51 CASE 52 PACKAGE 4 

MAXIMUM RATINGS 

Characteristics Symbol Rating Units 

Operating Temperature 
See notes on PD in individual 

TJ °c 

data tables 
1- -65 to +150 

2- -65 to +175 

Storage Temperature Tstg °c 
All Types -65 to +175 

MECHANICAL CHARACTERISTICS 

Glass Metal Molded 

Case: All glass, Welded, hermetically Void free, thermo-
hermetically sealed sealed, metal & glass setting polymer 

Polarity: Cathode indicated by Indicated by diode Indicated by diode symbol 
polarity band symbol except IN429, IN1530, 

IN1530A where cathode 
indicated by polarity dot 
of contrasting color 

Weight: 0.2 grams (approx.) 1.5 grams (approx.) Varies according to device 
min 0.5 grams 
max 12 grams 

Finish: All external surfaces corrosion resistant and leads readily solderable. 

-

OUTLINE DIMENSIONS (INCHES) 

PACKAGE 4 
PKG A B C D 

MAX MAX ±.OO2 MAX 

4-1 .100 .500 .032 1.25 
4-2 .500 .375 .032 1.25 
4-3 1.030 .:178 .032 1.25 
4-4 1.220 .641 .032 1.75 
4-5 .655 .641 .032 1.25 
4-6 .520 .275 .022 1.25 
4-7 1.000 .375 0.32 1.25 
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-- Silicon Zener Diodes -

Max Tempera- Max Power 
Voltage ture Dynamic Dissipa· Type Change Coefficient Imped· tion Case Number %/'C ance 6V For ZZT P 

Volts Reference Ohms mW* 

TABLE 1 

Vz = 6.2 V :!:5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +100oc 

1N429 0.050 0.01 20 2000 53 
1N821 0.096 0.01 15 +2500 51 
1N821A 0.096 0.01 10 +2500 51 
1N823 0.048 0.005 15 1-2500 51 
1N823A 0.048 0.005 10 +2500 51 
1N825 0.019 0.002 15 +2500 51 

1N825A 0.019 0.002 10 +2500 51 
1N827 0.009 0.001 15 t2500 51 
1N827A 0.009 0.001 10 t2500 51 
1N829 0.004 0.0005 15 +2500 51 
1N829A 0.004 0.0005 10 t2500 51 
1N1735 0.050 0.01 20 2000 4-6 

TABLE 2 
V z = 6.4 V t5% at IZT = 0.5 mA 

Test Temperatures: 0, 25, 75°C 

1N4565 0.048 0.01 200 t 250 0 51 
1N4566 0.024 0.005 200 12500 51 
1N4567 0.010 0.002 200 +2500 51 
1N4568 0.005 0.001 200 t2500 51 
1N4569 0.002 0.0005 200 t2500 51 

TABLE 3 

Vz = 6.4 V ! 5% at IZT = 0.5 mA 

Test Temperatures: -55, 0, +25, +75,+ 100°C 

1N4565A 0.099 0.01 200 t2500 51 
1N4566A 0.050 0.005 200 12500 51 
1N4567A 0.020 0.002 200 t2500 51 
1N4568A 0.10 0.001 200 t2500 51 
1N4569A 0.005 0.0005 200 +2500 51 

TABLE 4 

Vz = 6.4 V ± 5% at IZT = 1.0 mA 

Test Temperatures: 0, 25, 75°C 

1N4570 0.048 0.01 100 t2500 51 
1N4571 0.024 0.005 100· 12500 51 
1N4572 0.010 0.002 100 t2500 51 
1N4573 0.005 0.001 100 t2500 51 
1N4574 0.002 0.0005 100 t2500 51 

TABLE 5 

V z = 6.4 V ! 5% at IZT = 1.0 mA 

Test Temperatures: -55, 0, +25, +75, +100oC 

1N4570A 0.099 0.01 100 +2500 51 
1N4571A 0.050 0.005 100 +2500 51 
1N4572A 0.020 0.002 100 +2500 51 
1N4573A 0.010 0.001 100 t2500 51 
1N4574A 0.005 0.0005 100 +2500 51 

'Temperature raoge noted. See Maximum Rating. 

Max Tempera- Max Power 
Voltage ture Dynamic Dissipa. Type Coefficient Imped· 

Number Change %/,C ance tion 
6V For Zn P 
Volts Reference Ohms mW* 

TABLE 6 

Vz = 8.4V ± 5% atIZT = 10 mA 

Test Temperatures: -55, +25, +100oc 

1N1530 0.014 0.002 15 2500 
1N1530A 0.007 0.001 15 2500 
1N3154 0.130 0.01 15 2500 
1N3155 0.065 0.005 15 2500 
1N3156 0.026 0.002 15 2500 
1N3157 0.013 0.001 15 2500 

TABLE 7 

Vz = 8.4 V ± 5% at IZT = 10 rnA 

Test Temperatures: -55, +25, +100, +150oC 

1N3154A 0.172 0.01 15 '2500 
1N3155A 0.086 0.005 15 +2500 
1N3156A 0.034 0.002 15 1-2500 
1N3157A 0.017 0.001 15 t2500 

TABLE B 

Vz = 8.5 V ! 5% at IZT = 0.5 mA 

Test Temperatures: 0, 25, 75°C 

1N4775 0.064 0.01 200 2500 
1N4776 0.032 0.005 200 2500 
1N4777 0.013 0.002 200 2500 
1N4778 0.006 0.001 200 2500 
1N4779 0.003 0.0005 200 2500 

TABLE 9 
V z = 8.5 V ! 5% at IZT = 0.5 mA 

Test Temperatures: "55,0,+25, +75, +100oC 

1N4775A 0.132 0.01 200 
1N4776A 0.066 0.005 200 
1N4777A 0.026 0.002 200 
1N4778A 0.013 0.001 200 
1N4779A 0.007 0.0005 200 

TABLE 10 

Vz = ·8.5 V ± 5% at IZT = 1.0 rnA 

Test Temperatures: 0, 25, 75°C 

1N4780 
1N4781 
1N4782 
1N4783 
1N4784 

0.064 0.01 100 
0.032 0.005 100 
0.013 0.002 100 
0.006 0.001 100 
0.003 0.0005 100 

CD T J = -65 to +150°C 

@TJ = -65 to +175°C 

2500 
2500 
2500 
2500 
2500 

2500 
2500 
2500 
2500 
2500 

Case 

57 
57 
51 
51 
51 
51 

51 
51 
51 
51 

51 
51 
51 
51 
51 

51 
51 
51 
51 
51 

51 
51 
51 
51 
51 

t The indicated power rating is recommended for conservative design limits 
in critical high reliability applications. Registered power ratings vary from 
250 mW to 500 mW. All devices indicated are supplied in the 400 mW glass 
package, 
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- Silicon Zener Diodes -

Max Tempera- Max Power 
Voltage ture Dynamic Dissipa-Type Change Coefficient Imped- tion Case Number %I'C ance loV For Zll P 

Volts Reference Ohms mW' 

TABLE 11 
Vz = 8.5 V ± 5% at IZT = 1.0 mA 

Max Tempera- Max Power 
Voltage ture Dynamic Dissipa-Type Coefficient Imped-

Number 
Change 

%~'C ance lion Case 
loV or ZX' P 
Volts Reference Ohms mW' 

TABLE 17 
V Z = 9.1 V :: 5% at IZT = 1.0 mA I 

Test Temperatures: -55,0, +25, +75, +100oC Test Temperatures: 0, 25, 75DC 

1N4780A 0.132 0.01 100 2500 51 1N4770 0.066 0.01 200 2500 51 
1N4781A 0.066 0.005 100 2500 51 1N4771 0.034 0.005 200 2500 51 
1N4782A 0.026 0.002 100 2500 51 1N4772 0.014 0.002 200 2500 51 
1N4783A 0.013 0.001 100 2500 51 1N4773 0.007 0.001 200 2500 51 
1N4784A 0.007 0.0005 100 2500 51 1N4774 0.003 0.0005 200 2500 51 

TABLE 12 TABLE 18 

Vz = 9.0 V ± 5% at IZT = 7.5 rnA Vz = 9.1 V t 5% at IZT = 1.0 rnA 

Test Temperatures: 0,25,750C Test Temperatures: -55,0, +25, +75, +100DC 

1N935 0.067 0.01 20 t2500 51 
1N936 0.033 0.005 20 "2500 51 
1N937 0.013 0.002 20 +2500 51 
1N938 0.006 0.001 20 "2500 51 
1N939 0.003 0.0005 20 t2500 51 

1N4770A 0.141 0.01 200 2500 51 
1N4771 A 0.070 0.005 200 2500 51 
1N4772A 0.026 0.002 200 2500 51 
1N4773A 0.014 0.001 200 2500 51 
1N4774A 0.007 0.0005 200 2500 51 

TABLE 13 TABLE 19 
Vz = 9.0 V "!: 5% at IZT = 7.5 rnA 
Test Temperatures: -55,0, +25, +75, +100DC 

Vz = 9.3V : 5% at IZT = 10 mA 

Test Temperatures: 0, 25, 75°C 

1N935A 0.139 0.01 20 t2500 51 
1N936A 0.069 0.005 20 t2500 51 
1N937A 0.027 0.002 20 ,,2500 51 
1N938A 0.013 0.001 20 12500 51 
1N939A 0.007 0.0005 20 t2500 51 

1N2620 0.070 0.01 15 7500 52 
1N2621 0.035 0.005 15 7500 52 
1N2622 0.014 0.002 15 7500 52 
1N2623 0.007 0.001 15 7500 52 
1N2624 0.003 0.0005 15 7500 52 

TABLE 14 TABLE 20 
Vz = 9.0 V "!: 5% at IZT = 7.5 mA 
Test Temperatures: -55,0,+ 25, +75, +100, +150oC 

Vz = 9.3 V :5% at IZT = 10 mA 

Test Temperatures: -55,0,+25, +75, +100oC 

1N935B 0.184 0.01 20 t2500 51 
1N936B 0.092 0.005 20 t2500 51 
1N937B 0.037 0.002 20 t2500 51 
1N938B 0.018 0.001 20 t2500 51 
1N939B 0.009 0.0005 20 t2500 51 

1N2620A 0.144 0.01 15 7500 52 
1N2621A 0.072 0.005 15 7500 52 
1N2622A 0.029 0.002 15 7500 52 
1N2623A 0.014 0.001 15 7500 52 
1N2624A 0.007 0.0005 15 7500 52 

TABLE 15 TABLE 21 
Vz = 9.1 V "!: 5% at IZT = 0.5 mA 
Test Temperatures: 0, 25, 75°C 

V Z = 9.3 V "!:.5% at IZT = 10 mA 
Test Temperatures: -55, 0, +75, +100, +150oC 

1N4765 0.068 0.01 350 2500 51 
1N4766 0.034 0.005 350 2500 51 
1N4767 0.014 0.002 350 2500 51 
1N4768 0.007 0.001 350 2500 51 
1N4769 0.003 0.0005 350 2500 51 

1N2620B 0.191 0.01 15 7500 52 
1N2621B 0.095 0.005 15 7500 52 
1N2622B 0.038 0.002 15 7500 52 
1N2623B 0.019 0.001 15 7500 52 
1N2624B 0.010 0.0005 15 7500 52 

TABLE 16 TABLE 22 

V Z = 9.1 V ± 5% at IZT = 0;5 mA ° 
Test Temperatures: -55,0,+ 25, +75, +100 C 

Vz = 11.7 V:: 5% at IZT = 7.5 mA 
Test Temperatures: 0, 25, 75°C 

1N4765A 0.141 0.01 350 2500 51 1N941 0.088 0.01 30 t2500 51 
1N4766A 0.070 0.005 350 2500 51 1N942 0.044 0.005 30 t2500 51 
1N4767A 0.028 0.002 350 2500 51 1N943 0.018 0.002 30 t2500 51 
1N4768A 0.014 0.001 350 2500 51 1N944 0.009 0.001 30 t2500 51 
1N4769A 0.007 0.0005 350 2500 51 IN945 0.004 0.0005 30 t2500 51 
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Max Tempera- Max Power 
Voltage ture Dynamic Dissipa· Type Change Coefficient Imped· tion Case Number 
"V %~·C . ance p or l,IT 
Volts Reference Ohms mW· 

TABLE 22 (Cont'd) 

1N3580 I 0.088 0.01 25 7500 52 
1N3581 0.044 0.005 25 7500 52 
1N3582 0.018 0.002 25 7500 52 

TABLE 23 

Vz = 11.7 V ~ 5% at IZT = 7.5 mA 

Test Temperatures: -55, D, +25, +75, +100oC 

1N941A 0.181 0.01 30 t2500 51 
1N942A 0.090 0.005 30 t2500 51 
1N943A 0.036 0.002 30 t2500 51 
1N944A 0.018 0.001 30 t2500 51 
1N941iA 0.009 0.0005 30 +2500 51 
1N3580A 0.181 0.01 25 7500 52 
1N3581A 0.090 0.005 25 7500 52 
1N3582A 0.036 0.002 25 7500 52 

TABLE 24 
Vz = 11.7 V :!: 5% at IZT = 7.5 mA 

Test Temperatures: -55, 0, +25, +75, +100, +150oC 

1N941B 0.239 0.01 30 
1N942B 0.120 0.005 30 
1N943B 0.047 0.002 30 
1N944B 0.024 0.001 30 
1N945B 0.012 0.0005 30 
1N3580B 0.239 0.01 25 
1N3581B 0.120 0.005 25 
1N3582B 0.048 0.002 25 

TABLE 2S 

Vz = 12.4 V :!: 5% at IZT = 7.5 rnA 

Test Temperatures: -55, +25, +100oC 

1N1736 0.100 0.01 40 
1N1736A 0.050 0.005 40 

TABLE 26 
V Z = 18.6 V :!: 5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +100oC 

IN1737 0.150 0.01 60 
1N1737A 0.075 0.005 60 

TABLE 27 

Vz = 20.4 V :5% at IZT = 7.5 rnA 

Test Temperatures: -55, +25, +100oC 

1N2767 0.158 0.005 60 
1N2767A 0.079 0.0025 60 

TABLE 28 

Vz = 24.8 V :!: 5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +100oC 

t2500 51 
+2500 51 
+2500 51 
t 2500 51 
+2500 51 

7500 52 
7500 52 
7500 52 

4000 4-3 
4000 4-3 

6000 4-5 
6000 4-5 

6000 4-7 
6000 4-7 

1N1738 T 0.200 1 0.01 I 80 1 800 014-5 
1N1738A 0.100 0.005 80 800014-5 

Max Tempera- Max 
Voltage ture Drrnamic 

Type Change Coefficient mped-
Number %/"C ance 

"V For ZzT 
Volts Reference Ohms 

TABLE 29 

Vz = 27.2 V :5% at IZT = 7.5 rnA 

Test Temperatures: -55, +25, +100oC 

1N2768 0.210 0.005 80 
1N2768A 0.105 0.0025 80 

TABLE 30 

Vz = 31.0 V :!:5%atIZT= 7.5 mA 

Test Temperatures: -55, +25, +100oC 

1N1739 0.250 0.01 100 
1N1739A 0.125 0.005 100 

TABLE 31 

Vz = 34.0 V :!: 5% at IZT = 7.5 mA 

Test Temperatures: -55,+ 25, +100oC 

IN2769 0.265 0.005 100 
1N2769A 0.132 0.0025 100 

TABLE 32 

Vz = 37.2 V ! 5% at IZT = 7.5 mA 

1N1740 0.300 0.01 120 
1N174OA 0.150 0.005 120 

TABLE 33 

Vz =40.8V :!: 5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +lOOoC 

1N2770 0.316 0.005 120 
1N2770A 0.158 0.0025 120 

TABLE 34 

Vz = 43.4 V :!:5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +100oC 

1N1741 0.350 0.01 140 
1N1741A 0.175 0.005 140 

TABLE 35 

Vz = 49.6 V ! 5% at IZT = 7.5 mA 

Test Temperatures: -55, +25, +100oC 

Power 
Dissipa-

tion Case 
p 

mW' 

8000 4-7 
8000 4-7 

10000 4-4 
10000 4-4 

10000 4-1 
10000 4-1 

12000 4-4 
12000 4-4 

12000 4-1 
12000 4-1 

14000 4-4 
14000 4-4 

1N1742 1 0.400 I 0.01 1 180 11600014-4 
1N1742A 1 0.200 0.005 180 160001 4-4 

CD T J = -65 to +150°C 

®TJ = -65 to +175°C 

t The indicated power rating is recommended for conservative design limits 
in critical high reUabUity applications. Registered power ratings vary from 
250 mW to 500 mW. All devices indicated are supplied in the 400 mW glass 
package. 
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- Silicon Zener Diodes -

Mz600 SERIES 

Mz800 SERIES 

6.2 Volt 

8.4 Volt 

.r- POlARITY MARK 
./ (CATHODE) 

CASE 51 

Precision reference diodes designed, manufactured, 
and tested for applications requiring a precision 
voltage reference with ultra-high stability of voltage 
with time and temperature. 

Operating Temperature Range: 25 to 1000 C 

MZ600 Series 

Voltage: Vz = 6.2v"!:5%atIzT = 7.5 rnA 

Voltage-Temperature Stability: !!.VZ = 2.5 mVdc (Maximum allowable change 
between voltages recorded at 25, 75, and 100oC.) 

Dynamic Impedance: ZZT = 10 Ohms at IZT = 7.5 mAdc, lac = 0.75 rnA 

Type 
Voltage· Time Stability Parts Per Million Change 

(Maximum Change) ppm/lOOO hr 
/lV/1000 hr 

MZ605 30 ( 5 
MZ610 60 (10 
MZ620 120 (20 
MZ640 240 (40 

MZ800 Series 

Voltage: V Z = 8.4 V "!: 5% at IZT = 10 rnA 

Voltage-Temperature Stability: t!.V~ = 3.5 mVdc (Maximum allowable change 
. 0 

between voltages recorded at 25, 5, and 100 C.) 

Dynamic Impedance: ZZT = 15 Ohms at IZT = 10 mAdc, lac = 1.0 rnA 

Type 
Voltage·Time Stability 

Parts Per Million Change (Maximum Change) 
/lV/1000 hr ppm/1000 hr 

MZ805 45 < 5 
MZ810 90 <10 
MZ820 180 <20 
MZ840 360 <40 

All diodes are serialized with a unique serial number and are also marked 
with a date code, polarity band, and device type number. 
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REFERENCE AMPLIFIERS 

MCA1911 

MCA2011 

MCA2111 

MCA2211 

SERIES 

SERIES 

6.BV 

8.6 V 

Reference amplifiers for use in regulated power 
supplies as a combination reference element and 
error voltage amplifier. Available with either PNP 
or NPN transistors. 

SERIES 9.SV 

SERIES 11.0 V 

'MCA1911 Series IlaS zener diode only 

-r-D 9O'.---j ~~I 0_020MlN 
0610 1.5 45' '1/' hf. E (NOlE 2J 

.l...- I"" ~3' _ ~ __ 

ci~~~D!O.002 DlfooL 0,031 z~ C 

(NOTE Do.DOI L.!- 0385 """:0,003 ----i r-0.200 ::!:O,QIQ 

0.3&0 . 

NOTES: 
1. The specified lead diameter applies in the zone be

tween 0.050 and 0.250 from the base seat. Between 
0.250 and 0.5 maximum of 0.021 diameter is held. 
Outside of these zones the lead diameter is not con
trolled. 

2. Measured from max diameter oC the actual device. 

ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Raling . Unit 

Zener Current IZ 20 rnA 

Collertor Current IC 20 rnA 

Collector-Emitter Voltage VCEO 30 V 

Junction and Storage TJ 
-65 to +175 °c 

Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Nominal Relerence Voltage VREF 6.8-11.0 nom Volts 
(IZ D 5 rnA, V CE D 3 V, IC = 250 p.A) (See Table 1) 

Maximum Reference Voltage Change 
with Temperature dVREF (See Table 1) Volts 
(Iz = 5 rnA, V CE = 3 V, IC = 250 p.A) 

Min Mal 

Zener Impedance ZZT Ohms 
(IZT = 5 rnA, lac = 10% IZ) - 40 

Collector-Emitter Breakdown Voltage BVCEO Volts 
(Ie = 250 ~A) 30 -

Collector Cutoff Current lCBO 
(VCB = 45 V) - 50 rnA 

(VCB = 45 V, TA = 150°C) - 10 p.A 

DC Current Gain hFE -
(IC = 250 p.A, V CEl 50 100 

Small-Signal Transconductance gfe p.mhos 
(V CE = 3 V, IC - 250 p.A, I = 1 kc) 6500 -
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TABLE 1 ELECTRICAL CHARACTERISTICS 
(at IZT = 7.5 rnA 8: T A = 25°C unless otherwise specified) 

Max 
Voltage 

Type Change Reference 
Num- (Note 2) Test Voltage 
ber IIVREF @ Temperature VREF 

(Note I) (Volts) (0C) (Volts) 

6.8 Volt Series (IZT = 5 rnA) 

MCAI911N .051 
MCAI912N .025 0, +25, +75 6.8 ± 10% MCAI913N .010 
MCAI914N .005 

MCAI921N .105 
MCAI922N . 052 -55, 0, +25, +75, 6.8 ± 5% MCAI923N .020 +100 
MCAI924N .010 

MCAI931N .139 
MCAI932N .069 -55, 0, +25, +75, 6.8 ± 5% MCAI933N .026 +100, +150 
MCAI934N .013 

9. 5 Volt Series (IZT = 5 rnA) 

MCA2111N .071 
MCA2112N .035 

0, +25, +75 9.5 ± 10% MCA2113N .014 
MCA2114N .007 

MCA2121N .147 
MCA2122N .073 -55, 0, +25, +75, 

9.5 ± 5% MCA2123N .028 +100 
MCA2124N .014 

MCA2131N .194 
MCA2132N .097 -55, 0, +25, +75, 

9.5 ± 5% MCA2133N .038 +100, +150 
MCA2134N .019 

NOTES: 

1. Type numbers shown are for devices containing NPN transls· 
tors; for devices with PNP transistors substitute a "P" suffix 
for the "N" suffix in the type number. 

NOMENCLATURE 

'::::.::7!i\:::, ~.:: .. :~: 
Voltage Range Table 1 (i. e., for 6.8 

19 - 6.8 V 1. 0 to 75°C 

20 - 8.6 V 

21 - 9.5 V 

22 - 1}.0 V 

2. -55to .. lOO·C 

3. 

Volt Series, 1 desig
nates 6VREF of .051 V) 

Max 
Voltage 

Type Change Reference 
Num- (Note 2) Test Voltage 
ber AVREF @ Temperature VREF 

(Note 1) (Volts) (C) (Volts) 

8.6 Volt Series (I.zT = 5 rnA) 

MCA2011N .060 
MCA2012N .030 

O. +25. +75 B.6 ± 10% MCA2013N .012 
MCA2014N .006 

MCA2021N .124 
MCA2022N .062 -55 . O .• 25. +75. B.6 ± 5% 
MCA2023N .024 .100 
MCA2024N .012 

MCA2031N .164 
MCA2032N .082 -55. O .• 25. +75. 8.6 t 5% 
MCA2033N .032 .100 . .150 
MCA2034N .016 

11. 0 Volt Series (I ZT = 5 rnA) 

MCA2211N .082 
MCA2212N .041 

O .• 25. +75 11.0 ± 10% MCA2213N .016 
MCA2214N .008 

MCA2221N .170 
MCA2222N .085 -55. O. +25. .75. 

11.0 ± 5% MCA2223N .034 +100 
MCA2224N .017 

MCA2231N .225 
MCA2232N .112 -55. O .• 25. +75. 

11.0 ± 5% McA2233N .044 +100. +150 
MCA2234N .022 

2. 6VREF is the maximum voltage variation over the specified 

temperature range, verified by tests at specified points within 
the range. 

TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 

i R, 

r DC INPUT I REGULATED 

1 ""--i 
OUTPUT 

R, 

j REFERENCE 
VOLTAGE 

'-- ~ 
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For case outline dimensions, see page 1-186. 
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Silicon Rectifiers 

SILICON RECTIFIERS 

The trend in rectifiers, today, is toward silicon. Technically, there are 
many reasons why this is so. In comparison with thermionic tubes, silicon 
rectifiers offer a new era of reliability and performance, and no other solid
state rectifier has the inherant advantages of silicon. Silicon shrugs at 
operating temperatures that would quickly wilt other solid-state devices. The 
high forward conductance and low-reverse-Ieakage current of silicon out
classes selenium, and no other type of rectifier packs as much current
carrying capacity into as small a package. Moreover, these advantages of 
silicon rectifiers are now available at costs that are more than competitive 
with other types. 

The following section contains data sheets for a complete line of silicon 
rectifiers for current requirements ranging from milliamperes to kiloamperes. 
These are housed in a variety of package types, making them suitable for 
every electrical and electronic application. 

In addition, rectifier assemblies for higher voltage and current devices and 
for applications such as bridges and other circuit configurations are available 
as standard devices and can easily be made to order for custom applications, 
(see page 4-3). 

MULTI-CELL RECTIFIERS 

High-current rectifiers in this book employ the multi-cell concept. This 
approach not only permits the fabrication of higher-current rectifiers, but 
also eliminates many of the problems associated with large Single-junction 
devices. The construction of a typical multi-cell rectifier is shown below. 

Void·free, molded 
external case affords 
excellent mechanical 
strength, electrical 
isolation, and corrosion 
resistance. Color cod
ing of the external case 
provides easy polarity 
identification: 

RED-Cathode to Case 
BLACK-Anode to Case 

Plated copper base is inte grally 
connected to the inner case for 
optimum heat transfer and cur· 
rent balance between cells by di-
rect thermal coupling. ______ ..:1 

3-3 

Complete seal strength is afforded by the outer 
case, thus preventing any excessive stress on 
the glass-ta-metal hermetic inner seal of indi
vidual rectifier cells. 

Internal, hermetically sealed, 
welded metal case rectifier 
cells. All individual cells are 
specially processed, tested 
and matched for similarity of 
forward voltage characteris· 
tics to assure balanced cur
rent sharing and reliable 
parallel operation. Each cell is 
rated to operate at only 75 per 
cent of maximum current 
capability, providing a built·in 
safety margin. 

Resistance to thermal fatigue 
of each cell is assured 
through the use of double 
back·up discs and high tem· 

"'Perature solder construction 
to protect the silicon die 
against stresses. In addition, 
the small junction areas of 
the individual paralleled cells 
result in a total rectifier which 
can better resist thermal 
fatigue because of the smaller 
excursion of dissimilar 
bonded materials <as opposed 
to a large single'junction 
rectifier). 

I 



I -- Silicon Rectifiers --

PREFERRED SILICON RECTIFIER SELECTION GUIDE 

This list covers only the preferred rectifiers and by no means represents all the devices 
available from stock or currently under development. For information concerning recti
fiers not listed here refer to the individual data sheets. 

/'/ 
1.5 A 

f3A Q 
6A l2A l5A , f) fi f) t1 , 

fAST fAST fAST 
RECOVERY RECOVERY RECOVERY 
CASE 52 CASE 55 CASE 56A CASE 56A. CASE CASE 42 

5DV 11UOO1 MR133701 1N3879 MRl120 1N3889 1N3208 

lDDV 1N4002 MRl337·2 1N1563 1N3880 MR1121 1N3890 1N3209 

15DV 
2DDV 1N4003 MR1337·3 1N1564 1N3881 MR1122 1N3891 IN3210 

VRM (REP) 
"'1N3611 

MAX PEAK 25DV 
REPETITIVE 3DDV MR1337-4 1Nl565 MRl123 1N3892 1N3211 

REVERSE 35DV 
VOLTAGE 

4DDV 1N4004 MR1337·5 IN1566 MRl124 1N3893 1N3212 "'1N3612 

5DDV MR1337·6 1Nl567 MR1125 1N3213 

6DDV 1N4005 MR1337·7 1N1568 MR1126 1N3214 "'1N3613 

8DDV 1N4006 MRl128 

lDDDV 1N4007 

'Available to USN Spec Mll·S-19500/22B 
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20A 25A 30A 35A 

~ ~ ~ tl 1 .. ~ 160A 
'"'---_ .. 

601. 
160A 24tlA lOOOA 
24tlA 4tlOA 240A !WATER 

SOl. 4tlOA 650A 4tlOA COOLED) 
CASE 42 CASE 43 CASE 42 CASE 100 CASE 101 103 CASE 104 105 

IN2488 IN3659 INll83 MRI200 MRl210 MRI220 MRI230 MRI240 MRI260 MRI290 

IN249B lN3660 lNll84 MRl20l MR1211 MRl22l MRl23l MR1241 MR1261 MRl291 

IN1l93 lNll85 MRl202 MRI212 MRI222 MRI232 MRl242 MR1262 MR1292 

IN250B IN3661 INll86 MRl201 MR1213 MR1223 MRl233 MRl243 MR1263 MRl293 

MRl204 MR1214 MRl224 MRI234 MRl244 MR1264 MRl294 

tNU9S IN3494 lN3662 lNllB7 MRl2O!l MR12l5 MRl225 MRI235 MRI245 MR1265 MRl295 (MR325) 

MRl206 MR12l6 MRl226 MRl236 MRl246 MR1266 MRl296 

IN1196 
lN3495 

IN3663 INI188 MRl207 MR1217 MRl227 MRl237 MRl247 MR1267 MRl297 (MR326) 
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-- Silicon Rectifiers --

LOW CURRENT RECTIFIERS- 0.11:0 12.0 Amperes 

I 
forwardCurrrnt I l I hrwlr~C1lfll.t 

I 10 I 10.41'"'9') I IRIAV] I 10 I 1f~~,;') I 
V·,~lh·1 

.. ~ Imps .. 
V~>At' •• , 

.... 
TJpe I (25'C) (25°C) (1 110°C) T", "Its I 175·C) I (We) I OS°e) 

Case 51 Case 59 

I 
1N3282 1000 0.1 2.5 0.01 1N4001 50 1.0 30 .03 1H3283 1500 0.1 2.5 0.01 '"4002 100 1.0 30 .03 1N3284 2000 0.1 2.5 0.01 1 N4003 200 1.0 30 .03 1H3285 2500 0.1 2.5 0.01 1N4004 400 1.0 30 .03 1H328& 3000 0.1 2.5 0.01 '"4005 600 1.0 30 .03 
Case 41 <D lN4QOG 800 1.0 30 .03 

1N4007 1000 1.0 30 .03 1H1730 1000 0.2 2.5 -
1N1731 1500 0.2 2.5 - Case 60 (We) 
1N1732 2000 0.2 2.5 - fN4719/MR1030A 50 3.0 300 ].5 1N1:133 3000 0.15 2.5 - fN4720/MR1031A 100 3.0 300 1.5 '"1734 5000 0.10 2.5 - lN4721/MRt032A 200 3.0 300 1.5 1N2382 4000 0.15 2.5 - IMR1033R 300 3.0 300 1.5 1H2383 6000 0.10 2.5 - fN4722/MR1034A 400 3.0 300 1.5 lN2384 8000 0.07 2.5 - /MR1035A 500 3.0 300 ].5 1N2385 10000 0.07 2.5 f N4723/MR1 036A 600 3.0 300 1.5 
Case 59 (7S·CI US·C} 1 N4724/MR 1 038A 800 3.0 300 1.5 
MR990 1000 .250 15 0.01 lN4725/MR1040A 1000 3.0 300 1.5 
MR991 1500 .250 15 0.01 Case 70 
MR992 2000 .250 15 0.01 1N4997/MR10JOB 50 3.0 300 1.5 MR993 2500 .250 15 0.01 1N4998/MR103l8 100 3.0 300 1.5 MR994 3000 .250 15 0.01 1N4999/MR1D32B 200 3.0 300 1.5 
Case 55 (~5·C) 11511"C) (15"C) (25~C) /MR10JJB 300 3.0 300 1.5 

1 NSODD/MRl 0348 400 3.0 300 1.5 1N1563 100 1.5 0.3 70 .005 /MR1035B 500 3.0 300 1.5 1N1563A 100 1.5 0.3 70 .003 lNSOO1/MR10J6B 600 3.0 300 1.5 1N1564 200 1.5 0.3 70 .005 1N5002/MR1038B 800 3.0 300 1.5 1N1564A 200 1.5 0.3 70 .003 1 NSOD3/MRl 0408 1000 3.0 300 1.5 1N1565 300 1.5 0.3 70 .005 
(15O°C) (ISDOC) (1SoCj 1N1565A 300 1.5 0.3 70 .003 Case 56 

1N1S66 400 1.5 0.3 70 .005 MR1l20 50 12.0 300 ].5 lN1S66A 400 1.5 0.3 70 .003 MR1121 100 12.0 300 1.5 1N1567 500 1.5 0.3 70 .005 MR1122 200 12.0 300 1.5 lN1567A 500 1.5 0.3 70 .003 MR1l23 300 12.0 300 1.5 1N1568 600 1.5 0.3 70 .005 MR1124 400 12.0 300 1.5 1N1568A 600 1.5 0.3 70 .003 MR1l2S 500 12.0 300 1.5 
MR1l2S 600 12.0 300 1.5 (i)See data sheet for device dimensions MR1128 800 12.0 300 1.5 
Mrn130 1000 12.0 300 1.5 

FAST SWITCHING POWER RECTIFIERS - t" = 0.2 !,sec maximum 

FarnrdCurrent hrwlrdClmeat 

10 1 I""I"'~'1 I'I~" 10 I 1. ... 1 •• '.c) 1'['.1 
Imps Impl • 1 Imps amjt$ .. 

V~o.tl"pl VRo.tl',p) 

I Type nits {1S"C) I US'C} (7S'C) Typ~ ",. (lOO·C) (1OO'C) !1OO·C) 

Case 52 Case 50 
3.0 50 0.75 30 0.75 lN3881 200 6.0 75 MR1337·' 

1N3882 300 6.0 75 3.0 MR1337·2 100 0.75 30 0.75 
1N3883 400 6.0 75 3.0 MR1331·3 200 0.75 30 0.75 

50 12 150 5.0 MR1337·4 300 0.75 30 0.75 1N3889 
lN3890 ]00 12 150 5.0 MR1337·5 400 0.75 30 0.75 
1Nl891 200 12 150 5.0 

Case 50 1100"C) (100'C) (1OO6 C) 1N3892 300 12 150 5.0 
1Nl879 50 6.0 75 3.0 lNl893 400 12 150 5.0 
lNl880 100 6.0 75 3.0 

MEDIUM CURRENT RECTIFIERS - 15 1:0 35 Amperes 

T", 
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-- Silicon Redifiers --

HIGH CURRENT RECTIFIERS - 50 'to 1000 An1peres 

I 
forward Current 

I 
ForwlrdCurrenl 

I 10 I Ir...(,., •• ( I I~ I~VI I 10 I ""'10.<,., I "I~vl 

V .... 1 ... 1 
~mpl amps ,. 

Jm~1 amps m' 
I I I h"r ... ( I I I Type fDlts 115D'CJ 1150'C) (l50'C) T,po Tnits (ISO'C) (lSD'C) (1S1l'C) 

Flat-mount with solid Jug terminal (FL) CD 
f:~t~~mo~~t\~:~\r~~i~~~e b~~i~~~d I~~~d ~SBBJ o~r s;~I~d,~~g'~~~~~~I' ~ll) (i) 

MRI20D 50 50 800 10 
MR120! 100 50 800 10 MR1240 50 400 8000 50 
MRI202 150 50 800 10 MII1241 100 400 8000 50 
MRI20J 200 50 800 10 MR1242 150 400 8000 50 
MR1204 250 50 800 10 MR1243 200 400 8000 50 
MRI20S 300 50 800 10 MR1244 250 400 8000 50 
MR1206 350 50 800 10 MR1245 300 400 8000 50 
MR1207 400 50 800 10 MR124G 350 400 8000 50 

~~~~~~~~~~ ~:t~ ~~I~~bl'~gbf~~~ei~~F(~l~SB) ,I) 
MR1247 400 400 8000 50 

Flat·mllunt with solid lug terminal (Fl)Ci) 

MAt210 50 80 2000 15 MR1260 50 650 12000 100 
MR1211 100 80 2000 15 MR1261 100 650 12000 100 I 
MR1212 150 80 2000 15 MR1262 150 650 12000 100 
MRI213 200 80 2000 15 MR12G3 200 650 12000 100 
MR1214 250 80 2000 15 MR1264 250 650 12000 100 
MR121S 300 80 2000 15 MR1265 300 650 12000 100 
MR1216 350 80 2000 15 MR1266 350 650 12000 100 
MR1217 400 80 2000 15 MR1267 400 650 12000 100 

~f~e~ooLJUn1t :i~hh f~~;~~~~e b~~~~~~d I~~~d ~SBB) o~r s~~I~dl~Uggt~~~~~~~1 ~ll) CD 
Bus-bar mount, water cooled 

MR1290 50 1000 18000 200 
MR1220 50 160 3600 20 MR1291 100 1000 18000 200 
MR1221 100 160 3600 20 MR1292 150 1000 18000 200 
MR1222 150 160 3600 20 MR1293 200 1000 18000 200 
MR1223 200 160 3600 20 MR1294 250 1000 18000 200 
MR1224 250 160 3600 20 MR1295 300 1000 18000 200 
MR122S 300 160 3600 20 MR1296 350 1000 18000 200 
MR1226 350 160 3600 20 MR1297 400 1000 18000 200 
MRf227 400 160 3600 20 (i)For d.esired package configurali.on (5B, 5l, FB, Fl) as well as reverse MR12JO 50 240 5000 35 
MR1231 100 240 5000 35 polarity (R), add the proper suffiX to the part number, i.e. MRI237SBR. 

MR1232 150 240 5000 35 For complete outline dimensions and specifications see data sheets. 

MR12JJ 200 240 5000 35 
MR1234 250 240 5000 35 
MR123S 300 240 5000 35 
MR123& 350 240 5000 J5 
MR1237 400 240 5000 35 
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-- Silicon Rectifiers --

lN248 B ,e thru lN250B, C 
lN1191 thru lN1198 
lN1195A thru lN1198A 
lN3213 thru lN3214 

10 = 20 A 
VR to 600 V 

CASE 42 
(00-5) 

Medium current silicon rectifiers. Unique double
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case, 
but reverse-polarity units can be obtained by adding 
suffix "R" to standard type number, e. g. IN248BR. 

MAXIMUM RATINGS 

Chara.cteristics Symbol Rating Unit 

Peak Repetitive Reverse Voltage 
and 

VRM (rep) Volts 

DC Blocking Voltage vR 
lN248B, lN119l 50 
lN248C 55 
lN249B, IN1192 100 
IN249C 110 
lN1193 150 
lN250B, lN1194 200 
lN250C 220 
lN1195,lN1l95A 300 
lN1l96, lN1l96A 400 
lN1l97, lN1l97A, IN3213 500 
lN1l98, lN1198A, IN3214 600 

RMS Reverse Voltage Vr Volts 
IN248B, lN1l9l 35 
IN248C 38.5 
lN249B, lN1l92 70 
IN249C 77 
IN1l93 105 
IN250B, lN1l94 140 
IN250C 154 
IN1l95, lN1l95A 210 
IN1l96, IN1l96A 280 
lN1l97, IN1197A, lN3213 350 
lN1l98, IN1l98A, lN3214 420 

Average 1/2-wave Rectified Forward Current 10 Amps 
(Resistive Load, 60 cps, TC ~ 150°C) 20 

Peak Repetitive Forward Current IFM (rep) Amps 
(TC = 150°C) 90 

Peak Surge Current IFM (surge) Amps 
(T C ~ 150°C, superimposed on Rated 350 
Current at Rated Voltage, !/2-Cycle, 
1/120 sec) 
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--- Silicon Rectifiers ---

1 N248B,C thru 1 N250B,C (continued) 

THERMAL CHARACTERISTICS 

Maximum Operating and Storage Temperature: -65 to + 190°C 
Maximum Thermal Impedance. Junction to Case: (JJC = 1.50°C/W DC 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Full Cycle Average Forward Voltage Drop 
(10 (max). rated Yr' 60 cps. TC 0 150°C) 

Instantaneous Forward Voltage Drop 
(iF 0 100 Amps, T J 0 25°C) 

Full Cycle Average Reverse Current 
(10 (max), rated Vr ' 60 cps, TC 0 l50oC) 

lN248B thru lN250B, lN119l thru lN1198 
lN248C 
1N249C 
1N250C 
1N1195A 
lN1196A 
lN1197A 
lN1198A 
1N32l3 and 1N3214 

DC Reverse Current 
(Rated VR ' TC 0 25°C) 

MAXIMUM AVERAGE FORWARD CURRENT RATING' 
versus MAXIMUM CASE TEMPERATURE 

Te , MAXIMUM CASE' TEMPERATURE (OC) 

3·9 

1000 
800 
600 

400 
;:;;-
"-
:E 200 S 
I-

15 
100 '" '" 80 ::> 

<.:> 
c 60 
'" « 

40 ;;: 
'" ~ 
'" 20 ::> 

~ 
z « 10 I-
Z 

8 « 
I-

'" ;;: 

- 4 

2 

Symbol Max Unit 

VF(AV) Volts 
0.6 

VF Volts 
1.5 

IR(AV) mA 

5.0 
3.8 
3.6 
3.4 
3.2 
2.5 
2.2 
1.5 

10.0 

IR mA 
1.0 

TYPICAL FORWARD CHARACTERISTICS 

~ 
1/ 

kf 

11 

/ I' 
II 

TJ = 150°C J J T, = 25°C 

I 
/ 

o 0.4 0.8 1.2 1.6 2.0 

VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

I 



-- Silicon Rectifiers --

lNl124, A thru lNl128, A 
Obsolete, discontinued types, replace with devices from the MRI030 series. 

lNl183thru lN1190 10 = 35 A 
VR - to 600 V 

CASE 42 
(DO·5) 

Medium current silicon rectifiers. Unique double
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 
Type numbers shown have cathode connected to case. 
but reverse-polarity units can be obtained by adding 
suffix" R" to standard type number, e. g. IN1183R. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Peak Repetitive Reverse Voltage VRM (rep) Volts 
and 

DC Blocking Voltage VR 
IN1183 50 
IN1184 100 
IN1185 150 
IN1186 200 
IN1187 300 
IN1188 400 
IN1189 500 
IN1190 600 

RMS Reverse Voltage V Volts 
IN1183 r 35 
IN1184 70 
IN1185 105 
1N1186 140 
1N1187 210 
IN1188 280 
1N1189 350 
1N1190 420 

Average 1/2-Wave Rectified Forward 10 Amperes 
Current 

(Resistive Load, 60 cps, T C = 140'C) 35 

Peak Repetitive Forward Current IFM (rep) Amperes 
(T C = 140"C) 150 

Peak Surge Current IFM (surge) Amperes 
(TC = 140"C, superimposed on Rated 400 

Current at Rated Voltage) 

Operating and Storage Temperature TJ , Tstg -65 to +190 "C 

Thermal Impedance 
°JC 1.0 "C/W, 

DC steady state 
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--- Silicon Rectifiers ---

1 N1183 thru 1 Nl190 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Max. Full Cycle Average Forward Voltage Drop 
(10 (max)' rated V r' 60 cps, T C = 140' C) 

Max Instantaneous Forward Voltage Drop 
(iF = 100 Amps, T J = 25°C) 

Max Full Cycle Average Reverse Current 
(10 (max)' rated V r' 60 cps, T C = 140'C) 

Max DC Reverse Current 
(Rated VR, TC = 25') 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 

(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
45 

40 \ 
\DC 

~ 

in 

1000 
800 
600 

400 

~ 35 
:2' 

-f, 

\ 1\ i 200 
$ 
>-

30 ~ 
'" ~ 
'-' 

25 iil 
« 
:;: 

'" E 20 
"" '" ~ 15 > « 

~ 
10 

11> AND 31>' \ 
1\ 
\ .\ 

-f; " \1\ 
6¢'\ ,,\ " " ~ ~ 

>-
15 100 '" '" 80 ~ 
(.) 

c 60 
'" « 40 :;: 
"" E 
'" 20 :::> 
8 
z « 10 >-z 

8 « 
>-
'" 6 ;: 

-
...,. 

'\ 1 
o 120 140 160 180 

Te, MAXIMUM CASE TEMPERATURE (0C) 

lNl191thru lNl198 

Symbol Rating Unit 

VF(AV) 0.6 Volts 

VF 1.3 Volts 

Ia(AV) 10.0 rnA 

Ia 
1.0 rnA 

TYPICAL FORWARD CHARACTERISTICS 

~;...-

11' 

/1 

I 
I 

T, = 150°C / /T, = 25°C 

I 
I I 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V,, INSTANTANEOUS FORWARD VOL TAGE (VOLTS) 

For Specifications, See IN24BB Data Sheet 
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-- Silicon Rectifiers --

lN1563,A ilirulN1568,A 10 = 1.5 A 
VR - to 600 V 

~E55 \ 

Low-current silicon rectifiers in hermetically sealed, 
low-silhouette single-ended package designed to operate 
under military environmental conditions. Cathode 
connected to case, but reverse polarity devices are 
available on special order. 

MAXIMUM RATINGS (At 60 cps Sinusoidal Input. Resistive or Inductive Load) 

1"1563A 
Rating Symbol 1"1563 

Peak Repetitive Reverse Voltage VRM(rep) 
DC Blocking Voltage VR 100 

RMS Reverse Voltage Vr 70 

Average Half-Wave Rectified 
Forward Current (550 C Ambient) 10 1500 

(1500 C Ambient) 300 

Peak Surge Current IFM(surge) 70 
(1/2 Cycle Surge, 60 cps) 

Peak Repetitive Forward Current IFM(rep) 10 

Operating and Storage Temperature TJ Tstg Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Maximum Forward V.oltage Drop @ 500 rnA. (25°C) 
Continuous DC (1500 q 

Maximum Reverse Current@ Rated DC Voltage (250 C) 

Maximum Full-Cycle Average Reverse Current (25°C) 
@ Max Rated PIV and Current (as Half-Wave (150°C) 
Rectifier, Resistive Load 

2,0 

TYPI~AL FOR~ARD 
\.8 

1.6 

i 
~ 1.2 

I 
~ 0.8 
~ e 

OA 

- CHARACTERISTICS 

- (FOR ALL TYPES) 
_SOoc 

25OC_ -
1000 C_ 

I J I 
/ VI 

o 
o 

./ '/ V 
0.2 0.4 0,6 0.8 1.0 

v,. FORWARD VOLTAGE DROP (DC YOLtS) 

1.5 

0,3 

0 
1.2 1,4 
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1"1564A 1"1565A 1"1566A 1"1567A 1"1568A 
1"1564 lNI565 lNI566 lN1567 lN1568 Unit 

200 '300 400 500 600 Volts 

140 210 280 350 420 Volts 

1500 1500 1500 1500 1500 rnA 
300 300 300 300 300 rnA 

70 70 70 70 70 Amps 

10 10 10 10 10 Amps 

-65 to +175 °c 

IN1563A 1"1563-
Symbol lN1568A lN1568 Unit 

Rating Rating 

VF 1.2 1.2 Volts 
0.9 1.0 

IR 1.5 IlA 

~(AV) 3.0 5.0 IlA 
150 500 

..-55OC M~XIMUM ~LLOWA~LE 
\ I DCOUTPUT I 

"'-
(SINGLE·PHASE RESISTIVE-

OR INDUCTIVE LOAD) 

~ 
~ 
I~ 

'" 25 50 75 100 125 150 175 

T .. AMBIENT TEMPERATURE (OC) 



--- Silicon Rectifiers ---

lN2609 thru lN2617 

Obsolete, discontinued types, replace with devices from the IN4001 series. 

lN3189 thru 1N3191 

Obsolete, discontinued types, replace with devices from the IN4001 series. 

1 N3208thru 1 N3212 10 = 15 A 
VR - to400V 

~
-

f0 
, 

~/ \ 

~" 

CASE 42 \ 

Medium-current silicon rectifiers. Cathode con
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix "R" to type 
number, e. g. IN3208R. Supplied with mounting hard
ware. 

00-5 

MAXIMUM RATINGS 

Rating Symbol 1 N3208 lN3209 lN3210 lN3211 lN3212 Unit lN3208R IN3209R lN3210R lN3211R 1 N3212R 

D-C Blocking Voltage VR 50 100 200 300 400 Volts 

RMS Reverse Voltage V r 35 70 140 210 280 Volts 

Average Half-Wave Rectified 
Forward Current With Re- I • 15 15 15 15 15 Amps 
sistive Load 

0 

Peak One Cycle Surge Current IFM(surge) 
(60 cps & 25°C Case Temp) 250 250 250 250 250 Amps 

Operating Junction Tempera- TJ ture 
-65 to + 175 °c 

Storage Temperature Tstg -65 to + 175 °c 

° 

ELECTRICAL CHARACTERISTICS (All Types) at 25'C Case Temp. 

Characteristic Symbol 

Maximum Forward Voltage at 40 Amp D-C Forward VF 1.5 Volts 
Current 

Maximum Reverse Current at Rated D-C Reverse ~ 1.0 mAde 
Voltage 

Typical Thermal ReSistance, Junction To Case °JC 1.7 C/W 
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--- Silicon Redifiers ---

lN3213,lN3214 
For Specifications, See IN248B Data Sheet 

1 N3282thru 1 N3286 10 = 100 rnA 
VR - to 3000 V 

CASE 51 
(00-7) 

Low-current silicon rectifiers for applications re
quiring extremely high reverse - voltage capability. 
Hermetically sealed, subminiature glass package, 
offering excellent stability and reliability under envi
ronmental extremes. 

MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 

Rating Symbol lN3282 1 N3283 lN3284 lN3285 lN3286 Unit 

Peak Repetitive Reverse VRM(rep) 1000 1500 2000 2500 3000 Volts 
Voltage 

DC Blocking Voltage VR 

RMS Reverse Voltage V 700 1050 1400 1750 2100 Volts 
r 

Average Half-Wave Rectified 
Forward Current 

(25° C Ambient) 10 100 100 100 100 100 rnA 
(100°C Ambient) 50 50 50 50 50 rnA 

Peak Surge Current IFM(surge) 2.5 2.5 
(1/2-cycle, 60 cps) 

2.5 2.5 2.5 Amps 

Peak Repetitive Forward IFM(rep) 0.50 0.50 0.50 0.50 0.50 Amps 
Current 

Operating and Storage Ti' Tstg -65 to + 150 'c 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Rating Unit 

Maximum Forward Voltage Drop @ 100 rnA, VF 2.5 Volts 
Continuous DC (25°C) 

Maximum Full-Cycle Average Forward Voltage VF(AV) 1.2 Volts 
Drop @ Rated Current (100° C) 

Maximum Reverse Current @ Rated DC Voltage 
(25°C) IR 1.0 /iA 

(100°C) 10.0 

Maximum Full-Cycle Average Reverse Current 
@ Max Rated PIV and Current (as Half-Wave IR(AV) 10.0 /lA 
Rectifier, Resistive Load,100'C) 

Typical Thermal Resistance, Junction to Air Ambient °JA 400 'C/W 
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-- Silicon Rectifiers --

1 N32 82 thru 1 N3286 (continued) 

100 

90 

~ 80 

:l: 70 
~ 
~ 60 

i 50 

:E 40 

~ 
~ 30 
~ 

20 

10 

o 

TYPICAL FORWARD CHARACTERISTICS 
(FOR ALL TYPES) 

_500 

-----
25°C 

lOooe 1---

I 
V..I j 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
V,., FORWARD VOLTAGE DROP (YOLTS) 

100 

i 80 

:l: 
:J 
~ 60 

i 
c 40 
= 
~ 
~ 
~ 20 

o 

MAXIMUM ALLOWABLE DC OUTPUT 
(SINGLE·PHASE RESISTIVE OR INDUCTIVE LOAD) 

i'\. 
\ 

\. 
I\. 

\. 
\ 
\ 

1\ 
\ 

o 25 50 75 100 125 150 175 200 
T", AMBIENT TEMPERATURE (OC) 

1 N3491thru 1 N349S 10 = 25 A 
VR - to 400 V FORMERLY 

MR322 thru MR326 

Low-cost, medium-current, silicon rectifiers in 
hermetically sealed, press-fit case. Designed for 
industrial and commercial applications requiring oper
ation under severe environmental conditions. Cathode 
connected to case, but.a.vailable with reverse polarity 
by adding suffix "R" to type number. 

MAXIMUM RATINGS 

Rating Symbol lN3491 lN3492 1113493 1H3494 lN3495 Unit MR322 MR323 MRJ24 MR325 MR326 
Peak Repetitive Reverse Voltage VRM(rep} 50 100 200 300 400 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage Vr 35 70 140 210 280 Volts 

Average Half-Wave Rectified For- 10 Amps 
ward Current With Resistive Load 

100'C 25 25 25 25 25 
150'C 18 18 18 18 18 

Peak Repetitive Forward Current IFM(rep) 75 75 75 75 75 Amps 
(60 cps & 25 'c Case Temp. ) 

Peak One Cycle Surge Current IFM(surge} 300 300 300 300 300 Amps (60 cps & 25 'c Case Temp. ) 

Operating Junction Temperature TJ -65 to +175 'c 
Storage Temperature Tstg -65 to +175 'c 
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--- Silicon Rectifiers ---

1 N3491 thru 1 N3495 (continued) 

ELECTRICAL CHARACTERISTICS (At 2S'C case temperature unless otherwise specified) 

Characteristic Symbol lN3491 lN3492 lN3493 lN3494 lN3495 Unit . MR322 MR323 MR324 MR325 MR326 

Maximum Forward Voltage at VF 1.5 1.5 1.5 1.5 1.5 Volts 
100 Amp DC Forward 

Maximum Full-Cycle Average 
VF(AV) 0.7 0.7 0.7 0.7 0.7 Volts 

Forward Voltage Drop @ Rated 
Current and Voltage 

Maximum Reverse Current at IR 1.0 1.0 1.0 1.0 1.0 mAdc 
Rated DC Reverse Voltage 

Maximum Full-Cycle Average 
Reverse Current at Rated ~(AV) 10 10 8 6 4 mAdc 
Current and Voltage 

(as Half-Wave Rectifier, 
Resistive Load, 150°C Case) 

Thermal Resistance eJC I °C/W 

TYPICAl FWD CHARACTERISTICS (ALL TYPES) MAXIMUM ALLOWABLE DC OUTPUT (ALL TYPES) 
40 

35 'I " 

20 '" i 30 

" "- " 
~ 20 
Q 

~ 15 
~ 

~ 
S 10 

t '-... f-150oC 

I "'-- 25°C 

"- _55°C -

/ I 

'" 'j 

15 

~ 
~ 
z 

10 
~ 

0 

~ 
~ 

-

NOTE: CASE TEMPERATURE MEASURED 
AT BOTTOM FLAT OF CASE 

o V, II, o \ 
o 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 o 50 100 150 200 

Vh FORWARD VOLTAGE DROP (VOLTS) Te. CASE TEMPERATURE (OC) 

MR322-MR326 and IN3491-1N3495 rectifiers are designed for press-fitted mounting in a heat sink. 
Recommended procedures for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press

ed into the hole. 
3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 

with the knurled rectifier surface. 
4. Width of the break should be 0.010 inch as shown. 
These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 

sink surface contact, and assure reliable rectifier operation. If the break is made too-deep, thereby reduc
ing contact area for heat transfer J reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con
tact area. for the rectifier knurled edge,. as well as additional heat sink capacity. 

TYPICAL THERMAL iiw L-1 r'Ol 
NOM 

RESISTANCE, CASE ~'i777';:I 
TO SINK, tics = O.2°C/W '--)6--'-

~ 2Q! ~ .01 NOM 

.505~ 
L~M OIA??,,~ 

.24 HEAT SINK . 

,- ----l f- 0.499 :!o 0.001 OIA 

; 
INTIMATE COMPLETE / 

CONTACT AREA KNURL CONTACT L"1 
AREA THIN CHASSIS 

RIVET~ AOOITIONAL 
\ ~ HEAT SINK PLATE 

~ W'ff4':. 

HEAT SINK MOUNTING THIN·CHASSIS MOUNTING 
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--- Silicon Rectifiers --

USN 1 N3611thru USN 1 N36l3 10 = 1 A 
VR - to 600V 

Subminiature silicon rectifier with glass passivated 
surface in void-free, flame-proof, silicone polymer 
case. Tested in accordance with MIL-S-19500/228 
for military applications requiring up to 1 ampere 
output at lOOoe. 

MAXIMUM RATINGS 
(At 60 ,cps Sinusoidal Input. Resistive or Inductive Load) 

Characteristic Symbol 

Working Peak Reverse Voltage VRM(wkg) 

DC Blocking Voltage VR 

Peak Repetitive Reverse Voltage VRM(rep) 

Average Rectified Forward Current 
TA = 1000C 
T A = l500C 

10 

Non-Repetitive Peak Surge Current IFM (surge) 
(1/2 cycle, 60 cps) 

Operating and Storage TA, Tstg 
Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions 

Forward Voltage 
(IF = 1.0 Adc, T A = 1000C) 

Reverse Current 
(VR = 200 Vdc) 
(VR = 400 Vdc) 
(VR = 600 Vdc) 

USN 1N3611 
USN 1N3612 
USN 1N3613 

Reverse Current at Rated VRM(rep) 
(VRM(rep) = 240 Vdc) USN 1N3611 
(VRM(rep) = 480 Vdc) USN IN3612 
(VRM(rep) = 720 Vdc) USN 1N3613 

High Temperature Operation: 
Reverse Current (iL T A = 1500C 

(VR = 200 Vdc) USN 1N3611 
(VR = 400 Vdc) USN 1N3612 
(VR = 600 Vdc) USN 1N3613 
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USN 1 N3611 USN1N3612 

200 400 

240 480 

, 1.0 

• 0.3 

, 10 

, -65 to +175 

Symbol Minimum 

0.6 

USN lN3613 

600 

720 

Maximum 

1.2 

5 
5 
5 

100 
100 
100 

300 
300 
300 

, . 
, 

. 

Unit 

Volts 

Volts 

Adc 

Amps 

°c 

Unit 

Vdc 

/lAde 

/lAde 

JIAde 

I 
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--- Silicon Rectifiers ---

1 N3649thru 1 N3650 

Obsolete, discontinued types, replace with devices from the IN4719 series. 

lN36S9thru lN3663 10 = 30 A 
VR - 400 V 

~ 
CASE 43 \ 

Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to type number. 

MAXIMUM RATINGS at 25°C Case Temp. Unless Otherwise Indicated 

Rating Symbol 
lN3659 IN3660 lN3661 lN3662 lN3663 

Units lN3659R lN3660R lN3661R lN3662R lN3663R 
Peak Repetitive Reverse Voltage VRM(rep) 50 100 200 300 400 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage V r 35 70 140 210 280 Volts 

Average Half-Wave Rectified For- 10 
ward Current with Resistive Load 

@ 100°C case 30 30 30 30 30 Amps 
@ 150°C case 25 25 25 25 25 Amps 

Peak One Cycle Surge Current IFM(surge) 400 400 400 400 400 Amps 
(150°C case temp, 60 cps) 

Operating Junction Temperature TJ -65 to +175 °c 

Storage Temperature Tstg -65 to +200 °c 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol lM3659 '"3660 lN3661 1"3662 IN3663 
Unit lN3659R IN3660R lN3661R lN3662R IN3663R 

Maximum Forward Voltage VF 1.2 1.2 1.2 1.2 1.2 Volts 
at 25 Amp DC Forward Current 

Maximum Fun Cycle Average 
VF(AV) Forward Voltage Drop @ Rated 0.7 0.7 0.7 0.7 0.7 Volts 

PIV and Current 

Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 

IR(AV) 5.0 4.5 4.0 3.5 3.0 rnA 
Current (as half-wave rectifier, 
resistive load, 150°C) 

Thermal Resistance fiJC 1 C!W 

3-18 



--- Silicon Rectifiers ---

1 N3659 thru 1 N3663 (continued) 

0 

35 

~ 30 

~ 
~ 25 
~ z 

~ 20 
Q 

-< 
~ 15 
:= 
~ 
~ 10 

o 

I 30 

I 
~ 
I "-

ISOoC 

25° C 

II 
_55°C 

J 

V. II/ o 
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 o 50 

V .. FORWARD VOLTAGE (VOLTS) 

I~ 
\ 
\ 
\ 
\ 
\ 

100 150 200 

To. CASE TEMPERATURE tOCI 

IN3659-IN3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 

I. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press

ed into the hole. 
3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 

with the knurled rectifier surface. 
4. Width of the break should be 0.010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc
ing contact area for heat transfer, reliability of operation will be impaired. 

_ These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con
tact area for the rectifier knurled edge, as well as additional heat sink capacity .. 

TYPICAL THERMAL 

RESISTANCE, CASE 

TO SINK, lIes::::: 0.2°C/W 

RIVET 

INTIMATE 
CONTACT AREA 

r- 0.499 ~ 0.001 DIA 

HEAT SINK MOUNTING 

COMPLETE 
KNURL CONTACT 

AREA 

THIN·CHASSIS MOUNTING 
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ADDITIONAL 
HEAT SINK PLATE 

THIN CHASSIS 
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--- Silicon Rectifiers ---

1 N3879thru 1 N3883 
6 AMPERES 

1 N3889thru 1 N3893 
12 AMPERES 

10 = 6 and 12 A 
VR - to 400 V 

CASE 56A 
(00-4) 

Fast recovery silicon power rectifiers designed for 
high-frequency power supply, inverter, and converter 
applications. Typical recovery time oflOO nsec extends 
practical frequency limit of current rectification to more 
than 300,000 cps thus permitting the design of power 
supplies with smaller, lighter, and less expensive 
associated components. Cathode connected to case, but 
available with reverse polarity by adding suffix "R" to 
type number. 

MAXIMUM RATINGS 

Rating Symbol 1N3819 1N3880 1N3881 1M3882 1N3883 Unit 1N3889 1N3890 1N3891 1N3892 1"3893 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM(non-rep) (half-wave, single phase, 100 200 300 400 500 Volts 

60 cycle peak) 

RMS Reverse Voltage V 35 70 140 210 280 Vons 
r 

1N3879 1N3889 
Rating Symbol Ihru 

1N3883 
Ihru Unit 

1N3893 

Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, TC = 100°C) 

10 6 12 Amperes 

Non-Repetitive Peak Surge Current 
(superimposed on rated current at IFM(surge) 75 150 Amperes rated voltage, TC = 100°C) 

~t Rating (non-repetitive, for t 
I2t 

2 greater than 1 msec and less 15 50 A(rms) sec 
than 8_ 3 msec) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Limit Unit 

Maximum Junction Qperating Temperature Range TJ -65 to +150 °c 
Maximum Case Storage Temperature Range Tstg -65 to +175 

Maximum steady State DC Thermal Resistance 1N3879-83 °JC 5.0 °C!Watt 
IN3889-93 2.5 
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--- Silicon Rectifiers --

1 N3879 thru 1 N3893 (continued) 

ELECTRICAL CHARACTERISTICS 
lN38)! DUD lN3BB3 

Characteristic 

DC Forward Voltage Drop 
(IF = 6.0 Adc, TC = 25"C) 

Full Cycle Average Rev~rse Current 
(10 = 6. 0 Amps and Rated V r' 60 cps 

TC = 100"C, single phase) 

DC Reverse Current 
(Rated VR, TC = 100"C) 

1 N38B9 DUD 1 N3B93 

Characteristic 

DC Forward Voltage Drop 
(IF = 12.0 Adc, TC = 25"C) 

Full Cycle Average Reverse Current 
(IO = 12.0 Amps and Rated V r' 60 cps 

TC = 100"C, single phase) 

DC Reverse Current 
(Rated VR, TC = 100"C) 

Symbol Max Limit Unit 

VF 1.4 Vdc 

~(AV) 3.0 rnA 

~ 1.0 rnA 

Symbol Max Limit Unit 

VF 1.4 Vdc 

~(AV) 5.0 rnA 

~ 3.0 rnA 

REVERSE RECOVERY TIME CHARACTERISTICS 

Characteristic Symbol Max Limit Unit 

Maximum Reverse· Recovery Time t 200 nsee 
(~= I Amp min, see test circuit) 

rr 

Maximum Overshoot Current I 2.0 Amps 
(see test circuit) os 

TYPICAL RECOVERY PATTERN 

\ r- .1 
-I" 

1/",\ 

IFAST JECOVEly I 
RECTIFIERS GREATLY -
INCREAS~;rFIC IENCY 

ZERO /~ / REFERENCE 
los 

-- ~ ..-/ 
( \ II ( \ 

/ \ L / \ 
l 

"{ , -; , 
\ , \ " , , 

- 20 t- ? AMPI nsec 

t 
TYPICAL LtsSES AT 

- HIGH FREQUENCY WITH 
COyENTl)NAL ,ECTlFI1ERS 
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--- Silicon Rectifiers ---

1 N38 79 thru 1 N3893 (continued) 

Ii' 
~ 

~ 
il 

~ 
:Q 

15 
j 

TYPICAL REVERSE RECOVERY TIME -All TYPES 
3.0 ,--v-----rr--"T"r---,.---,------r---,---,------,----,----, 

Te= 250 C TEST CIRCUIT 
The dri\'c conditions were ob· 
tained by lettins the forward 

2.5 ~..--_+-~.__+-~-+_-~__+--.....c>.J_---+_--___j- :7;rc~~~~; ~~~h~~j:~;~~~ f~b; -+---__+ 

2.0 

1.5 

1.0 

variable resistor to allow various 
overshoot currents. 

0.5 I----I----+---l---_+---+---+_-...:::"""-=--+:::::,_=c--I-~:::::,,_b_--=~_j 

OL-__ ~ __ ~ __ ~ ___ ~ __ _L __ ~ ___ L-__ ~ __ -L __ ~L_ _ __J 

80 90 100 llO 120 130 140 150 160 170 180 190 
t,,, REVERSE RECOVERY TIME (nsec) 

IN3889.93=-".. 
IN3879.837 "" MAXIMUM AVERAGE FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 

10 20 

~ 18 

" "- 16 
z 

14 
~ 
0 12 

=~ ........ t-.... 
~ 

I" -......... 

~ 10 -~ t'-......... -1-3" -.;;:;. 
~ ~ r---.. 

~ 
~ 

6. - --:: I:::3=::: ~ ............. 

" 
-....; ~ b.,.. ........... 

"' 
o 

o 90 95 100 lOS 110 115 120 125 
Te , MAX·IMUM CASE TEMPERATURE (0 C) 

MAXIMUM REVERSE RECOVERY TIME 
TEST CIRCUIT (trrJ 

10K 
2W 

115Vac 
60 CPS 

"' \ 
I 

,~ 

300 
sow 

NON·INDUCTIVE 

R. c, 
Itnw Iii' + 

30 Vdc NON· INDUCTIVE 300 V 1 Me FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE RIPPLE := 3 mVrms MAl( 

SUPPLY 1.,., = 1f2 n MAX, DC TO 2 KC 

~+-------4~------~------~--~~ 
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~ ~ 
r".. 

135 140 145 

A - Tektronix 545A, 
K Plug-in Pre-Amp, 
P6000 Probe of Eq_ 

ISO 

RI - Adjusted for 1.40 
between point 2 of 
relay and rectifier. 
Inductance = 3 J.Lh. 

R, - Ten 1 W, lOll, 
1 % carbon camp. in 
parallel. 

Tc = 25 -!!OO·c for 
rectifiers. 

Minimize all lead 
lengths. 



--- Silicon Rectifiers --

1 N400 lthru 1 N4007 10 = 1 A 
VR - to lOOOV 

Low-current, passivated silicon rectifiers in 
subminiature void-free, flame-proof silicone polymer 
case. Designed to operate under military environmental 
conditions. 

MAXIMUM RATINGS (At 60 cps Sinusoidal. Input. Resistive ur Inductive Load) 

Rating Symbol lN4001 lN4002 lN4003 lN4004 lN4005 lN4006 lN4007 Unit 

Peak Repetitive Reverse Voltage VRM(rep) 50 100 200 400 600 800 1000 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage V 35 70 140 280 420 560 700 Volts 
r 

Average .Half-Wave Rectified 
Forward Current (75°C Ambient) 10 1000 1000 1000 1000 1000 1000 1000 mA 

(100°C Ambient) 750 750 750 750 750 750 750 rnA 

Peak Surge Current 25°C 
(1/2 Cycle Surge, '60 cps) 

IFM(surge) 30 30 30 30 30 30 30 Amps 

Peak Repetitive Forward Current IFM(rep) 10 10 10 10 10 10 10 Amps 

Operating and Storage TJ,Tstg 
Temperature Range -65 to + 175 °C 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Rating Unit 

Maximum Forward Voltage Drop VF 1.1 Volts 
(1 Amp Continuous DC, 25°C) 

Maximum Full-Cycle Average Forward Voltage Drop VF(AV) 0.8 Volts 
(Rated Current @ 25°C) 

Maximum Reverse Current @ Rated DC Voltage (25°C) lR O. 01 rnA 
(100°C) 0.05 

Maximum Full-Cycle Average Reverse Current 
(Max Rated PIV and Current, as Half-Wave ~(AV) O. 03 rnA 
Rectifier, Resistive Load, lOQoe) 

TYPICAL FORWARD CHARACTERISTICS MAXIMUM DC OUTPUT 
2.0 

100°C -I , 
25°:-.....1 

-500 C--l, 

I 1--1 
I I II 

I ~ 
I I 

/ II 
..; /./ '/ 

lOOOmA 

~ 1.6 

~ r2 

~ 0.8 

~ 
~ 0.4 

750mA \ 
\ 

1\ 
1\ 

SOOmA 

250mA 

a 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 o 250C sooe 75°C lODoe 125°C Isoac 17Soe 

V •• FORWARO VOLTAGE OROP IVOLTS) lAJ AMBIENT TEMPERATURE 
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--- Silicon Rectifiers ---

lN4719 thru lN4725 
lN4997 thru lN5003 

lo=3A 
VR - to 1000 V 

MRI030 thru MR1036, MRI038, MRI040 

CASE 60 
IN4719 THRU IN4725 
MR1030A THRU MR1040A 

CASE 70 
IN4997 thru IN5003 
MRI030B THRU MRI040B 

Silicon high-conductance rectifiers available in either 
axial-lead or single-ended packages. Type numbers 
shown have cathode connected to case. For anode
to-case connection, add suffix "R" to type number, 
i. e. IN4702R 

MAXIMUM RATINGS (Both Package Types) TA = 2SoC unless otherwise noted 

~~4m ~4120 ~~41Z1 lN4122 lN4123 lN4114 lW25 
Rating Symbol Rl030 Rl031 11032 Mll033 .11034 1.1035 MR1036 Mll031 111040 Unit 

Peak Repetitive Reverse Voltage VRM (rep) 
Working Peak Reverse Voltage VRM (wkg) 50 100 200 300 400 500 600 800 1000 Volts 
DC Blocking Voltage VR 

Non-Repetitive Peak. Reverse VRM 
Voltage 

(one half-wave, single phase, 
(non-rep) 100 200 300 400 500 600 720 1000 1200 Volts 

60 cycle peak) 

RMS Reverse Voltage Vr 35 70 140 210 280 350 420 560 700 Volts 

Average Rectified Forward Current 10 
(single phase, resistive load, , 3.0 , Amps 

60 cps, T A = 75°C) see figure 4 

Peak Repetitive Forward Current 
(TA = 75°C) 

JFM (rep) , 25 I Amps 

Non-Repetitive Peak Surge Current JFM(surge) 
(superimposed- on rated current - 300 (for 1/2 cycle) - Amps 
at rated voltage, TA = 75°C) 
Bee figure 1 

12t Rating (non-repetitive, J2t , 185 , A(rms) 2sec 
1 msee <t <8.3 msee) 

Operating and Case Temperature TJ , Tstg -6510+175 °C 

Thermal Resistance /lJIA 30 °C/Watt 
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--- Silicon Rectifiers ---

1 N4719 th ru 1 N4725 (Continued) 

ELECTRICAL CHARACTERISTICS (All Types) 

Characteristic Symbol Max Limit Unit 

Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(10 := 3.0 Amps and Rated Vr , 0.45 
TA == 75°C, Hall Wave Rectifier) 

DC Forward Voltage Drop V F 
0.9 

Volts 
(IF = 3,0 Adc, T A .= 25°C) 

Full Cycle Average Reverse Current IR(AV) rnA 
(Ie = 3,0 Amps and Rated Yr' 1.5 
TA'" 7SoC, Half Wave Rectifier) 

DC Reverse Current IR 0.5 
rnA 

(Rated YR' T A "" 2S°C) 

MAXIMUM SURGE CURRENT T. = 75'C) 

--t--- t--\-. -----
0 

8 10 20 40 80 100 

CYCLES AT 60 CYCLES PER SECOND 

400 

200 

0 
0 

100 
8 
6 

0 

0 

z 

0 
~ 10 
u 2. 

~ 6. 

~ 4. 

~ 2. 

;': 
~ 1. 
~ O. 

~ O. 
O. 

O. 

0 

0 

0 

0 
8 
6 

4 

2 

FORWARD VOLTAGE CHARACTERISTICS 

/ 

V V 

/ 
TJ = lS0"C 7 

77 

If r!T; = 25'C 

I 

I I 
1 o. 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)-

MAXIMUM FORWARO POWER 
DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 

TJ = IS00C TO 175°C J 31 / 5.0 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 

6il / 
/, 1-,/ V 

/t::j 1 .. V 
l0 kc 

I~ V/ V 

A V/ 

A ~ 
A ~ 

4.0 
~ 
~ 
~ z 

~ 
3.0 

u 
0 

~ 2.0 

ill 

" ] 1.0 

" '\ DC 

f.--

f.--
['\. 

~ 1. l'\ f.--
~ t'-- [\ I'--.. 

6. t-..... I" ~ "\ 
....... r----~ ~ 

r----~~ 
D 1/"'" o ~I\. 

o 60 80 100 120 140 160 180 

I" .. " AVERAGE fORWARO CURRENT (AMPS) TA> AMBIENT TEMPERATURE ('C) 

MR322 thru MR326 

For Specifications, See IN3491 Data Sheet 
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MR990 thru MR994 

--- Silicon Rectifiers ---

10 = 250mA 
VR to3000V 

High-voltage, low-current, rectifiers designed for 
applications where high voltages in subminiature pack
ages are required. These devices feature efficient 
high-temperature current-handling performance, high 
surge- current capabilities and surface passivation. 

CASE 59 

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

Rating Symbol MR990 MR991 MR992 MR993 MR994 Unit 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage vRM(wkg) 1000 1500 2000 2500 3000 Volts 

DC Blocking Voltage VR 

RMSReverse Voltage Vr 700 1050 1400 1750 2100 Volts 

Average Rectified Forward Current 
(single phase,. resistive load, 10 . 250 • rnA 
60 cps, T A = 75°C) 

Peak Repetitive Forward Current IFM(rep) . 2.0 . Amps 
(TA = 75°C) 

Non-Repetitive Peak. Surge Current 
IFM(surge) (superimposed on rated current . 20 (for 1/2 cycle) • Amps 

at rated voltage, T A = 75°C) 

Junction Operating and Storage TJ,Tstg . -65 to +150 . °c Temperature Range 

THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient: (J JA = lOOoC/W MAX (1 inch lead length) 

ELECTRICAL CHARACTERISTICS (At 60 cps Sinusoidal, Resistive or Inductive) 

Characteristics Symbol Max Unit 

FuH Cycle Average Forward Voltage Drop VF(AV) Volts 

(10 = 0.25 Amps and Rated Vr ' 1.7 

TA = 75°C, Half Wave Rectifier) 

DC Forward Voltage Drop VF Volts 

(IF = 0.25 Adc, TA = 25°C) 3.5 

Full Cycle Average Reverse CUrrent IR(AV) /lA 

(10 = 0.25 Amps and Rated V r' 100 

TA = 750C,"Half Wave Rectifier) 

DC Reverse CUrrent IR /lA 

(Rated VR, T A = 25°C) 10 
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-- Silicon Rectifiers --

MR990 thru MR994 (continued) 

100 

.001 

.000 1 

300 
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ffi 200 
g; 
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TYPICAL FORWARD CHARACTERISTICS TYPICAL REVERSE CHARACTERISTICS 

~t- TJ 
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I-
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I-
I-
I-
I-
I-

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

J... 1=:= 
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+150'C 

1/ 

r- TJ= + 25°C 
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_ 4.0 
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~ 2.0 

~ 1.0 
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~ 0.4 

~ 0.2 

1 ~ O. 
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-I-
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::;::; 

I-~ -I 
TJ I" + I;O'C 

J-+-
TJ = + 100°C 

--.---V 

V 
TJ +25'C 

I I 

0.6 O.B 1.0 1.2 

v"lNSTANTANEOUS fORWAlIDVOLTAGE IVOLTSI VR• VRM ,NORMAllzm VOLTAGE (VOLTS) 

CURRENT DERATING 

1610 CPS, R?ISTIVE OR INDUCTIVE LO~OI 

NOTE, LfAD LENGTH I~£FINED 1s THE - ~ ........... 
'A INCH LrADS - r-- DISTANCE BETWEEN THE RECTIFIER 

f..,., "-I. ........... BOOY AND THE TERMINATION POINT 

r'--l ~ t--.... ......... AND APPLIES TO BOTH LfAOS. TERMI-
NATIONS SHOULD PROVIDE AT mST * INCH lEADS t-- ............ ....... EQUAL THERMAL PROPERTIES AND 

1 liNCH LfADS J' - ....... MASS AS THE RECTIFIER LfADS THEM-
SELVES. r-- r---. r---. --..... r::::::--:: r-..... 

r-.::::::: I::::--... 
..;::::: E>::::,.. 

"...."", 
60 70 ao 90 100 110 120 130 140 150 

TA, AMBIENT TEMPERATURE I'CI 

MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT 

I 
............ 

RECTIFIER OPERATED AT --..... MAXIMUM RATED CONDITIONS. 

---J-.- ~;~'i"~,tPLIED AFTER SURG~ 

r-:;::: 
I"'--t----

............... 
............ j--.. 

t--

10 20 40 60 BO 100 

NUMBER OF CYCLES AT 60 CYCLES PER SECOND 

MR 1030 thru MR 1036 
MR 1038, MR 1040 For Specifications, See IN4719 Data Sheet. 
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-- Silicon Rectifiers --

MR 1120 thru MR 1126 
MRl128 
MR1130 

10 = 12 A 
VR-to 1000V 

~ 
Medium-current silicon rectifiers feature high surge 

current capacity, and low forward voltage drop. Devices 
have cathode to case polarity, but reverse polarity units 
may be obtained by adding the suffix "R" to the device 
number i. e. MR1130R. 

CASE 56A 
(00-4) 

MAXIMUM RATINGS 

RaUng 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking .voltage 

Non-Repetitive Peak Reverse 
Voltage 

(one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage 

Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, TC = 150oC) 

Peak Repetitive Forward Current 
(TC = 1500 C) 

Non-Repetitive Peak Surge current 

Symbol MR 
1120 

VRM (rep) 
VRM(wkg} 50 
VR 

VRM 
(non-rep) 100 

Vr 35 

10 • 

IFM(rep) • 
IFM(surge) 

MR ~~ MR MR MR MR MR 
1121 11 112 112~ 1125 1126 1128 

100 200 SOO 400 500 600 600 

200 300 400 500 600 720 1000 

70 140 210 280 350 420 560 

12.0 

75 

(superimposed on rated current 
at rated voltage, TC = 150oC) - 300 (for 1/2 cycle) 

12t Rating (non-repetitive, 12t • 375 1 msec <~ <8.3 msec) 

Maximum Junction Operating and TJ' Tstg 
Storage Temperature Range • -65 to +190 

ELECTRICAL CHARACTERISTICS (All Types) 

Characteristic Symbol Max Limit 

Full Cycle Average Forward Voltage Drop VF(AV) 
(10 = 12.0 Amps and Rated V r. 0.55 
TC = 150oC, Half Wave Rectifier) 

DC Forward Voltage Drop VF 1.0 
(IF = 12.0 Adc, TC = 250 C) 

Full Cycle Average Reverse Current IR(AV) 
(10 = 12.0 Amps and Rated Vr , 1.5 
TC = 150oC, Half Wave Rectifier) 

DC Reverse Current IR 0 (Rated VR, TC = 25 C) 0.5 
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MR Unit 1130 

1000 Volts 

1200 Volts 

'700 Volts 

. Amps 

'. Amps 

· Amps 

• A(rms)2sec 

°c · 

Unit 

Volts 

Volts 

rnA 

mA 



--- Silicon Rectifiers ---

MR1120 thru MR1126, MRl128, MRl130 (continued) 

THERMAL CHARACTERISTICS 
Maximum Steady State DC Thermal Resistance, t1JC: 2. 50 C/Watt 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant 
and the terminal lug is readily solderable. 

POLARITY: CATHODE TO CASE (reverse polarity units are available 
upon request and are deSignated by an "R" suffix i. e. MR1l20R). 

MOUNTING POSITIONS: Any 

STUD TORQUE: 15 in-lbs maximum. 
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--- Silicon Rectifiers ---

MR1120 thru MRl126, MR1128, MRl130 (continued) 

MAXIMUM CURRENT RATINGS 
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--- Silicon Rectifiers ---

MR1120 thru MR1126, MRl128, MRl130 (continued) 

RECTIFIER SUBSTITUTION GUIDE 

Due to its optimized design, this 12-ampere rectifier series (types MR1120 -

MR1130) provides a high performance, economical solution to your specification 

and procurement requirements. Only nine types, covering the complete voltage 

range from 50 to 1000 volts, can substitute for a multitude of devices as typified 

in the table below. This table is only a guide and general reference to the EIA 

registered types which can be replaced; minor specification variations may 

exist. 

MR1120 MRl121 MR1122 MRl123 MR1124 MR1125 
50V IOOV 200V 300V 400V 500V 

lN607 lN253 lN254 lN334 lN255 IN554 
lN607A lN338 lN336 lN335 lN332 lN613 
lN1l99 lN339 lN337 lN343 lN333 lN613A 
lN1l99A lN340 lN345 1N344 lN341 lNl119 
lN1341 lN348 lN346 lN552 lN342 lN1127 
lN1341A lN349 lN551 lN611 IN553 lN1127A 
lN1537 lN550 lN609 lN611A lN612 lN1205 
lN1612 lN608 lN609A lNl117 lN612A lN1205A 

lN608A lN610 lN1125 lNll18 lN1347 
lN1115 lN610A lN1125A lN1126 lN1347A 
lN1200 lNl116 lN1203 lN1126A lN1543 
lN1200A lN1124 lN1203A lN1204 lN3573 
lN1342 lN1124A lN1345A lN1204A 
IN1342A lN1201 lN1541 lN1346 
lN1538 lN1201A lN3571 lN1346A 
lN1613 lN1202 lN1542 
lN3569 lN1202A lN1615 

lN1343 lN3572 
lN1343A 
lN1344 
lN1344A 
lN1539 
lN1540 
lN1614 
lN3570 

NOTE: While the MR1120 through MR1130 are preferred device types, the 
above listed EIA types are also available upon request. 
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MRl126 MR1128 MRl130 
600V BOOV IOOOV 

lN256 lN562 IN563 
lN555 lN3649 lN3650 
lN614 lN3670 lN3672 
lN614A lN3670A lN3672A 
lN1120 lN3671 lN3673 
lN1128 lN3671A lN3673A 
lN1128A lN3987 lN3989 
lN1206 lN3988 lN3990 
lN1206A 
lN1348 
lN1348A 
lN1544 
lN1616 
lN3574 
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--- Silicon Rectifiers ---

MR 1200thru MR 1209 10 = 50 A 
VR = to 600V 

Silicon power rectifiers designed with double-case, 
multi-cell construction for extreme reliability and rug
gedness. Standard cathode-to-case polarity, but avail
able with reverse polarity by adding suffix "R" to type 
number. 

CASE 100 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

OC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage 

A verage Rectified Forward Current 
(single phase, resistive load, 
60 cps, see Figure 3) TC ::: 150°C 

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

Symbol MR MR 
1200 1201 

VRM(rep) 

VRM(wkg) 50 100 

VR 

VRM (non-rep) 100 200 

V 
r 35 70 

'0 . 
• 

IFM(surge) 

MR MR MR MR MR MR 
1202 1203 1205 1207 1208 1209 

150 200 :100 400 500 600 

250 300 400 500 GOO 720 

105 140 210 280 350 420 

50 • 

800 (for 1/2 cycle) . 
conditions, see Figure 5) 1-- 500 (for six consecutive cycles) --.. 

TC: 150'C 

12t Rating (non-repetitive, for t 
12t greater than 1 rns and less , 1,300 • 

than 8.3 ms) 

Operating and. Storage Junction 
• . Temperature Range (see Figure 4 TJ , Tstg -65 to +190 

for other conditions) 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 

(rated 10 and Vr , single phase, 60 cps, TC = 150°C) 

Full Cycle Average Reverse Current 
'R(AV) \0 

(rated 10 and V r' single phase, 60 cps, TC = 150'C) 

THERMAL CHARACTERISTICS 

Characteristic .symbol Max 

Thermal Resistance, Junction to Case 9JC 0.60 

3·32 

Unit 

Volts 

Volts 

Volts 

Amperes 

Amperes 

A(rms)2sec 

'c 

Unit 

Volts 

rnA 

Unit 

'C/Watt 



--- Silicon Rectifiers --

MR 1200 thru MR 1209 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATION: 
MR 1200FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
ex.ternal case with internal hermetically sealed, metallic case 
rectifier cells. 

POLARITY: 
Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR 1205FLR. 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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MOUNTING POSITION: Any. 

MOUNTING BOLT TORQUES: 

For Flat Mountcd"FL" rectifiers usc 8· 32 bolts torqued to 
30 in-lbs min., 40 in·lbs max. Use an alternating procedure 
when torquing the two bolts and do not tighten one bolt 
completely without tightening the other. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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FIGURE 3 - MAXIMUM CURRENT RATINGS 

80 
78.5 

~ 70 

~ 

" 
60 

~ 
~ 

50 

z 45.5 

~ 40 
u 

~ 32 

it 30 

~ 

~ 20 

J 
10 

F=i OC-

f--- ~ 

"" 
(60 CPS, RESISTIVE OR 

INDUCTIVE LOAD) 

f---

"" 
1 PHASE (HALF WAVE 

['--... OR FULL WAVE) 

r- I I ~ 

"" 
~ 

(HALF wA~t~~~Dll WA\JE) -- ~ r-- 6 PHASE W1ITH INTrPHASE "" ~ '\ - ~ 6 PHASE STAR 

............ 
-.......... 
~ 
~ '\ -

"" ~ ~ i'--
-

~ ~ 
~ o o 100 110 120 130 140 190 150 160 170 180 

Te , CASE TEMPERATURE (OC) 

3-33 

I 



I 

-- Silicon Rectifiers --

MR1200 thru MR"1209 (continued) 
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--- Silicon Rectifiers --

MR 121 Othru MR 1219 10 =lOOA 
VR - to 600 V 

Sl CASE 101 CASE 102 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in two package styles having identical ratings and characteristics. Desired 
package can be selected by adding suffix "SB" or "SL" to type number. 

MAXIMUM RATINGS (All Package Types) 

Rating Symbol MR MR MR MR MR MR MR MR Unit 
1210 1211 1212 1213 1215 1217 1211) 1219 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 ISO 200 aoo 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
V R¥ (non-rep) (one halCwave, single phase, 100 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage V 
r 35 70 105 140 210 280 :150 -t20 Volts 

Average Rectified Forward Current 
(single phase, resistive load, 10 Amperes 
60 cps, see Figure 3) TC = 135°C 100 , 

TC = 150°C • 80 • 

Non-Repetitive Peak Surge Currents _ 2,000 (for 1/2 cycle) . 
(surge applied at rated load IFM(surge) Amperes 
conditions, see Figure 5) 

TC = 150°C 
....... 1, 200 (for six consecutive cycles) ~ 

I2t Rating (non-repetitive, for t 
12t A(rms) 2sec greater than 1 ms and less , 8,300 • 

than 8.3 rns) 

Operating and Storage Junction 
TJ , T stg 

, -65 to +190 • °c Temperature Range (see Figure 4 
for other conditionsL' 

ELECTRICAL CHARACTERISTICS (All Package Types) 

Characteristics and Conditions Symbol Max Unit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated 10 and V r' single phase, 60 cps, T C = 150"C) 

Full Cycle Average Reverse Current 
IR(AV) IS rnA (rated 10 and V r' single phase, 60 cps, TC = 150°C) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case °JC 0.40 °C/Watt 
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--- Silicon Rectifiers ---

MR1210 thru MR1219 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATIONS: 

MR1210SB rectifiers aTC designed for stud mounting and 
have a flexible braided lead terminal. 

MR1210SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
400 0 
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0 

POLARITY: 
Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1215SLR. 

MOUNTING POSITION: Any. 

STUD MOUNTING TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 25 in-lbs min., 
30 in-lbs max. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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--- Silicon Rectifiers ---

MR1210 thru MR1219 (continued) 
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SU~GE AP~lIEO AT I L 
RATED LOAD CONDITIONS 
¥:~i:g!~IEO AFTER SURGE 

200 400 600 

CONDITIONS 

5 )( 5 x % copper heat sink 
fin f E; 0.9 and mounted parallel 
to air flow, ISO- conduction. 

For 3-phase ratings multiply 
current scale by 0.90. 

For 6 phase ratings multiply 
current scale by 0.63. 
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--- Silicon Rectifiers ---

10 =200 A 
VR - to 600 V 

MR 1220thru MR 1229 

SL CASE 101 FL CASE 103 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Sta'ndard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR MR MR MR Unit 1220 1221 1222 1223 1225 1221 1228 1229 

Peak Repetitive Reverse Voltage YRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 :lOO --100 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM (non-rep) (one halCwave, single phase, 100 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage Y r 35 70 105 140 210 280 :!50 420 Volts 

A verage Rectified Forward Current 
(single phase, resistive load, 10 Amperes 
60 cps, see Figure 3) T C = 135°C , 200 • 

TC = 150°C • 160 • 
Non-Repetitive Peak Surge Currents - 3,600 (lor 1/2 cycle) , 

(surge applied at rated load IFM(surge) Amperes 
conditions, see Figure 5) ...-- 2, 000 (for six consecutive cycles)----' 

TC = 150°C 

I2t Rating (non-repetitive, for t 
12t greater than 1 ros and less • 27,000 • A( rms)2sec 

than 8.3 ms) 

Operating and Storage Junction 
Temperature Range (see Figure 4 TJ , Tstg for other conditions) • -65 to +190 · °c 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max Unit 

Full Cycle Average Forvrard Voltage Drop 
YF(AV) 0.4 Volts 

(rated 10 and V r' single phase, 60 cps, T C = 150°C) 

Full Cycle Average Reverse Current 
IR(AV) 20 rnA 

(rated 10 and V r' single phase, 60 cps, TC = 150°C) 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case "JC 0.20 °C/Watt 
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--- Silicon Rectifiers --

MR 1220 thru MR 1229 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATIONS: 

MR1220SB rectifiers are designed for stud mounting and 
ha ... e a flexible braided lead terminal. 

MR1220FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MRIZ20SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

MR1220FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

FIGURE 1-MAXIMUM FORWARD VOLTAGE DROP 
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POLARITY: 
Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices are ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1225FLR. 

MOUNTING POSITION: Any, 

STUD AND MOUNTING BOLT TORQUES: 

For Stud Mounted "SB" and "SL" rectifiers, 300 in-lbs min., 
400 in-Ibs max. 
For Flat Mounted "FB" and "FL" rectifiers use No. 10 bolts 
torqued to 25 in-lbs min., 30 in-Ibs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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--- Silicon Rectifiers ---

MR1220 thru MR1229 (continued) 

FIGURE 4 - EFFECTIVE TRANSIENT THERMAL IMPEDANCE 
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--- Silicon Rectifiers ---

MR 1230thru MR 1239 

CASE 

SL CASE 101 

10 = 300A 
VR = to 600 V 

FL CASE 103 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 
MAXIMUM RATINGS 

Rating Symbol· MR MR MR MR MR MR MR MR Unit 1230 1231 1232 1233 1235 1237 1238 1239 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 :100 ~OO 500· 600 Volts 

IX: Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM (non·rep) (one halfwave. single phase, 100 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse~Voltage V 
r 35 70 105 140 2H) 280 350 420 Volts 

Average RectUied Forward Current 
(single phase, resistive load, 

10 Amperes 60 cps, see Figure 3) TC = 135°C 300 I 

TC = 150·C 
I 240 I 

Non-Repetitive Peak Surge Currents - 5,000 (for 1/2 cycle) I 
(surge applied at rated load IFM(surge) Amperes 
conditions, see Figure 5) 

TC = 150·C ~ 3, 000 (f or six consecutive eye! es) ~ 

I2t Rating (non-repetitive, for t 
12t A( rms)2sec greater than 1 ms and less , 52,000 I 

than 8.3 rns) 

Operating and Storage Junction 
Temperature Range (see Figure 4 T J' Tstg 

, ·65 to +190 I °c 
for other conditions) 

ELECTRICAL CHARACTERISTICS 

Characteristics and Conditions Symbol Max Unit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts (rated 10 and Vr , single phase, 60 cps, TC = I50C C) 

Full Cycle Average Reverse Cur.rent 
(rated 10 and V rJ single phase, 60 cps, TC = I50C C) IR(AV) 35 rnA 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction. to Case 
"JC 0.12 °C/Watt 
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-- Silicon Rectifiers --

MR1230 thru MR123.9 (continued) 

MECHANICAL CHARACTERISTICS 

PACKAGE CONFIGURATIONS: 

MR1230SB rectifiers are designed for stud mounting and 
have a flexible braided lead terminal. 

MR 1230FB rectifiers are designed for flat mounting and 
have a flexible braided lead terminal. 

MR1230SL rectifiers are designed for stud mounting and 
have a solid lug terminal. 

MR 1230FL rectifiers are designed for flat mounting and 
have a solid lug terminal. 

All units have a plated copper base and terminal. Molded 
external case with internal hermetically sealed, metallic case 
rectifier cells. 

FIGURE 1 - MAXIMUM FORWARO VOLTAGE DROP 
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POLARITY: 
Standard polarity devices are CATHODE TO CASE. 
Reverse polarity devices aTe ANODE TO CASE and are 
designated by an "R" suffix i.e. MR1235FLR. 

MOUNTING POSITION: Any. 

STUD AND MOUNTING BOLT TORQUES: 
For Stud Mounted "SB", and "SL" rectifiers, 300 in-lbs min., 
400 in-lbs max. 
For Flat Mounted "FS" and "FL" rectifiers use 'A inch bolts 
torqued to 60 in-lbs min., 80 in-Ibs max. Use an alternating 
procedure when torquing the four bolts and do not tighten 
one bolt completely without tightening the others. 

FIGURE 2 - FORWARD POWER DISSIPATION 
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-- Silicon Rectifiers --

MR1230 thru MR1239 (continued) 
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CONDITIONS 
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For 3 phase ratings multiply 
current scale by 0.90. 
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--- Silicon Rectifiers ---

MR 1240thru MR 1249 

SL CASE 101 

SB FB 

10 = 400 A 
VR - to 600 V 

FL CASE 103 

Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R" to type number. Avail
able in a variety of packages, all of which have the same ratings and charac
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FLit to type number. 

MAXIMUM RATINGS 

Rati", Symbol MR MR MR MR MR MR MR MR Units 1240 1241 1242 1243 1245 1247 1248 1249 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 :100 ~OO 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
VRM (non-rep) (one halfwave, single phase, 150 200 250 300 4UO 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage V 
r 35 70 105 140 210 2BO 350 420 Volts 

Average RectHied Forward Current 
(single phase, resistive load, [ 

0 
. 400 , hmperes 

60 cps, TC = 150"C) 

Non-Repetitive Peak Surge Currents - B,OOO (for 1/2 cycle) , 
(superimposed on rated current at 

IFM (surge) Amperes 
rated voltage, TC = 150"C) 

-of- 4, 500 (Cor six consecutive 1/2 cycles)--Io-

12t Rating (non-repetitive, Cor t 
[2l 

A(rms)2sec greater than 1 msec and less I 133,000 . 
than 8.3 msec) 

Operating and Case Temperature TJ , Tslg -65 to +190 "C 

Thermal Resistance 6JC 0.075 "C/Walt 

ELECTRICAL CHARACTERISTICS 

Chll3c!.ristlc and Conditions Symbol Malimum Units Limit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated 1 and V , single phase, 60 cps, T C'= 150 0 C) o r 

Full Cycle Average Reverse Current 
[R(AV) 50 rnA 

( rated 10 and V r' single phase, 60 cps, TC = 150" C) 
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--- Silicon Rectifiers ---

MR1240 thru MR1249 (continued) 

FORWARD VOLTAGE CHARACTERISTICS 
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CONDITIONS 
8 x 8 x ~ copper heat sink 
finE ~ 0.9 and mounted parallel 
to airflow. 1800 conduction. 

For 3 phase Fatings multiply 
current scale by 0.85. 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Silicon Rectifiers --

MR1260thru MR1269 10 = 650 A 
VR - to 600 V 

CASE 103 

Silicon power rectifiers designed with double-case, 
multi - cell construction for extreme reliability and 
ruggedness. Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 

MAXIMUM RATINGS 

Ratln, Symbol MR MR MR MR MR MR MR MR Units 
1260 1261 1262 1263 1265 1261 1268 1269 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(Wkg) 50 100 150' 200 300 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
~RM (non-rep) (one half-wave. single phase, 150 200 250 300 400 500 600 720 Volts 

60 cycle peak) 

RMS Reverse Voltage V 
r 35 70 105 140 210 280 350 420' Volts 

Average Rectified Forward Current 
(single phase, resistive load, 10 650 I Amperes 
60 cps, TC= 150"C) 

Non-RepeHtive Peak Surge CJ,lrrents _12,000 (for 1/2 cycle) , 
(superimposed on rated current at IFM(surge) Amperes 
'rated voltage, Tc = 150'C) ...- 8, 000 (for six consecutive 1/2 cycles) ~ 

12t Rating (non-repetitive, for t 
12t A(rms)2sec greater than 1 maee and less , 300,000 I 

than 8. 3 msee) 

Operating and S.torage Temperature TJ , Tstg -65 to +190 'c 

Thermal ReSistance 'JC 0.045 'C/Watt 

ELECTRIGAL CHARACTERISTICS 

Characteristic and Conditions S,mbol Maximum Units LImit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated ]0 and V r' single phase. 60 cps, TC=150°C) 

Full Cycle Average Reverse Current 
iR(AV) 100 rnA 

(rated 10 and V r' single phase. 60 cps, T C=150° C) 
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--- Silicon Rectifiers --

MR1260 thru MR1269 (continued) 
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For 3 phase ratings multiply 
current scale by 0.85 . 

For 6 phase ratings multiply 
current scale by 0.60. 
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-- Silicon Rectifiers --

MR 1290thru MR 1299 10 = 1000 A 
VR -to 600 V 

Silicon power rectifiers designed with multi-cell con
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water-cooled case, 
but reverse polarity devices are available designated 
by an "R" suffix. i.e.MR1295R 

CASE 105 

MAXIMUM RATINGS 

Rating Symbol 
MR MR MR MR MR MR MR MR Units 1290 1291 1292 1293 1295 1291 1298 1299 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 150 200 3()O 400 500 600 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, VRM(non-rep) 100 200 250 300 400 500 600 720 Volts 
60 cycle peak) 

RMS Reverse Voltage Vr 35 70 105 140 210 280 350 420 Volts 

Continuous Average Rectified 
Forvm.rd Current 

(single phase, resistive load, 10 .. 1000 . Amperes 
60 cps, TC = 1500 C) 

Non-Repetitive Peak Surge Currents .. 18,000 (for 1/2 cycle) -(sulperlmposed on rated current at 
rated voltage, TC = 1500 C) IFM(surge) Amperes 

--13,500 (for six consecutive 1/2 cycles)-

Operating and Storage Temperature TJ, Tstg -65 to +190 °c 

Thermal Resistance DC 8 JC O. 035 °C/Watt 
1 and 3 phase 0.045 
6 phase O. 060 

Case Temperature Reference Point: TC measured at center edge of the water cooled mounting bus~ 

ELECTRICAL CHARACTERISTICS 

Clml'llclerlstic and Conditions Symbol Maximum Units limit 

Full Cycle Average Forward Voltage Drop 
VF(AV) 0.4 Volts 

(rated Ia and Vr ' single phase, 60 cps, TC = 1500 C) 

Full Cycle Average Reverse CUrrent 
(rated 10 and V r' single phase, 60 cps, TC = 150°C) IR(AV) 0.2 Amperes 
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-- Silicon Rectifiers--

MR1290 thru MR1299 (Continued) 

,OCOO 

'000' 

10000 
8000 

6000 

.. 00 

1,000 

is 
~ 1000 
B 800 

I 600 

i'" 
i! 20' 

i 
• 100 

so 
60 .. 
20 

10 

FORWARD VOLTAGE CHARACTERISTICS 

V 

I 
/ II 

TJ=150·C- -lJ=2S"C 

I 

I 

I 

l-
Iii 1150 

i 1500 
f5 

~ 1250 

~ 
1000 !il 

ill 750 

I 500 

i 25' 

J 

MAXIMUM ,FORWARD CURRENT 
ve .. as MAXIMUM CASE TEMPERATURE (100% DUTY) 

r 
b ~i 160 CI'S, l"'ISTMIIII'fCIMUlIlll 

=~~ '\. .... oc r- ~F5i 
a~f5 '\ IPHASEIIWlWAVE 

~ 
=~§ ORFULLWAVEl 

i'!s= 3PHASEIHAl1WAVE'ORFULLWAVD~ lX !!;;ij 
::::; al1 = - 6PHASEWITH INlERPHASE ,," ~\. I!i!..!< .......... - soB 

i!l~!i 00,1,,,,,,,,,, ~ - In ~\ 
100 120 140 160 180 

Te, MAXIMUM CASE TEMPERATURE 1°C) 

MAXIMUM SURGE CURRENT -- -
r-

r- t-. 

o 0.2 OA 0.6 0.8 1.0 1.2 1.4 1.6 

vF,INSTANTANEOUSFORWARDVOLTAGElVOlTSI 

1.8 2.0 

100' 

8 10 20 .. 60 10100 

CYClESAT 60 CYCLES PER S£COND 

TYPICAL COOLING RATES AT RATED LOAD CONDITIONS 

lalel Mllimum Appror.Wailtr 
Water Wm. Tlmp.RI •• 

llmp.ntun flow ItSplclfled 
Rlqllirld FlowRltI 

(OC) (Gallons/Hour) (OCI 

15 2 10 

50 5 B 

75 10 5 

NOTE: Water flow rates may be decreased at lighter load 
demands provided maximum case temperatures are not ex
ceeded. In some applications where cooling systems are op
erated in series. it may be desirable to increase flow rates in 
order to minimize water temperature rises. 

MAXIMUM RMS DEMAND CURRENT versus PERCENT DUTY 

t--
-I-

-t--I-

IAVERAGlHallME= S.oSEC.MAXI 

Tc- 4O°C'" 

Tc-60OC:?" 

Tc:;b 

8 10 

PERCENT DUTY 

20 

t-~ 
"""\ 

t-. 
i"-I-

.. 60 SO 100 

3-49 

COOLING REQUIREMENTS 

Type of Cooling - Water 
Min Inlet Water Temp. - O°C 
Max Inlet Water Temp. _75°C 

NOTE: 
Curves apply to normal rectifier 

service conditions with maintained 
Rectifier Case Temperature (Tc) equal 
to or less than the values specified. 

To determine the Maximum Average 
Current [IF(AV) 1 per rectifier, multiply 
the RMS Current [It 1 rating by the fac
tor given for the operating condition. 
e IF(AV) = .641t for Single Phase 
e b(AV) = .S7I. for Three Phase and 

Six Phase with interphase 
e IF(AV) = .401. for Six Phase Star 
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-- Silicon Rectifiers --

MR 1337 -lthru MR 1337-5 10 = lA 
VR - to 400 V 

Fast recovery silicon rectifiers designed for high
frequency power supply, inverter, and converter appli
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current. rectification to 
more than 300,000 cps thus permitting the design of 
power supplies with smaller, lighter, and less expen
sive associated components. 

MAXIMUM RATINGS 

Rating Symbol MR MR MR MR MR Unit 
1337·1 1337·2 1337·3 1337-4 1337·5 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 50 100 200 300 400 Volts 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, VRM(non-rep) 100 200 300 400 500 Valis 
60 cycle peak) 

RMS Reverse Voltage V r 

Average Rectified Forward Current 
(single-phase resistive load)TA=25·C 

Figure 2 TA=75·C 
10 

Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated IFM(surge) 
current at rated voltage, T A = 75 ·C) 

Peak Repetitive Forward Current 
IFM(rep) (TA = 75·C) 

12t Rating 
~t (non-repetitive, for t greater than 

1 msec and less than 8.3 msec) 

Maximum Junction Operating TJ Temperature Range 

Maximum Case storage 
Tstg Temperature Range 

Maximum Steady State DC /IJA Thermal Resistance 
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-- Silicon Rectifiers--

MR1337-1 thru MR1337-5 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol M3ILimit Unit 

DC Forward Voltage Drop 
VF 1.1 Vdc 

(~ = 1.0 Adc, T A = 25°C) 

Full Cycle Average Forward Voltage Drop 
(10= 0.75 Amps and Rated V r' T A = 75° C, VF(AV) 0.55 Volts 

Half Wave Rectifier) 

Full Cycle Average Reverse Current 
(1(, = 0.75 Amp and Rated Vr , TA = 75°C, ~(AV) 0.75 rnA 

single phase) 

DC Reverse Current 
~ 0.25 rnA (Rated VR, TA = 25°C) 

Maximum Reverse Recovery Time t 200 nsec (IF = 1 Amp min) rr 

Maximum Overshoot Current I 2.0 Amps os 
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-- Silicon Rectifiers --

MR2261 thru MR2265 lo=25A 
VR -to50V 

CASE 43 
'\ 

These press-fit silicon rectifiers, designed for all 
medium-current industrial and commercial applica
tions, feature rugged construction for operation under 
severe conditions. Millions are in use in automotive 
applications. Cathode to case polarity, but reverse 
polaritydevices maybe obtained by adding an "R" suf
fix to the type number i. e. MR2262R. 

MAXIMUM RATINGS (fA = 2S·C unless otherwise noted) 

Rating Symbol MR MR MR MR MR 
2261 2262 2263 2264 2265 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(Wkg) 10 20 30 40 50 

DC Blocking Voltage VR 

RMS.Reverse Voltage Vr 7 14 21 28 35 

Average Rectified Forward Current 10 
(single phase, resistive load, I 25 I 

60 cps, T C = 100·C) 

Peak Repetitive Forward Current IFM(rep) 
(T A = 75·C) • 100 • 

Non-Repetitive Peak Surge Current 
(superimposed on rated current IFM(surge) 

- 300 (for 1/2 cycle)-----' 
at rated voltage, TC = 100·C) 

Operating and Storage TJ • Tstg 
Temperature Range . -65 to +175 I 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Case: () JC = 1. 30 C/W MAX 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant and lead readily solderable. 
WEIGHT: 9 grams (approx.) 
POLARITY: CATHODE TO CASE (reverse polarity units are available 
upon request and are deSignated by an "R" suffix i. e. MR2262R). 
MOUNTING POSITIONS: Any 

ELECTRICAL CHARACTERISTICS all types (TA = 25·C unless otherwise noted) 

Unit 

Volts 

Volts 

Amps 

Amps 

Amps 

·C 

Characteristics Symbol Max Unit Limit 
Full Cycle Average Forward Voltage Drop 

VF(AV) Volts 
(10 = 25 Amps and Rated V r' 0.70 

TC = 100·C, Half Wave Rectifier) 

DC Forward Voltage Drop VF Volts 

(IF = 25 Adc, TA = 25·C) 1.5 

Full Cycle Average Reverse Current 
IR(AV) rnA 

(Io = 25 Amps and Rated V r' 10.0 
TC = 100·C, Half Wave Rectifier) 

DC Reverse Current IR rnA 

(Rated VR, T A = 25·C) 1.0 
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--- Silicon Rectifiers ---

MR2261 thru MR2265 (continued) 

TYPICAL FORWARD CHARACTERISTICS (ALL TYPES) 

40 
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VF, FORWARD VOLTAGE DROP (VOLTS) 

MOUNTING INSTRUCTIONS 

MR2261 thru MR2265 rectifiers are designed for 
press·fiued mounting in a heat sink. Recommended proce· 
dUfes for this type of mounting are as follows: 

I. Drill a hole in the heat sink 0.499 ± .001 inch in 
diameter. 

2. Break the hole edge as shown to prevent shearing off 
the knurled edge of the rectifier when it is pressed 
into the hole. 

3. The depth of the break should be 0.010 inch maxi· 
mum to retain maximum heat sink surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 
These procedures will allow proper entry of the rectifier 

knurled surface, provide good rectifier~beat sink surface 
contact, and assure reliable rectifier operation. If the break 
is made too deep: thereby reducing contact area for heat 
transfer. reliability of operation will be im'paired. 

These devices can be mounted in a thin chassis by insert. 
ing the rectifier through an additional heat sink plate which 
is mounted in intimate contact with the upper side of the 
chassis. This provides additional conlact area for the rec
tifier knurled edge, as well as additional heat sink capacity. 

• Lj l- .01 NOM 
Typical Thermal I 
Resistance, Case p-
to Sink, Des = O.2°C/W f 

1= .501 ~.Ol NOM. 
305 

L=~~~,..,. DIA .,..,,-~~~~~ 
24 ~ ~f~JI~0W3 
r ---j r- 0.499 ± .001 OIA 

HEAT SINK MOUNTING 

INTIMATE ~ COMPLETE 

ADDITIONAL 
HEAT SINK PLATE 

CONTACT AREA 
KNUR~~E~NTACT THIN CHASSIS 

THIN·CHASSIS MOUNTING 
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-- Silicon Rectifiers --

MR2266 
MR2273 

10= 1 A 
VRto 800V 

High-voltage, axial-lead, silicon rectifiers, designed 
for television "damper" diode service, feature sub
miniature packages, high current-handling capability, 
excellent reliability, and economy. Flame-proof sili
cone polymer case. 

MAXIMUM RATINGS 

Rating Symbol MR2273 MR2266 Unit 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 200 800 Volts 

DC Blocking Voltage VR 

RMS Reverse Voltage (Sine wave operation) V r 
140 560 Volts 

Average Rectified Forward Current 10 Amps 
(single-phase, resistive (75°C Ambient) 1.0 1.0 
load, 60 cps) (lOO°C Ambient) 0.75 0.75 

Peak Repetitive Forward Current IFM(rep) Amps 
(T A = 25'C) 10 

Non-Repetitive Peak Surge Current IFM(surge) Amps 
(superimposed on rated current 30 (for 1/2 cycle) 
at rated voltage, T A = 25'C) 

operating and Storage Temperature Range TJ , Tstrr -65 to +175 ·C 

THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient: (j JA 

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

Characteristics Symbol Value Unit 
Full-Cycle Average Forward Voltage Drop VF(AV) Volts 

(Rated Current @ 25°C, sine wave operation) 0.8 

DC Forward Voltage Drop VF Volts 
(l Amp Continuous DC, 25°C) 1.1 

DC Reverse Current @ Rated V r (25'C) IR 0.01 rnA 
(100'C) 0.05 

I MR2266, IF = 2 A Vfn 10 Volts 
Typical Forward Peak Voltage Overshoot 

I (Figure 1, Figure 2) MR2273, IF = 5 A Vfn 28 Volts 
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--- Silicon Rectifiers ---

MR2266, MR2273 (continued) 

FIGURE 1 - FORWARD PEAK VOLTAGE OVERSHOOT TEST CIRCUIT 

+ 

500 fJ-' 

oIL 
Hp·214A ] 

UJ 

'" ~ 
o 
> 
UJ 
o 
o 
o 

PULSE 
GENERATOR 

OR 
EQUIVALENT 1:1 

PULSE 
TRANSFORMER 

TEST PROCEDURE: 

CURRENT SENSE 

L Adjust input pulse from generator to saturate MF812 tran· 
sistor 

2. Adjust battery voltage for the specified forward current 
after the voltage overshoot. 

IF = 2 Amps, for MR2266 
IF = 5 Amps, for MR2273 

3. Read peak voltage overshoot across diode under test. (See 
Waveform Diagram). 

FIGURE 2 - DIODE UNDER TEST, WAVEFORM DIAGRAM 
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MR2211 

--- Silicon Rectifiers ---

10 = 1 A 
VR =300V 

\,,
CASE5'\ 

Fast recovery silicon rectifier designed for video 
power supply applications. Typical recovery time of 
200 nsec extends practical frequency limit of current 
rectification' to more than 150,000 cps. Cathode is 
connected to case. 

MAXIMUM RATINGS 

Rating Symbol Rating Unit 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 300 Volta 

DC Blocking V 6ltage VR 

Non-Repetitive Peak Reverse Voltage 
(hall-wave, single phase, VRM(non-rep) 400 Volts 
60 cycle peak) 

RMS R:everse Voltage (Sine wave operation) V 210 Volts r 

Average Rectified Forward Current (Sine wave operation) 10 Amps 
(single-phase resistive load) TA = 25:C 1.0 

TA = 75 C 0.75 

Non-Repetitive Peak Surge Current IFM(surge) 30 Amps 
(superimposed on rated (for 1/2 cycle) 
current at rated voltage, TA = 75'C) @ 60 cps 

Peak Repetitive Forward Current IFM(rep) Amps 
(TA = 75'C) 4.0 

Junction Operating and Storage Temperatnre Range TJ • Tstg -65 to +150 'c 

THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient: e JA 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbol Value Unit 
Maximum DC Forward Voltage Drop VF Vdc 

(IF = 1. 0 Adc, T A = 25'C) 1.1 

Maximum Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(10 = 0.75 Amps and Rated V r' T A = 75'C, 0.55 

Rall Wave Rectifier, 60 cps) 

Maximum Full Cycle Average Reverse Current IR(AV) rnA 
(10 = O. 75 Amp and Rated V r' T A = 75'C, 0.75 

single phase, 60 cps) 

Maximum DC Reverse Current IR rnA 
(Rated VR, T A = 25'C) 0.25 

Maximum Reverse Recovery Time trr nsec 
(~= 50 rnA) 200 

Test Circuit Figure 3 

Typical Rectlflcation Efficiency RE % 
Test Circuit Figure 6 90 
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-- Silicon Rectifiers --

MR2271 (continued) 
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-- Silicon Rectifiers --

.MR2272 10= lA 
VR = 400V 

I 

Subminiature axial-lead silicon rectifier designed for 
video pow el'-supply applications in low-voltage tel evision 
receivers where video supplyo-voltage is obtained from 
horizontal deflection system. 

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

Rating Symbol Rating Unit 

Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage VRM(wkg) 400 Volts 

DC Blocking Voltage VR 

RMS Reverse Voltage (Sine wave operation) V 280 Volts r 

Average Rectified Forward Current (Sine wave operation) Io Amps 
(75· C Ambient) 1.0 

(100·C Ambient) 0.75 

Peak Repetitive Forward Current IFM(rep) Amps 
(TA = 75·C) 10 

Non-Repetitive Peak Surge Current IFM(surge) Amps 
. (superimposed on rated current 30 (for 1/2 cycle) 

at rated voltage, T A = 75·C) @ 60 cps 

Juctlon Operating and Storage Temperature Range TJ , Tstg -65 to +175 ·C 

THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient: e JA = lOOoC/W MAX 

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

Characteristics Symbol Value Unit 
Maximum F'orward VOltage ~rop vF ous 

(1 Amp Continuous DC, 25· C) 1.1 

Maximum Full Cycle Average Forward Voltage Drop VF(AV) Volts 
(10 = 0.75 Amps and Rated Vr , TA = 75·C, 0.5 

Half Wave Rectifier, 60 cps) 

Maximum Reverse Current @ Rated DC Voltage (25·C) it 0.01 mA 

Maximum Reverse Recovery Time t rr Ilsec 
(IRR = 0.5 Amp) 1.5 

Test Circuit Figure 4 - Typical Waveform Figure 6 

Rectification Efficiency (Typical) RE 55 % 
Test Circuit Figure 7 - Typical Waveform Figure 5 

3-58 



-- Silicon Rectifiers --

MR2272 (continued) 

TYPICAL FORWARD CHARACTERISTICS 
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-- Silicon Rectifiers -

ADDITIONS AND MODIFICATIONS 
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SILICON RECTIFIER 
ASSEMBLIES 

Devices included in this section: 

MOLDED BRIDGES 

MDA942 Series 
MDA952 Series 

MINIATURE BRIDGE ASSEMBLIES 

MDA920 Series 
MDA930 Series 

MDA962 Series 
MDA 1491 Series 

MDA940 Series 

HIGH-VOLTAGE MOLDED ASSEMBLIES 

1N1730 
IN1731 
1N1732 
IN1733 
1N1734 

1N2382 
1N2383 
1N2384 
1N2385 

4-1 

MDA 1505 Series 
MDA 1591 Series 

MDA950 Series 

MDA1330H 
MDA1331 H 
MDA1332H 
MDA1333H 

I 



For case outline dimensions, see page 1-186. 
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SILICON RECTIFIER ASSEMBLIES 

Silicon rectifiers are available as individual cells with a wide variety of cur
rent and voltage ratings, as described in the rectifier section of this manual. 
In addition, these devices are available in standard and custom assemblies, 
which greatly increas e the range of applications that can be satisfied with single
unit preassembled devices. 

Included in these standard assemblies are: 

Medium and low current rectifier bridge circuit configurations 

and 

Series -connected high-voltage rectifier assemblies. 

Custom assemblies, including both zener diode and rectifier assemblies, 
can be obtained inexpensively in quantity by specifying the type of devices 
needed (from a large selection of individual diodes and rectifiers) and the de
sired circuit configuration. 
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I 
RECTIFIER BRIDGE ASSEMBLIES - QUICK SELECTION GUIDE 

1 AMPt 1.5 AMP 1.5 AMP 

'i'if' 
1/ 

# r n • • " 1 II .fa 
1..0>. I. 

CASE 108 CASE 109 
CASE 110 CASE 111 CASE 112 

SINGLE D D D PHASE 
FULL WAVE 

BRIDGE 

VRM VOLTS 
SINGLE PHASE SINGLE PHASE 

25V MOA920-1 MOA920A-1 FULL WAVE BRIDGE FULL WAVE BRIDGE 

50V MOA920-2 MOA920A-2 MOA942-1 MOA942A-1 MOA1491-1 

lOOV MDA920-3 MDA920A-3 MDA942-2 MDA942A-2 MDA1491-2 

20DV MOA920-4 MOA920A-4 MOA942-3 MOA942A-3 MOA1491-3 

300V MOA920-5 MOA920A-5 MOA942-4 MOA942A-4 MOA1491-4 

400V MOA920-6 MOA920A-6 MOA942-5 MOA942A-5 MOA1491-5 

600V MOA920-7 MOA920A-7 MOA942-6 MOA942A-6 MOA1491-6 

t Also available in voltage doublerandcenter tap configurations from 25 
to 600 volts! 
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4AMP 6 AMP 8AMP 10 AMP 16 AMP 

CASE 112 

SINGLE PHASE SINGLE PHASE THREE PHASE SINGLE PHASE SINGLE PHASE 
FULL WAVE BRIDGE FULL WAVE BRIDGE FULL WAVE BRIDGE FULL WAVE BRIDGE FULL WAVE BRIDGE 

MDA15S11-1 MDA952-1 MDAlS05-1 MDA962-1 MDA972-1 

MD1I1591-2 MDA952-2 MDAlS05-2 MDA962-2 MDA972-2 

MDA1591-3 MDA9S2-3 MDAlS05-3 MDA962-3 MDA972-3 

MDA1S91-4 MDA952-4 MDA1505-4 MDA962-4 MDA972-4 

MDA-lS91-S MDA952-5 MDAlS0S-5 MDA962-S MDA972-5 

MDA1S91-6 MDA952-6 MDAlS05-6 
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-- Silicon Rectifier Assemblies ---

HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 

1N1730 thru 1N1734 
1N2382 thru 1N2385 

10 -to 0.2 A 
Vp - to 10,000 V 

Standard single - phase, half -wave, high - voltage 
silicon rectifier assemblies. 

MAXIMUM RATINGS (covering all devices in the table below) 

Max. DC Reverse Current 
@Rated Peak Reverse Vc;>Jtage 25'C 1OI'A 

100'C 100l'A 

Max. Surge Current 2.5A 
(8 ms) 

Operating Temperature -55'C to +150"C 

ELECTRICAL CHARACTERISTICS 

Avg. Rectified Max. DC 
Fwd. Fwd. Case Lead 

VRM 
Current - rnA Max.RMS Voltage Dimensions Dimensions 

Rectifier Input @ 100mA 
Types (rep) @25'C @lOOcC Voltage @25'C L Dia, L Dia. 

INl730 1000 200 100 700 5 .5 .375 1. 250 .030 
1N1731 1500 200 100 1050 5 .5 .375 1. 250 .030 
1Nl732 2000 200 100 1400 9 1.0 .375 1. 250 .030 
1N1733 3000 150 75 2100 12 1.0 .375 1. 250 .030 
1Nl734 5000 100 50 3500 18 1.0 .5 1. 250 .030 
1N2382 4000 150 75 2800 18 1.5 .5 1. 250 .030 
1N2383 6000 100 50 4200 27 1.5 .5 1. 250 .030 
1N2384 8000 70 35 5600 27 1.5 .5 1. 250 .030 
1N2385 10000 70 35 7000 39 2.0 .5 1. 250 .030 
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-- Silicon Rectifier Assemblies --

MDA 920 SERIES 

MDA930 SERIES 

MDA 940 SERIES 

MDA9S0 SERIES 

MINIATURE DIODE ASSEMBLIES 

I .. ············b ....... l ) 
. i l 

""i'l' 
~" 

'i\ 

I CASE lOB 

Miniature Integral Diode Assemblies (MIDA ) are low-current rectifier circuit 
configurations designed with a high output-,current/size ratio for applications 
where space is at a premium. MIDA packages are available with flat ribbon 
leads and with round leads. For round leads, add suffix "A" to type number. 
Example, MDA920A-1. 

ELECTRICAL CHARACTERISTICS (TA =: 25·C unless otherwise noted) 

Characteristic Symbol 

Maximum Forward Voltage Drop per Cell 
(IF = 500 rnA Continuous) 

Maximum Reverse Current* (Figure 2) 
(VR = Rated VRM) 25 DC 

100DC 

*2 cells in parallel - MDA920 series 
1 celL- MDA930, MDA940, and MDA950 series 

MECHANICAL CHARACTERISTICS 

CASE: Transfer molded plastic encapsulation. 

FINISH: All external surfaces are corrosion· resistant. 
terminals are readily solderable. 

POLARITY: Embossed symbol on 4·lead devices. 

VF 

I * R 

Terminal designation by color dots on 3·lead devices: 
AC input - yellow 

+DC output - red 
-DC output - white 

MOUNTING POSITIOt~: Any. 

WEIGllT (apprOJi.): 0.4 gram. 
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-- Silicon Rectifier Assemblies --

MINIATURE DIODE ASSEMBLIES (continued) 

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

DC OUTPUT PEAK FULL WAVE 
SINE WAVE VOLTAGE ONE CYCLE PEAK FUll WAVE 

SCHEMATIC PEAK REVERSE RMS INPUT DC OUTPUT SURGE CURRENT REPETITIVE 
VOlTAGE PER CEll VOLTAGE Res. Cap. CURRENT NON·REPETlTlVE FORWARD CURRENT 

DIAGRAM (DC or RECURRENT) (LINE to LINE) load load @ 75·C AMBIENT (SINUSOIDAL 60 cps) (NONSINUSOIDAl 60 cps) 
V •• V,. V.,~t V~. 100, Ift.l".'90 ' ht.l("pl 

TYPE NO. Volts Volts Volts Volts Amps Amps Amps 

MDA920-1 25 18 15 25 

-2 50 35 30 50 

-3 100 70 62 100 

-4 A 200 140 124 200 1.0 32.0 5.0 

-5 300 210 185 300 

-6 400 280 250 400 

-7 600 420 380 600 

MDA930-1 25 9 - 25 

-2 50 18 - 50 

-3 100 35 - 100 

-4 B 200 70 - 200 0.5 32.0 5.0 

-5 300 105 - 300 

-6 400 140 - 400 

-7 600 210 - 600 

MDA940-1 25 9 8 13 

-2 50 18 15 25 

-3 100 35 30 50 

-4 C 200 70 62 100 1.0 32.0 5.0 

-5 300 105 92 150 

-6 400 140 125 200 

-7 600 210 190 300 

MDA950-1 25 9 8 13 

-2 50 18 15 25 

-3 100 35 30 50 

-4 D 200 70 62 100 1.0 32.0 5.0 

-5 300 105 92 150 -. 400 140 125 200 

-7 600 210 190 300 

SINGLE PHASE FULL WAVE BRIDGE SINGLE PHASE VOLTAGE DOUBLER 

"ft 
+ 

RED 

A B 
YELLOW 

AC 

WHITE 

AC 

SINGLE PHASE CENTER TAP SINGLE PHASE CENTER TAP 
COMMON CATHODE COMMON ANODE 

AC AC 
YELLOW YEllOW 

C 
RED D 

WHITE 

+ 
YELLOW YELLOW 

AC AC 
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-- Silicon Rectifier Assemblies --

MINIATURE DIODE ASSEMBLIES (continued) 

FIGURE 1 - TYPICAL FORWARD CHARACTERISTICS 
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-- Silicon Rectifier Assemblies --

MOLDED ASSEMBLY RECTIFIER BRIDGES 
Single-Phase Full-Wave Bridge 

MDA 942 SERIES (1.5 AMPS DC) 

MDA952 SERIES (6.0 AMPS DC) 

MDA962 SERIES (10.0 AMPS DC) 
MDA972 SERIES (16.0 AMPS DC) 

MDA 1491 SERIES (1.5 AMPS DC) 
MDA 1591 SERIES (4.0 AMPS DC) 

Three-Phase Full-Wave Bridge 
MDA 1505 SERIES (8.0 AMPS DC) 

MDA942 

CASE 110 MDA942A 
CASE 111 

MDA952 

CASE 113 

MDA972 

CASE 116 

Molded assembly rectifier bridges are individual her
metically sealed rectifiers interconnected and encapsul
ated in molded assemblies for use as single-phase and 
three-phase full-wave bridge configurations, with output 
current from 1.5 to 16 amps, peak reverse voltage from 
50 to 600 volts. 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Rating 

Maximum Forward Voltage Drop per Cell VF 

(IF = 0.75 Ade) MDA942 series 1.1 

(IF = 3.0 Ade) MDA952 series 1.0 

(IF = 5.0 Ade) MDA962 series 1.0 

(IF = 5.0 Ade) MDA972 series 1.0 

(IF = O. 75 Ade) MDA1491 series 1.1 

(IF = 4. 0 Ade) MDA1505 series 1.0 

(IF = 2.0 Ade) MDA1591 series 1.0 

Maximum Reverse Current per Cell IR 

(V R = Rated V RM) MDA942 series 0.01 

MDA952 series 1.0 

MDA962 series 1.0 

MDA972 series 1.0 

MDA1491 series 0.01 

MDA1505 series 1.0 

MDA1591 series 1.0 
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MDA962 

CASE 114 

MDA1505 

CASE 115 

MDA1491 
MDA1591 

CASE 112 

Unit 
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-- Silicon Rectifier Assemblies --

RECTIFIER BRIDGES (continued) 

2.0 

1.6 

~ r 2 

c 
~ 

~ 0.8 

u 
c 

0.4 

TYPICAL FORWARD CHARACTERISTICS 
PER CELL (MDA942 & MDA1491 SERIES) , 

T. ~ 100'; ...... 

2S'C .... 

-50'~ '1 

I 1 
/ i/ 

/ I 
/ /1 
/~ / 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 

TYPICAL FORWARD CHARACTERISTICS 
PER CELL (MDA952, MDA962, MDA972, MDA1505 & MDA1591 SERIES) 

20 

15 

"-
--- T. ~ lS0'C 

10 
-2S'C 

- -so'c 

I 
/ I 

o 
I / J 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V~I FORWARD VOLTAGE (VOLTS) VF, FORWARD VOLTAGE (VOLTS) 

MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT MAXIMUM ALLOWABLE DC OUTPUT 
AT RATED LOAD CONDJTJONS (RESISTIVE OR INDUCTIVE LOAD) 

100 100 

I I '\ 

u 

z 
c 

75 

25 

\ 
1\ 

'\ 

ALL TYPES 
TA = 25'C 

'-......... r-
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5S'C / 

so \ ALL TYPES 

1\ 
60 \ 

\ 
\ 

40 

\ 

\ 
20 

\ 
o 

o 25 50 75 100 125 150 175 

TA • A.MBIENT TEMPERATURE JOC} 

MECHANICAL CHARACTERISTICS 

CASE: Molded plastic encapsulation, hermetically 
sealed individual rectifier cells. 

FINISH: All external surfaces are corrosion
resistant, terminals are 
readi.ly solderable. 

MOUNTING POSJTJON: Any 

WEIGHT: MDA942, MDA942A - 3.8 grams 
(approx.) MDA952 - 35 grams 

POLARITY: Terminal designation by color dots: MDA962, MDA1505 - 92 grams 
MDA972 - 340 grams 
MDA1491 - 33 grams 
MDA1591 - 39 grams 

AC input - yellow 
+DC output - red 
-DC output - not marked 
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-- Silicon Rectifier Assemblies --

RECTIFIER BRIDGES (continued) 

SINGLE-PHASE 
FULL-WAVE BRIDGE 

THREE-PHASE 
FULL-WAVE BRIDGE 
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-- Silicon Rectjfjer Assemblies--

RECTIFIER BRIDGES (continued) 

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

SINE WAVE DC OUTPUT DC OUTPUT PEAK FULL WAVE PEAK FULL WAVE 
PEAK REVERSE RMS INPUT VOLTAGE CURRENT ONE CYCLE RECURRENT 

VOLTAGE PER CELL VOLTAGE Res. Cap. @55'C SURGE CURRENT FORWARD CURRENT 
TYPE NO. IDC or RECURRENn (LINE to lINEI Load Load AMBIENT (60 hi (60 H,l 

Volts Volts -Volts Volts Amps Amps Amps I 
MDA942-1 50 35 30 50 1. 50 25 6.0 

-2 100 70 62 100 1. 50 25 6.0 
-3 200 140 124 200 1. 50 25 6.0 
-4 300 210 185 300 1. 50 25 6.0 
-5 400 280 250 400 1. 50 25 6.0 
-6 600 420 380 600 1. 50 25 6.0 

MDA952-1 50 35 30 50 6.00 150 35 
-2 100 70 62 100 6.00 150 35 
-3 200 140 124 200 6.00 150 35 
-4 300 210 185 300 6.00 150 35 
-5 400 280 250 400 6.00 150 35 
-6 600 420 380 600 6.00 150 35 

MDA962-1 50 35 30 50 10.0 250 60 
-2 100 70 62 100 10.0 250 60 
-3 200 140 124 200 10.0 250 60 
-4 300 210 185 300 10.0 250 60 
-5 400 280 250 400 10.0 250 60 

MDA972-1 50 35 30 50 16.0 250 60 
-2 100 70 62 100 16.0 250 60 
-3 200 140 1"24 200 16.0 250 60 
-4 300 210 185 300 16.0 250 60 
-5 400 280 250 400 16.0 250 60 

MDA1491-1 50 35 30 50 1. 50 25 6.0 
-2 100 70 62 100 1. 50 25 6.0 
-3 200 140 124 200 1. 50 25 6.0 
-4 300 210 185 300 1. 50 25 6.0 
-5 400 280 250 400 1. 50 25 6.0 
-6 600 420 380 600 1. 50 25 6.0 

MDA1591 -1 50 35 30 50 4.00 100 25 
-2 100 70 62 100 4.00 100 25 
-3 200 140 124 200 4.00 100 25 
-4 300 210 185 300 4.00 100 25 
-5 400 280 250 400 4.00 100 25 
-6 600 420 380 600 4.00 100 25 

MDA1505 -1 50 35 47 50 8.00 200 45 
-2 100 70 95 100 8.00 200 45 
-3 200 140 190 200 8.00 200 45 
-4 300 210 285 300 8.00 200 45 
-5 400 280 380 400 8.00 200 45 
-6 600 420 570 600 8.00 200 45 

Maxlmum OperatIng and Storage Temperature: -65"C to +150"C (All Types) 
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-- Silicon Rectifier Assemblies --

HIGH VOLTAGE SILICON RECTIFIER MOLDED ASSEMBLIES 

10 - to 2.5 A 
MDA1330H 

MDA1331H 

MDA1332H 

MDA1333H 

VRM(rep) = 5000 and 10,000 VOLTS 

Compensated series-connected rectifier cells for high-voltage single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 

MAXIMUM RATINGS 

Rating Symbol MDA1330H MDA1331H MDA1332H 

Peak Repetitive Reverse Voltage CD VRM(rep) 5,000 10,000 5,000 (Rated Current, Over Operating Temperature Range) 

RMS Reverse Voltage 
V (Rated Current Over the Complete Operating r 3,500 7,000 3,500 

Temperature Range) 

DC Blocking Voltage ® VR 3,000 6,000 3,000 (Over Operating Temperature Range) 

Average Half Wave Rectified Forward Current 
(Resistive Load, 180" Conduction Angle, 
60cps, Free Convection Cooling) TA = 40·C 10 1.0 1.0 2.5 

TA=lOO·C 0.3 0.3 0.5 

Peak 1 Cycle Surge Current 
IFM(surge) (T A ::: 40"C, Superimposed on Rated 25 25 250 

Current at Rated Voltage) 

Operating Frequency Range ~ DC to 400 

Operating and Storage Temperature Range t -55 to +110 

<D VRM(rep) ratings of 5,000 ~r 10,000 volts peak are both the maximum repetitive 
and non-repetitive ratings.'Where voltage transient suppresion is employed, 
these assemblies can be reliably operated at the maximum ratings. 

® The DC Blocking Voltage rating (VRL is established by the continuous power 
dissipation ratings of the shunting resistors and is not a function of the series 
rectifiers. 

ELECTRICAL CHARACTERISTICS 

Rating Symbol . MDA1330H MDA1331H MDA1332H 

Maximum Full-Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive Load, Rated Current and VF(AV) 5.0 10.0 5.0 
Voltage, T A =40°C) 

Maximum'Full-Cycle Average Reverse Current 
(Half-Wave, Resistive Load, Rated Current and IR(AV) 0.2 0.2 3.0 
Voltage, T A=40"C) 

Note: Ambient temperatures are measured at the cold air source pOint i. e. imme
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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MDA1333H Units 

10,000 Volts 

7,000 Volts 

6,000 Volts 

2.5 Amps 

0.5 

250 Amps 

• cps 

• ·C 

MDA1333H Units 

10.0 Volts 

3.0 mA 



-- Silicon Rectjfjer Assemblies ---

HIGH VOLTAGE SILICON RECTIFIERS (continued) 

ELECTRICAL DESIGN NOTES 

1. For single-phase full-wave circuits using "Series 1300" stacks, multiply 
the current ratings given for the half-wave by two. 
2. For three-phase full-wave and half-wave circuits, multiply given current 
ratings for single-phase half-wave by two and one half. 
3. For capacitive loads, sufficient surge and capacitor inrush current pro
tection must be employed. Recurrent peak currents up to six times the single
phase average output current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output. Non
repetitive peak currents must be held to the maximum surge ratings. 

4.0 

3.0 

2.0 

10 

MDA131ClH 

I 
I 
/ 

J 

TYPICAL FORWARD CHARACTERISTICS 
(TJ = 25'C) 

I I 
'.0 

7.0 

6.0 

5.0 

MDA1331H 

4.0 

J 
I 

10 

2.0 

10 

/ o 
10 12 14 15 18 o 

MDA133ZH MDA133JH 

I 

if II 
10 12 14 16 18 

v~.INSTANTAI'lEOUS FORWARD VOlTAGE IVOLTS) VF, INSTANTANEOUS fORWARD VOLTAGE IVOtTS) 
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-- Silicon Rectifier Assemblies --

HIGH VOLTAGE SILICON RECTIFIERS (continued) 

" 

\. 
\. 

o 
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RATED CONDITIONS 
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-- Silicon Rectifier Assemblies ---

MECHANICAL DESIGN INFORMATION AND OUTLINE 01· 
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H 
RECTIFIER LEGS. 

1 'O.50MAX 

POLARITY DOTS: RED=+DC OUTPUT 

Device A Dim BDim CDim DDim 

MDA1330H 4. 25max 3. 70±O. 05 3. 25max 3.00nom 

MDA1331H 7. 00 max 6. 39±O. 05 6.00max 5.25nom 

NOTES: These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA133IH are 
also available for use in lower voltage, Center _tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix letter as follows: instead of "H" specify 
"e" for common cathode. center tap 
"UOl for common anode, center tap 
"D" for voltage doubler. 

I</> TOP VIEW 
(4) ~.;;:HOlES ---j r-518 NOM 

t -=~====~l=~~T S·7IBMAX AC I-

T 
3 NOM r:=tt:======ffj=::j LAC I-

~~~-~~~ 
-'--.-+---~ 

1·718 NOM 

AC 

!.-S.II2±lIIS--.j 

f--------13MAX-------J 

1 </> AND 3</> SIDE VIEW 

.1 
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MECHANICAL DESIGN INFORMATION AND OUTLINE DI
MENSIONS FOR THE BASIC MDA1332H AND MDA1333H 
RECTIFIER LEGS. 

- ANODEJ 

MOUNTING BARS, 
SEE NOTE I 

OFFSET MOUNTING 
TABS, SEE NOTE 2 

(4) ~:;;~ HOLES 

i2N~8 THREADED INSERTS 
1 NOM 

- t 
I r-, " ~ 1·3/4 NOM 

I I 
71B NOM ! 

IIII 1 -GI- I "!I f 314 

I I ) f 
Device AOim BDim COim 

MDA1332H 5-5/8 nom 3-1/4 1/16 1-1/8 nom 

MDAI333H 11-1/4 nom 6-l/2±1/16 2-3/8 nom 

NOTE 1. Insulated mounting bars are supplied 
with all Series 1300 stacks and tbe single unit bar is 
shown above. For multiple leg CircUits, mOllhtmg bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 
NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottQm or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs pf reverse polarity 
to that shown above are designated by an "R" suffix. i.e. 
MDAI332HR. 

3</> BR TOP VIEW 

518"1 r- 141 0.250 HOLES 
0.275 

I 
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-- Silicon Rectifier Assemblies -

ADDITIONS AND MODIFICATIONS 

4-18 



THYRISTORS 
Including 

SILICON CONTROLLED RECTIFIERS 

4-LA YER DIODES 

BILATERAL TRIGGER FOR THYRISTORS 
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THYRISTORS AND TRIGGERS 

Thyristors are defined as semiconductor devices with four or more alter
nately doped semiconductor layers. This category includes such classifications 
as SCRs, Four-Layer Diodes and other switchback devices used primarily for 
power control and trigger applications. 

Another device that falls into this applications category is the Three-Layer 
Trigger Diode. This device is included in this section for convenience, though 
not a Thyristor by definition. 

All devIces characterized in this section are SCRs, with the following 
exceptions: 

FOUR-LAYER DIODES TYPE NO. PAGE NO. 

M4L2052 5-44 
M4L2053 5-44 
M4L2054 5-44 
M4L3052 5-46 
M4L3053 5-46 
M4L3054 5-46 

THREE - LAYER DIODE TYPE NO. PAGE NO. 

MT32 5-49 
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THYRISTOR QUICK SELECTION 
FORWARD CURRENT RMS'(AMPS) 

1.6 2 8 16 

II 
·il i fft i IJ f # BLOCKING ~ ~ VOLTAGE " /7' 7!:~ 

(DC OR 
PEAK) 
VOLTS 

7/16" STEEL CAN AND VARIATIONS (SOLDER MOUNT, STUD MOUNT, 
TO-5 STUD AND LEAD MOUNT TYPES) TO-48 

CASE 31A CASE 63 CASE 85 CASE 85L CASE 86 CASE 86L CASE 87L CASE BBL CASE 64 

25 MCR914-1 MCRB46-1 2N4151 2NIB42 
2N4159 2NI842A 

2N4167 
2N4175 

2N41B3 
2N4191 

50 2N1595 MCRB46-2 2N4152 2N1843 
2N4160 2N1843A 

2N416B 
2N4176 

2N41B4 
2N4192 

100 2NI596 MCRB46-3 2N4153 2NIB44 
2N4161 2N1B44A 

2N4169 
2N4177 

2N41B5 
2N4193 

150 2NIB45 
2N1B45A 

200 2N1597 MCR846-4 2N4154 2N1846 
2N4162 2NIB46A 

2N4170 
2N417B 

2N41B6 
2N4194 

250 2NIB47 
2N1B47A 

300 2NI598 2N4155 2N1B4B 
2N4163 2N1B4BA 

2N4171 
2N4179 

2N41B7 
2N4175 

400 2N1599 2N4156 2N1B49 
2N4164 2N1B49A 

2N4172 
2N41BO 

2N41BB 
2N4196 

500 2N4157 2N1B50 
2N4165 2NIB50A 

2N4173 
2N41B1 

2N41B9 
2N4197 

600 2N415B 
2N4166 

2N4174 
2N41B2 

2N4190 
2N419B 

700 

BOO 
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GUIDE (SCR TYPES) PREFERRED TYPES 
AMPS PEAK 

FORWARD CURRENT RMS (AMPS) PULSE MODULATORS 

18 20 25 100 1000 

i1 ,I ~ ~ I~ f J 7. - ___ -:; BLOCKING 

;/ VOLTAGE 
(DC OR 
PEAK) 
VOLTS 

PRESS FIT 7/16" 
PRESS FIT STUD TO-41 TO-48 TO-41 STUD TO-48 

CASE 62 CASE 68 CASE 61 CASE 64 CASE 61 CASE 63 CASE 64 

MCR808-1 MCR649-1 2N681 25 
MCRl308-1 MCR1907-1* 

2N2573 

MCR808-2 MCR649-2 2N682 50 
MCR1308-2 MCRI907-2* 

2N2574 

MCR808-3 MCR649-3 2N683 100 
MCR1308-3 MCR1907-3* 

2N2575 

2N684 150 

MCR808-4 MCR649-4 2N685 200 
MCR1308-4 MCR1907-4* 

2N2576 

2N686 250 

MCR808-5 MCR649-5 2N687 2N4199 300 
MCR1308-5 MCR1907-5* MCR729-5 

2N2577 MCRI718-5 

MCR808-6 MCR649-6 2N688 2N4200 400 
MCR1308-6 MCRI907-6* MCR729-6 

2N2578 MCRl718-6 

MCR649-7 2N689 2N4201 500 
MCR729-7 

2N2579 MCRl718-7 

2N4202 600 
MCR729-8 

MCRI718-8 

2N4203 700 
MCR729-9 

2N4204 800 
MCR729-10 

* Fast turnoff types, toff " 12 Jlsec 
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--Thyristors--

SCR SYMBOLS AND DEFINITIONS 

~TE~ 
IF *LEGEND EXAMPLE 

ANODE VOLTAGE 

- + / GATE OPEN 
/ 

VF @ IF VFOM 
CATHODE 

\ ~AXIMUM 
FORWARD 

IH 

-V +V 

IFOM 

IR 

The following list represents the symbols and definitions of electrical characteristics and maximum 
ratings for Thyristors (SCRs). 

These symbols are listed in sequence as they appear in the Maximum Ratings tables: 

VROM(rep) 

VRXM 

v ROM(non-rep) 

IFM(pulse) 

di/dt 

IFM(surge) 

PEAK REVERSE BLOCKING VOLTAGE, GATE OPEN - The maximum allowable 
value of reverse voLtage (repetitive or continuous de) which can be applied between 
anode and cathode (anode negative) with the gate open for stated conditions. 

PEAK REVERSE BLOCKING VOLTAGE - Same as VROM except that the gate 
terminal is returned to the cathode through a stated impedance and/or bias volt
age. 

NON-REPETITIVE PEAK REVERSE BLOCKING VOLTAGE - The maximum value 
of reverse voltage which can be applied between anode and cathode (anode nega
tive) under transient conditions (5 ms or less) with the gate open. 

FORWARD CURRENT, RMS - The RMS value of forward anode current during the 
"on" state. RMS value is the same for aU conduction angles. 

REPETITIVE PULSE CURRENT - Repetitive peak forward anode current after 
application of gate signal for specified pulse conditions. (Used primarily with 
pulse modulator type thyristors.) 

CURRENT APPLICATION RATE - Rate of change with time of forward anode 
current during turn-all of device under stated conditions. 

CIRCUIT FUSING CONSIDERATIONS - A measure oCthe maximum nOll-recurrent 
RMS forward current capacity for pulse durations less than 8.3 milliseconds. 
I is in RMS amperes, and t is pulse duration in seconds. The same conditions 
as listed for IFM(surge) apply. 

PEAK FORWARD SURGE CURRENT - The maximum forward current having a 
single forward cycle (8.3 milliseconds duration) in a 60 Hz single-phase resistive 
load system. The surge may be preceded and followed by maxirnum rated volt
age, current, and junction temperature conditions, and maximum allowable gate 
power may be concurrently dissipated. However, limitations on anode current 
during turn-on should not be exceeded. 

A VERAGE FORWARD POWER - Average (de equivalent) value of power dissipa
tion between anode and cathode. (Used primarily with pulse modulator type 
thyristors. ) 

PEAK GATE POWER - The maxi-mum instantaneous value of gate power dissipa
tion permitted. 
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--Thyristors--

SCR SYMBOLS AND DEFINITIONS (continued) 

PGF(AV) AVERAGE FORWARD GATE POWER - The value of maximum allowable gate 
power dissipation averaged over a full cycle. 

PEAK FORWARD GATE CURRENT - The maximum instantaneous value of current 
which may flow between gate and cathode. 

PEAK FORWARD GATE VOLTAGE - The maxinluminstantaneous voltage be
tween the gate terminal and the cathode terminal resulting from the flow of for
ward gate current. 

PEAK REVERSE GATE VOLTAGE - The maximum instantaneous voltage which 
may be applied between the gate terminaL and the cathode terminal when the junc
tion between the gate region and the adjacent cathode region is reverse biased. 

CASE TEMPERATURE - Temperature of case measured at convenient refer
ence point on case near location of silicon die. Under operating conditions, TC 
is lower than T J" 

OPERATING JUNCTION TEMPERATURE RANGE -Allowable operating junction 
temperature range in which device may operate effectively. 

STORAGE TEMPERATURE RANGE - Allowable range of temperature in which 
devices may be "stored" (non-operating). 

These symbols are listed in sequence as they appear in the Electrical Characteristics tables: 

VFOM 

VFXM 

PEAK FORWARD BLOCKING VOLTAGE, GATE OPEN - The peak repetitive 
forward voltage which may be applied to the thyristor between anode and cathode 
(anode positive) with the gate open at stated conditions. 

PEAK FORWARD BLOCKING VOLTAGE - Same as VFOM except that the gate 
terminal is returned to the cathode through a stated impedance and lor bias 
voltage. 

PEAK FORWARD BLOCKING CURRENT, GATE OPEN - The maximum current 
through the thyristor when the device is in the "off" state for a stated anode-to
cathode voltage (anode positive) and junction temperature with the gate open. 

PEAK FORWARD BLOCKING CURRENT - Same as IFOM except that the gate 
terminal is returned to the cathode through a stated impedance and/or bias volt
age. 

PEAK REVERSE BLOCKING CURRENT - The maximum current through the 
thyristor when the device is in the reverse blocking state (anode negative) for a 
stated anode-to-cathode voltage and junction temperature with the gate open. 

PEAK REVERSE BLOCKING CURRENT - Same as IROM except that the gate 
terminal is returned to the cathode through a stated impedance and/or bias volt
age. 

GATE TRIGGER CURRENT (Continuous de) - The minimum de gate current re
quired to cause switching from the Hoff" state to the "on" state at a stated con
dition. 

GATE TRIGGER VOLTAGE (Continuous de) - The de voltage between the gate and 
the cathode required to produce the dc gate trigger current. 

HOLDING CURRENT - That value of forward anode current below which the con
trolled rectifier switches from the conducting state to the forward blocking condi
tion with the gate open, at stated conditions. 

HOLDING CURRENT (Gate connected) - That value of forward anode current below 
which the controlled rectifier switches from the conducting state to the forward 
blocking condition with the gate terminal returned to the cathode terminal thru 
specified impedance and/or bias voltage. 

FORWARD "ON" VOLTAGE - The voltage measured between anode and cathode 
during the "on"condition for specified conditions of anode current and tempera
ture. 

DYNAMIC FORWARD "ON" VOLTAGE - The voltage measured between anode 
and cathode at a specified time after turn-on function has been initiated at stated 
conditions. 
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--- Thyristors ---

SCR SYMBOLS AND DEFINITIONS (continued) 

M on 

t 
r 

dv/dt 

TURN-ON TIME - The time interval between initiation of gate signal and 90% 
pOint of leading edge of forward anode current waveform. 

TURN -ON TIME VARIATION - Variation of turn-on time over stated temperature 
range or ranges. 

RISE TIME - Time interval required for the leading edge of the forward anode 
current waveform to rise from 10% to 90% of its maximum value during device 
turn-on. 

TURN-OFF TIME - The time interval required for the gate to regain control of 
forward blocking characteristics after interruption of forward anode current. 

DELAY TIME - Time interval during turn-on between initiation of gate pulse 
and a rise of the leading edge of the forward-current waveform to 10% of its 
maximum value. 

FORWARD VOLTAGE APPLICATION RATE (V/ilS) - A rate of applied forward 
voltage in excess of this value may cause premature, nondestructive turn-on of 
the Thyristor 0 

THERMAL RESISTANCE (Junction to case) - The temperature rise per unit of 
power dissipation of a junction above the temperature of the case under conditions 
of thermal equilibrium. 

THERMAL RESISTANCE (Case to ambient) - The temperature rise per unit of 
power dissipation of the device case above the ambient temperature at stated 
conditions. 

SIMPLIFIED SCR QUICK SELECTION GUIDE 
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--Thyristors--

2N681 thru 2N689 

CASE .. \ 

If = 25 ARMS 
VROM(rep) = 25-500 V 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 25 amperes 
at junction temperatures up to 125°C_ 

(TO-48) 

MAXIMUM RATINGS iTJ = 125'C unles> olherwisc n(lled) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage' t VROM(rep)'t 
2N681 25 
2N682 50 
2N683 100 
2N684 150 
2N685 200 
2N686 250 
2N687 300 
2N688 400 
2N689 500 

Peak Reverse Blocking Voltage' VROM(non-rep) , 
(Transient) 2N681 35 
(non-recurrent t = 5 ms max.) 2N682 75 

2N683 150 
2N684 225 
2N685 300 
2N686 350 
2N687 400 
2N688 500 
2N689 600 

Forward Current RMS (all conduction angles) It 25 

Peak. Forward Surge Current 1FM(surge) 
(One cycle, 60 Hz, TJ = -65 to +1250 C) 200 

Circuit Fusing Considerations 12t 
(T J = -65 to +1250 C, t ~ 8.3 ms) 165 

Peak Gate Power-Forward P GFM 5_0 

Average Gate Power-Forward PGF(AV) 0.5 

Peak Gate Current- Forward 1GFM 2.0 

Peak Gate Voltage-Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to + 125 

. Storage Temperature R.ange Tstg -65 to +150 

Stud Torque - 30 

tVROM for all types can be applied on a continuous de basis without incurring change. 

* VROM(rep) ratings apply for zero or negative gate voltage. 
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--Thyristors --

2N681 thru 2N689 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VFOM Volts 
(TJ = 125°C) 2N681 25 - -

2N682 50 - -
2N683 100 - -
2N684 150 - -. 
2N685 200 - -
2N686 250 - -
2N687 300 - -
2N688 400 - -
2N689 500 - -

Peak Forward or Reverse Blocking Current IFOM mA 
(T J = 125°C) 2N681 - 2N684 IROM - - 10.0 

2N685 - - 10.0 
2N686 - - 10.0 
2N687 - - 10.0 
2N688 - - 8.0 
2N689 - - 6.0 

Gate Trigger Current (Continuous de) IGT mA 
(Anode Voltage = 7 Vde, RL = 50 Il) - 10 25 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 Il) 0.25 - 3.0 

Holding Current IHO mA 
(Anode Voltage = 7 V dc, Gate Open) - 20 -

Forward On Voltage VF Volts 
(IF = 20 Adc) - 1.1 1.5 

Turn-On Time ton I'S 
(IF = lOA, IG = 200 mAl - 1.0 -

Turn-Off. Time loft I'S 
(IF = 10 A; IR = 10 A, dvldt = 30 vlILs min, - 30 -
TJ = 125°C) 

(VFXM = rated voltage) 

(VRXM = rated voltage) 

Forward Voltage Application Rate dvldt ViI'S 
(Gate.open,TJ = 125°C) - 30 -

Thermal Resistance (Junction to Case) 6JC - 1.0 2.0 °C/W 
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--Thyristors --

2N681 thru 2N689 (continued) 

GATE TRIGGER CHARACTERISTICS FORWARD CONDUCTING CHARACTERISTICS 
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--·-Thyristors --

2N 1595 thru 2N 1599 'f = 1.6A RMS 
VROM(rep) = 50-400 V 

CASE3IA\ 
(TO·5) ~ \\ 

Industrial-type, low-current silicon controlled recti
fiers in a three-lead package ideal for printed-circuit 
applications. Current handling capability of 1. 6 am
peres at junction temperatures to 125°C. 

MAXIMUM RATINGS (T. = 125"C unless otherwise noted) 

i 

i 
~ 
~ 

~ 
.i 

Characteristic Symbol Rating Units 

Peak Reverse Blocking Voltage* VROM(rep)* Volts 
2N1595 50 
2N1596 100 
2N1597 200 
2N1598 300 
2N1599 400 

Forward Current RMS 
(All Conduction Angles) 

It 1.6 Amps 

Peak Forward Surge Current IFM(surge) Amps 
(One Cycle, 60 Hz, TJ = -65 to + 1250 C) 15 

Peak Gate Power - Forward PGFM 0.1 Watt 

Average Gate Power - Forward PGF(AV) 0.01 Watt 

Peak Gate Current - Forward IGFM 0.1 Amp 

.Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 -
Operating Junction Temperature Range TJ -65 to +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

*VROM for all types can be applied on a continuous dc basis without incurring damage. 
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--Thyrisfors--

2N 1595 thru 2N 1599 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage' VFOM * Volts 
(T J = 125°C) 2NI595 50 - -

2NI596 100 - -
2NI597 200 - -
2NI598 300 - -
2NI599 400 - -

rnA Peak Forward Blocking Current IFOM 
(Rated VFOM with gate open, T J = 125°C) - - 1.0 

Peak Reverse Blocking CUrrent IROM rnA 
(Rated VROM, T J = 125°C) - - 1.0 

Gate Trigger Current (Continuous de) IGT rnA 
(Anode Voltage = 7 Vdc, RL = 12 11) - 2.0 10.0 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 12 11) - 0.7 3.0 

(Anode Voltage = Rated VFOM ' RL = 1211, TJ = 125°C) VGNT 0.2 - -

Holding Current IHO rnA 
(Anode Voltage = 7 Vdc, Gate Open) - 5.0 -

Forward On Voltage VF Volts 
(IF = 1 Adc) - 1.1 2.0 

Turn-On Time (td + t.) ton !lS 
(IG = 10 rnA, IF = lA) - 0.8 -

Turn-Off Time !lS 
(IF = 1 A, IR = 1 A, dv/dt = 20 vi !lS, TJ = 125°C) 

toff 
- 10 -

(VFXM = rated voltage) 

(VRXM = rated voltage) 

*v FOM for all types can be applied on a continuous de basis without incurring damage. 

CASE TEMPERATURE 
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CURRENT DERATING 
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~ 
z 601---+--4\~~~-~~-+--~f--~ 
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~ 
70 

1.0 1.2 
IF!" ... !. AVERAGE FORWARD CURRENT (AMPS) 

in 
~ 40~--+--+-----l~~~~~-~~~~-~ 

1.4 1.6 

5-13 

0.5 
IFIAV" AVERAGE FORWARD CURRENT (AMPS) 

I 



2N 1842 thru 2N 1850 

--Thyristors--

1/ = 16A RMS 
VROM(rop) = 25·500 V 

CASE •• ~ 
(TO-48) ~ 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temperatures to 100°C. 

MAXIMUM RATINGS (T .• = 100·C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage* VROM(rep)* 
2Nl842 25 
2N1843 50 
2N1844 100 
2N1845 150 
2N1846 200 
2N1847 250 
2N1848 300 
2N1849 400 
2N1850 500 

Peak Reverse Blocking Voltage VROM(non-rep) 
(Transient) 2N1842 35 
(Non-Recurrent 5 ms max.) 2N1843 75 

2N1844 150 
2N1845 225 
2N1846 300 
2N1847 350 
2N1848 400 
2N1849 500 
2N1850 600 

Forward Current RMS Ir 16 
(All Conduction Angles) 

Circuit FUSing Considerations I2t 
(TJ = -40 to +100oC, t .~ 8.3 ms) 60 

Peak Forward Surge Current IFM(surge) 
(One Cycle, 60 Hz, T J ~ -40 to +1000C) 125 

Peak Gate Power - Forward PGFM 5.0 

Average Gate Power Forward PGF(AV) 0.5 

Peak Gate Current - Forward IFGM 2.0 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range T J -40 to +100 

storage Temperature Range Tstg -40 to +125 

Stud Torque - 30 

*VROM(rep) for all types can be applied on a continuo~s dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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--Thyristors --

2N1842 thru 2N1850 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Peak Forward Blocking Voltage' VFOM . 
(TJ = 1000C) 2NI842 25 - -

2NI843 50 - -
2N1844 100 - -
2NI845 150 - -
2NI846 200 - -
2NI847 250 - -
2NlB4B 300 - -
2NlB49 400 - -
2NIB50 500 - -

Peak Forward or Reverse Blocking Current IFOM' 
(Rated VFOM or VROM gate open, TJ = 1000C) IROM - - 6.0 

Gate Trigger Current (Continuous dc) IGT 
(Anode Voltage = 7 Vdc, RL = 50 Q) - 15 80 

Gate Trigger Voltage (Continuous dc) VGT 
(Anode Voltage = 7 Vdc, RL = 50 Q) - O.B 2.0 

(Anode Voltage = Rated VFOM, RL = 50n, TJ = 1000C) VGNT 0.3 - -
Holding Current IHO 

(Anode Voltage = 7 Vdc, Gate Open) - 20 -
Forward On Voltage VF 

(IF = 16 Adc) - 1.1 1.B 

Turn-On Time (td + t r ) ton 
(IG = 50 mA, IF = 10 A) - 1.0 -

Turn-Off Time toff 
(IF = 10 A, IR = 10 A; dvldt = 20 vlp,s, TJ = 1000C) - 25 -
(VFXM = rated voltage) 

(VRXM = rated voltage) 

Forward Voltage Application Rate dvldt 
(Gate open, T J = 1000 C) - 30 -

Thermal Resistance (Junction to Case) 9JC - 1.0 2.0 

*V FOM for all types can be applied on a continuous de basis without incurring damage. 

Ratings apply for zero or negative voltage. 

5-15 

Units 

Volts 

mA 

mA I 
Volts 

mA 

Volts 

flS 

flS 

vi fls 

°C/w 



I 

--Thyristors --

2N 1842 thru 2N 1850 (continued) 

MAXIMUM ALLOWABLE 

FOR~:~~ ~A~~~~~RENr GATE TRIGGER CHARACTERISTICS 
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--Thyristors--

2N 1842A thru 2N 18S0A If = 16 ARMS 
VROM{rep) = 25·500 V 

CASE •• ~. 
(TO-48) ~ 

Industrial-type, silicon controlled rectifiers in a stud 
package with current handling capability to 16 amperes 
at junction temperatures to 125 DC. 

MAXIMUM RATINGS (TJ = 125·C unless olherwise nOled) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage" VROM{rep)" 
2NI842A 25 
2NI843A 50 
2NI844A 100 
2NI845A 150 
2NI846A 200 
2NI847A 250 
2NI848A 300 
2NI849A 400 
2NI850A 500 

Peak Reverse Blocking Voltage VROM{non-rep) 
(Transient) 2NI842A 35 
(Non-Recurrent 5 ms max:) 2NI843A 75 

2NI844A 150 
2NI845A 225 
2NI846A 300 
2NI847A 350 
2NI848A 400 
2NI849A 500 
2NI850A 600 

Forward Current RMS If 16 

Peak Forward Surge CUrrent IFM{surge) 
(One Cycle, 60 Hz, TJ = -65 to + 125°C) 125 

Circuit fuSing Considerations 12t 
(TJ = -65 to +1250 C, t ;§ 8.3 ms) 60 

Peak Gate Power· Forward PGFM 5.0 

Average Gate Power - Forward PGF{AV) 0.5 

Peak Gate Current - Forward IGFM 2.0 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ ·65 to +125 

Storage Temperature Range Tstg -65 to +150 

Stud Torque - 30 

"VROM{rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage_ 
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--Thyristors--

2N 1842 A thru 2N 1850A (continued) 

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

Characteristic Symbol Min Typ Max 

Peak Forward Blocking Voltage' VFOM 
, 

(T J = 1250 C) 2N1842A 25 - -
2N1843A 50 - -
2N1844A 100 - -
2N1845A 150 - -
2N1846A 200 - -
2N1847A 250 - -
2N1848A 300 - -
2N1849A 400 - -
2N1850A 500 - -

Peak Forward or Reverse Blocking curregt IFOM' 
(VFOM ' OR VROM, gate open, TJ = 125 C) 

IROM 
- - 6.0 

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7 Vdc, RL = 50 ill - 15 80 

Gate Trigger Voltage VGT 
(Anode Voltage = 7 Vdc, RL = 50 ill - 0.8 2.0 

(Anode Voltage = Rated V FOM' RL = 50 il, T J = 125°C) VGNT 0.25 - -

Holding Current IHO 
(Anode Voltage = 7 Vdc, Gate Open) - 20 -

Forward On Voltage VF 
(IF = 16 Adc) - 1.1 1.6 

Turn-On Time (td + t r ) ton 
(IG = 50 rnA, IF = 10 A) - 1.0 -

Turn-Off Time toff 
(IF = 10 A, IR = 10 A, dv/dt = 20 vlp-s, TJ = 125°C) - 30 -

Forward Voltage Application Rate dv/dt 
(Gate Open, T J = 125°C) - 30 -

Thermal Resistance (Junction to Case) 9JC - 1.0 2.0 

*v FOM for all types can be applied on a continuous de basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 

5·18 

Units 

Volts 

rnA 

rnA 

Volts 

rnA 

Volts 

fl.S 

fl.S 

vi fl.S 

°c/w 



--Thyristors--

2N 1842A thru 2N 1850A (continued) 

MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 
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--Thyristors --

2N2573 thru 2N2579 If = 25 ARMS 
VROM(rep) = 25-500 V 

Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 

CASE 61 
(TO-41) 

CASE 54 
(TO-3) 

For units with pins (TO-3) specify devices MCR649AP-l(2N2573) thru MCR649AP-7(2N2579). 

MAXIMUM RATINGS (TJ = J25°C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage* VROM(rep)* 
2N2573 25 
2N2574 50 
2N2575 100 
2N2576 200 
2N2577 300 
2N2578 400 
2N2579 500 

Forward Current RMS (all conduction angles) If 25 

Circuit Fusing Considerations 12t 
(TJ = _650 to +1250 C, t ~ 8.3 ms) 275 

Peak Surge CUrrent IFM(surge) 
(One Cycle, 60 Hz, TJ = -65 to +1250 C) 260 

Peak Gate Power - Forward PGFM 5 

Average Gate Power - Forward PGF(AV) 0.5 

Peak Gate Current - Forward IGFM 2 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 5 

Operating Junction Temperature Range TJ -65 to +125 

Storage Temperature Range Tstg -65 to +150 

*VROM for all types can be applied on a continuous de basis without incurring damage. 

VROM ratings apply for zero or negative gate voltage. 
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--Thyristors--

2N2573 thru 2N2579 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ 

Peak Forward Blocking Voltage' VFOM' 
(TJ = 1250 C) 2N2573 25 -

2N2574 50 -
2N2575 100 -
2N2576 200 -
2N2577 300 -
2N2578 400 -
2N2579 500 -

Peak Forward Blocking CUrrent IFOM 
(Rated V FOM with gate open, T J = l250 C) - 0.6 

Peak Reverse Blocking Current IROM 
(Rated VROM, TJ = l25°C) - 0.6 

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7 Vdc, RL = 100 n) - 20 

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage = 7 Vdc, RL = 100 n) - 1.0 

(Anode Voltage = Rated VFOM ' RL = 1001l, TJ = l250 C) VGNT 0.3 -
Forward On Voltage VF 

(IF = 20 Adc) - 1.1 

Holding Current IHO 
(Anode Voltage = 7 Vdc, Gate Qpen) - 20 

Turn-On Time (td + Ir) ton 
(IG = 50 rnA, IF = lOA) - 1.0 

Turn-Off Time toff 
(IF = 10 A, IR = 10 A, dv/dt = 20 vi /lS, TJ = l250 C) - 30 

(VFXM = rated voltage) 

(VRXM= rated voltage) 

Forward Voltage Application Rate dvldt 
(Gate Open, T J = l25°C) - 30 

Thermal Resistance (Junction to Case) 8JC - 1.0 

Max 

-
-
-
-
-
-
-

5.0 

5.0 

40 

3.5 

3.5 

1.4 

-

-

-

-
1.5 

*VFOM for all types can be applied on a continuous dc basis without incurring damage. 

VFOM ratings apply for zero or .negative gate voltage. 
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2N2573 thru 2N2579 (continued) 
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2N41 51 thru 2N4198 
(MCR2304, 2305, 2604, 2605) 

CASE 85 
2N4151-5B 

(MCR2304 series) 

~/ ~ 
~ 

CASE 87 
(MCR2604 series) 

~ 
CASE 85L 
2N4159-66 

(MCR2304l series) 

CASE 86 
2N4167-74 

(MCR2305 series) 

~ 
CASE 88 

(MCR2605 series) 

I, = 8 ARMS 
VROM{rep) = 25·600 V 

rf··~ 
~~j 

CASE 86L 
2N4175-B2 

(MCR2305l series) 

Silicon controlled rectifiers for applications requiring current up to 8 am
peres with blocking voltages up to 400 volts. Available in a variety of econ
omical packages for mounting versatility. other types available upon special 
request. 

MAXIMUM RATINGS fT.. = IOO'C unless otherwise noted) 

Characteristic Symbol Rating Units 

Peak Reverse Blocking Voltage· 

{ 
-I 

VROM(rep) 
20 Volts -2 50 

MCR2304 
-3 100 
-4 200 

MCR2305 -5 300 
MCR2604 -6 400 
MCR2605 -7 500 

-8 600 

Forward Current RMS If Amps 
(All Conduction Angles) 8 

Circuit Fusing Considerations I2t A2s 
(TJ = -40 +IOOOC;t ~ 8_3 ms) 

Forward Polarity 40 

Reverse Polarity 25 

Peak. Forward Surge Current IFM(surge) Amps 
(One Cycle, 60 Hz, TJ = -40 to +IOOOC) 

Forward Polarity 100 

Reverse Polarity 80 

Peak Gate Power - Forward PGFM 5 Watts 

Average Gate Power - Forward PGF(AV) 0.5 Watt 

Peak Gate Current - Forward IGFM 2 Amps 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

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

storage Temperature Range Tstg -40 to +150 °c 

Stud Torque (MCR2305 Types) - 15 in_-Ib. 
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2N4151 thru 2N4198 (continued) 

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

Characteristic Symbol Min Typ 

{ 
-I 20 -Peak Forward Blocking Voltage' -2 VFOM' 50 -

(TJ = 1000C) -3 100 '-
MCR2304 -4 200 -
MCR2305 -5 300 -
MCR2604 -6 400 ~ 

MCR2605 -7 500 -
-8 600 -

Peak Forward Blocking Current, IFOM 
(Rated V FOM @ T J = 100°C, gate open) - -

Peak Reverse Blocking Current IROM 
(Rated VROM @ T J = 100°C, gate open) - -

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7 Vdc, RL = 1000) - 10 

Gate Trigger Voltage (Continuous dc) 
(Anode Voltage = ,7 Vdc, RL = lOOn) VGT - 0.6 

(Anode Voltage = rated V FOM' RL = 100 n, TJ = 1000C) VGNT 0.2 -
Holding Current IHO 

(Anode Voltage = 7 Vdc, gate open) - 10 

Forward On Voltage VF 
(IF = 5 Adc) - 1.0 

Turn-On Time (td ... t r ) 
ton 

,(IF = 5 Adc, IG = 20 mAdc) - 1 

Turn-O!f Time to!! 
(IF = 5 Adc, IR = 5 Adc) - 12 

(IF = 5 Adc, IR = 5 Adc, T J = lOO°e) - 16 

(V FXM = rated voltage) 

(VRXM = rated voltage) 

Forward Voltage Application Rate dv/dt 
(TJ = 100°C, gate open) - 50 

Thermal ReSistance, Junction to Case ' 0 
JC 

MCR2304, MCR2604, MCR2605 Types - 1.5 
MCR2305 Types - 1.8 

Thermal ReSistance, Case to Ambient., 0 
CA 

MCR2304, MCR2604, MCR2605 Types - 50 

Max Units 

-- Volts 

--
~ 

~ 

--
mAde 

2 

mAde 
2 

mAdc 
20 

Volts 
1.5 

-
mA 

25 

Volts 
1.3 

/Jos 
-

/Jos 
-
-

V//Jos 
-

°C/W 
2.7 
3.0 

°C/W 
80" 

·v FOM for all types can be applied on a continuous de basis without incurring damage. Ratings apply 
forzeroornegative gate voltage. These devices should never be tested with a constant current source 
for forward or reverse blocking capability such that the voltage applied exceeds the rated blocking 
voltage. 

"Applies for the worst-cas~ conditions of: (a) highest (}CA package configuration, (b) leads terminated 
at end points, (c) temperature measured at hottest spot on device (center o! case bottom), and (d) still 
air mounting. 
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2N4151 thru 2N4198 (continued) 

FORWARD CONDUCTION CHARACTERISTICS 
10 0 
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0 
// // 
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2N4199 thru 2N4204 IFM(pulse) = 100 A 
VROM = 300-800 V 
Pulse Repetition Rates -

to 10,000 pps 

Premium, fast switching, high-voltage Silicon 
Controlled Rectifiers especially designed for pulse 
modulator applications in radar and other similar equip
ment with guaranteed critical parameters. 

MAXIMUM RATINGS (TJ = l05"C unless otherwise noted) 

Characteristic Symbol Rating Units 

Peak Reverse Blocking Voltage* VROM(rep) 
. 50 Volts 

Forward Current RMS If 2 Amps 

Repetitive Pulse Current 
IFM(pulse) 100 Amps 

(PW = 10 Ils) 

Current Application Rate** di/dt •• 5000 AlrLs 

Average Forward Power PF(AV) 5 Watts 
(T C = 85°C max.) 

Peak Gate Power - Forward P GFM 20 Watts 

Average Gate Power - Forward PGF(AV) I Watt 

Peak Gate Current - Forward IGFM 5 Amps 

Peak Gate Voltage- Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating Junction Temperature Range T J -65 to + 105 °c 

storage Temperature Range Tstg -65 to + 105 °c 

Stud Torque - 15 in.-Ib. 

*Characterized for unilateral applications where reverse blocking capability is not important. Higher 
VROM rated units available on request. 

**Minimum Gate Trigger Pulse: 200 rnA, l,us,wide, 20 ns rise time. 
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2N4199 thru 2N4204 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = :!'Soc unless otherwise noted) 

Characteristic Symbol Min Typ 

Peak Forward Blocking Voltage VFOM 
(T J = 105°C) 2N4l99 300 -

2N4200 400 -
2N420l 500 -
2N4202 600 -
2N4203 700 -
2N4204 800 -

Peak Forward Blocking CJ1rrent IFOM 
(Rated V FOM' T J = 105 C, gate open) - 0.2 

Gate Trigger Current (Continuous de) IGT 

(Anode Voltage = 7 Vdc, RL = 100 ohms) - 15 

(Anode Voltage = 7 Vdc, RL = 100 ohms, TC = _65°C) - -

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage = rated VFOM' RL = 100 ohms, 
TC = 105°C) 0.2 -
(Anode Voltage ~ 7Vdc,RL~ 100 ohms) - 0.8 

(Anode Voltage = 7 Vdc, RL ~ 100 ohms, TC ~ -65°C) - -
Holding Current IHO 

(Anode Voltage = 7 Vdc, gate open, T J = 105°C) 3 7 

Forward On Voltage VF 
(If ~ 2 Adc) - 1.1 

Dynamic Forward On Voltage VF(on) 
(0.5 /l s after 50% pt) - 15 

Forward Current: 30A pulse (O.I/lfd. cap. dis.~ckt.) 
Gate Pulse: 200 rnA, 1 Jls wide, 20 ns rise time 

Turn-On Time: 
Delay Time (All Units) td - -
Rise Time 2N4199 & 2N4200 tr - -

2N4201 - -
2N4202 - -

2N4203 & 2N4204 - -
Test Conditions: Forward Current ~ 30A pulse (0.1 /lfd. cap. dis. ckl.) 

Applied Forward Voltage = rated V FOM 
Gate Trigger Pulse: 200 rnA, 1 Jl s wide, 20 ns rise time 

Turn-On Time Variation "'t on 
(T J ~ -65 to 105°C) - ±100 

Pulse Turn-Off Time toff(pulse) - 15 

Max 

-
-
-
-
-
-

2 

50 

100 

-
1.5 

1.8 

-

1.5 

25 

200 

200 
150 
130 
100 

-
20 

Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current = 5 Ai 

Units 

Volts 

rnA 

mA 

Volts 

rnA 

Volts 

Volts 

ns 

ns 

ns 

/ls 

Rep. Rate = 100 pps; Duty Cycle ~ 0.05%; Forward Voltage ~ 
TC = 85°C; dvldt ~ 250 vi /ls; 

rated VFOM; 

Reverse anode voltage applied during turn off interval::: 0 V; 
Reverse gate bias during turn off interval = -6 V; 
Gate Trigger Pulse: 200 rnA, l./.Ls wide, 20 ns rise time. 

TUrn off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward 
voltage. 

Forward Voltage Application Rate dvldt vi /ls 

(T J = 105°C, gate open) 250 - -
Thermal Resistance (Junction to Case) e 

JC - - 3 °c/w 
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MCR649-1 thru MCR649-7 If = 20 ARMS 
VROM = 25-500 V 

Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 
For units with pins (TO-3) specify devices MCR649P-l 
thru MCR649P-7. 

CASE 61 
(TO·41) 

CASE 54 
(TO·3) 

MAXIMUM RATINGS IT, = lOooe unless otherwise noted) 

Characteristic Symbol 

Peak Reverse Blocking Voltage' VROM • 
MCR649-1 

-2 
-3 
-4 
-5 
-6 
-7 

Forward Current RMS 
(All Conduction Angles) 

If 

Circuit Fusing Considerations J2t 
(T J = -40 to +lOOoC; t ;; 8.3 ms) 

Peak Forward Surge Current IFM(surge) 
(One Cycle, 60 Hz, TJ = -40 to +lOOoC) 

Peak Gate Power - Forward P GFM 

Average Gate Power - Forward PGF(AV) 

Peak Gate Current - Forward IGFM 

-Peak Gate Voltage - Forward VGFM 

Reverse VGRM 

Operating Junction Temperature Range TJ 

Storage Temperature Range Tstg 

Rating 

25 
50 

100 
200 
300 
400 
500 

20 

275 

260 

5.0 

0.5 

2.0 

10 

5.0 

-40 to +100 

-40 to +150 

*YROM for all types can be applied on a continuous de basis without incurring damage. 

VROM ratings apply for zero or negative gate voltage. 
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MCR649·1 thru MCR649·7 (continued) 

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

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VFOM Volts 
(TJ = 100°C) MCR649-1 25 - -

-2 50 - -
-3 100 - -
-4 200 - -
-5 300 - -
-6 400 - -
-7 500 - -

Peak Forward Blocking Current IFOM rnA 
(Rated V FOM with gate open, T J = 100°C) - - 5.0 I 

Peak Reverse Blocking Current IROM rnA 
(Rated V FOM with gate open, T J = lOOoC) - - 5.0 

Gate Trigger Current (Continuous de) IGT rnA 
(Anode Voltage = 7 Vdc, RL = 50 11) - 30 80 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 11) - 1.0 3.5 

(Anode Voltage = Rated VFOM' RL = 50R, TJ = 100°C) VGNT 0.3 - -
Holding Current IHO rnA 

(Anode Voltage = 7 Vdc, Gate Open) - 20 -
Forward On Voltage VF Volts 

(IF = 20 Adc) - 1.1 1.5 

Turn-On Time (tct + ~) ton ns 
(IG = 50 rnA, IF = 10 A) - 1.0 -

Turn-Of! Time to!! J1.s 
(IF = 10 A, IR = 10 A, dv/dt = 20 V/ /ls min, TrlOOOC) - 25 -
(V FXM = rated voltage) 

(VRXM = rated voltage) 

Forward Voltage Application Rate 
(Gate open, T J = 100°C) 

dv/dt V/ /lS 

MCR649-1 thru MCR649-4 - 20 -
MCR649-5 thru MCR649-7 - 30 -

Thermal Resistance (Junction to Case) 9J C - 1.0 1.5 °C/W 
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MCR649-1 thru MCR649-7 (continued) 

~ 300 
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F~R~l~~~fH~n::~~T GATE TRIGGER CHARACTERISTICS 
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--Thyristors --

MCR729-5 thru MCR729-1 0 IFM(pulse) = 100 A 
VROM = 300-800 V 
Pulse Repetition Rates -

to 10,000 pps 

Fast-switching, high-voltage silicon controlled rec
tifier especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 

CASE 63 

MAXIMUM RATINGS (TJ = I05'C unless otherwise noted) 

Characteristic Symbol Rating Units 

Peak Reverse Blocking Voltage'" VROM(rep) * 50 Volts 

Forward Current RMS If 2 Amps 

Repetitive Pulse Current 
IFM(Pulse) 100 Amps 

(PW ~ lOllS) 

Average Forward Power PF(AV) 5 Watts 

Peak Gate Power - Forward P GFM 20 Watts 

Average Gate Power - Forward PGF(AV) 1 Watt 

Peak Gate Current - Forward IGFM 5 Amps 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating Junction Temperature Range T J -65 to+ 105 °c 

Storage Temperature Range T stg -65 to + 150 °c 

Stud Torque - 15 in.-lb. 

"'Characterized for unilateral applications where reverse blocking capability is not important. Higher 
V ROM rated units available on request. 
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--Thyristors-

MCR729-5 thru MCR729-10 (continued) 

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

Characteristic Symbol Min Typ 

Peak Forward Blocking Voltage" VFOM* 
(T J = 105°C) MCR729-5 300 -

-6 400 -
-7 500 -
-8 600 -
-9 700 -
-10 800 -

Peak Forward Blocking Current IFOM 
(Rated V FOM' T J = 105°C, gate open) - 0.2 

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7 Vdc, RL = 100 ohms) - 10 

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage = 7 Vdc, RL = 100 ohms) - 0.8 

Holding Current IHO 
(Anode Voltage = 7 Vdc, gate open) 5 15 

Forward On Voltage VF 
(If = 2 Adc) - 1.1 

Dynamic Forward On Voltage VF(on) 
(0.5/ls after 50% pt, IG = 200 rnA, 

Ipulse = 30 Amps) - 15 

Turn-On Time (td + t r ) ton 
(IG = 200 rnA) 
(Ipulse = 30 Amps peak) - - 200 

(Ipulse = 100 Amps peak) - 400 

Turn-On Time Variation L>t 
(T J = +250C to +1050C and _65°C to +25°C) on - ±500 

Pulse Turn-Off Time toff(pulse) - 15 

Test Conditions: PFN discharge; Forward Current - 30 A pulse; Reverse Current"- 5 Aj 

Rep. Rate == 100 ppSj Duty cycle = 0.05%; Forward Voltage = rated V FOM; 

TC = 85Q Cj dv/dt = 250 vi /.ls; Reverse anode voltag~ applied during turn-off 
interval = rated V FOM; 

Reverse gate bias during turn-off interval = -6 Vj 
Gate Trigger Pulse: 200 m~ 1 JlS wide, 2 os rise time. 

Max 

-
-
-
-
-
-

2 

50 

1.5 

-

1.5 

25 

-
-

-

-

Turn-off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward voltage. 

Forward Voltage Application Rate dv/dt 
(TJ = 105°C, gate open) 50 - -

Thermal Resistance (Junction to Case) 0 
JC - - 3 

*Other voltage units available upon request. 
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MCR808, R series 

MCR1308, R series 

--Thyristors--

1/ = 18 ARMS 
VROM[rep} = 25-400 V 

Low-cost, silicon controlled rectifiers available in 
two package styles and reverse polarity for versatile, 
economical, general-purpose applications. For 
reverse polarity (Cathode-to-case) add suffix uR" 
(e.g.MCR808R, MCR1308R). 

CASE 68 
(MCRI308, R) 

CASE. 62 
[MCR808; R) 

MAXIMUM RATINGS (TJ = lOO"C unless otherwise noted) 

Characteristic Symbol 

Peak Reverse Blocking Voltage* VROM(rep)' 

r' 
MCRBOB -2 
MCRBOBR -3 
MCR1308 -4 
MCR1308R -5 

-6 

Forward Current RMS Ir 
(All Conduction Angles) 

Circuit Fusing Considerations l2t 
(T J = -40 to +1000 C; t ;:i B.3 ms) 

Peak Forward Surge Current 
(One Cycle, 60 Hz, TJ = -40 to+l00oC) 

IFM(surge) 

Peak Gate Power - Forward_ PGFM 

Average Gate Power - Forward PGF(AV) 

Peak Gate Current - Forward IGFM 

Peak Gate Voltage - Forward VGFM 

Reverse VGRM 

Operating Junction Temperature Range TJ 

Storage Temperature Range Tstg 

Stud Torque-MCR130B and MCR1308R -

Rating 

25 
50 

100 
200 
300 
400 

18 

235 

225 

5.0 

0.5 

2.0 

10 

10 

-40 to +100 

-40 to +150 

30 

'VROM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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--Thyristors-

MCR808, R, MCR1308, R (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage' VFOM' Volts 
(TJ = 100°C) r 25 - -

MCRSOS -2 50 - -
MCRSOSR . -3 100 - -
MCRI30B -4 200 - -
MCRI30BR -5 300 - -

-6 400 - -
Peak Forward Blocking Current IFOM rnA 

(Rated V FOM with gate open, T J = 100°e) - 1 B.O 

Peak Reverse Blocking Current IROM rnA 
(Rated VROM with gate open, T J = 100°C) ,-- 1 5,0 

Gate Trigger Current (Continuous dc) IGT rnA 
(Anode Voltage = 7 Vdc, RL = 50 n) - 10 50 

Gate Trigger Voltage (Continuous dc) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 n) - 0.7 1.5 

(Anode Voltage = Rated VFOM ' RL = 50n, T J = 100°e) VGNT 0.3 - -
Holding Current IHO rnA 

(Anode Voltage = 7. Vdc Gate Open) - S.O -
Forward On Voltage VF Volts 

(IF = IS Adc) - 1.1 1.6 

Turn-On Time (td + t r ) ton /lS 
(IF = IS Adc, IG = 50 mAde) - 1.0 -

Turn-Off Time toff /lS 
(IF = 10 A, IR = 10 A, dv/dt = 20 v/ /ls) - 20 -
(IF = 10 A, IR = 10 A, dv/dt = 20 vi /lS, TJ = 1000 C) - 30 -
(VFXM = rated voltage) 

(VRXM = rated voltage) 

Forward VO,ltage Application Rate dv/dt V//ls 
(T J = 100°C, gate open) - 30 -

Thermal Resistance (Junction to Case) 9JC °C/W 
MCRSOS, MCRSOSR - 1.0 1.6 

MCRI30S, MCR130BR - 1.4 2.0 

*v FOM for all types can be applied on a continuous de basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 

PRESS IN MOUNTING 

1. Heat Sink Hole - To provide good SCR heat sink surface con
tact, the.diameter of the heat sink hole should be 0.499 ±.OOI 
inch .. The edge of the hole into which the SCR wiU be pressed 
should be slightly beveled to aid in starting and to prevent 
shearing off of the package knurl. The depth and width of this 
beveled. break should be 0.010 nominal. 

2. Hardness of Heat Sink -Material- If the SCR is pressed into 
a heat sink material which is harder than the case of the SCR. 
degradation of voltage characteristics can occur because of 

o stresses placed on the package and consequently on the silicon 
die ins-ide. Theref01e, the following hardnesses for the heat sink 
1IIitteriai an 'recem:~: 

Copipcr -less than -50 en the. R.ockwell-F scale 
(tN: MCI:IOB case is 50 or, greater) 

Alu-mmum -less than 65 on me Brinell scale. 

3. Press-In Force - The recommended press-in force is between 
250 and 1000 pounds per square inch. It is extremely im
portant that this force be applied only to the external annular 
ring portion of the deVice. If pressure is applied to the glass
to-metal seal portion of the device, stresses can result which 
crack the glass and/or break the hermetic seal. 

TYPIcal Thermal ~ 
ReSIstance, Case 1 r ,,-
to SInk f)~1 = 1° C/W L~ 

HliAT SINK MOUNnNG :1:_~ '" I , .. !;V 
'" =~ L .. 

,,~ =."" .. ,71 
..,--- --j I- _~'19 '" 0(11 ~"-

T ___ _ 
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--Thyristors-

MCR808, R, MCR1308, R (continued) 

MAXIMUM AllOWABLE 
FORWARD GATE 
CURRENT 
I.," = 2 AMPS GATE TRIGGER CHARACTERISTICS TYPICAL HOLDING CURRENT versus TEMPERATURE 
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MCR846 series 

--Thyristors--

If = 2 ARMS 
VROM(rep) = 25-200 V 

\ .... ~ .... ~ 
Silicon controlled rectifiers for low-power switching 

and control applications requiring blocking to 200 volts 
and load currents to 2 amps. 

CASE 63 

MAXIMUM RATINGS (TJ == I05'C unless otherwise noted) 

Characteristic Symbol Rating Units 

Peak Reverse Blocking Voltage vROM(rep) Volts 
MCR846-1 25 

-2 50 
-3 100 
-4 200 

Forward Cunent RMS (all conduction angles) If 2.0 Amps 

Circuit Fusing Considerations I2t A2s 
(T J = -65 to +1050 C; t ~ 8.3 ms) 35 

Peak Forward Surge Current IFM(surge) Amps 
(One Cycle, 60 Hz, T J = -65 to + 105°C) 30 

Peak Gate Power - Forward P GFM 5.0 watts 

Average Gate Power - Forward PGF(AV) 0.5 Watt 

Peak Gate Current - Forward IGFM 2.0 Amps 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating JUnction Temperature Range TJ -65 to +105 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Stud Torque - 15 in.-lb. 
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--Thyristors--

MCR846 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 2S0C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VFOM Volts 
(T J = 105°C) MCR846-1 25 - -

-2 50 - -
-3 100 - -
-4 200 - -

Peak Forward Blocking Current IFOM rnA 
(Rated V FOM with gate open, T J = [050C) - - 2.0 

Peak Reverse Blocking Current IROM rnA 
(Rated V ROM with gate open, T J = [05°C) - - 2.0 

Gate Trigger Current (Continuous de) IGT rnA 
(Anode Voltage = 7 Vde, RL -= 100R) - 10 50 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vde, RL = 100R) - 0.8 1.5 

Holding Current IHO rnA 
(Anode Voltage = 7 Vdc, Gate Open) - 15 -

Forward On Voltage VF Volts 
(IF = 2 Adc) - 1.3 1.6 

Turn-On Time (td + t r ) ton /-,S 

(IG = 50 rnA, IF = 2 A) - 0.5 -
Turn-Off Time toff /-,s 

(IF = 2 A, IR = 10 A, dv/dt = 50 V//-,s) - 6 -
(V FXM = rated voltage) 

(V RXM = rated voltage) 

Forward Voltage Application Rate 
(T~i = 105°C, gate open) 

dv/dt 50 - - V//-,s 

Thermal Resistance (Junction to Case) 8JC - - 3 °C/W 

MCR 1308, R series 

For Specifications, See MCR808 Data Sheet. 
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--Thyristors--

MCR 1718-5 thru MCR 1718-8 If = 25 ARMS 
VROM(rep) = 300-600 V 
IFM(pulse) = 1000 A 

CASE 63 

Fast-switching, high-voltage silicon controlled rec
tifiers for pulse modulator applications requiring block
ing to 600 volts and repetitive pulse currents to 1000 
amps. 

MAXIMUM RATINGS (TJ == 125°C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse BloCking Voltage* VROM(rep)* 
MCRI718-5 300 

-6 400 
-7 500 
-8 600 

Peak Reverse Blocking Voltage (Transient) V ROM(non-rep) 
(Non-Recurrent 5 ms (max.) 

MCRI718-5 400 
-6 500 
-7 600 
-8 700 

Forward Current RMS ~ 25 

Peak Repetitive Pulse Current lFM(pulse) 1000 (1-10 flS Pulse Width) 

Current Application Rate di/dt 1000 (up to 1000 Adc peak) 

Circuit Fusing Considerations 12t 
250 (TJ = -65 to +1250 C; t ;i 1.0 ms) 

Dynamic Average Power 
(TC = 650 C) PF(AV) 30 

Peak Gate Power - Forward PGFM 20 

Average Gate Power - Forward PGF(AV) 1.0 

Peak Gate Current - Forward "IGFM 5.0 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 10 

Operating Junction Temperature Range TJ -65 to +125 

Storage Temperature Range Tstg -65 to +150 

Stud Torque - 30 

*VROM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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--Thyristors--

MCR1718-S thru MCR1718-8 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ 

Peak Forward Blocking Voltage' VFOM* 
(TJ ~ 125°C) MCRI718-5 300 -

-6 400 -
-7 500 -
-8 600 -

Peak Forward Blocking Current IFOM 
(Rated V FOM with gate open, T J ~ 125°C) - -

Peak Reverse Blocking Current IROM 
(Rated VROM with gate open, T J ~ 125°C) - -

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage ~ 7 Vdc, RL = 50 11) - 10 

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage ~ 7 Vdc, RL ~ 5011, TC = 25°C) - 0.8 

(Anode Voltage ~ Rated VFOM' RL ~ 5011, T J ~ 125°C) VGNT 0.25 -
Holding CUrrent IHO 

(Anode Voltage ~ 7 Vdc, Gate Open, TC = 25°C) 5 15 

(Anode Voltage = 7 Vdc, Gate Open, TJ ~ 125°C) - 6 

Forward On Voltage VF 
(IF ~ 25 Adc) - 1.1 

Dynamic Forward On Voltage VF(on) 
(IGT ~ 500 rnA, ),ulse ~ 500 Amps) 

(1.0 flS after start (10% pt.) of ),ulse) - 30 

(5.0 flS after start (10% pt.) of ),u!se) - 5 

Pulse Turn-Off Time toff 
(IF ~ 500A,IR = 10 A, dvldt ~ 20 vi /ls) - 20 

(V FXlVI = rated voltage) 

(V RXM = rated voltage) 

(Conductive Charging Circuit - Circuit dependent) 

Forward Voltage Application Rate dv/dt 
(Gate Open, T J ~ 125°C) - 100 

Thermal Resistance (Junction to Case) IJJC - -
*v FOM for all types can be supplied on a continuous de basis -witnout incurring 

damage. Ratings apply for zero or negative gate voltage. 
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--Thyristors --

MCR 1907-1 thru MCR 1907-6 If = 25 ARMS 
VROM(rep} = 25·400 V 

~ 
Fast turn-on, fast turn-off silicon controlled recti

fiers for high-frequency applications requiring block
ing to 400 volts and load currents to 25 amps. 

CASE 64 -
(TO·48) " 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

Characteristic Symbol Rating 

Peak Reverse Blocking Voltage' vROM(rep) 
, 

MCR1907-l 25 
-2 50 
-3 100 
-4 200 
-5 300 
-6 400 

Peak Reverse Blocking Voltage VROM(non_rep) 
(Non-Recurrent 5 ms (max.) 

MCR1907-1 35 
-2 75 
-3 150 
-4 300 
-5 400 
-6 500 

Forward Current RMS It 25 
(All Conduction Angles) 

Circuit fusing Considerations 12t 
(TJ = -65 to+ 1250 C; t ~ 8.3 ms) 75 

Peak Forward Surge CUrrent IFM(surge) 
(One Cycle, 60 Hz, TJ = -65 to +1250 C) 150 

Peak. Gate Power - Forward P GFM 5.0 

Average Gate Power - Forward PGF(AV) 0.5 

Peak Gate Current - Forward Ic;FM 2.0 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to +125 

Storage Temperature Range Tstg -65 to +150 

Stud Torque - 30 

'VROM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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--Thyristors--

MCR1907-1 thru MCR1907-6 (continued) 

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

Characteristic Symbol Min Typ Max 

Peak Forward Blocking Voltage* VFOM* 
(TJ ~ 125°C) MCR1907-l 25 - -

-2 50 - -
-3 100 - -
-4 200 - -
-5 300 - -
-6 400 - -

Peak Forward Blocking CUrrent IFOM 
(Rated V FOM with gate open, T J ~ 125°C) - - 4.0 

Peak Reverse Blocking Current IROM 
(Rated VROM with gate open, T J ~ 1250 C) - - 4.0 

Gate Trigger Current (Continuous dc) IGT 
(Anode Voltage ~ 7 Vde, RL ~ 5011) - 15 30 

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage ~ 7 Vdc, RL ~ 50 11) - - 1.5 

(Anode Voltage ~ Rated VFOM ' RL ~ 5011, T J ~ l250 C) VGNT 0.25 - -
Holding Current IHO 

(Anode Voltage ~ 7 Vdc, Gate Open) - 12 -
Forward On Voltage VF 

(IF ~ 20 Adc) - 1.4 1.7 

Turn-On Time ton 
(IG ~ 200 rnA, IF ~ 10 A) - 0.5 -

Turn-Off Time toff 
(IF ~10 A, IR ~ 10 A, dvldt ~ 30 VI/ls min.) - - 12 

(VFXM ~ rated voltage) T J ~ 125°C 

(VRXM ~ rated voltage) 

Fdrward Voltage Application Rate dvldt 30 - -
(TJ ~ 1250 C, gate open) 

Thermal Resistance (Junction to Case) OJC - 1.0 1.7 

*v FOM for all types can be applied on a continuous de basis without incurring damage. 

Ratings apply for zero or negative gate voltage. These devices should never be tested 
with a constant current source for forward or reverse blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 
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--Thyristors-

MCR1907-1 thru MCR1907-6 (continued) 

CURRENT DERATING 

125 

~ llO 

~ 90 
f!l 
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TURN·OFF TIME TEST CIRCUIT t TYPICAL TURN·OFF TIME versus 

(SELECTED 
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+<H'"'==::-1"--1>1-+-+-+-\--'--+-'o SCOP(IVOLTAGEJ 

SCOPEIGROUNOI 

-{----'UPPll'---I-+~-------+---+--<> SCOPE (CURRENT! 

Forward conduction current is passed through the device 
(SCR 1 and test device triggered on). The anode is then 
driven negative (SCR:.! triggered on), causing reverse current 
to flow. The anode-ta-cathode potential goes negative with 
a decrease in reverse current. Fon .... ard voltage is then ap
plied to the anode of the device (SCR;{ triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 

t Consult manufacturer for further circuit information. 

MCR2304 series 

MCR230S series 

MCR2604 series 

MCR260S series 

PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 

14 

12 
]. 
:.g 10 
;= 

::; 
~ 

j 4 

2 

IR = IDA I 
~ dv/dt =30Y/.usmin -

I,~ 20A J--
t----t-!sTANOARO TEST VALUE) 

I,~ j...t-

I,-~ l--l-

I, ~ l--l-

I 
-65 -50 -25 25 50 75 100 125 

h JUNCTION TEMPERATURE (OC) 

FORWARD CONDUCTING CHARACTERISTICS 

~ 100 
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I I T, WC -
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VF, INSTANTANEOUS FORWARD ON YOLTAGE(VOLTSJ 

For Specifications See 2N4151 Data Sheet. 
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--Thyristors --

4-LA YER DIODES 

These 4-layer diodes are forward breakover devices designed for low-volt
age, two-terminal switching and triggering applications. These devices are 
recommended for logic circuit applications, as pulse generators, memory and 
relay drivers and relay replacements as well as for alarm circuits, multivi
brators, ring counters, signal switching and SCR trigger circuits. Polarity 
band indicates cathode. 

dv/dt 

4-LAYER DIDDE SYMBOLS AND DEFINITIONS 

I. 

I,. -- .... --
I 

ffi-CATHODE 

~+ANODE 
I,. 

-v ---~~::::::==:7r=========1=q----+v I I 
I 
v,. 

I, 

Vu I 
V'IlJF 

FORWARD VOLTAGE APPLICATION RATE (V/I's) - The rate of rise of forward voltage_ 

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

FORWARD CURRENT - The continuous or de value of forward current during the "on" state. 

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

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

PEAK PULSE CURRENT - The peak repetitive current that can floV{ through the device for the time 
duration stated and staying within the P D rating_ 

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

STEADY STATE POWER DISSIPATION 

AMBIENT TEMPERATURE 

JUNCTION TEMPERATURE 

STORAGE TEMPERATURE 

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

TURN-OFF TIME - The time interval required for the device to regain control of its forward block
ing state to the low-impedance "on" state, specified at a particular junction temperature. 

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

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

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

VRM PEAK REVERSE VOLTAGE - The maximum allowable instantaneous value of reverse voltage (re-
(rep) petitive or continuous dc) which can be applied to the device at a stated temperatnre without damage 

to the device. 
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. -- Thyristors--

M4L2052 
M4L2053 
M4L2054 

CASE 59 

VIBRIF = 8-12 V 
VRMlrepl = 10-12 V 
IF =500mA 
PD =750mW 

PNPN 4-1ayer diodes for 
low-voltage switching and 
triggering applications. 

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

-Characteristic Symbol Rating Unit 
Peak Reverse Blocking Voltage VRM(rep) Volts 

M4L2052 10 
M4L2053 11 
M4L2054 12 

Continuous Forward Current IF 500 mA 

Steady State Power Dissipation TA = 250 C PD 
750 mW 

Derate above 250 C 10 mW/oC 

. Peak Pulse Current ~ulse Amps 
. (10 IJ.s maximum pulse width) 100 

Operating Junction Temperature Range TJ -65 to +100 °c 

Storage Temperature Range Tstg -65 to +150 °c 

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

Characteristic Symbol Min Typ Max Unit 
Forward. Breakover (Switching) Voltage V(BR)F Volts 

M4L2052 8 - 10 
M4L2053 9 - 11 
M4L2054 10 - 12 

--- ---------
Forward Breakover (Switching) Current .I(BR)F - 15 50 IJ.A 

-- -- ._----
Forward Blocking Current IFM IJ.A 

(Measured at 75% of V(BR)F) - 1 5 
-- -- -- ---

Reverse BlOCking Current IRM IJ.A 
(at rated V RM rep) - - 10 

--- -- -- -- ---
Holding Current IH - 3 15 rnA 

--- -- - -- ---
'Forward On Voltage VF Volts 

(IF = 500 mAdc) - 1.1 1.5 
-- -- -- ---

Turn On Time ton ns 
(at rated V(BR)F' IF = 1 A peak) - 60* -

-- -- -- ---
Turn Off Time toff IJ.s 

(IF = 100 rnA, VF applied = 5 V, VR applied = 5 V, - 2* -
. dV/ dt = 5 V / J.I s.ec, typical IH of units tested = 5 mAl 

*Time depends on a Wlde variety .of CIrcUIt conditions. 
Consult manufacturer .for further information. 
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---Thyristors ---

M4L2052, M4L2053, M4L2054 (continued) 

~ 
" 

~ 
\'l 
~ 

~ 

11 

10 

o 

TYPICAL FORWARD BREAKOVER (SWITCHING) 
VOLTAGE versus TEMPERATURE 

I 

-I-- I r-- ---
I 

I 

I 

I 
-40 -15 25 50 75 100 

10 

09 

07 

0.6 

05 

0.4 

OJ 

0.1 

lA, AMBIENT TEMPERATURE (OC) 

FORWARO CONDUCTION CHARACTERISTICS 
LOW LEVEL 

I // 
TYPICAL Ii / 

I TYPICAL / / 
l 

MAX 
MAxi 

I Ii V' 
I " ! Ii 

I / / i I 
I 

TJ=-

I 1/ I - - -- 100°C 
I I -- 25°C 

I I 

I 

0.8 115 15 1.75 1.0 

100 

70 

50 

30 

20 

1 

-

'IF, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 

HIGH LEVEL 
--

./ ./ 
TYPICAL/ / 
/ "/MAXIMUM 

/ V 

I TJ = 2S'C 
---

III .---- ----
I t--c-- -- ----t--
II 

10 

'IF INSTANTANEOUS FORWARD VOLTAGE DROP (VOL lSI. 
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TYPICAL FORWARD BREAKOVER (SWITCHING) 
CURRENT versus TEMPERA'f.URE 
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TYPICAL HOLDING CURRENT versus TEMPERATURE 
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10 
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lA. AMBIENT TEMPERATURE (OC) 

TYPICAL REVERSE BLOCKING VOLTAGE 
versus TEMPERATURE 
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TYPICAL CAPACITANCE 
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--Thyristors --

M4L30S2 thru M4L30S4 
NOW lN515B thru lN5160 

V(BRJF = B-12V 
VRM(rep) = lO-12V 
IF = 150 rnA 
Po = 150 rnW 

CASE 51 
(00-7) 

PNPN 4-layer diodes, two-terminal, fast switching 
devices specifically designed for low voltage applica
tions such as logic circuits, pulse generators, mem
ory and relay devices, relay replacement, alarm cir
cuit, multivibrators, ring counters, and signal switch
ing circuits. These devices feature low breakover 
(switching) voltage, fast switching speeds, low junction 
capacitance, low breakover currents, and sub-minia
ture package. 

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

Characteristic Symbol Rating Unit 

Peak Reverse Blocking Voltage VRM(rep) Volts 
M4L3052 10 
M4L3053 11 
M4L3051 12 

Continuous Forward Current IF 150 rnA 

Steady State Power Dissipation @ T A = 50°C P D 150 mW 
Derate above 50°C 1.5 mWjOC 

Peak Pulse Current ))Ulse Amps 
(50 J1.s maximum pulse width) 10 

Operating Junction Temperature Range TJ -65 to +150 °c 

Storage Temperature Range Tstg -65 to +175 °c 

POWER·TEMPERATURE DERATING CURVE 
150 

~ 
i'.. 

~ 
~ 

--..... 

~ 

100 

50 

25 50 75 100 125 150 

TA • AMBIENT TEMPERATURE {OCI 
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--Thyristors--

M4L3052 thru M4L3054 (continued) 

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

Characteristic Symbol Min Typ 

Forward Breakover (Switching) Voltage V(BR)F 
M4L3052 8 
M4L3053 
M4L3054 

Forward Breakover (Switching) Current I(BR)F 

Forward Blocking Current IFM 
(Measured. at 75% of V(BR)F) 

Reverse Blocking Current IRM 
(Measured at rated VRM (rep) ) 

Holding Current IH 

Forward On Voltage VF 
(IF = 150 mAdc) 

Junctjon Capacitance CJ 
(AG Voltage = 10 mV, VF=O, f=100kHz) 

Turn-On Time ton 

Turn-Off Time tou 
-Time depends on a wide variety of circuit conditions. Consult manufacturer for further information. 

TURN· ON TIME TEST CIRCUIT 

lOOK 

I+I---r----~~.-------~----~~----~ SCOPE 

250V UNIT 
UNDER 
TEST 

.002.u!F 

H ... -'--------~I----~---

50Q r... 
PULSE 
GENERATOR. 
VARIABLE 
PULSE WIDTH 

TURN·OFF TIME TEST CIRCUIT 

450Q 

+25V 0------'\11/'11-----.... -------;.-- sc1i;1 

39Q 

UNIT 
UNDER 
TEST 

5-47 

--
9 --

10 --
-- 5 

-- 1 

-- 2 

1 4 

-- 1.0 

-- 42 

-- 50' 

-- 100' 

When sawtooth waveform 
appears at TP.l, 

T=toff 

Max Unit 

Volts 
10 
11 
12 

50 JlA 

JlA 
5 

JlA 
10 

20 rnA 
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-- Thyristors ---

M4L3052 thru M4L3054 (continued) 
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TYPICAL FORWARD CONDUCTION CHARACTERISTICS TYPICAL CAPACITANCE 

10 
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3.0 

2.0 

1.0 1/ 
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0.5 

0.3 TA = 25"C f- f-
0.2 

0.1 1 20 

10 

YFoINSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) V" fORWARD VOLTAGE IVOL TS) 

TYPICAL DC CHARACTERISTICS versus TEMPERATURE 
(NORMALIZED to 25 Q C VALUE) 

FORWARD BREAKOVER VOLTAGE REVERSE BLOCKING VOLTAGE 

1.5 1.5 

1.2 

~ 
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0.7 

- .......... ....... 
~ 

z 1.0 
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~ 
~ 
i 0.1 

--- :---....... 

'" ~ 

0.5 0.5 

-75 -50 -25 25 SO 75 100 125 150 -15 -50 -25 25 SO 75 100 125 150 

TA, AMBIENT TEMPERATURE 1°C) T A, AMBIEIfT TEMPERATURE 1°C) 

FORWARD BREAKOVER CURRENT HOLDING CURRENT 

10 5.0 ""-
7.0 

3.0 "-
5.0 

3.0 

2.0 

./ 
./ 

./ 

2.0 

i 1.0 

"-

"" 1.0 
1/ ~ 0.7 

~ 0.5 

0.7 .i ""-0.3 
0.5 

0.3 

0.2 

./ 
/ 

0.2 

0.1 

t'-... 

~ 
-15 -SO -25 25 50 75 100 125 ISO -15 -50 -25 25 50 75 100 125 150 
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ADDITIONS AND MODIFICATIONS 

5-49 

I 



I 

--Thyristors -

ADDITIONS AND MODIFICATIONS 
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ADDITIONS AND MODIFICATIONS 
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--Thyristors-

ADDITIONS AND MODIFICATIONS 
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POWER TRANSISTORS 
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--- Power Transistors--

I 

For case outline dimensions, see page 1-186. 
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- Power Transistors--

HIGH POWER TRANSISTORS 

High - power transistors in this section include both germanium and silicon 
devices. Generally, these transistors are characterized for both amplifier and 
switching applications requiring power dissipation ratings up to 170 Watts. 

The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 

POWER TRANSISTORS 

JAN 2N174 MIL-S-19500/13B 6-13 

JAN 2N297A MIL-S-19500/36B 6-24 

JAN 2N665 MIL-S-19500/58C 6-38 

USA2N1011 MIL-T-19500/67 6-40 

USA 2N1120 MIL-T-19500/68 6-47 

USN 2N1165 ~IL-S-19500/178B 6-49 

USN 2N1358 MIL-S-19500/122A 6-13 

JAN 2N1412 MIL-S-19500/76B 6-53 
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---Power T rans;stors ---

GERMANIUM POWER TRANSISTOR SELECTION CHART 

3·AMP Also Available as HI·REL Types ~ES 30V 4SV 60V 7SV 90V 

2N2137 2N2138 2N2139 2N2140 2N2141 

~ ~ 
LOW lao 30·60 MP2137t MP2138t Mp2139t MP2140t MP2141t 
PD::::::62.5W 
,,=0.6 MC 2N2142 2N2143 2N2144 2N2145 2N2146 T, MAX = llO'C 

T()'] TO-4lt 
SO·100 MP2142t MP2143t MP2144t MP2145t MP2146t 

·'e ::;:: 0.5 A. Vet ::;:: 2 V h~1O 30V 4SV 60V 7SV 90V 

3·AMP h~ES 40V 60V 7SV 100V 

~ 
PD :::::: lO6W 3S-90 2N1359 2N375 2N1362 2N1364 
1,=0.35MC 
Tn ....... :::::: llO·C 

TO·] 60-140 2N1360 2N618 .2N1363 2N1365 

·,e ::;:: 1 A, Va.:::::: 4 V h~IO SOV BOV 100V 120V 

5·AMP Also Available as HI·REL Types h~ES 30V 4SV 60V 7SV 90V 

2N1529 2N1530 2N1531 2N1532 2N1533 
20-401" MP1529t MP1530t MP1531t MP1532t MP1533t 

~ ~ P.=l06W 
2N1534 2N1535 2N1536 2N1537 2N153S 

.. Illf,::;:: 0.35 Me 3S-701" MP1534t MP1535t MP1536t MP1537t MP153St 
.J Itlf, ::;:: 0.40 Me 

TJMA"::;:: 110·C 2N1539 2N1540 2N1541 2N1542 2N1543 
TO·] TO-4lt SO-100~' MP1539t MP1540t MP1541t MP1542t MP1543t 

2N1544 2N1545 2N1546 2N1547 2N1548 
7S-1S01" MP1544t MP1545t MP1546t MP1547t MP154St 

·'e :::::: 3 A, Vel::;:: 2 V h~o 40V 60V BOV 100V 120V 

5·AMP IIF~ES 30V 4SV 60V 

~ 
p,= l70W 60-120 2N3~1l 2N3312 2N3313 

T()']6 f,::::::O.3MC 
TJ MAX::;:: llO·C 

100-200 2N3314 2N3315 2N3316 

"'lc::::::3A,VcI=2V h~ FE; Velo 30V 4SV 60V 

7·AMP ECONOMY LINE hF~CES 30V 4SV 60V 7SV 

30-6000 2N3611 2N3612 2N3615" 2N3616" 

~ ~ PD=85W 3S-70 MP3611t MP3612t MP3615t MP3616t 

f,:::::: 0.7 MC .,. TJr.u.x= llO·C 
4S-90000 2N3613 2N3614 2N3617*·· 2N361S'" 

TO·] TO-411 60-120 MP3613t MP3614t MP3617t MP3618t 

·'c ::::::3A,VCE::::::2V ~ 40V 60V BOV 100V c.o 

7·AMP ECONOMY LINE h~ES 30V 4SV 60V 7SV 

~ P,=85W MP2060 MP2061 MP2062 MP2063 ~ 1,=0.6MC 30-200 
10.3 - TJIolAX::::::I10·C 

*lc:::::3A VCE::::::2V h,;.:...-v;.: 40V 60V 7SV 90V c.o 

IO·AMP PNIP hF~O BOV 120V 160V 

~~ 
P,=85W 2N2526 2N2527 2N252S 
1,= 0.70 MC 20-S0 MP2526t MP2527t MP252St 

TO·] TO-4lt .' ! 
TJNAX= llO·C 

·'e:::::: 3 A, Vel::;:: 2 V h~ c.o BOV 120V 160V 

15·AMP Also Available as HI·REL Types h~ES 40V SOV 70V BOV 

fit, 20-40 2N2078 2N2077 2N2076 2N2075 
PD :::::: 170W 
1,= 0.30 MC 
TJMAX::;:: llO·C 

2N20S2 2N20S1 2N20S0 2N2079 3S-70 
TO·]6 

"Ie::;:: 5A, Vel:;::: 2V 
~BO 40V SOV 70V BOV 
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---Power Transistors--- I 
15·AMP h~£s 40V 45V 50V 70V 80V 

20-40 2N441 2N442 2N443 

fif Po = 150W 
,,::::: 0.30 Me 

25-50 2N174 2NllOO 
TJIo4A:t = 11O·C 

TO-36 
35-70 2N277 2N278 2N173 2N1099 

*'c=5A,Vcl =2V 
h:::----v:. 40V 50V 60V 80V 100V c.o 

15·AMP Also Available asHI-REl Types h~CES 30V 45V 60V 75V 

2N1549 2N1550 2N1551 2N1552 
10-301'1 MP1549t MP1550t MP1551 t MP1552t 

~ ~ Po = lO6W 
2N1553 2N1554 2N1555 2N1556 r (II f, = 0.55 Me 

.~ j~ (llf, = 0.40 Me 30-60['1 MP1553t MP1554t MP1555t MP1556t 
TJt,fAX = 110·C 

10-3 TO-4lt 
2N1557 2N1558 2N 1559 2N1560 

50-100['1 MP1557t MP1558t MP1559t MP1560t 

>Ole = lOA, VC~ = 2V h~ 40V 60V 80V 100V CBO 

20·AMP h~EO 50V 75V 100 V 

~~ Pc =85W 2N2832 2N2833 2N2834 
f T ::::: IBMe 25-100 MP2832t MP2833t MP2834t 

TO-3 i 10-41 t .J I~ TJ/",.,x = 11O·C 

*Ie = 10 A. Vee = 2 V h :.:------v;, FE VeBO 80V 120V 140V 

25·AMP Also Available as HI-REl Types hF~ES 35V 60V 75V 

~~ 
Po = 106W 2N1l62 2N1l64 2N1l66 

,,=:IIrl_~ .• r=1_ f T ::::: O.40MC 15-65 2N1l63t 2N1165t 2N1l67t 

TO-3 TO'41~ TH .... '(::::: IiOGe 

'" Ie = 25 A. Vee = 1 V h,;:..---v;, 
COD 50V 80V 100V 

25·AMP ~:ti 0.5V 
PD = 75W 

W 
',=30MC 75 min 2N2912 

TO-8 ~ TJI.4AX = IIo·e 
>;lIe = 10 A. VeE = 2 V 

h~ **lc = 25 A, I. = 2.5 A CBO 15V 

30·AMP Also Available as HI-REl Types h~ES 45V 60V 75V 

1if 
50-100 2N2152 2N2153 2N2154 

PD =170W 
'r=0.3 Me 
Tn-fAx = 110·C 

80-160 2N2156 2N2157 2N2158 
TO-36 

*Ic = 5 A, Vel = 2 V 
(hfE = 15 min @ Ie = 25 A) ~ 45V 60V 75V CBO 

50·AMP LOW VCE($o'l h~* 0.1 V 
Po = 170W 

~ 
f, =0_30 MC 

2N2728 TJ I.4AX = IIo·e 40-130 
TO-36 -'Ie *1c=20A,Vc~=2V 

(hf£ = 20 min @ Ie = 50 A) 
h~ **lc =50A.I.=5A CBO 15V 

GO·AMP Also Available as Hl-REl Types h~S 45V 60V 75V 

fir 
30-60 MP500 MP501 MP502 

Po = 170W 
f,=0.30 MC 
TJ ....... x;::: 110°C 

50-100 MP504 MP505 MP506 
TO-36 

*Ic;::: 15 A, VeE = 2 V 
(hH ;::: 12 min @ Ie;::: 50 A) h~ 45V 60V 75V CBO 
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I 
l()().mA 

NPN 

Tg 
fr=15MHz 
PO=12.SW 

TJMa~= 175"C 
·VC~= 10"1 

25G-mA 
NPN 

dijp 
TO·66 

fr=15MHz 
PD=20W 

TJMax = 175"C 
. ~VCI= 10"1 

I·Amp 
NPN 

T~ 
fr=lSMHz 
PO=20W 

TJMax = 17S'C 
·Vcl=5V 

uYcl=lOV 

I·Amp 
PNP 

T#.iP 
fr= 3t.1Hz 
Po=25W 

TJMaJ=200'C 
'Vcl=lV 

3-Amp 
PNP 

~ :::~:;5f1 
PD=25W 

JMax=17S"C 

<DPD=6W 
(j)T,Max= 200'C 

·Vcl=2V 

4·Amp 
NPN 

T~ 
fT=4MHz 

CDPD:::::25W 
@PD=30W 

TJ Max = 200'C 
@'VcE=4V 
@VcE=2V 

---Power TransiS#ors-.--

SILICON POWER TRANSISTOR SELECTION CHARTS 
(For Safe Operating Area Curves, see pages 6-7 and 6-8) 

Indicated current ratings are recommended operating current ratings 
rather than absolute maximum values. 

hFl·@Ic 
(Amps) 

2S.20bl 0.05 

h~l @Ie 
(Amps) 

25-200 I._ 0.5 
IVCI=4V 

40.160JO.5* 
20 1.0u 

hFE"@lc 
(Amps) 

10·100 10.15 
Vc.,4V .5 

30·100 10.25 
10 1.0 

hF.'"@lc 
(Amps) 

20-60 1.0 

25-1S0 1.0 

50·1S0 1.0 

hFE @Ie 
Amps 

25.100 0 11.0 

'!i-IOO@ 11.5 

300 V 

BVcEO@le_ SmA 

225V 300"1 

MJ2251 MJ2252 

2NJ738 2N37J9 

BVCEO @ Ie _ 100 iliA 

4DV 60"1 80"1 

MJJIOI MJ2249. MJ22SD 

2N3766 211t3767 

BVe~o @le=l00mA 

~V OOV nv 
MJ3701 MJ2253 MJ2254 

2N3740 2N3741 

BVCEC @ Ie 20 mA 

30V 45V 60V 

2N3021 2NJ022 2N3023 

2N3119<D 2H3720(l) 

lN3024 lN3025 2N3026 

BVcm@le 100mA 

<0' '" ." 
2N4231@ 2N4232@ 2N4231~ 

MJ4101@ MJ4102@ 

5-Amp 
NPN 

1~ 
To-.:"t:r' 

h=10MHI 
PD=115W 
"Vcl=15V 

S-Amp 

PNP 

ro~ 
IT = 4MHZ 
PD= lS0W 

TJMu::: 200'C 
'Vcl=2V 

5-Amp 
NPN 

A: To-.' : .. ~ 

0T~ 
h:::: 10 MHz 
PD=115W 

TJMax=200'C 
'Vci:=:5V 

5-Amp 

NPN 

T~-Jb 
h=4MHI 
Pp:::: I50W 

'VcE=2V 

8-Amp 

NPN 

~Jk, 
TO.~-----" 

h=l MHz 
PD::: 120W 

TJ Max = 200'C 
'Vct=4V 

hFI'@lc 
(Amps) 

20-90" 2.0 

hfl*@lc 
(Amps) 

hFE'@lc 
(Amps) 

15·45 3.0 

20·60 

30·90 5.0 

4()'120 5.0 

hFE"@lc 
(Amps) 

50.150 11.0 
30 3.0 

hFI'@lc 
Am, 

15·60 I 8.0 

2()'70 I 4.0 

All ratlnlls and characteristics shl)Vl'n areatTc=25'C unlessot~erwisenoled 
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80V 

2N1724 

BVclo@lc ·IOOmA 

60V 80V 

2N3789 2N3790. 

2N3791 2113792 

DVclO(iillc 100mA .. , .. , lIlOV 

2N3489 

2N3445@ 2N3446(!) 

2N34B7 

2N3492 

2N3447'i' 2N3448@ 

2N3490 2N3491 

BVcio@lc-IOOmA 

60V 80V 

2N3713 2N3714 

2N3115 2N3116 

40V t;/)v 

MJ2S01 MI2802 

2N3055 



---Power Transistors-

NPN/PNP SILICON POWER TRANSISTOR 
SAFE OPERATING AREA CURVES 

Safe Operating Area Curves have proven a boon 

~~r~~: ~~t~~I:rd~fi~~O[h;il~uJ~. t~~ifi~i~s ~~d~; 
de steady-state power, but also show the capability 
of a given transistor type under various pulse con
ditions. To insure reliable performance, both "safe 
area" and average "power-temperature" derating 
criteria must be observed under steady-state as well 
as pulse conditions. 

for power-temperature derating curves, see in
dividual data sheets in this section. 

All data for curves taken at 25"C 
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---Power Transistors ---
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-- Power Transisfors--

HOW TO SElECT POWER TRANSISTORS FOR AUDIO AMPLIFIERS 

GIVEN: Po - Desired Power Output 

RL - Load Resistance 

V CC - Power Supply Voltage (nominal and maximum) 

FIND: Transistors with specifications that meet the requirements. 

PROCEDURE: 

1. CALCULATE PEAK OPERATING CURRENT, IC(pk) 

(a) For Class A, Single-Ended Transformer-Coupled Circuits: 

2 V V 2 
CC(max) h *R ,_ CC (nom. ) Ri were L - 2 Po 

(b) For Class B, Transformer-Coupled Circuits: 

V V 2 
CC(max) h R ,_ CC (nom. ) Ri were L - 2 Po 

(c) For Class B, Transformetless Output Stage (Two Power Supplies): 

V 
I = CC(max) 
C(pk) RL 

(d) For Class B, Transformerless Output Stage (Single Power Supply): 

V 
I = CC(max) 
C(pk) 2 RL 

2. DETERMINE TRANSISTOR VOLTAGE RATING 

BV CEO (or BV CES) ~ 2 V CC(max)' except: 

For Class B, Transformerless Circuit (Single Power Supply): 

BVCEO (or BVCES) ~ VCC(max) 

3. DETERMINE MAXIMUM POWER DISSIPATION 

(a) For Class A, Single-Ended Transformer-Coupled Circuits: 

P = V IpK 
D(max) CC(max) -2-

(b) For Class B, Transformer-Coupled Circuits: 
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---Power Transistors---

P = 
D(max) 

V 2 
CC(max) 

2 R , 
'IT L 

(c) For Transformerless Output Stages (Two Power Supplies): 

P 
D(max) 

V 2 
CC(max) 
2 

'IT RL 

(d) For Transformerless Output Stages (One Power Supply): 

P = D(max) 

V 2 
CC(max) 

2 
4 'IT RL 

4. DETERMINE MAXIMUM JUNCTION TEMPERATURE, TJ 
Given: Heat Sink with Specified () C A 

Junction temperature, power disSipation, thermal resistance and 
ambient temperature are related by the following equation: 

where 

TJ(max) = PD(max) ((}J C + (}C A) + T A(max) 

T 
J(max) 

(}J C 

(}C A 

maximum junction temperature 

junction-to-case thermal resistance 

case-to-ambient thermal resistance (include heat 
sink and interface) 

T A(max) = maximum ambient temperature 

PD(max) has been calculated and T A(max) is lmown. One of the three 
unknowns can be determined by affixing values to the other two with 
reference to data sheet or heat sink specifications. 

5. From preceding selector guides, select suitable transistors on the basis 
of IC(pk)' Voltage Ratings, PD, TJ, and (}J C· 

6. Check appropriate Safe-Area curves to determine maximum operating 
conditions for the transistors selected. The dc and 5 millisecond curves 
are usually the limiting curves for audio amplifier applications. 

7. Refer to individual data sheets for dynamic transistor characteristics 
that will permit ultimate selection of desired transistor. 

*Ri is the load which each transistor sees. 

For Transformer-Coupled Circuits, Ri = (N/N2)2 RL (Single-Ended 
2 

Class A), Ri = (N/N2) RL/4 (push-pull Class B). 
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---Power Transistors--

HOW TO SELECT POWER TRANSISTORS 
FOR INVERTER APPLICATIONS 

GIVEN: Po - Desired Power Output 

f - Inverter Frequency 

V CC - Supply Voltage 

FIND: Transistors with specifications that meet the requirements. 

PROCEDURE: 

1. CALCULATE OPERATING CURRENT, IC1 . (Assume conversion effi-
ciency (T1) of 80%. ) 1. 25 Po 

I = ----'-
C1 VCC 

2. DETERMINE TRANSISTOR BREAKDOWN VOLTAGE 

BV CES (or BV CEO) ~ 2.5 V CC 

3. SELECT TRANSISTORS WITH REQUIRED CURRENT 
AND VOLTAGE RATINGS 
(From previous selector guides. ) 

(a) For f > 3 kHz, select devices with fT > 1 MHz; 

For f > 10 kHz, select devices with fT > 4 MHz. 

NOTE: Germanium transistors are generally advantageous in 
applications requiring low VCC. Silicon devices are 
preferred for applications requiring high case temperature. 

4. From preliminary choices, select on the basis of other characteristics, 
as provided in the complete data sheets. 

(a) Safe Operating Area curve (25 flsec) should include the conditions 

IC = IC1 ' and V CE = 2.5 V CC (inductive load line assumed). 

(b) As a relative Figure of Merit, the following expression can be used: 

F m 8 VBE(sat) 
2 ICEX V CC + IC V CE(sat) + hFE(min) + 2.5 V CC (tr + tf) f 

The device characteristics used in the expression are normally 
given in the data sheet specifications. 
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-- Power Transistors-

ADDITIONS AND MODIFICATIONS 
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-Power Transisfors---

2N 173 (GERMANIUM) 

For Specifications, See 2N277 Data Sheet 

2N 17 4 (GERMANIUM) 
2N114 JAN 
.2Nl100 
2N1358 
2N1358 JAN/USA 

PD = 150W 
Ie = 15A 
VCBO = SO·IOOV 

CASE 5 
(TO-36) 

PNP germanium power transistors. Power dissipa
tion and junction temperature ratings exceed those of 
EIA registration. 

MAXIMUM RATINGS 

Characteristic Symbol 2N174 2Nll00 2N1358 Unit 

Collector-Base Voltage BVCBO 80 100 80 Vdc 

Emitter-Base Voltage BVEBO 60 80 60 Vdc 

Emitter Current (Continuous) IE 15 15 15 Amps 

Base Current (Continuous) IB 4 4 4 Amps 

Junction and Storage Temperature TJ • Tstg -65 to +110 ·C 

Thermal Resistance. Junction to Case 9JC 0_ 5 ·C/W 
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---Power Transistors ---

2N174, 2N1100, 2N1358 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector-Base Cutoff Current 
2N174 

(V CB ~ -2 volts) 2NllOO 
2N1358 

Collector-Base Cutoff Current 
(V EB = -1. 5 volts, V CB = -80 volts) 2N174 

-100 2NllOO 
-80 2N1358 

Emitter-Base Cutoff Current 
(V EB = -60 volts) 2N174 

-80 2NllOO 
-60 2N1358 

Collector -Base Cutoff Current 
(V CB = - 80 volts, 71 "C) 2N174 

-100 2NllOO 
- 60 2N1358 

Emitter-Base Cutoff Current 
(V EB = -30 volts, 7l"C) 2N1358 

Collector -Emitter Voltage 
(IC = 300 rnA, VEB = 0) 2N174 

2NllOO 
2N1358 

Collector-Emitter Voltage 
(IC = 1.0 amp, IB = 0) 2N174 

1. 0 amp, IB = 0 2NllOO 
300 rnA, IB = 0 2N1358 

Floating Potential-
(IE = 0, VCB = - 80 volts) 2N174 

-100 2NllOO 
- 80 2N1358 

Current Gain 
(Ie = 1. 2 amps, VCB = -2 volts) 2N1358 
(IC = 5 amps, VCB = -2 volts) 2N174 

2NllOO 
2N1358 

(IC = 12 amps, VCB = -2 volts) 2N174 
2NllOO 

Base-Emitter Voltage 
(IC = 1. 2 amps, V CB = -2 volts) 2N1358 
(IC = 5 amps, V CB = -2 volts) 2N174 

2NllOO 
2N1358 

Saturation Voltage 
(IC = 12 amps, IB = 2 amps) 2Nl74 

2NllOO 
2N1358 

Common-Emitter Current Ampli[ication 
Cutoff Frequency 

(IC = 5 amp, V CE = 6 volts) 2N174 
2NllOO 

Common-Base Current Amplification 
Cutoff Frequency 

(IC = 1 amp, V CB = -12 volts) 2N1358 

Rise Time ("on" IC = 12 Adc, 
IB = 2 Adc, VCE = -12 volts) All Types 

Fall Time ("off" IC = 0, 
VEB = -6 volts, REB = 10 ohms) All Types 

Symbol Minimum 

ICBO 
-
-
-

ICB -
-
-

lEBO -
--

ICBO -
-
-

lEBO -
BVCES • 

-70 
-80 
-70 

BV CEO' 
-55 
-65 
-40 

VFE 
-
-
-

hFE 
40 
25 
25 
25 

-
-

VBE -
-
-
-

V CE(sat) --
-

f ae -

fab 
100 

t r -
tf 

-

Typical Maximum 

100 -
100 -
100 200 

2 8 
2 8 
2 8 

1 8 
1 8 
1 8 

- 15 
- 15 
4 6 

4 6 

- -
- -
- -

- -
- -
- -

- 1.0 
- 1.0 

0.15 1.0 

55 80 
- 50 
- 50 

35 -
20 -
20 -

0.35 0.5 
0.65 0.9 
0.65 0.9 
0.65 0.9 

0.3 0.9 
0.3 0.7 
0.3 0.7 

10 -

- -

15 -

15 -

* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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---Power Transistors---

2N174, 2Nl100, 2N1358 (continued) 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 
12 

I~ 
12 

10 
V1'~ 
~ 

10 
) 

II. 
~>< f-,,·c J~/ 

0 
.. 
5 
40 
3. 

0 

r 
i 
i 1 

5 D. 
D.' 
D~ 

0.2 
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0 25'C "., ..... ~h 
~ 4a'C 25'~ ....... 7.r1 

I~ -... ~~ 
./ 

1,1 I 
Ii 

I'IJ ,/ 

00 D.15 G.l 0.45 0.6 .75 00 0.' 0.6 0.' 

I~. BASt CURRENT IANPlRESI Yu,BASE¥OlTAtiE(VOLTSI 

POWER-TEMPERATURE DERATING CURVE 

t~[ ~14=--+--+--+-lbtll 
.. 

20 40 60 80 100 110 
T C. case Temperature fe) 

The maximum continuous power is related to maximum 
junction temperature. by the thermal resistance factor. 

This curve has a value of 150 Watts at case tempera
tures of 25·C ilDd is 0 Watts at IIO·C with a.linear relation 
between the two temperatures such that: . 

allowable P" = 1 \0. - Tc 
0.5 

2N174 AND 1358 2N1100 

5msec Imsec SOOpsec 250Ps!C 

~ ~ ~ ~ 
100"sec 
ORWS 

'\ i'-- ~ ~ 
\'--

17 .. '!..~11 '\ , 
POmOrSSIPATIONAT 

'''1'''1 "",<RAj" I) 
do 

m.lD~. ~.'~~ •• n.,~ 
r-fiTH ~\ OR I-t-

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

1.0 

~o ro ~ ~ ~ ~ ~ ro M ~ ~ 
COLL£CTOR-EMIT1£R VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic
VCE limits below which the device will not go into 
secondary ,breakdown. Collector· load lines for spe
cific' c.ircuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these -safe areas.) To insure operation 
below the maximum .TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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--Power Transistors---

2N 116 (GERMANIUM) 
2N669 

Po = 90W 
Ic =3A 
VCBO = 40V 

PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 

CASE 11 
(TO·3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Current (Continuous) 

storage and Junction Temperature 

Collector Dissipation 
(At 25°C Case Temperature) 

Thermal Resistance 
(Junction to Case) 

2NG69.2N116 

~O-WATT -
POWER DISSIPATION 
25e c CASE ,MPERATURE- • 

0.5 

0.' 

03 

\ \ ~ 
\ \- Smsec 

DRL£SS 

2"H76 f== 2tM9 

r--1---" 

50 

COLUCTOR·fMITTERVQlTAGEIVOlTS) 

Symbol Rating Unit 

VCBO 40 Vdc 

VCES 30 Vdc 

IC 3 Amps 

Ti' Tstg -65 to +100 °c 

Pc 90 Watts 

eJC 0.8 °C/W 

SAFE OPERATING AREAS 

6-16 

The Safe Operating Area Curves indicate 
Ic - VCE limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector·emitter short. (Case 
temperature and duty cycle of the excur· 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum TJ, the power·temperature de· 
rating curve must be observed for both 
steady state and pulse power conditions. 



---Power Transisfors---

2N176, 2N669 (continued) 

ELECTRICAL CHARACTERI5TICS(Tc = 25°C unless otherwise noted) 

Characteristic 

Collector-Base Cutoff Current 
VCB=30V, IE = 0 Both Types 
VCB=2.0V, IE = 0 
VCB = 30 V, IE = 0, TC = 90'C 

Emitter- Base Cutoff Current 
VEB =10V, IC = 0 Both Types 

Collector-Emitter Breakdown Voltage 
IC = 330 mA, RBE = 10 Ohms 2N176 

2N669 

Collector-Emitter Saturation Voltage 
Ie = 3 A, IB = 300 mA Both Types 

DC Forward Current Transfer Ratio 
VCE = 2.0 V, Ie = O. 5 A 2N176 

2N669 

Power Gain 
Po =2 Watts, VCE = 12 V, IC = 0.5 Amp, 
f = 1 kc, RS = 10 Ohms, RL = 26.6 Ohms 2N176 

2N669 

Total Harmonic Distortion 
(under same conditions of power gain) Both Types 

Small-Signal Current Gain Cutoff Frequency 
VCE = 12 V, IC = 0.5 Amp, f = 1 kc ref 2N176 

2N669 

Small-Signal Forward-Current Transfer Ratio 
VCE =2.0V, IC = 0.5 Amp, f=lkc 2N176 

2N669 

Small-Signallnput Impedance 
VCE = 2.0 V, IC = 0.5 Amp, f = 1 kc 2N176 

2N669 

INPUT CURRENT versus EMITTER DRIVE VOLTAGE 
(Both Types) 

0.22 

" , .. 

I / 
I 

'Ie ;;;:2 ,m / 
,I 

1 

I 
/ 

..,/ 

o ~ ~ ~ M l~ I~ JA l~ l~ ~ 

V.,., 8AS(·aumR VOLTQ (VOi.TSI 
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Symbol Minimum Typical Maximum 

ICBO 
- - 3 
- 50 -
- - 20 

lEBO 
- - 2 

BVCER 30 - -

BVCES 30 - -

VCE(SAT) 
- 0.4 -

hFE 
25 - -
75 - 250 

GpE 

34 - 37 
38 - -

fae 
4 7 -
3 5 -

hFE 
- 45 -
- 90 -

hFE 
7 - 25 

10 - 50 

POWER-TEMPERATURE DERATING CURVE 
(Both Types) 

" 

, , 

"\ 

'\ 
1,\ 

'" 
"-

1,\ .. 
Tc,CA!E1!MPERATUREIOC) 

Unit 

mA 
iJ.A 
mA 

mA 

Vdc 

Vdc 

-

dc 

% 

kc 

-

Ohms 



---Power Transistors ---

2N 118 (GERMANIUM) 
2N554 
2N555 

PD=40W 
Ic =3A 
VCBO = 15·30 V 

~ PNP germanium power transistor for non-critical 
power amplifier and power switching applications re-

CASE 11 quiring economical components. 
(TO·3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and Storage Temperature Range 

Collector Power Dissipation (at T C = 80" C) 

POWER·TEMPERATURE DERATING CURVE 
(All Types) 

Symbol 

VCBO 

VCER 

V EBO 

IC 

T J Tstg 

P D, 

2NI78 

30 

30 

20 

3 

10 

50 

40 

0 

0 

0 

0 

2N554 2N555 Unit 

15 30 Vdc 

16 30 Vdc 

15 15 Vdc 

3 3 Amps 

-40 to +90 "C 

10 10 Watts 

~ 
I'.. 

"\ 

'\ 

'\ 
~ 
\ 

0 10 

T c, CASE TEMPERATURE (OC) 

2N178. 2N555 SAFE OPERATING AREAS 2N554 , 
5 

4 

J 

2 

1 

5 

4 

2 

1 

40·WATT 
/,OVlER DISSIPATION AT 
3°T~TEMPERATURE 

'" ~ 
2N178 
2NS55 

\~ 5rnse~ 

ORL£SS 

" 

10 

COLLECTOR.£MJTTERVOLTAGE(VOlTS) 
" 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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== ~r'WA1T f== POWER DlSSIPATION AT 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T" the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Power Transistors--

2N 178, 2N554, 2N555 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 
Collector-Base Cutoff Current ICBO rnA 

(V CB = 30 V, IE = 0) 2NI78 - - 3.0 

(VCB = 15 V, IE = 0) 2N554 - - 10.0 

(V CB = 30 V, IE = 0) 2N555 - - 20.0 

Collector-Base Cutoff Current ICBO Il A 

(V CB = 2 V, IE = 0) 2NI78 - 50 -
Emitter-Base Cutoff Current lEBO rnA 

_ (V EB = 10 V, IC = 0) 2NI78 - - 2.0 

Collector-Base Cutoff Current ICBO rnA 

(V CB = 30 V, IE = 0, 

TC = 90°C) 2NI78 - - 20.0 

Collector-Emitter Breakdown Voltage BVCER Vde 
(IC = 330 rnA, Rnrn = 10 0) 2NI78 30 - -

2N554 16 - -
2N555 30 - -

Power Gain G db 
(Po = 2 Watts; V CE = 12 V, IC = O. 5 A, 2N178 

e 28 30 33 

f = 1 kc, Rs = 10 Ohms, RL = 26.6 Ohms) 2N554 20 35 -
2N555 25 35 -

Total Harmonic Distortion % 
(under same conditions as power gain) 2NI78 - - 5 

DC Forward Current Transfer Ratio hFE -
(V CE = 2 V, IC = O. 5 A) 2N178 15 - 45 

2N554 - 50 -
2N555 - 50 -

Small-Signal Current Gain Cutoff Frequency fae ke 
(V CE = 12 V, IC = O. 5 A, 2NI78 5 - -

f = I kc rei) 2N554 - 6 -
2N555 - 6 -

Small-Signal Forward Current Transfer-Ratio hfe -
(Base Input) 

VCE = 2V, IC = 0.5 A, 2NI78 - 50 -
f = I kc ref) 2N554 - 55 -

2N555 - 55 -
Small-Signal Input Impedance (Base Input) h. Ohms 

(V CE = 2 V, IC = O. 5 A, 2NI78 Ie 
8 25 -

f = Ike) 2N554 - 25 -
2N555 - 2,5 -

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 3 A, IB = 300 rnA) All Types - 0.6 -

COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE 
3,0 

i 
" 2,0 " z 
~ 
~ 
~ 
u 
~ 
0 

i 1.0 

-

0 

110 90 

70 

50 

40 -30 -
20 _I-'" 

~f-1, -12 rnA 
./ 

8 V 4 
2_ 

0 

240 

220 

200 

~ 180 

:l 160 
~ 
"'- 140 
~ 

120 z 
~ 
~ 100 ~ 
u 
~ 80 ~ 

z 60 

-" 40 

20 

I / 
T / 
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I 

II 
J 

/ 
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./ 

V o 
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2N242 (GERMANIUM) 

2N307,A 

---Power Transistors---

Po = 90W 
Ic =5A 
V cac = 35-45 V 

CASE1~ 
(TO_3)11 ~ 

PNP germanium power transistors for general pur
pose power amplifier and switching applications_ 

MAXIMUM RATINGS 

Characteristic Symbol 2N242 2N307. 307A Unit 

Collector - Base Voltage VCBO 45 35 Volts 

Collector-Emitter Voltage (RaE:::: 3011) VCER -45 - Volts 

Collector-Emitter Voltage VCEO - 35 Volts 

Emitter - Base Voltage VEBO - 10 Volts 

Collector Current IC 5 5 Amps 

Junction Temperature Range TJ -65 to + 110 -65 to +110 °c 

Collector Dissipation (at T C :::: 25°C) ~D 106 106 Watts 

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

Characteristic Symbol Min Max Unit 

Collector- Base Cutoff Current ICBO mAde 
(VCB = -2 Vde) 2N307 - 0.5 
(VCB = -25 Vde) 2N307 - 5 

2N3C7A - 2 
(VCB = -I Vde, IE = 0, Tc= 85°C) 2N242 - 5 

Emitter-Base Cutof( Current lEBO mAde 
(VEB = -IOVde) All Types - 2 

Collector-Emitter Cutoff Current ICER mAde 
(VCE = -45 Vde, RBE =301l) 2N242 - 5 
(VCE = -25 Vde, RBE =301l) 2N242 - I 
(VCE = -35Vde, RBE =30n) 2N307 - 15 

.2N307A - 7 

Base-Emitter Voltage VBE Vde 
(VCE = -I. 5Vde, IC = 1.0Adc) 2N242 -0.3 -0.8 

Collector-Emitter Saturation Voltage, VCE(sat) Vde 
(lc = 2.0 Ade, IB = 200 mAde) 2N242 - -0.8 
(lc = 0.2 Ade, IB = 20 mAde) 2N307 - -I. 0 
(IC = I. 0 Ade, IB = 100 mAde) 2N307A - -0.8 

DC Current Gain hFE -
(VCE = -12 Vde, IC = 500 mAde) 2N242 30 120 
(VCE = -1 Vde, IC = 200 mAde) 2N307 20 -

2N307A 30 -

Common Emitter Cutoff Frequency lae ke 
(VCE = -12 V, IC = 0.5A) 2N242 5 -

2N307 A 3.5 -
(VCE = -6V, IC = lA) 2N307 3 -

Power Gain Go db 
(IC= 0.5A, VCE = -I4 V; RL =30n, 2N242 30 

Rg = lOll) 
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---Power Transistors---

2N277 (GERMANIUM) 

2N278 
2N173 
2Nl099 

Po = 170W 
IE = 15A 
VCBO = 40-80V 

CME5~ 
(10-36) 

PNP germanium power transistors for general pur
pose power amplifier and switching applications. Pow
er and temperature ratings exceed EIA registration. 

MAXIMUM RATINGS 

Characteristic Symbol 2N277 2N278 2N173 2Nl099 Unit 

Collector-Base Voltage VCB 40 50 60 80 Vdc 

Emitter-Base Voltage VEB 20 30 40 40 Vdc 

Emitter Current-Continuous IE 15 Adc 

Base Current IB 4 Adc 

Total Device Dissipation @ 'I.:c = 250 C P D 170 Watts 

Derate above 250 C 2 W/oC 

Operating and Storage Junction T J' T stg °c 
Temperature Range -65 to + 110 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case liJC 0.5 °C/W 

2N173 

SAFE OPERATING AREAS 
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cific circuits must fait within the applicable Safe 
Area to avoid causing a collector-emitter short_ 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the ·maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Power Transistors ---

2N277, 2N278, 2N173, 2Nl099 (continued) 

ELECTRICAL CHARACTERISTICS (At 2S·C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO IJ.A 
VCBO = -2 V All Types - 100 -

Collector-Base Cutoff Current ICB rnA 
VEB = -1.5 V, VCB = -40 V 2N277 - 2 8 

-50 2N278 - 2 8 
-60 2N173 - 2 8 
-80 2N1099 - 2 8 

Emitter-Base Cutoff Current lEBO rnA 
VEBO = -20 V 2N277 - 1 8 

-30 2N278 - 1 8 
-40 2N173 - 1 8 
-40 2N1099 - 1 8 

Collector- Base Cutoff Current ICBO rnA 
VCBO = -40 V, 71°C 2N277 - - 15 

-50 2N278 - - 15 
-60 2N173 - - 15 
-80 2N1099 - - 15 

Collector-Emitter Voltage BVCES • Vdc 
Ie = 300 rnA, VEB = 0 2N277 -40 - -

2N278 -45 - -
2N173 -50 - -
2N1099 -70 - -

Collector-Emitter Voltage BVCEO • Vdc 
Ie = 1 Amp, IB = 0 2N277 -25 - -

2N278 -30 - -
2N173 -45 - -
2N1099 -55 - -

Floating Potential Vfl volt 
IE = 0, V CB = -40 V 2N277 - 0.15 1.0 

-50 2N278 - 0.15 1.0 
-60 2Nl73 - 0.15 1.0 
-80 2N1099 - 0.15 1.0 

Current Gain hFE -
Ie = 5 Amps~ VCB = -2 V All Types 35 - 70 

IC = 12 Amps, VCB = -2 V - 25 -

Base-Emitter Voltage VBE Vdc 
Ie = 5 Amps, VCB = -2 V 2N277 - 0.65 -

2N27B - 0.65 -
2N173 - 0.65 -
2N1099 - 0.65 0.9 

Saturation Voltage VCE(SAT) Vdc 
Ie = 12 Amps, IB = 2 Amps 2N277 - 0.3 -

2N27B - 0.3 1.0 
2Nl73 - 0.3 1.0 
2N1099 - 0.3 0.7 

Common-Emitter Current Amplification f kc 
Cutoff Frequency ae 

Ie=5Amps, VCE=-6V All Types - 10 -

Rise Time tr f.Lsec 
"on" Ie = 12 Adc, All TYpes - 15 -

IB =2 Adc, VCE = -12 V 

Fall,Time tf J.1.sec 
"off" Ie = 0, - 15 -

VEB = -6 V, REB = 10 Ohms 

* To avoid excessive heating of the collector junction, perform these tests with the sweep method. 
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---Power Transistors--

2N277, 2N278, 2N173, 2Nl099·Ccontinued) 

POWER· TEMPERATURE DERATING CURVE 
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--Power Transistors--

2N297 A (GERMANIUM) 
2N297 A USA/JAN 

Po = SSW 
IE=SA 
VcBo =60V 

CASE~ 
(TO-3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current 

Operating Temperature Range 

Collector Dissipation"t 25°(: 
Case Temperature 
(B JC = 1 °C/W max) 

100 

"' 80 
::: 
g 
" 0 60 
~ 
.S-
U} 

~ .. 40 
" .. 
0 
p. 

p.O 20 

o 
o 

PNP germanium power transistors for military and 
industrial power switching and amplifier applications. 
Operating temperature range and collector dissipation 
rating exceeds military specifications. 

Symbol Rating Unit 

VCBO 60 Vdc 

VCEB 50 Vdc 

VCEO 40 Vdc 

VEBO 40 Vdc 

\; 5 Amps 

TJ -65 to +110 °C 

PD 65 Watts 

POWER-TEMPERATURE DERATING CURVE 

"" I"" 
" I'" '" "" '" '" 20 40 60 80 100 110 

TC' Case Temperature (oC) 
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---Power Transisfors--

2N297 A (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE 40 100 -

VCE = 2 V 

IC = 0.5 Ade 

DC Current Transfer Ratio hFE 20 - -
VCE = 2 V 

IC = 2.0 Adc 

Small-Signal Current Transfer Ratio fae 5 - ke 
Cutoff Frequency 

VCE = 14 Vde 

Ic= 0.5 Amp, 

Emitter- Base Cutoff Current lEBO - 3.0 mAde 

VEB = 40 Vde 

IC = 0 

Collector- Base Cutoff Current ICBO - 200 /lAde 

VCB = 2 Vde 

IE = 0 

Collector-Base Cutoff Current ICBO - 3.0 mAde 

VCB = 60 Vde 
I 

IE = 0 

Base Current IB 5.0 12.5 mAde 

VCE = 2 Vde 

IC = 0.5 Ade 

Base Current IB - 100 mAde 

VCE = 2 Vde 

IC = 2 Ade 

Emitter-Base Voltage VEB - 1.5 Vde 

VCE = 2 Vde 

IC = 2 Ade 

Floating Potential Vfl 0.0 0.18 Vde 

VCB = 60 Vde 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) 0.0 1.0 Vde 

IC = 2 Ade 

IB = 200 mAde 

Collector-Emitter Voltage BVCEO 40 - Vde 

IC = 300 mAde 

IB = 0 

Collector-Emitter Voltage BVCES 50 - Vde 

IC = 300 mAde 
VEB = 0 

Small-Signal Short-Circuit Forward- Current fae 5 - ke 
Transfer Ratio Cutoff Frequency 

VCE = 14 Vde 

IC = 0.5 Ade 

High-Temperature Operation 

TC = +71°C min 

Collector Cutoff Current ICBO - 6.0 mAde 

VCB = 30 Vde 

IE = 0 

6-25 



I 

---Power Transistors---

2N307 (GERMANIUM) 

2N307 A For Specifications, See 2N242 Data Sheet 

2N350A (GERMANIUM) 

2N351A 
2N376A 

Po = 90W 
Ic = 3·S A 
VCBO = SOV 

CASE1~ 
(TO-3)1 ~ 

PNP germanium power transistors for economical 
power switching applications and for Ilower amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion_ 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector Dissipation P D 90 Watts 
at 25°C mounting base temperature 

Collector Junction Temperature T j -65 to +100 ·C 

Thermal Resistance eJC 0.8 ·C/W 
(Junction to Case) 

CURRENT GAIN versus 

COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS 
POWER TEMPERATURE 

DERATING CURVE 
10 0 

\ 

0 
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'\ I 
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)( \ ....... 

1 /' 
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'''-~I\. 
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'" ,~-2N350A ~ '" 
.... ,~ -. 20 

, 
1\ 

5 
d, '\. 

, "-
2 o. 

1 o \ 
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COLLECTOR CURRENT (AMPERES) COLlECTOR-EMITTER VOLTAG[ (VOLTS) MOUNTING BASE TEMPERATURE (OC) 

The Safe Operating Area Curves indicate Ic -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short_ 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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---Power Transistors---

2N350A, 2N351 A, 2N376A (continued) 

ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 

GENERAL Symbol Minimum Typical Maximum Unit 

Collector Cutoff Current ICBO 
VCB =30V - - 3.0 rnA 

VCB = 2 V - 50 - iJ. A 

VCB =30V, T = 100°C - - 30 rnA 

Emitter Cutoff Current lEBO 
VEB = 10 V - - 2.0 rnA 

Collector Breakdown Voltage BVCES 
Vdc IC = 1 A (RBE = 100) 40 - -

Ie = 330 rnA, RBI, = 0 
(This test should be made 
under dynamic conditions only) 

I 
ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C ± 3°C.) 

COMMON EMITTER 2N350A 2N351A 2N376A Unit 

Sym Min Typ Max Min Typ Max Min Typ Max 

Power Gain (± 0.5 db) GpE db 
Po = 4 Watts, VCE = 12 V, 

30 - 33 32 - 35 34 - 37 
IC = 0.7 A, I = 1 kc 

Total Harmonic Distortion - - 7% - - 7% - - 7% 
under same conditions as power gain 

DC Forward Current Gain hFE 
VCE = 2 V, IC = 0.7 A 20 - 60 25 - 90 35 - 120 

Current Gain Frequency Cutoff lae kc 
VCE = 12 V, IC = 0.7 A, 

5 - - 5 - - 5 - -
I = 1 kc reI 

Small-Signal Forward Current Gain hIe 
1=-1 kc, VCE = 2 V, IC = 0.7 A - 30 - - 45 - - 60 -. 

Small-Signal Input Impedance lLie Ohms 
1= 1 kc, VCE = 2 V, IC = 0.7 A 5 - 17 6 - 20 7 - 25 

Collector Saturation Voltage VCE(SAT) Vdc 
IC = 3 A, IB = 300 rnA - 0.8 1.75 - - - - - -

Base- Emi tter Voltage VBE Vdc 
IC = 3 A, IB = 300 rnA - 1.0 2.00 - - - - - -

Collector Saturation Voltage VCE(SAT) Vdc 
IC = 4 A, IB = 400 rnA - - - - 0.8 1.75 - - -

Base-Emitter Voltage VBE Vdc 
IC = 4 A, IB = 400 rnA - - - - 1.0 2.00 - - -

Collector Saturation Voltage VCE(SAT) Vdc 
IC = 5 A, IB = 500 rnA - - - - - - - 0.8 1.75 

Base-Emitter Voltage VBE Vdc 
IC = 5 A, IB = 500 rnA - - - - - - - 1.0 2.00 
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--Power Transistors---

2N350A, 2N351 A, 2N376A (continued) 
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CA5E~ PNP germanium power transistors for general pur
pose switching and amplifier applications. 

(TO·3) 

MAXIMUM RATINGS 

Characteristic Symbol 2N1359 2N375 2N1362 2N1364 Unit 2N1360 2N618 2N1363 2N1365 
Collector-Emitter Voltage VCES 40 60 75 100 Vdc 

Collector-Base Voltage VCB 50 80 100 120 Vdc 

Emitter-Base Voltage VEB 25 40 50 60 Vdc 

Collector Current-Continuous IC 3 Adc 
Peak 10 

Total Device DisSipation @ T C = 25°C PD 106 Watts 

Derate above 25°C 1. 25 W/oC 

Operating and Storage Junction TJ,Tstg °c 
Temperature Range -65 to + 110 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case °JC 
0.8 °C/W 
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--Power Transisfors---

2N375, 2N618, 2Nl359, 2N1360, 2N1362 thru 2N1365 (continued) 

ELECTRICAL CHARACTERISTICS (At = 25·C unless otherwise noted) 

Characteristic Types Symbol Minimum Typical Maximum 

Collector-Base Cutoff Current 2N1359, 2N1360 leBO 
(VeB = 40 V, IE = 0) -- -- 3.0 
(VeB = 50 V, IE = 0) -- -- 20.0 

(VeB = 60 V, IE = 0) 2N375, 2N618 -- -- 3.0 
(VeB = 80 V, IE = 0) -- -- 20.0 

(VCB = 75 V, IE = 0) 2N1362, 2N1363 -- -- 3.0 
(VCB = 100 V, IE = 0) -- -- 20.0 

(VCB = 100 V, IE = Q) 2N1364, 2N1365 -- -- 3.0 
(VCB =120V, IE = 0) -- -- 20.0 

Collector-Base Cutoff Current 
at Tc = +90·C All Types I CBO -- -- 20 
VCB = 1/2 BVCES rating 

Emitter-Base Cutof( Current 
(VEB = 12 V, Ic = 0) All Types lEBO -- -- 0.5 

(VEB = 25 V, IC = 0) 2N1359, 2N1360 -- -- 20 
(VEB = 50 V, IC = 0) 2N1362, 2N1363 -- -- 20 
(VEB = 60 V, IC = 0) 2N1364, 2N1365 -- -- 20 

Collector-Emitter Breakdown 
Voltage 
IC = 500 rnA, VEB = 0) 2N1359, 2N1360 BVCES 40 -- --

2N375, 2N618 60 -- --
2N1362, 2N1363 75 -- --
2N1364, 2N1365 100 -- --

DC Current Transfer Ratio hFE 
(VeE = 4 V, IC = LOA) 2N1359, 375, 1362, 64 35 55 90 

2N1360, 618, 1363, 65 60 90 140 
(VCE = 4 V, IC = 1. OA) 2N1359, 375, 1362, 64 15 22 --

2N1360, 618, 1363, 65 20 35 --
Transconductance 
(VCE = 4 V, IC = 1. OA) 2N375 gFE 0.8 1. 25 2.2 

2N618 1.0 1.6 2.5 
2N1359, 2N1362, 2N1364 0.8 1. 25 --
2N1360, 2NI36"3, 2N1365 1.0 1.6 --

Frequency Cutoff f 
(VeE = 4 V, IC 1 A) 2N375 

ae 
7 10 = --

(VCE = 4 V, Ie = 1 A) 2N618 5 8.5 --
(VeE = 4 V, IC = 3 A) 2N1359, 2N1362, 2N1364 7 10 --
(VCE = 4 V, IC = 3 A) 2N1360, 2N1363, 2N1365 5 8.5 --
Collector Saturation Voltage VCE(sat) 
(Ie = 2,OA, Ie = 200mA) 2N1359, 375, 1362, 64 -- 0.4 1.0 

2N1360, 618, 1363, 65 -- 0.3 0,8 

Base-Emitter Drive Voltage VBE 
(IC = 2,OA,IB = 200 rnA) 2N1359, 375, 1362, 64 -- 0.7 --

2N1360, 618, 1363, 65 -- 0.6 --
Collector-Emitter Puneh-
Through Voltage VEBF 
(VCB = 50 V, Ie = 0) 2N1359, 2N1360 -- -- 1. 25 
(VCB = 100 V, IC = 0) 2N1362, 2N1363 -- -- 1. 25 
(VCB = 120 V, Ie = 0) 2N1364, 2N1365 -- -- 1. 25 
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---Power Transistors---

2N375 (continued) 

POWER-TEMPERATURE DERATING CURVE 
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related to maximum junction tempera
ture, by the thermal resistance fae-
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--Power Transistors---

2N316 A (GERMANIUM) 
For Specifications, See 2N350A Data Sheet 

2N378 thru 2N380 (GERMANIUM) 

2N459 fA 

Po = 106W 
Ic =5A 

C~'ll~~ 
VCBO = to 105 V 

PNP germanium power transistors for general pur
pose power amplifier and switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol 2N378 2N379 2N380 2N459 2N459A Unit 

Collector - Base Voltage VCBO - - - - 105 Volts 

Collector-Emitter Voltage VCEX Volts 
(VBE = 1. 5 V) 40 80 60 - -
(VBE = 1. 0 V) - - - 105 105 

Collector - Emitter Voltage (RBE = 0) VCES - - - 70 70 Volts 

Collector- Emitter Voltage VCEO 20 40 30 60 60 Volts 

Emitter - Base Voltage VEBO - - - 10 25 Volts 

Collector Current IC 5 5 5 5 5 Amps 

Junction Temperature Range TJ - 65 TO +110 °c 

Collector Dissipation (at TC = 25°C) PD 106 106 106 106 106 Watts 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) 

Characteristic Symbol Min 'Max Unit 

Collector-Base Cutoff Current 
ICBO mAde 

(V CB = -25 Vdc) All Types - 0.5 
(VCB = -25 Vdc. TC = 850 C) All Types - 7,5 

Emitter-Base Cutoff Current 
lEBO mAde 

(VEB = -10 Vde) 2N380 - 1.5 
2N459 - 2 

(VEB = -25 Vde) 2N459A - 2 

Collector Cutoff Current ICEX mAde 
(V CE = -40 Vdc, VBE = 1. 5 Vdc) 2N378 - 10 
(VCE = -80 Vdc, VBE = 1. 5 Vdc) 2N379 - 10 
(VCE = -60 Vde, VBE = 1. 5 Vdc) 2N380 - 10 
(VCE = -105 Vdc, VBE = 1. 5 Vdc) 2N459 - 10 
(VCE = -105 Vdc, VBE = 1. 0 Vde) 2N459A - 10 

Collector - Emitter Breakdown Voltage BVCEO Vdc 
(IC = 100 mAde) 2N378 - 20 -

2N379 40 -
2N380 30 -
2N459, 2N459A 60 -

Base-Emitter Voltage VBE Vdc 
(IC = 2Adc, VCE = -2Vde) 2N378 - -1. 6 

2N379 ,2N459, 2N459A - -1. 3 
2N380 - -1. 0 
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---Power Transisfors---

2N378, thru 2N380 2N4S9. 2N4S9 A 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector- Emitter Saturation Voltage 
(IC = 2 Adc, IB = 0.2 Adc) 

DC Current Gain 
(Ic = 2Adc, VCE = 2 Vdc) 

(IC = 5 Adc, VCE = -2 Vdc) 

Common Emitter Cutoff Frequency 
(lC = IA. VCE = -2V) 
(IC = 2A, VCE = -2 V) 

2N441 (GERMANIUM) 

2N442 

Symbol 

2N378- 2N380, 2N459 
VCE(sat) 

2N459A 

hFE 
2N378 
2N379,2N459 
2N380 
2N459A 
2N459A 

fae 
2N378-2N380.2N459 
2N459A 

Min Max Unit 

Vdc 
- 1.0 
- 0.3 

-
40 80 
20 70 
30 70 
40 70 
20 -

ke 
5 -
5 -

Po = lS0W 
Ie = lSA 
V cso = 40-60 V 

2N443t·rr CASE 5 .. 
(TO-36) , 

PNP germanium power transistors for power switch
ing and amplifier applications. Power and temperature 
ratings exceed EIA registration. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCES 

Emitter-Base Voltage VEBO 

Emitter Current (continuous) IE 

Base Current (continuous) IB 

Junction and Storage Temperature Tstg 

Thermal Resistance 6JC 

POWER-TEMPERATURE DERATING CURVE 

tJ14=bt£ 
20 40 60 80 100 110 

TC' Case Temperattlre (oC) 

6-32 

2N441 2N442 2N443 Unit 

40 50 60 Vdc 

40 45 50 Vdc 

20 30 40 Vdc 

15 15 IS Amps 

4 4 4 Amps 

-65 to +110 °C/W 

0.5 ·C/W 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 150 Watts at 
case tsmperatures of 250 C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 

PD allowable = 1100 - Tc 
--0-.-5-



---Power Transistors---

2N441 thru 2N443 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Ifnit 

Collector-Base Cutoff Current ICBO j.LA 
VCBO = -2 V All Types - 100 -

Collector-Base Cutoff Current ICB rnA 
VEB = -1.5 V, VCB = -40 V 2N441 - 2 8 

-50 2N442 - 2 8 
-60 2N443 - 2 8 

Collector-Base Cutoff Current ICBO rnA 
TB = 71"C, VCBO = -40 V 2N441 - - 15 

-50 2N442 - - 15 
-60 2N443 - - 15 

Emitter-Base Cutoff Current lEBO rnA 
VEBO = -20 V 2N441 - I 8 

-30 2N442 - I 8 
-40 2N443 - I 8 

Collector-Emitter Voltage BVCES Vdc 
IC = 300 rnA, VEB = o· 2N441 -40 - -

2N44~ -45 - -
I 

2N443 -50 - -

Collector-Emitter Voltage BVCEO Vdc 
IC = I Amp, IB = O· 2N441 -25 - -

2N442 -30 - -
2N443 -45 - -

Floating Potential VBE volt 
IE = 0, V CB = -40 V 2N441 - - 1.0 

-50 2N442 - - 1.0 
-60 2N443 - - 1.0 

Current Gain hFE -
IC = 5 Amps, VCB = -2V All Types 20 - 40 

IC = 12 Amps, VCB = -2 V All Types - 20 -

Base-Emitter Voltage VBE Vdc 
IC = 5 Amps, V CB = -2 V 2N441 - 0.65 -

2N442 - 0.65 -
2N443 - 0.65 0.9 

Saturation Voltage VCE(SAT) Vdc 
IC = 12 Amps, IB = 2 Amps 2N441 - 0.3 -

2N442 - 0.3 -
2N443 0.3 1.0 -

Common-Emitter Current Amplification fae kc 
Cutoff Frequency 

IC = 5 Amps, V CE = -6 V All Types - 10 -

Rise Time tr Jlsec 
!lon" I = 12 Adc, All Types - 15 -
IB = 2<Adc, VCE = -12 V 

Fall Time tr Jlsec 

"off" IC = 0, All Types - "15 -
VEB = -6 V, REB = 10 Ohms 

* To avoid excessive heating of the collector junction, perform test with the sweep method. 
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---Power Transistors ---

2N441 thru 2N443 (continued) 
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SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate le
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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--Power Transistors ---

2N456A (GERMANIUM) 
2N457A 
2N458A 

Po = 85 W 
Ic=7A 
VeB = 40-80 V 

CASE 11 
(TO·3) 

PNP high-current germanium power transistors for 
industrial and general power amplifier and switching 
applications. 

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

Characteristic Symbol 2N456A 2N457A 2N458A Unit 

Collector-Base Voltage VCB 40 60 80 Volts 

Collector-Emitter Voltage VCEO 20 30 40 Volts 

Emitter-Base Voltage VEB _20_ Volts 

Collector Current Ie -7_ Amps 

Base Current IB -3- Amps 

Operating Junction and Storage 
°c Temperature Range TJ,Tstg -- -65 to+ll0--

Total Device DiSSipation @ T C = 25°C PD -85- watts 
Derate above 25°C -1- w/oC 
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--Power TransiS#ors--

2N456A, 2N457A, 2N458A (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise specified) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current leBO mAdc 
(VCB = 20 Vdc) 2N456A - 0.5 

(VCB = 30 Vdc) 2N457A - 0.5 

(V CB = 40 Vdc) 2N458A - 0.5 

I 
(V CB = 40 Vdc) 2N456A - 2 

(V CB = 60 Vdc) 2N457A - 2 

(V CB = 80 Vdc) 2N458A - 2 

(VCB = 40 Vdc, TC = +7loC) 2N456A - 10 

(VCB = 60 Vdc, TC = +7loC) 2N457A - 10 

(V CB = 80 Vdc, TC = + 7loC) 2N458A - 10 

Emitter-Base Cutoff Current lEBO mAdc 
(VEB = 20 Vdc) All Types - 2 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(Ie = 200 mAdc) 2N456A 20 -

2N457A 30 -
2N458A 40 -

Base-Emitter Voltage VBE Vdc 
(Ie = 5 Adc, V CE = 1.5 Vdc) All Types - 1.5 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 5 Adc, IB = 500 mAdc) All Types - 0.5 

DC Current Gain hFE -
(IC = 1 Adc, VCE = 1.5 Vdc) All Types 40 -
(IC = 3 Adc, VCE = 1.5 Vdc) All Types 35 -
(IC = 5 Adc, VCE = 1.5 Vdc) All Types 30 90 

(Ie = 7 Adc, VCE = 1.5 Vdc) All Types 22 -
Current Gain-Bandwidth Product fT kc 

(Ic = 1 Adc, VCE = 2 Vdc) All Types 200 -

Input Impedance hie ohms 
(IC = 5 Adc, VeE = 1.5 Vdc) All Types - 28 
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--Power Transistors--

2N456A, 2N457A, 2N458A (continued) 

POWER·TEMPERATURE DERATING CURVE 

@TA @Te 

5 100 
85 

4 80 

3 60 
2.6 

Te 

~ 
A 

~ ---2 40 

20 

o 0 

r----.:: ~ -
o 25 50 75 

TEMPERATURE (OC) 

2N459,A (GERMANIUM) 

--..;:::: r=-..... 
100 110 

For Specifications, See 2N378-380Data Sheet 

2N554 (GERMANIUM) 

2N555 

For Specifications, See 2N178 Data Sheet 

2N618 (GERMANIUM) 

For Specifications, See 2N375 Data Sheet 
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---Power Transistors---

2N665 - JAN (GERMANIUM) Po = 35W 
' E =5A 
VCDO = SOV 

CASE~ 
(TO-3) 

PNP germanium power transistors for driver and 
power output amplifier and power switching applica
tions in military and industrial equipment-

MAXIMUM RATINGS 

Characteristic Symbol Ratin, Unit 

Collector-Base Voltage VCBO 80 Vdc 

Emitter-Base Voltage VEBO 40 Vdc 

DC Collector Current Ie Amps 
MIL-S-19500/58C 2 
Motorola Unit 3 

DC Emitter Current IE 5 Amps 

Collector Junction Temperature TJ -65 to +95 °c 

Collector Dissipation P D 35 watts 
Derate above 25°C 0.5 wloc 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

Emitter CutoU Current lEBO mAdc 
(V EBO = -40 Vdc. Ie = 0) - -2 

Collector Cutoff Current ICBO mAde 
(VCBO = -2 Vdc, If = 0) - -.05 
(VCBO= -60 Vdc, E = 0) - -2 
(VCBO = -80 Vdc, IE = 0) - -10 

DC Current Gain hFE -
(V CE = -2 Vdc, Ie = -0.5 Adc) 40 80 
(VCE = -2 Vdc, Ie = .-2 Adc) 20 -

Emitter-Base Voltage VEB Vdc 
(VCE = -2 Vdc, Ie = -2 Adc) - 1.5 

Floating Potenttal VEBF Vdc 
(V CB = -80 Vdc, voltmeter input 

-1 resistance = 10 megohms min, t .. 1 sec) -
Collector-Emitter. Saturation Voltage VCE (sat) Vdc 

(Ie = -3 Adc, IB = -220 mAdc) - -0.9 

Collector-Emitter Voltage VCEO Vdc 
(Ie = -300 mAdc, IB = 0) -40 -

Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio CutoU Frequency fbfe tc 

(VCE = -14 Vdc, Ie = -2 Adc) 20 -
Emitter CutoU CUrrent lEBO mAde 

(VEBO = -30 Vdc, Ie = 0, TC= +71 oC mtn) - -2 

Collector CutoU Current ICBO mAdc 
(VCBO = -30 Vdc, IE = 0, TC = +71oC mtn) - -2 
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--- Power T ransisfors ---

2N665 (continued) 

200 
180 

" ° 160 ~ 
!;;: 140 
~ 120 ::; 
... 100 

80 

-60 -40 -20 

The Safe Operating Area 
Curves indicate Ie - V CE 

limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera
tion below the maximum TJ , 

the power-temperature de
rating curve must be ob
served for both steady state 
and pulse power conditions. 

h" versus TEMPERATURE 

20 
Tc. CASE TEMPERATURE (OC) 

POWER-TEMPERATURE DERATING CURVE 

i""" I 

~ I 
I 
I 

~ I 
I 
I 

~ I 

2Cl 25 " 100 

Tc, CASE TEMPfRATURE(CC) 

40 60 80 

SAFE OPERATING AREA 

Vc •• COLLECTOR-EMIITERVOLTAGE.(VOLTS) 

2N669 (GERMANIUM) 

For Specifications, See 2N176 Data Sheet 
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--- Power Transistors ---

2Nl011 (GERMANIUM) 
2Nl011 JAN/USA 

PD = 90W 
IE= SA 
VCBO = SOV 

~ 
CASE 11 

(TO-3) 

PNP germanium power transistors for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper
ature range and power dissipation exceed military 
specifications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T C ~ 250 C 

Derate above 250 C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

PDWER-TEMPERATU R E 

DERATING CURVE 

100 

90 

00 80 

g 
" :§ 60 

'" .~ 

a 
~ 40 
i< 
o 
p, 

p,Q 20 

10 

20 

6-40 

Symbol 2N 1 011 Unit 

VCEO 40 Vdc 

VCES 80 Vdc 

VCB 80 Vdc 

VEB 40 Vdc 

IE 5 Adc 

PD 90 Watts 

1.2 W/oC 

TJ,Tstg °c 
-65 to + 100 

Symbol Max Unit 

8JC 0.8 °C/W 

"-

"" "" "" "" "-

"" "" " 40 60 80 100 

T C' Case Temperature tC) 



--Power Transistors---

2N 1 011 (continued) 

ELECTRICAL CHARACTERISTICS (At 2S·C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE - 150 -
VCE = 2 V 

IC = 1.0 Adc 

DC Current Transfer Ratio hFE 30 75 -
VCE = 2V 

IC = 3.0 Ade 

Small-Signal Current Transfer Ratio fae 5 - ke 
CUloff Frequency 

VCE = 2 Vde 

IC = 3 Amps 

Emitter-Base Cutoff Current lEBO - 3.0 mAde 

VEB = 40 Vde 

IC = 0 

Collector-Base Cutoff Current ICBO - 200 /lAde 

VCB = 2 Vde 

IE = 0 I 
Collector-Base Cutoff Current ICBO - 15.0 mAde 

VCB = 80 Vde 

IE = 0 

Base Current IB 6.7 - mAde 

VCE = 2 Vde 

IC = 1 Ade 

Base Current IB 40 100 mAde 

VCE = 2 Vde 

IC = 3 Ade 

Emitter-Base Voltage VEB - 2.0 Vde 

VCE = 2 Vde 

IC = 3 Ade 

Floating Potential VfI - 1.0 Vde 

VCB = 50 Vde 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) - 1.5 Vde 

IC = 3 Adc 

IB = 200 mAde 

Collector-Emitter Voltage BVCEO 40 - Vde 

IC = 300 mAde 

IB = 0 

Collector-Emitter Voltage BVCES 80 - Vde 

IC = 300 mAde 

VEB = 0 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 

fae 5 - ke 

VCE = 2 Vde 

IC = 3 Ade 

High-Temperature Operation 
TC :::: +90°C min 

Collector Cutoff Current ICBO - 20 mAde 

VCB = 30 Vdc 

IE = 0 
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--Power Transisfors--

2N 1021 (GERMANIUM) 

2Nl022 
Po = 85 W 
Ic= 5 A 
VCBO = 100·120 V 

PNP germanium power transistor for industrial and 
general purpose power amplifier and switching appli
cations. 

CASE 1 
(TO-31 

MAXIMUM RATINGS (Te = 25"C unless otherwise noted) 

Characteristic Symbol 2Nl021 2Nl022 

Collector-Base Voltage VCB 100 120 

Collector-Emitter Voltage VCEX 100 120 

Collector-Emitter Voltage VCEO -50-

Emitter-Base Voltage VEB ---30-

Collector Current IC • 5 • 

Operating Junction and storage 
Temperature Range TJ , Tstg - -65 to+ll0--

Total Device Diss~ation @ TC = 25°C PD .. 85-
Derate above 25 C .. 1 • 

POWER·TEMPERATURE DERATING CURVE 
@TA @Tc 

5 100 
85 Tc 

4 80 

3 60 
2.6 
2 40 

20 

............... 
A 

~ -- ----= l'-----.::::::::::: I:==.... a a 
o 25 50 75 100 110 

TEMPERATURE (oG) 
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Unit 

Volts 

Volts 

Volts 

Volts 

Amps 

°c 

watts 
W/oC 
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--Power Transistors--

2Nl02l, 2Nl022 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol rllin Max Unit 

Collector-Base Cutoff Current ICBO mAdc 
(VCB = 50 Vdc) 2NI021 - 0.5 

(VCB = 60 Vdc) 2NI022 - 0.5 

(VCB = 100 Vdc) 2N1021 - 2 

(VCB = 120 Vdc) 2NI022 - 2 

(VCS= 50 Vdc, TC = + 55°C) 2N1021 - 8 

(VCB = 60 Vdc, TC = + 55oC) 2N1022 - 8 

Collector-Emitter Breakdown Voltage* BVCEO* Vdc 
(IC = 200 mAdc) Both Types 50 -

Emitter-Base Cutoff Current lEBO mAdc 
(V EB = 10 Vdc) Both Types - 0.5 

(V EB = 30 Vdc) Both Types - 2 

Base-Emitter Voltage VBE Vdc 
(V CE = -1.5 Vdc, IC = 1.0 Adc) Both Types - 3 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 5 Adc, IB = 500 mAdc) Both Types - 0.5 

DC Current Gain hFE -
(IC = 1 Adc, VCE = 1.5 Vdc) Both Types 40 -
(IC = 3 Adc, VCE = 1.5 Vdc) Both Types 35 -
(IC = 5 Adc, VCE = 1.5 Vdc) Both Types 30 90 

(IC = 7 Adc, VCE = 1.5 Vdc) Both Types 22 -

Input Impedance hie ohms 
(IC = 1.0 Adc, V CE = 1.5 Vdc) Both Types - 28 

Current Gain-Bandwidth Product fT kc 
(IC = 1.0 Adc, VCE = 2 Vdc) Both Types 200 -

*Sweep Test: 1/2 sme wave, 60 cps. 
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---Power Transistors---

2N 1 073 I A. B (GERMANIUM) PD = SSW 
Ic= lOA 
V CER = 40-120 V 

~~' CASE 4-; 
(TO-41) I 

PNP germanium power transistors for high-voltage 
power switching applications_ 

MAXIMUM RATINGS 

" "-
z 

~ 

0 

u 

0 

~ 
;;! 
.c! 

Characteristic Symbol 

Collector-Emitter Voltage VCER 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current (Cont) Ie 
Base Current (Cont) IB 

Emitter Reverse Current IE 
(Surge 60 cps Recurrent) 

Storage and Operating Tstg 
Temperature TJ 

Collector Dissipation Po 
(25°C Mtg. Case Temp.) 

POWER-TEMPERATURE DERATING CURVE 

~ 
~ 100 

; 80 
a 60 

~ 40 
~ 20 

" o 
o 

"" 85 WATTS MAX 

-...........J I 
"'-
I l'-,.. lloob :;. 

25 50 75 100 125 
Te. CASE TEMPERATURE (Oe) 

2Nl073 

40 

40 

1.5 

10 

5 

1.5 

85 

2Nl073A 2Nl073B 

80 120 

80 120 

1.5 1.5 

10 10 

5 5 

1.5 1.5 

-65 to +110 

85 85 

The ma.:imum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25~C and is 0 
watts at 110~C with a linear relation between 
the two temperatures such that: 

Allowable Po ~ 110~.~ Te Watts 

Unit 

Vdc 

Vdc 

Vdc 

Amps 

Amps 

Amps 

°c 

watts 
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\. 5msec .......... ~ ~'\. f-- ~ 50 I-Isec 

I--p\-smsec 
250 l1 sec 

\ I msec >« \ \\ 

1.0 5msL;V 'I)X1 ~ Imse~ < ~ ~ 1\1,",5Lsec~ ~ 
0.5 

0.3 

~;;s:~e~~ 250.usec 
~ 50;.tSC'j 

""- I'\. ~\ 

0.1 
o~ ...-I OC - "" I"--OC -- '" ~ 

.05 

.03 

.01 
10 20 30 40 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 100 110 120 

VC" COLLECTOR-EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Ic - (Duty cycle of the excursions make no significant 

V CE limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum TJ, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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--- Power Transistors ---

2NI073, A, B (continued) 

ELECTRICAL CHARACTERISTICS (At 2S'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current ICBO mAde 
(VCB = 25 Vde, IE = 0) 2NI073 - - I 
(VCB = 25 Vde, IE = O. TC 85°C) 2NI073 - - 15 
(VCB = 40 Vde. IE = 0) 2NI073 - - 20 
(VCB = 60 Vde. IE = 0) 2NI073A - - I 
(VCB = 60 Vde. IE = O. TC = 85°C) 2NI073A - - 15 
(VCB = 80 Vde. IE - 0) 2NI073A - - 20 
(VCB = \00 Vde. IE = O. 2NI073B - - 2 
(VCB ~ 100 Vde. IE .- o. TC 85°C) 2NI073B - - 20 
(VCB = 120 Vdc. IE 0) 2NI073B - - 20 
(VCB = 2Vdc,IE- 0) All Types - - 0.3 

Emitter-Base Leaka~e Current lEBO mAde 
(VEB = 0.75 Vde) - - 50. 

Emitter Floating Potential VEBF Vde 
(VCE = 40 Vde) 2NI073 - - -\.O 
(VCE = 80 Vde) 2NI073A - - -\.O 
(VCE = 120 Vde) 2N1073B - - -\.O 

Collector-Emitter Breakdo~n Voltage BVCER - Vde 
(IC = 50 mAde. RBE = 100 m 2NI073 40 - -

I 
2NI073A 80 - -
2NI073B 120 - -

DC CUrrent Gain hFE .-
(IC 5 Ade. VCE -2.0 Vde) 20 - 60 

Small Signal Current Gain hIe -
(Ic = 0.5 Ade. VCE = 12Vde.l= 30 ke) - 15 -

Base Input Voltage VSE Vdc 
(VCE = 2.0 Vde. Ie = 5 Ade) - - \.0 

Collector-Emitter Satur'ation Voltage V CE(sat) Vde 
(IC = 5 Ade, IB = 0.5 Ade) - 0.5 \.0 

Rise Time tr - 5.5 - Ilsec 

Storage Time ts - \.2 - Ilsec 

Fall Time tf - 2.0 - f.lsec 

*To avoid excessive heating of collector junction·, perform this test with a sweep method. 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 

10r---,----,----,----,----V---,----, 10 

~:;:~r--- / / 
~100oC 

V 
f 

/; ~ VeE:::;; - 2 V 

h ~ 
100 200 300 400 500 600 700 0.5 1.0 1.5 

I" BASE CURRENT (MilLIAMPS) Vn • BASE·EMITTER VOLTAGE (VOLTS) 
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---Power Transistors---

2N 1 073, A, B (continued) 

DC CURRENT GAIN versus COLLECTOR CURRENT COLlECTOR CURRENT versus DRIVE VOLTAGE 
50 

40 

10 

25 

\ \ 

\ l\ 
"'" 

VCE = -2 II VCE ::::: MAX. RATING / 
II ~ ~ ~ t-- -55°C 

+100"Cj 

MERCURY 
SWITCH 

~ ~ t---

10 

Ic. COLLECTOR CURRENT (AMPS) 

0--20 n 
In 

+25°C 
+lOooC 

o 
12 +0.3 +02 

SWITCHING TEST CIRCUIT 

./ / 
+25°C 

./ 

+0.1 -0.1 

V,u BASHMITTER VOLTAGE (VOLTS) 

41! 

12 V 

I 

/ / 

7 
-sy 
-0.2 - 0.3 

51! 
4V 

+ 
~------+--III~-______ ---l 

PULSE CONDITIONS; Ie::::: 3 Me, I.::::: 300 mAde 

2N 1099 (GERMANIUM) 

For Specifications, See 2N277 Data Sheet 

2N 1100 (GERMANIUM) 

For Specifications, See 2N174 Data Sheet 
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---Power TransiS#ors---

2N 1120 (GERMANIUM) 

2N 1120 USA/JAN 

Po = 90W 
IE = 15A 
VCBO = SOV 

CAS~ PNP germanium power transistors for military and 
industrial power applications. 

(TO·3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Emitter Current 

Total Device Dissipation @ T C = 25°C 

Derate above 25°C 

Operating Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

POWER· TEMPERATURE 

DERATING CURVE 

100 

90 

10 

20 

6-47 

Symbol 2N1120 Unit 

VCEO 40 Vdc 

VCES 70 Vdc 

VCB 80 Vdc 

VEB 40 Vdc 

IE 15 Adc 

PD 90 Watts 

1.2 W/oC 

TJ -65 to + 100 °c 

Symbol Max Unit 

IlJC 0.8 °C/W 

" '" '" '" '" ~ 
" '" '" 40 60 80 100 

T C' Case Temperature (oe) 



---Power Transistors---

2N 1120 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 300 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 300 mAdc, V BE = 0) 

Floating Potential 
(VCB = 80 Vdc, IE = 0) 

(Voltmeter Input Resistance = 10 meg. min.) 

Collector Cutoff Current 
(VCB = 2 Vdc, IE = 0) 

(VCB = 30 Vdc, IE = 0) 

(VCB = 80 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 40 Vdc, IC = 0) 

Base Current 
(V CE = 2 Vdc, IC = 5 Adc) 

(V CE = 2 Vdc, IC = 10 Adc) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

(IC = 10.0 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 Adc, IB = 1. 0 Adc) 

Base-Emitter Saturation Voltage 
(IC = 10 Adc, IB = 1. 0 Adc) 

Base-Emitter On Voltage 
(IC = 10 Adc, V CE = 2 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

Symbol Min 

BVCEO 
40 

BVCES 
70 

VEBF 
-

ICBO 
-

-

lEBO -

IB 
50 

200 

hFE 
-

20 

VCE(sat) 
-

VBE(sat) -

VBE(on) 
-
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Max Unit 

Vdc 
-

Vdc 
-

Vdc 
1.0 

mAdc 
0.3 

20 

15 

mAdc 
5.0 

mAdc 
-

500 

-
100 

50 

Vdc 
1.0 

Vdc 
1.5 

Vdc 
2.0 

kHz 



--Power Transistors--

2N 1162 thru 2N 1161 (GERMANIUM) 
2N1162A thru 2Nl167A HI-REL 
2N1165 USN/JAN 

PD = 106W 
Ic = 25A 

VCS = 50-l00V 

PNP germanium power transistors for switching and 
amplifier applications in high reliability equipment. 

CASE 3,4 
(TO-3,4J) 

TO-3 package (without lugs) 
even numbered types. 

TO-41 package (with lugs) 
odd numbered types. 

MAXIMUM RATINGS 

Apply also to standard; non-A series 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ 25°C 
Derate above 25°C 

Operating and Storage 
Junction Temperature Range 

Symbol 

VCB 

VCES 

VEB 

P D 

TJ , Tstg 
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2N1162A 2N1164A 2N1166A 
Unit 

2N1163A 2N1165A 2N1167A 

50 80 100 Vdc 

35 60 75 Vdc 

25 40 50 Vdc 

106 Watts 
1. 25 W/oC 

-65 to +110 °C 

I 
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-Power Transisfors-

2N1162 thru 2Nl167 (continued) 

GROUP A ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current ICBO! rnA 

(V CD == BV CBO(max)' IE '" 0) All Types 15 

Collector Cutoff Current leBO 
(V CB ' 2 V, IE' 0) All Types 125 225 I,A 

(Ves = 15 V, IE = 0, TC '" OaDe) 2Nl162A-3A* 10 20 rnA 

(VCB ' 30 V, IE' 0, TC = 90°C) 2N1l64A-7A* 10 20 mA 

Collector-Emitter Breakdown Voltage"'· BVCES .. Vdc 
(Ie = 500 rnA, VEB = 0) 2Nl162A-3A '" 35 

2NllG4A-5A* 60 
2N1l66A-7A* 75 

Emitter Cutoff Current lEBO 
rnA 

(V EB = 12 V, IC = 0) All Types 0.5 1.2 

DC Forward Current Gain t 
(V CE = I V, IC = 25 A) All Types hFElt 15 25 

(V CE = 2 V, IC = 5 A) All Types hFE 65 125 

Collcctor- Emitter Saturation Voltage V CE(sat) 
volts 

(IC = 25 A, IB = 1.6 A) All Types 0.3 0.8 

Base-Emitter Saturation Voltage VBE(sat) volts 
(IC = 25 A, IB = 1. 6 A) All Types 0.7 1.7 

Common Emitter-Cutoff Frequency f ae kHz 
(V CE = 2 V, IC = 2 A) All Types 

"'Characteristics apply also to correspondmg, Ilon-A type numbers 
...... Sweep Method: 1/2 cycle sine wave, 60 cps 

SWITCHING CHARACTERISTICS (Typical) 

Saturated Collector Pulsed Drive Base Current Response times in ~s 
Current On Off td+t, t, t, 

5 amps 330 rnA 100 rnA 11 5 17 

10 amps 660 rnA 200 rnA 15 4 20 

25 amps 1650 rnA 500 rnA 19 3 18 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 

120 

en r-.... 100 

~ ......... ......... (}~c = 10.8°C/W, MAX ......... z: 
0 
;:: 
~ en en 
i5 
0:: ..... 
== 0 
0.. 

0 
0.. 

80 

60 

40 

20 

o 
25 

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

50 

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

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

75 100 125 
T c, CASE TEMPERATURE (OC) 
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--Power Transistors--

2N 1162 thru 2N 1167 (continued) 

30 

20 

10 

il! 
~ 5.0 

I 3.0 
2.0 

~ 1.0 

8 0.5 .2 0.4 
0.3 

0.2 

30 

20 

10 

0 

0 

0 

0 

s 

D. 3 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 

\ 

The active region safe operating 
area curves indicate Ic-Vc~ limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tem
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the ma)(imum 
junction temperature, power de
rating must be observed for both 
steady state and pulse conditions. 
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~ 
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de "'r-.. \ 

TO 50V,20mA \ 
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VCE, COLLECTOR·EMITIER VOLTAGE (VOLTS) 
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VCE, COLLECTOR·EMlrrffi VOLTAGE (VOLTS) 

LARGE SIGNAL. CHARACTERISTICS 

FIGURE 3 - TRANSCONDUCTANCE FIGURE 4 -INPUT AOMmANCE 
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--Power Transisfors--

2N 1162 thru 2N 1167 (continued) 

AGURE 5 - CURRENT GAIN ADURE 6 -SATURATION REGION 

200 

IILI~IV r- __ 

T~lUt r---
TJ 25°C 

e- TJ ssoc 

0 

~ 
~ 

0 

1\ 

100 

0 

I I 1.0 1.6 1.4 1.2 
S 

~ ~ V I-- 0.8 

V I-- 0.6 

0 

k@ V I--V V D.' 

/ ---
,... 

5 

~ 
i7 V 

1/ 
V 

I. = 0.2 AMPS 
0 

f7 r:;::::; 
V V 

1\ , 
0 I 

./ 
5 

~ r 2ST 
0.3 O.S 1.0 2.0 3.0 5.0 10 20 30 0.2 0.4 0.6 0.8 

Ie, COlLECTOR CURRENT (AMPS) VeE, COLLECTOR·EMITTER VOLTAGE (YOlTS) 

2N 1358(GERMANIUM) 
2N1358 JAN/USA 

For Specifications, See 2N174 Data Sheet 

2N 1359 (GERMANIUM) 

2N1360 
2N 1362 thru 2N 1365 

For Specifications, See 2N375 Data Sheet 
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--Power Transistors---

2N 1412 (GERMANIUM) 
2N1412 USN/JAN 

Po = 150W 
Ie = 15 A 
VCBO = 100V 

PNP germanium power transistors for high-voltage 
power amplifier and switching applications in military 
and industrial equipment. 

CASE 5 
(TO·36) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current (Continuous) 

Base Current (Continuous) 

Junction & Storage Temperature 

Thermal Resistance 

0 
0 

0 

0 

, 
3 

2 

I 

, O. 
0,' 
0,3 

SAFEOPElIATING AREA 

5msec tmset SOO"sec 2S0l'SI!c 

'\ \. r-:: ~ ~ ~ 1-1tOJLsjc ~ OR LESS- -
'\ ['... ~ ~ 

'7'r-... 
/'- \.. 

" \ 
170·WAn ,/ ~ 
PQWERDISSIPA1IONAT 
2Sl:>C CASE TEMfERA1URE ,~/ 1\' 
- f--t- TO IODV, 8 mA 

0, 
(2NllOOONLY) 

2 f--i-+- WITH BACK "A'APWi=: \-1--
li"LSE t""! O"\YI .\ 

I 0, 
o 10 20 30 40 50· 60 70 80 90 100 

COLLECTOR·EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe· 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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Symbol Rating Unit 

VCBO 100 Vdc 

VCES 80 Vdc 

VCEO 60 Vdc 

VEBO 60 Vdc 

IE 15 Amps' 

IB 4 Amps 

Tstg -65 to +100 °c 

°JC 
0.5 °C/W 

POWER·TEMPERATURE DERATING CURVE 
160 
150 
140 

120 

100 

80 

60 

"-
~ 

'" "-
" 40 
~ 20 

" o 
o 20 40 60 80 

Te. CASE TEMPERATURE (OC) 
The maximum continuous This curve has a value of 

~~~rj~~c~i~~ti~n:gerr;:~; l~r~:'::f~~·~ ~:di!Om~~t~ 
by the thermal resistance at l00"C with a linear rela
factor. tion between the two tem-

peratures such that: 

alIowablePD = ~ 
0.5 

100 

(Duty cycle of the excursions make no significant 
change in these safe areas,) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Power Transistors---

2N 1412 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Maximum Unit 

Emitter Cutoff Current lEBO - 200 /lAde 

VEB = -2.0 Vde 

IC = 0 

Emitter Cutoff Current lEBO - 10 mAde 

VEB = -60 Vde 

IC = 0 

Collector Cutoff Current ICBO - 200 /lAde 

VCB = -2.0 Vde 

IE = 0 

Collector Cutoff Current ICBO - 10 mAde 

V CB = -100 Vdc 

IE = 0 

Emitter-Base Voltage VEB 0.5 Vde 

VCE = -2.0 Vde 
IC = -1.2 Adc 

Emitter-Base Voltage VEB 0.9 Vdc 

VCE = -2.0 Vde 
IC = -5.0 Adc 

Floating Potential Vfl 1.0 Vdc 

V CB = -100 Vdc 

IE = 0 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) 0.7 Vdc 

IC = -12 Adc 
IB = -2.0 Adc 

Forward Current Transfer Ratio* hFE 10 - -

VCE = -2.0 Vdc 
IC = -15 Adc 

Forward Curr~nt Transfer Ratio hFE 25 50 -
VCE = -2.0 Vdc 

IC = -5.0 Ade 

Collector-Emitter Breakdown Voltage * BVCEO 60 - Vdc 

IC = -1 Adc 
IB = 0 

Collector- Emitter Breakdown Voltage * BVCES 80 - Vde 

VEB = 0 

IC = 300 rnA 

Small-Signal Short-Circuit Forward-Current fae 5 - ke 
Transfer Ratio Cutoff Frequency 

VCE = -12 Vdc 
IC = -5.0 Ade 

High- Temperature Operation lEBO - 6.0 mAde 
Emitter Cutoff Current 

TC = +71°C min 
VEB = -30 Vde 

Collector Cutoff Current ICBO - 6.0 mAdc 

VCB = -30 Vdc 

IE = 0 

'Test by sweep method with a short duty cycle (about 1 %) to avoid excessive heating. 
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--Power Transistors--

2N 1412 (continued) 

INPUT CHARACTERISTICS CURRENT TRANSFER CHARACTERISTICS 
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---Power Transistors---

2N 1529 thru 2N 1 538 (GERMANIUM) 
2N1529A thru 2N1532A, 
2N1534A thru 2N1537A, HI-REL 

Po = 106W 
le=5A 
VeBo = 40-120 V 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

CASE 11,16 
(TO-3,41) 

For units with solder lugs attached, specify 
devices MP1529A etc. (TO·41 package) 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Emitter Voltage VCEX 

Collector- Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Collector-Base Voltage VEBO 

Collector Current IC 
(Continuous) 

C oUector Current Ie 
(Peak) 

JUnction Temperature Range T J 

Total Device Dissipation PD 
(2SoC Case Temperalure) 

Thermal Resistance °JC 

2"1529 2"1530 
2"1534 2N1535 

40 60 

30 45 

20 30 

40 60 

20 30 

5 5 

10 10 

106 106 
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2"1531 2"1532 2H1533 
2N1536 2"1537 2N1538 Unit 

80 100 120 Vdc 

60 75 90 Vdc 

40 50 60 Vdc 

80 100 120 Vdc 

40 50 60 Vdc 

5 5 5 Amps 

10 10 10 Amps 

-65 to +110 °c 

106 106 106 Watts 

0.8 °C/W 



--Power TransiS#ors---

2N 1529 thru 2N 1538 (continued) 

ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise specified.) 
Characteristics apply to corresponding "A" type numbers also. 

Characteristic Symbol Min 

Collector-Base Cutoff -Current IC801 
(VC8 " 25V) 2N1529.2N1534 -
(VC8 c 40V) 2N1530.2N1535 -
(VCB " 55V) 2N1531.2N1536 -
(VCB " 65V) 2N1532.2N1537 -
(V CB BOV) 2N1533.2N153B -

Collector-Base Cutoff Current ICBO 
(VCB = 2V) All Types -
(VCB = I 2 BVCES rating; TC = ,90°C) All Types -

Emitter-Base Cutoff Current lEBO 
(V EB = 12V) All Types -

Collector- Emitter Breakdown Voltage 8VCES 
(IC = 500 rnA. V E8 = 0) 2NI52!1.2NI534 30 

2N1530.2N1535 45 
2N1531. 2NI536 60 
2N1532. 2NI537 75 
2N1533.2N153B 90 

Collector- Emitter Leakage Current ICEX 
(V BE = I V; V CE (v rated BV CBO) All Types -

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 500 rnA, IB = 0) 2N1529,2N1534 20 

2N1530,2N1535 30 
2N1531. 2NI536 40 
2N1532,2N1537 50 
2N1533, 2NI53B 60 

Collector-Base Breakdown Voltage BVCBO 
(IC = 20 rnA) 2N1529, 2NI534 40 

2N1530, 2NI535 60 
2N1531, 2NI536 BO 
2N1532,2N1537 100 
2N1533,2N153B 120 

Current Gain hFEI 
(VCE = 2V, IC = 3A) 2NI529 - 2NI532 20 

2NI534 - 2N1537 35 
2NI529 - 2N1533 20 
2N1534 - 2N153B 35 

Base-Emitter Saturation Vulla~e VBE(sat) 
(IC = 3A, 18 = 300 rnA) 2N1529 - 2NI532 -

2N1534 - 2N1537 -
2N 1529 - 2N1533 -
2N1534 - 2N153B -

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 3A, 18 = 300 rnA) 2N1529 - 2N1532 -

2N1534 - 2N1537 -
2N1529 - 2NI533 -
2N1534 - 2N153B -

Transconductance gFE 
(VCE = 2V, IC = 3A) 2N1529 - 2N1532 1.2 

2N1534 - 2N1537 1.5 
2N1529 - 2N1533 1.2 
2N1534 - 2NI53B 1.5 
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Max Unit 

rnA 
2.0 
2.0 
2.0 
2·0 
2.0 

rnA 
0.2 
20 

rnA 
0.5 

volts 
-
-
-
-
-

rnA 
20 

volts 

-
-
-
-
-

volts 

-
-
-
-
-

-
40 
70 
40 
70 

volts 
1.7 
1.5 
1.7 
1.5 

volts 
1.5 
1.2 
1.5 
1.2 

mhoS 

-
-
-
-



---Power T ransisfors ---

2N 1529 thru 2N 1538 (continued) 

POWER·TEMPERATURE DERATING CURVE 

iiiRl1s [E 
~ 0 20 40 60 80 100 110 

Tel CASE TEMPERATURE (Oel 

COLLECTOR CURRENT versus BASE CURRENT 

VCE = 2
1
V / ~ 

2N1534-2N1538 /" 

/ / 
./" 

2 
j 

II 
V,NI519- 2NI533 

/1 
00 0,05 0.10 0.15 0.20 0.25 0.30 

II, BASE CURRENT (AMPS) 

SWITCHING TIME MEASURING CIRCUIT 

TEST TRANSISTOR 

Zo ::::500 

: r----
! ! 

20V '-_J 

PULSE GENERATOR 

TYPICAL SWITCHING CHARACTERISTICS 

I, V R tcl+ t• t, t, 
(Amps) (Volts) (ohms) (>-tsec) (.usee) (p;sec) 

2N1529·33 3 3 65 10 2 5 

2N1534-38 3 3 100 8 3 5 

The maximum continuous power is 
related to maximum junction tempera
ture, by the thermal resistance fac
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant PD = V c x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera
tures of 250e and is 0 Watts at 1l00e 
with a linear relation between the two 
temperatures such that 

PD allowable = 1100 - Tc 
.08 
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COLLECTOR CURRENTversus EMITTER BASE VOLTAGE 

°0~~--~--~----~--~~--~--~3.0 

150 

125 

100 

75 

50 

VcE =2V 

\ 

Vu, EMITTER-BASE VOLTAGE (VOLTS) 

DC CURRENT GAIN versus 

COLLECTOR ~URRENT 

"" "" 
.......... 

i'- r--..... 2Nl534 - 2N1538 

....... -t-- ---I--
25 c---- t--

2Ni529 ~rI53~J 
o 0 3.0 1.0 2.n 4.0 

Ie, COLLECTOR CIdRRUH (AMPSI 

-
5.0 



---Power Transistors---

2N 1529 thru 2N 1538 (continued) 

SAFE OPERATING AREAS - PULSE CONDITIONS 

The Safe Operating Area Curves indicate Ie -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2NI529,2NI534* 2111530, 2N1535' 2111531.2N153S' 
10 

±fmsec == ~.~~::~ --~5m,"' Imsec H 
-f- lmsec 

-~500 flSCC 
"\-

-- -SOOjLsec ~ 1-1'-1 -f- SOO",sec 

1\ \ -- r-250 flsec -- -f- L250 sec 

\ -- \~lOOf'SeC 
"\~ \ \ 

\ \ \ \ \\ \ 

DC\ DC\ \ 1"\ \,\ 
DC,\ \' 

i2 
~ 

I 
! 

0.7 

1"\ ~ 

;l 
D.5 

~ 
.2 D.' 

0.3 

TO 45V, 3 rnA T060V,3mA 

~ 
TO 75V,3mA \ WITH APPLIED .\ WITH APPLIED WITH APPLIED 

BACK BIAS BACK BIAS BACK BIAS 
{FOR PULSE CURVES ONLY) (FOR PULSE CURVES ONLY) (FOR PULSE CURVES ONLY) 

0.2 

0.1 o 5 10 15 20 25 30 350 5 10 15 20 25 30 35 40 45 500 5 10 15 20 25 30 35 40 45 50 55 60 65 

VeE, COUECTOR·EMITIER VOLTAGE (YOLTS) 

2N1532,2N1537' 2N1533,2N1538 
10 

5msec 
5msec Imsec 

500 I'sec 
Imsec 

\ L250"sec 500 "sec 
"-;;250 flsec 

\. \. ,\\ "-.\. \\ 
'\ \~ "- "\\ ~ 

'\ \~ ~" ~ ~~ DC"-
"- \' "'-

7 

'" i'.. r-.... 

T090V.3mA 

~ 
TO 120Y.3mA l\ 

WITffAPPLIED WITIi APPLIED 
BACK BIAS 

(FOR PULSE CURBV~~Ko~ti) ~' (FOR PULSE CURVES ONLY) 
1 

D.2 

10 10 3D 50 60 70 8D 0 10 10 30 'D 50 60 70 80 100 

Veo. COLLECTOR·EMITTER VOLTAGE (VOlTS) 

*Characteristics apply to corresponding" An type numbers also, 
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---Power Transistors---

2N 1539 thru 2N 1548 (GERMANIUM) 
2N1539A thru 2N1542A, 
2N1544A thru 2N1547A, HI-REL 

Po = 106W 
Ic =5A 
V CBO = 40· 120 V 

CASE 3,4 
(TO-3,41) 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

For units with solder lugs attached, 
specify devices M P1539A etc. (TO-41 package) 

MAXIMUM RATINGS * Apply to corresponding "Hi-ReI" Series Also 

Characteristics SymbDI 
1HI539 * 
1H1S« * 1NI540 * 

2NI545 * 
Collector- Emitter VCEX 40 60 

Voltage 

Collector- Emitter VCES 30 45 
Voltage 

Collector-Emitter VCEO 20 30 
Voltage 

Collee tor- Base VCBO 40 60 
Voltage 

Emitter- Base VEBO 20 30 
Voltage 

Collector Current Ie 5 5 
(Continuous) 

Collector Current Ie 10 10 
(Peak) 

Collector Junction TJ 
Temperature Ran~e 

Collector DIssipation Po 106 106 
(25"C Case Temp.) 

Thermal Resistance °Je 

The maximum continuous power is 
related to maximum junction tempera- 110 

ture, by the thermal resistance fac- ~10 
tor. For d. c. or frequencies below g,1O 
25 cps the transistor must be operated ~ 8 

within the constant PD = Vc x Ic ~ 6 

hyperbolic curve. This curve has a ~ 4 

value of 106 Watts at case tempera- ~ 2 
tures of 250 e and is 0 Watts at HOoe ~ 0 

with a linear relation between the two 0.. 0 

temperatures such that 
PD allowable = 1100 - Tc 

0.8 

( 

0 

0 

0 

0 
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1NI541 * 1NI541 * 1NI543 
'"1546 * '"'541 * 1NI548 Unit 

BO 100 120 Vdc 

60 75 90 Vdc 

40 50 60 Vdc 

80 100 120 Vdc 

40 50 60 Vdc 

5 5 5 Amps 

10 10 10 Amps 

-65 to +110 ·C 

106 106 106 Watts 

0.8 °e/w 

POWER·TEMPERATURE DERATING CURVE 

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

~ 
~ 
~ 

' .......... 
20 40 60 80 100 110 

Te. CASE TEMPERATURE ("C) 



---Power Transisfors---

2N 1539 thru 2N 1548 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 

Parameter Symbol Min Mat Unit 

Collector-Base Cutofe Current ICBO! rnA 
{VCB ~ 25 VI 2NI539.2NI544 - 2.0 
(VCB ~ 40 V) 2N1540.2N1545 - 2.0 
(VCB ~ 55 VI 2:-11541.2N1546 - 2.0 
(VCB ~ 65 V) 2N1542.2N1547 - 2.0 
(VCB ~ 60V) 2:-11543.2N1546 - 2.0 

Collector-Base Cutoff Current 
ICBO rnA 

(V CB ~ 2 VI All Types - 0.2 
(Yea :0 1/2 BYCES raHog, All Types - 20 
TC ~ 90°C) 

Emitter-Base Cutoff Current 
lEBO rnA 

(V EB ~ 12 V) All Types - 0.5 

Collector-Emitter Breakdown Voltage t BVCESI volts 
(IC ~ 500 rnA) 

2NI539, 2NI544 30 -
2NI540, 2NI545 45 -
2NI541, 2NI546 60 -
2NI542, 2NI547 75 -
2NI543, 2NI546 90 -

Collector-Emitter Leakage Current ICEX rnA 
(V BE ~ I V, V CE @ rated BV CBO) All Types - 20 

Collector-Emitter Breakdown Voltage t BVCEOI volts 
(IC ~ 500 rnA, IB ~ D) I 

2NI539, 2N1544 20 -
2NI540, 2NI545 30 -
2NI541, 2NI546 40 -
2NI542, 2NI547 50 -
2NI543, ,2N1546 60 -

COllector-Base Breakdown Voltage BVCBO volts 
(IC ~ 20 rnA) 

2NI539, 2NI544 40 -
2NI540, 2NI545 60 -
2NI54I, 2NI546 60 -
2NI542, 2NI547 100 -
2NI543, 2NI546 120 -

Current dain hFEI -
(VCE = 2V, Ie ~ 3A) 

2NI539 - 2NI542 50 lao 
2N1544 - 2NI547 75 150 

2NI543 50 lao 
2NI548 75 150 

Base-Emitter Drive Voltage VBE volts 
(IC = 3 A, IB = 300 rnA) 

2NI539 - 2N1542 - 0.7 
2N1544 - 2NI547 - 0.5 

2NI543 - 0.7 
2N1548 - 0.5 

Collector Saturation Voltage VCE(sat) volts 
(IC = 3A, IB = 300 rnA) 

2NI539 - 2N1542 - 0.3 
2N1544 - 2NI547 - 0.2 

2N1543 - 0.3 
2N1548 - 0.2 

Transconductance gFE mhos 
(V CE = 2 V, Ie ~ 3 A) 

2N1539 - 2N1542 3.0 -
2NI544 - 2N1547 5.0 -

2N1543 3.0 -
2N1546 5.0 -

Frequency Cutorr rae 
TIP kc 

(VCE = 2V, IC = 3A) All Types 4 

Characteristics apply to corresponding, A type numbers also 
To avoid excessive heating of collector junction, perform this test with a sweep method 
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---Power Transistors---

2N1539 thru 2N1548 (continued) 

f 
'" '" .... 
z 

~ 

'" u 
~ 

g 

~ 
.§ 

SWITCHING TIME MEASURING UNIT 

·······l 
20Vl. ... J 

PULSE GENERATOR 

COLLECTOR CURRENT versus EMInER BASE VOLTAGE 

I I I Vc~ = - 2 V 

/ 
II / 

2N1544·2N1548 ---I J 
/ V 

.......::::: ~ ~' 2NI539 ·2N1542 

0.1 0.2 0.3 0.4 0.5 0.6 

VEl. EMITTER·BASE VOLTAGE (VOLTS) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 
Ic - VCE limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum TJ, the power-temperature de
rating curve must be observed for both 
steady state and pulse power conditions. 

2N1540,2N1545 2N1541,2N1546 
, 

IcJAXPEIAK \m&!!! 1~5"C 500~'"C lOO~S"C Ie M,u PEAK 5ms",c lmsec 

~"i" , OR tESS 

,,, 250,,$'< 

p.s.c DR tESS , . 
J 

Ie MAX COIIT. It-Il\I , 
JJ/VI'\ I\~ 'TTV l"-I 90-I'<ATT 
POW[RDrSSIPATION POWEROISSIPATION 
25"CCASETEMPERATURE 25"C CASE TEMPERATURE 

, "'--p.; IS . " J 

,I-1-1- ~~T~~dKm:'A$ APPLIED -

~ 
~~r~5~;.,AmB~ASAPpLiED -1\ (TSErVEjCNfi- I (~rE iURr r;r=t 

1 

,-----
$wlt:lrnl:~'mes f---- OfYlclU Conditions· 

Ie 
(Amps) V I I R (Volls) (ohms) 

2"1539-43 3 3 I: 165 

'2NI544-48 3 3 l 250 

-Input Pulse Repetition Rate = 2 kc, 
Pulse Width = 50 .usee 

t..+I, I, I, 
(,.sec) (,.sec) (,.sec) 

5 3 5 

5 3 8 

COLLECTOR CURRENT versus BASE CURRENT 

VCl=-2 V 

1 

2N1544·2N1548 '/ 
V 

V V 

V k: 
V 

~ V ~ 
2N1539·2N1543 

III 

l?V 

o 
010 20 3040 5060 708090 

, 
, . 

I" BASE CURRErH (rnA) 

2N1539,2N1544 

IcMJPEAK ,m .. } ,L ,l,"m 
OR LESS 

N.. : ~I~txt0ry. f"\, 

, ~~glli~"!~' ""I \ 
r2SOC CASE IEMPERATURE 

., "1-'1 I--.. 
J 

't--t- I04SV,3mA :0-

~ 
WITH BACK BIAS AP~;If---

, 
IPUl'jCURVES1ONLY) 

COlLECTOR-EMITTERVOLIAGE{VOLTS) 

2N1542, 2N1547 2N1543,2N1548 

'cMAXPU,K 5msec I",,"" ~i'S!C Ie ~AX plAK 'o~" IJ", ~)OO''r'' 
2501',0< ~~O~s~c~ OR tESS 

...... 

'T'Y~ 
1\\\ . .1. l ...... I\' ~\ 

1'-M IcrTT·V~ r-r---~ 
90-WAIT CD.WATT I ".-
fOW£ROISSIPATlON POI'IHOISSIPATION 
25°CCASEIEMPERATURE 25~C CASE TEMP[AATURE 

" 
,,~ P>k-f-

-
r090Y,3 mA ~~T~2~ld ~~ APFUm -k-
WITHBACKBIASAP~f~ t'SiCURiESOr~I~~\ (PUiSE CUrES O1>1tYJ 

o 5 10 15 20 25 30 35 40 4S 500 5 1(1 15 20 25 30 3~ 40 _5 50 55 60 6S 0 10 20 30 40 50 to 70 600 10 20 30 ¢O SO 60 70 80 

COlLECTORHlIlTERVOlIACEIYOllS) CIlLL£CTOR-£MITTER VOLTAGE lVOlTS) COllECTOR·(MITTERVOlTACE(VOtTS) COLlfCTOR-(Mm£~VOlTAGE(VotTSI 
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--- Power T ra nsistors ---

2N 1539 thru 2N 1548 (continued) 

BASE CURRENT versus EMInER BASE VOLTAGE 
10 0 

I I 
0 

VCj=- 2 VI 

0 
1 1 

0 
12N1539.2N1543 \ -

0 

7 rr 
0 

1 1/ 
01--- 2N1544·2N1548 

II J 
0 

I~ 

J 7 
0 

[7 ..... 
0 

~ V 

" il 

~ 
~ 

0.1 0.2 0.3 0.4 0.5 0.6 

V". EMITTER·BASE VOLTAGE (VOLTS) 

2N 1549 thru 2N 1560 (GERMANIUM) 
2N 1549A thru 2N 1560A, HI.RIEI. 

240 

200 

160 

120 

BO 

40 

o 

DC CURRENT GAIN versus COLLECTOR CURRENT 

I---

o 

I 1 
VCE =- 2V 

r-..... 
V 2N1544·2N154B 

i"""--r-K r--.... '---
2N1539.2N1543 I. / 

I I I 
Ie. COLLECTOR CURRENT (AMPS) 

Po = 106W 
Ic = 15 A 
VCBO = 40·100 V 

CASE3~ PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

(TO-3.41) 

For units with solder lugs attached. 
specify devices MP1549A etc. (TO·41 package) 

MAXIMUM RATINGS Apply to corresponding "Hi-ReI' Series Also 

2N1549 2N1550 2N1551 2N1552 
Characteristic Symbol 2N1553 2N1554 2N1555 2N1556 Unit 

2N1557 2N1558 2N1559 2N1560 

Collector- Emitter Voltage VCEX 40 60 80 100 Vdc 

Collector-Emitter Voltage VCES * 30 45 60 75 Vdc 

Collector-Emitter Voltage VCEO * 20 30 40 50 Vdc 

Collector-Base Voltage VCBO 40 60 80 lOci Vdc 

Emitter-Base Voltage VEBO 20 30 40 50 Vdc 

Collector Current (Continuous) IC 15 15 15 15 Amp 

Collector Current (Peak) IC 20 20 20 20 Amp 

Collector Junction Temperature TJ -65 to +110 °C 

Collector Dissipation P D 106 106 106 106 Walts 
(25 C Case Temp. ) 

Thermal Resistance °JC 0.8 °C/W 

*To avoid excessive heating of collector junction, perfonH this test with a sweep method. 
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--- Power T ransisfors ---

2N 1549 thru 2N 1560 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Apply to "Hi - ReI" Series Also 

Parameter Symbol Min 

Collector-Base Cutoff Current ICBOI 
(VCB = 25 V) 2N1549, 2N1553, 2N1557 -
(VCB = 40 V) 2N1550, 2Nl554, 2N1558 -
(VCB = 55 V) 2N1551,2N1555, 2N1559 -
(VCB = 65 V) 2N1552, 2N1556, 2N1560 -

Collector-Base Cutoff Current ICBO 
(VCB = 2 V) All Types -
(VCB = 1/2 BVCES rating; -
T C = _90°C) 

Emitter-Base Cutoff Current lEBO 
(V EB = 12 V) All Types -

Collector-Emitter Breakdown Voltage BVCES 
(IC= 300 rnA) 

2N1549, 2N1553, 2N1557 30 
2N1550, 2Nl554, 2N1558 45 
2N1551, 2NI555, 2N1559 60 
2N1552, 2Nl556, 2N1560 75 

Collector-Emitter Leakage Current ICEX 
(VBE = I V, VCE @ rated BVCBO) 

All Types -

Collector-Emitter Breakdown Voltage * BVCEO * 
(IC = 300 rnA, IB = 0) 

2N1549, 2N1553, 2N1557 20 
2N1550, 2N1554, 2N1558 30 
2NI551, 2N1555, 2Nl559 40 
2N1552, 2N1556, 2N1560 50 

Colle,ctor-Base Breakdown Voltage BVCBO 
(Ic = 20 rnA) 

2N1549 ) 2NI553, 2NI557 40 
2NI550, 2N155·4, 2NI558 60 
2N1551, 2N1555, 2NI559 80 
2NI552, 2N1556, 2N1560 100 

Current Gain hFEl 
(VCE =2 V, IC = 10 A) 

2N1549 - 2N1552 10 
2N1553 - 2N1556 30 
2N1557 - 2N1560 50 

Base-Emitter Drive Voltage VBE 
(IC = 10 A, IB : 1 A) 

2NI549 - 2NI552 -
2N1553 - 2N1556 -
2N1557 - 2N1560 -

Collector Saturation Voltage V CE(sat) 
(Ic = 10 A, IB = 1. 0 A) 

2N1549 - 21\1552 -
2N1553 - 2NI556 -
2N1557 - 2N1560 -

Max Unit 

rnA 
3.0 
3.0 
3.0 
3.0 

rnA 
0.2 
20 

rnA 
O. 5 

volts 

-
-
-
-

rnA 

20 

volts 

-
-
-
-

volts 

-
-
-
-

-

30 
60 

100 

volts 

1.3 
1.0 
0.7 

volts 

1.0 
0.7 
0.5 

Characteristics apply to corresponding. A type numbers also 
* To avoid excessive heating of collector junction. perform this test with a sweep method 

6-64 



---Power Transistors ---

2N 1549 thru 2N 1560 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Symbol Min Max Unit 

Transconductance gFE mhos 
(V CE = 2 V, IC = 10 A) 

2N1549 - 2NI552 6 18 
2N1553 - 2NI556 8 30 
2N1557 - 2NI560 12 40 

Frequ€m'Y Cutoff fae Tjp kc 
2N1549- 2:'>11552 10 
2N1553 - 2NI556 6 
2N1557 - 2N1560 5 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versusEMITIER-BASE VOLTAGE 

I' 

12 

f 10 

~ 

I 
~ 

I 

~IIII 
2N1557·2N1560 

I ~I I I /" f-" 
2N 1553-2N1556 V 

II J Y 
IV V 2N1549-2N1552 

r/ / vc,~ -2V 

2N1553-2N1556 "-U V 
II 

2N1557-2N1560 / / / 
II II / 

vcE=lzv / A/ 2N 1549·2N 1552 

.i! V 
I V lI' 

o ~ 1:-V 
o o 0.2 0.4 0.6 O.B 1.0 o 0.2 0.4 0.6 0.8 1.0 

I" BASE CURRENT lAMPS) VEe, EMlnER·BASE VOLTAGE (VOLTS) 

CURREIIT GAIN veTSUS COLLECTOR CURRENT BASE CURREln versus EMITTER-BASE VOLTAGE 
140 

I I I I I 
1.0 .---,--.--.-.--.-.--.-.--.----. 

120 
I I I 

f-'" 
VCE - - 2 v 

t-- 2N1557-2N1560 
0.8 t---t--t---t--l---t--l---t--HH-----i 

100 

N..I z 
~ 80 
~ z 

~ 
~ 

60 u 
0 

N 
-I"-R!!!t53-12NI15561 

....... 

l"-
I "'i-+.. I'"-- <t: 0.4 t---t--t---t--t---+-t---t-+-t---+----i 

40 
I I I I I -I'"--I-

~"'" ~ 2N1549·2N1552 I'"--

20 
I'r--. 

1--

0.2 

o 
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10. COLLECTOR CURRENT (AMPS) VEl' EMMITER-BASE VOLTAGE (VOLTS) 
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--- Power Transistors --_. 

2N 1549 thru 2N 1560 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ie -
Vem limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To -insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N1549. 2N1553. 2N1557 2N1550, 2N1554. 2N1558 2N1551. 2N1555. 2N1559 2N1552. 2N1556. 2N1560 

· ,I,MAXPEAK 5m1et lmsec T 
:~ '-< \ 1\-~50~S", 

OR lESS · 
~ leMAX CONT 

, 
" , 

gO_WATT ,,1 POII'EROISSIPATION 
25'CCAS( TEMPERATURE , 

"' , · , 
d--~ T045V,3mA n-I-W'THBACKB'ASAP~rk 

lPUlSjCURVf:SI(mLY) 

1 

COllECTOR-EMITTER VOlTACE (VOLTS) 

/i<MAXPE~K /5""," lms'c /5DO"S<C 

f\l1\'" I"< 1\1\ 100"s", 
DRiESS 
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1/ I-\. 

igl·n!,,:'.~ I'... r\ 
2,"CCASET(MP(RATUR( 

,o-f- f-

1-1-1--1-- T06U~.3rnA -f-
~~T~nt~~~~o~m~ f), 

10 IS 20 25 )0 35 40 

COllECTOR-EMlTTfRVOlTAGE(VOlTSl 

I, M~X PEAK Smse_ lm!'c 500/<s,c 

,\ 1\ 2501>"c 
ORLtsS 

I,MAXCONr 

" T:,,, J'-. 
t'\ 

'0 

T075V,lmA ,jlt WITHBACKBIASAPPlIII 
IPUlfECtVYONtYI 

10 '" . 0556065 

COLlECTOR-EMITTERVOlTAGE(VOlTS) 

POWER· TEMPERATURE DERATING CURVE 

The maximum continuous power is 

6 
............ 

/loM~XP(AK 5m .. , 1m .. , SU0I""' 

1\\\ "" ~ [y 
25Ol'I'C 
GRlESS 

"T"'Y~ I'---
90·WATT 

~~~t~rllw~m~mE 

" 

l-I-~~090V,JmA n,.-
WITHB~CKBIASAP.~l;~ 
I(PUlSEICURVEiONLYI 

-II 
10 20 30 40 50 60 70 

COllECTOR-EMtTHRVClTAGE('IOLTSI 

related to maximum junction tempera- 110 

ture, by the thermal resistance fac- ~ lO 

tor. For d. c. or frequencies below ~ 100 

25 cps the transistor must be operated~ 80 

within the constant Pn = Vc x Ic ~ 60 
~ 

hyperbolic curve. This curve has a ~ 40 

value of 106 watts at case tempera- ~ 20 

'--...... 
~ 

....... 1'--.. 

'" 

tures of 250 e and is a watts at 1100 e 0': 
with a linear relation between the two 
temperatures such that Pn allowable 
=1100 - Tc 

o 20 40 60 80 100 110 

O. 8 

20V:" .. j 

PULSE GENERATOR 

Te. CASE TEMPERATURE ('C) 

SWITCHING TIME MEASURING UNIT 

6-66 

Devices Conditions· 

I, V R 
(Amps) (Volts) (ohms) 

2N1549 -52 10 10 10 
~ 553 ·56 10 10 30 
2. 557 ·60 10 10 50 
Input Pulse RepetitIOn Rate __ 2 kc, 
Pulse Width:::: 50 J'sec 

Typical 
Switching Times 

td+t I, I, 
(~sec) (~sec) (p.sec) 

5 2 10 
10 5 25 
10 5 25 



2N 1724 (SILICON) 

2N1725 

--- Power Transistors ---

VCB = 120 V 
Ic = SA 
Po = 117 W 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

CASE 9 
(TO-61) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation 

Thermal Resistance, Junction to Case 

Junction Operating Temperature Range 

Symbol 

VCE 

VCE 

VEE 

IC 

Pn 

°JC 

TJ 

6-67 

Rating Unit 

120 Vdc 

80 Vdc 

10 Vdc 

5 Adc 

li15 Watts 

1.5 °C/W 

-65 to +200 °c 



---Power Transistors---

2N 1724, 2N 1725 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Emitter-Base Cutoff Current ~BO mAde 
(VEB = 9 Vde) 2NI725 - - 0.5 

(V EB = 10 Vde) Both - - 10.0 

I 
Collector-Emitter Cutoff Current ICES mAde 

(V CE = 60 Vdc, VBE = 0) Both - - 1.0 

(V CE = 60 Vdc, VBE = 0, TC = 150°C) Both - - 2.0 

(V CE = 120 Vdc, VBE = 0, TC = 150°C) Both - - 10.0 

Collector-Base Cutoff Current ICBO mAde 
(V CB = 3 Vde, ~ = 0) Both - - 0.1 

Collector-Emitter Sustaining Voltage V CEO(sus) Vde 
(IC = 200 mAde, IB = 0) Both 80 - -

DC Current Gain hFE 
(V CE = 15 Vdc, IC = 2 Ade) 2NI724 20 40 90 

2N1725 50 90 150 

(V CE = 15 Vde, IC = 2 Ade, T A = _55°C) 2NI724 12 - -
2Nl725 25 - -

(V CE = 15 Vde, IC = O. 1 Ade) 2N1724 20 - -
2N1725 50 - -

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 2 Ade, IB = 200 mAde) Both 0.5 1.0 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 2 Ade, IB = 200 mAde) Both 1.2 2.0 

Vde 

High Frequency Current Gain hfe 
(V CE = 15 Vdc, IC = 0.5 Adc, f = 10 MHz) Both 1.0 1.6 -

Common Base Output Capacitance Cob pF 
(V CB = 10 Vde, f = 0.1 MHz) Both 260 550 

Switching Times psec 
(IC = 2 Ade, IBI = -IB2 = 0.2 Ade) 

Delay time plus Rise time td + tr - 0.15 -
Storage time t s - 1.3 -
Fall time t f 0.14 
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--- Power Transisfors---

2N 1724/ 2N 1725 (continued) 
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FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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FIGURE 2 - 2N1724, 2Nl725 

In using these curves the average power derating 
curve (Fig. 1) must pe observed to ensure oper
ation below the maximum junction temperature . 

FIGURE 3 - DC CURRENT GAIN versus COLLECTOR CURRENT 

+-- 2Nl725 -----l--- r--. r--..... 
........... 

i'- t-... 
r-..1' 

2Nl724 -~ 

""' .c: -- ----- r-. r- 1--. ..... 
20 

o 
0.1 0.2 0.30.40.5 0.8 1. 0 2.0 3.0 4.05.0 8.0 10 
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---Power Transistors---

2N 1970 (GERMANIUM) 

2N 1980 thru 2N 1982 

Po = 170W 
le= 15A 
VeDO = 50-100 V 

fif 
~ -

CASE 5 .. - i 

PNP germanium power transistors for general pur
pose amplifier and switching applications_ 

(TO-36) 

MAXIMUM RATINGS 

Characteristic Symbol 2N1970 2N1980 2N1981 2N1982 Unit 
Collector-Base Voltage VCBO 100 ,0 70 90 Volts 

Collector- Emitter Voltage VCEO ,0 30 40 ,0 Volts 

Emitter-Base Voltage VEBO 40 20 20 20 Volts 

Collector Current IC I, I, I, I, Amps 

Power Dissipation at TC:: 2SoC PD 170 170 170 170 Watts 

Junction Temperature Range TJ -65 to .110 °c 

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

Characteristic Symbol Min Max Unit 
Collector- Base Cutoff Current 

ICBO mAde 

(VCB 0 -100 Vde) 2NI970 - 4 

(VCB 0 -,0 Vdc) 2NI980 - 6 

(VCB 0-70 Vdc) 2NI981 - 6 

(VCB 0 -90 Vde) 2NI982 - 6 

(VCB 0 -2 Vde) 2N1980-2N1982 - 0.3 

Emitter-Base Cutoff Current lEBO mAde 
(VEB 0-40 Vdc) 2NI970 - 4 

(VEB 0 - 20 Vdc) 2N1980-2N1982 - 5 

(VEB 0 - 2 Vde) 2N1980-2N1982 - 0.3 

Collector-EmUter Breakdown Voltage BVCEO 
Vde 

(IC ~ I Ade, IB 0 0) 2NI970 -50 -
2NI980 -30 -

2NI981 -40 -
2NI982 -,0 -

Base-Emitter Voltage VBE 
Vde 

(VCE 0 -2 Vde, IC 05 Ade) 2NI970 - -0.9 

Emitter Floating Potential VEBF Vde 
(V CB 0 -50 Vde) 2NI980 - -1. 0 

(V CB 0 -70 Vdc) 2NI981 - -1.0 

(V CB 0 -90 Vde) 2NI982 - -I. 0 

Collector-Emitter Saturation Voltage 
VCE(sat) 

Vde 
(IC 0 12 Adc, IB 0 2 Adc) 2NI970 - -1.0 

(IC 05 Adc, IB 0 0.5 Adc) 2N1980-2N1982 - -0.5 

DC Current Gain hFE -
(IC - 5 Adc, V CE 0 -2 Vdc) 2NI970 17 40 

2N1980-2N1982 50 100 

(IC 012 Adc, VCE = -2 Vdc) 2N1970 10 -

Common Emitter Cutoff Frequency rae ke 

(V CE 0 -4 V, Ic = 5 A) 2NI970 5 -
(VCE = -5 V, IC 0 2A) 2NI980-2Nl982 3 -
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---Power T ransisfors ---

2N207S thru 2N2082 (GERMANIUM) 
2N2075A thru 2N2082A, HI-REL 

Po = 170W 
Ic= 15A 
VCBO = 40-80V 

CASE 5 
(TO-36) 

PNP germanium power transistors for high-power 
applications in high-reliability equipment. 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 2N207B 
2N2082 

Collector-Base Voltage VCBO 40 

Collector-EmItter Volta~e VCES 40 

Collector-Emitter Voltage VCEO 25 

Emitter-D;]se Volta~e VEBO 20 

Collector Current IC 15 

Power DisSIpation at T C '" 25 ,C Po 170 

Junction Temperature Range T,) 

Thermal ReSIstance, JunctIOn to °JC 
Case 

175 

i 150 
z 
0 

~ 125 " \.. ~ 
<5 

~ 
100 

iii 75 

~ 

, 
" " :;;! 50 

I 25 
"-~ 

~ 

0 
~ 

2N2077 2N207& 2N2075 UNIT 2N2081 2N20BO 2N2079 

50 70 80 Volts 

50 '/0 80 Volts 

45 55 65 vaits 

25 35 40 Volts 

15 15 15 Amps 

170 170 170 Watts 

-65to.ll0 OC 

0.5 °C/W 

POWER-TEMPERATURE DERATING CURVE. 

The maximum average power is related to maxi
mum junction temperature by the thermal resistance 
factoI'. 

This curve has a value of 170 Watts at case tem
peratures of 25°C and is 0 Watts at-110 c C with a 
linear relation between the two temperatures such 
that: 

allowable Po = II o~.;- T c 

o 10 20 30 40 50 60 70 80 90 100 110 

T c, CASE TEMPERATURE rOC) 
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---Power Transisfors---

2N2075 thru2N2082 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristics apply to corresponding "A" type numbers also. 

CHARACTERISTIC SYMBOL 
Collector- Base Cutoff Current 

I'CBOI 
(YCB - -40 V, VEB = -1.5 V) 2N2078, 2N2082 
(YCB = -50 V, VEB = -1.5 V) 2N2077 , 2N2081 
(Y CB = -70 V, V EB = -1.5 V) 2N2076, 2N2080 
(YCB = -80 V, VEB = -1.5 V) 2N2075, 2N2079 

Collector-Base Cutoff Current ICBO 
(VCB = VCB max, IE = 0, TC = +71°C) All Types 

Collector-Base Cutoff Current ICBO 
(Y CB • -2 V, IE = 0) All Types 

Emitter-Base Cutoff Current lEBO 
(Y EB = -20 V, IC • 0) 2N2078, 2N2082 
(Y EB = -25 V, IC = 0) 2N2077, 2N2081 
(YEB = -35 V, IC = 0) 2N2076, 2N2080 
(Y EB = -40 V, IC = 0) 2N2075, 2N2079 

Emitter- Base Cutoff Current IEIlO 
(V EB = V EB max, IC .0, T C " .71'C All Types 

Collector-Emitter Breakdown Voltage </0 IlV CES 
(IC • 300 mA, V EB • 0) 2N2078, 2N2082 

2N2077 , 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 

Collector-Emitter Breakdown Voltage of< IlVCEO 
(IC • 1.0 A, IB = 0) 2N207B, 2N20B2 

2N2077, 2N20BI 
2N2076, 2N20BO 
2N2075, 2N2079 

Floating Potential V[l 
(V CB = -40 V, IE = 0) 2N207B, 2N20B2 
(V CB = -50 V, IE' 0) 2N2077, 2N2081 
(Y CB = -70 V, IE = 0) 2N2076, 2N20BO 
(Y CB = -BO V, IE = 0) 2N2075, 2N2079 

DC Current Transfer Ratio hFE 
(IC ~ 1.2 A, V CB = -2 VI 2N2075 thru 2N2078 

2N2079 thru 2N20B2 
(IC = 5 A, V CB = -2 V) 2N2075 thru 2N207B 

2N2079 Ihru 2N20B2 
(IC = I Z A, V CB = -2 V) 2N2075 thru 2N207B 

2N2079 thl'u 2N20B2 
(IC = 5 A, VCB = -2 V, TC = -55'C) 2N2075 thru 2N207B 

2N2079 thru 2N20B2 

Collector-Emitter Saluration Voltage VCE(sat) 
(IC = 12 A, IB = 2 A) 2N2075 &, 76, 2N2079 &, 80 

2N2077 & 7B, 2N20BI &, 82 

Base-Emitter Voltage VBE 
(IC = 5 A, V C B = -2 V) All Types 

Common Emitter Cutoff Frequency f 
(IC = 5 A, V CE = -6 V) All Types ae 

Rise Time t 
("On" IC = 12 A, V CE = -12 V, IB = 2 A) 2N2075 thru 2N2078 r 

2N2079 lhru 2N20B2 

Fall Time tf 
("OCf" IC = 0, VEB = -6 V, REB = 10 Ohms) 2N2075 thru 2N2078 

2N2079 thru 2N2082 

• To avoid excessive ,heating of collector junction, perform this 
test with a sweep method. 
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MIN MAX UNIT 

mAde 
- 4.0 
- 4.0 
- 4.0 
- 4.0 

mAdc 
- 15 

/lAde 
- 200 

mAde 
- 4.0 
- 4.0 
- 4.0 
- 4.0 

mAde 
- 15 

Vdc 
-40 -
-50 -
-70 -
-BO -

Vdc 
-25 -
-45 -
-55 -
-65 -

Vdc 
- 1.0 
- 1.0 
- 1.0 
- 1.0 

25 100 
40 160 
20 40 
35 70 
B -
12 -
15 -
25 -

Vdc 
- 0.7 
- 0.9 

Vdc 
- 0.9 

kc 
5 -

Typ psec 
9 
6 

I1sec 
12 
13 



---Power Transistors ---

2N2075 thru 2N2082 (continued) 

SAFE OPERATING AREAS 
60 
50 
40 

30 
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2 
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The Safe Operating Area Curves indicate Ic -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short, 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T., the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N2075-2N2078 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTE1IISTICS 
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,I J h I-- I--- VeE = -2 V 

j/ 

o 

/ 
+8~OC, 
~ 'l'" +25°C I" ~ -400C~ 

/. ~ 
~ V/ V 
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V", BASE EMmER VOLTAGE (VOLTS) 
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---Power Transisfors---

2N2075 thru 2N2082 (continued) 
2N2079-2N2082 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 
12 12 

I 10 I 10 

" " :0. :0. 
~ ~ 
z z 

"-1/ 

+~OOC __ 
~ ~I 

+25°C 
I 

= = = 
~ ~ 

~ f---vco =-2V 
-40oC..., 

~ I u u 
= = 
I'! I ~ 
:::l 
8 
.2 .2 

0.6 
I" BASE CURRENT (AMPERES) 

2N2131 thru 2N2146 (GERMANIUM) 
2N2137A thru 2N2146A HI.REL 

o 
o 

/~ / 
./' "/ / 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
V", BASE·EMITTER VOLTAGE (VOLTS) 

Po = 70W 
Ic= 3A 

Ves = 30·90V 

CASE 3, 4 
(10-3,41) 

PNP germanium industrial power transistors for 
driver applications in high reliability equipment-

for units with solder lugs attached, specify 
devices MP2137A etc. (TO-41 package) 

MAXIMUM RATINGS 
Apply also to standard, non-A series 

Characteristic Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Total Device Dissipation 
@TC =25°C PD 
De rate above 25 0 C 

Operating and storage Junc-
TJ • Tstg tion Temperature Range 

2N2137A 2N2138A 

2N2142A 2N2143A 

30 45 

30 45 

20 30 

15 25 

• 

• 

6-74 

2N2139A 2N2140A 2N2141A 

2N2144A 2N2145A 2N2146A Unit 

60 75 90 Vdc 

60 75 90 Vdc 

45 60 65 Vdc 

30 40 45 Vdc 

70 • Watts 

0.833 , W/"C 

-65 to +110 , °c 



--Power T ransisfors ---

2N2137 thru 2N2146 (continued) 

GROUP A ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector-Base Cutoff Current 
(V CD = -2 V, IE = 0) All Types 

(V CB = V CB(max)' Ie = 0, T C = +71"'C) 

Collector-Base Cutoff Currentt 

(V Cn = V CB(max)' IE '" 0) All Types 

Emitter-Base Cutoff Current 

(V EB = V EB(max)' Ie = 0) All Types 

(V EB = V EB(max)' Ie = 0, T C = +71 °C) 

Collector-Emitter Breakdown Voltage"'-
(Ie = 300 rnA, V Ell = 0) 2N2137A, 2N2142A* 

2N2138A, 2N2143A* 
2N2139A, 2N2144A* 
2N2140A, 2N2145A* 
2N2141A, 2N2146A '" 

Collector-Emitter Breakdown Voltage·· 
(Ie'" 500 rnA, IB = 0) 2N2137A. 2N2142A* 

2N2138A, 2N2143A* 
2N2139A, 2N2144A· 
2N2140A, 2N2145A* 
2N2141A, 2N2146A* 

Floating Potential 
(V CB =0 30 V, IE = 0) 2N2137A, 2N2142A* 

(V CB = 45 V, IE = 0) 2N2138A, 2N2143A* 

(V CB = 60 V, IE = 0) 2N2139A, 2N2144A* 

(V CB = 75 V, IE = 0) 2N2140A, 2N2145A* 

(V CB = 90 V, IE = 0) 2N2141A, 2N2146A* 

DC Current Gain 
(IC = O. 5 A, V CE = 2 V) t 2N2137A-2N2141A* 

2N2142A-2N2146A* 

(IC = 2.0 A, V CE = 2 V) 2N2137A-2N214IA* 
2N2142A-2N2146A* 

Collector-Emitter Saturation Voltage 
(IC = 2.0 A, In = 200 mAl All Types 

Base-Emitter Saturation Voltage 
(IC = 2.0 A, IB '" 200 mAl All Types 

Common Emitter Cutoff Frequency 
(Ie = 2.0 A, VCE = 6 V) All Types 

*Characteristics apply also to corresponding, non-A type numbers 
**Sweep method: 1/2 cycle sine wave, 60 cps 

Symbol 

leBO 

ICBo! t 

IESO 

BVCES 
.. 

BVCEO .. 

VEBF 

hFElt 

hFE 

V CE(sat) 

VnE(sat) 

r 
ae 

t Subscript 1 indicates tests performed under Hi ReI Acceptance Tests 

Min 

-
-

-

-
-

-30 
-45 
-60 
-75 
-90 

-20 
-30 
-45 
-60 
-65 

-
-
-
-
-.-

30 
50 

15 
25 

-

-

12 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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Tc, CASE TEMPERATURE (OC) 

6-75 

Typ Max Unit 

mAde 
0.018 0.05 

0.75 5 

mAde 
0.1 2 

mAde 
O.OB 2 

0.5 5 

Vdc 
- -
- -
- -
- -
- -

Vdc 
- -
- -
- -
- - I 
- -

Vdc 
- 1.0 

- 1.0 

- 1.0 

- 1.0 

- 1.0 

-
45 60 
70 100 

22 -
33 -

Vdc 
0.12 0.5 

Vdc 
0.75 1.2 

kHz 
20 -

8JC = l.2°C/W, MAX 

r-....... :.......... 
100 125 
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---Power Transistors---

2N2137 thru 2N2146 (continued) 

FIGURE 2 - ACTIVE REGION 
SAFE OPERATING AREAS 

3 
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I 
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~ \' ,.-}5O I'S. 1\ lms ~ ~ 
2501'S 

The active region safe operating 
area curves indicate fc·Vc~ limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tern. 
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de
rating must be observed for both 
steady state and pulse conditions. 
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(All TYPES) 
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---Power T ransisfors ---

2N2137 thru 2N2146 (continued) 
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---Power Transistors---

2N2137 thru 2N2146 (continued) 

INPUT & TRANSFER CHARACTERISTICS 

BASE·EMITTER VOLTAGE versus COLLECTOR CURRENT DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
All Types 

1.2 100 

VeE = 2V VeE = 2V 
90 

/ 
~ 

./ 

/ 
V 

/ 

80 

0 

~ 70 

~ 

60 
z 

~ 
50 

z 

~ 
40 ~ 

u 
u 
0 

30 
~ 

20 

10 

\ 
\ 

r-.... 2N2142A·2N2146A -

I\. ""- / 
"- ""'-.. / 
~ 

.... "---/ ............ --L 2N2137A· 2N2141A 

1.0 

~ 
~ 0.8 

0.2 

o o 
o o 

Ie. COLLECTOR CURRENT (AMPS} Ie, COLLECTOR CURRENT (AMPS) 

2N2152 thru 2N2154 (GERMANIUM) 

2N21 S6 thru 2N2158 
Po= 170W 
Ic=30A 
VCBO = 45-75 V 

2N2152Athru 2N2154A, 
2N2156Athru 2N2158A,HI-REL 

CASE 5 
(TO-36) 

PNP germanium power transistors for high-power, 
high",gain applications in high-reliability industrial 
equipment. 

MAXIMUM RATINGS 

Characteristic Symbol 
·2N2152 2N2153 2N2154 
2N2156 2N2157 2N215B. Unit 

Collector-Emitter Voltage VCEO 30 45 60 Vdc 

Collector-Emitter Voltage VCES 45 60 75 Vdc 

Collector-Base Voltage VCB 45 60 75 Vdc 

Emitter-Base Voltage VEB 25 30 40 Vdc 

Collector Current IC 30 Adc 

Total Device Dissipation @ TC ; 250 C P D 170 Watts 

Derate above 25°C 0.5 W/oC 

Operating Junction Temperature Range TJ -65 to + 110 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case IiJC 0.5 °C/W 
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---Power Transistors ---

2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage-
(IC = '1. 0 Adc, IB = 0) 2N2152,2N2156 

2N2153,2N2157 
2N2154,2N2158 

Collector-Emitter Breakdown Voltage-
(IC = 300 mAde, VBE = 0) 2N2152,2N2156 

2N2153,2N2157 
2N2154,2N2158 

Floating Potential 
(VCB = 45 Vdc, ~ = 0) 2N2152,2N2156 

(VCB =60 Vdc, ~ = 0) 2N2153,2N2157 

(VCB = 75 Vdc, ~ = 0) 2N2154,2N2158 

Collector Cutoff Current 
(VCB = 2V, ~ = 0) All Types 

(VCB = 45 Vdc, IE = 0) 2N2152,2N2156 

(V CB = 60 Vdc, ~ = 0) 2N2153,2N2157 

(VCB =75 Vdc, ~ = 0) 2N2154,2N2158 

(V CB = V CB(max)' ~ = 0, TC = 71oC) All Types 

Emitter Cutoff Current 
(VBE = 25 Vdc, IC = 0) 

(VBE = 30 Vdc, IC = 0) 

(VBE = 40 Vdc, Ie = 0) 

(VBE = VEB(max)' Ie = 0, TC = 71°C) All Types 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VeB = 2 Vde) 2N2152, 2N2153, 2N2154 

2N2156, 2N2157, 2N2158 

(Ie = 15 Ade, V CB = 2 Vde) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(Ie = 25 Ade, V CB = .2 Vde) All Types 

Collector-Emitter Saturation Voltage 
(IC = 5.0 Adc, Ia = 500 mAde) All Types 

(IC = 25 Ade, Ia = 2 Ado) All Types 

Base-Emitter·On Voltage 
(IC = '5.0 Ade, IB = 500 mAde) All Types 

(IC = 25 Ade, Ia = 2 Ade) All Types 

SMALL SIGNAL CHARACTERISTICS 

Common"Emitter Cutoff Frequency 
(IC = 5.0 Adc, V CE = 6.0 Vde) 

BVCEO-
30 -
45 -
60 -

BVCES - 45 -
60 -
75 -

VEBF - -

- -
- -

ICBO - .08 

- 0.9 

- 0.9 

- 0.9 

- 4.0 

~BO - 0.2 

- 0.2 

- 0.2 

- 2.7 

hFE 
50 75 
80 105 

25 47 
40 63 

15 38 

VCE(sat) 
- 0.06 

- 0.2 

VBE(on) - 0.65 

- 1.0 

Vde 
-
-
-

Vdc 
---

Vdc 
1.0 

1.0 

1.0 

mAdc 
0.2 

4.0 

4.0 

4.0 

15 

mAde 
4.0 

4.0 

4.0 

15 

-
100 
160 

-
-
-

Vde 
0.1 

0.3 

Vde 
1.0 

2.0 

*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 

6-79 

I 



I 

--Power Transistors ---

2N2152 thru 2N2154, 2N2156 thru 2N2158 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 10 -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation' 
below the maximum TJ. ·the power-temperature 
derating curve must be observed for both steady' 
state and pulse power conditions. 
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!70·WATT ~ ~lo~sec - POWER DISSIPATION AT 
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1 
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COLLECTDR·EMITTER VOLTAGE (VOLTS) 

POWER·TEMPERATURE DERATING CURVE 
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'\ 
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'\ 

'\ 
'\ 
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i".. 

"'\ 
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Te, CASE TEMPERATURE 1°C} 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case t!)mperatures of 250 C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 
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---Power Transistors---

2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 

0 

5 

TYPICAL INPUT AND TRANSFER CHARACTERISTICS 
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--Power Transisfors---

2N2490 thru 2N2493 (GERMANIUM) Po = 170W 
Ic= 15A 
VCDO = 60-100 V 

CASE 5 
(10·36) 

PNP germanium power transistors for general 
purpose power and switching applications. 

MAXIMUM RATINGS 
Characteristic Symb.1 2"2490 2N2491 2"2492 2"2493 Dnlt 

Collector-Base Voltage VCBO 70 60 60 100 Volts 
CoUector-Emitter Voltage VCES 60 50 70 85 Volts 
Emitter - Base VOltage VEBO 40 30 60 80 Volts 
Collector Current IC 15 15 15 15 Amps 
Power DisSipation at T C = 25 C PD 170 170 170 170 Watts 

Junction Temperature Range TJ -65 to +110 °c 

ELECTRICAL CHARACTERISTICS (Tc = 25·C unless otherwise noted) 

Chlracterlstlc Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO mAde 
(VCB=·2 Vde) All Types - 0.2 

Emitter-Base Cutofi Current lEBO mAde 
(VEB = ·40 Vde) 2N2490 - 3 
(VEB = ·30 Vde) 2N2491 - 3 
(VEB = ·60 Vde) 2N2492 - 2 
(VEB = ·80 Vde) 2N2493 - 3 

Collector Cutoff Current ICEX mAde 
(VCE = -70 Vde, VBE = 1.5 Vde) 2N2490 - 3 
(VCE = -60 Vde, VBE = 1.5 Vde) 2N2491 - 3 
(VCE = -80 Vde, VBE = 1.5 Vde) 2N2492 - 2 
(VCE = -100 Vde, VBE = I. 5 Vde) 2N2493 - 3 
(VeE = -35 Vdc, VSE ;L5Vdc,TC=+lOOoC) 2N2490,2N2491 - 35 
(VeE = -40Vdc, VBE=1.5Vdc,TC=+100oC) 2N2492 - 35 
(VCE = -50 Vde, VBE =1.5Vde,TC=+IOOOC) 2N2493 - 35 

Collector- Emitter Breakdown Voltage VCEO Volts 
(Ic =IA, IB=O) 2N2490 -50 -

2N2491 -40 -
2N2492 -65 -
2N2493 -75 -

Base-Emitter Voltage VBE Vde 
([e = 5Adc, VeE = -2 Vdc) 2N2490,2N2491 - -0.9 

2N2492,2N2493 - -0.8 
(lc = 12Ade, VCE = -2 Vde) All Types - -1.5 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 12Adc, IS = 2Adc) 2N2490,2N2491 - -0.7 

2N2492,2N2493 - -0.5 

DC Current Gain hFE -
(Ic = 1 Adc, VCE = -2 Vdc) 2N2490 45 -

2N2491 65 -
2N2492,2N2493 50 -

(Ic = 5Adc, VCE = -2Vdc) 2N2490 20 40 
2N2491 35 70 
2N2492,2N2493 25 50 

(lc= 5 Ade, VCE = -2Vde,TA= -65°C) 2N2490 15 -
2N2491 25 -
2N2492,2N2493 20 -

(Ie = 12Ade, VCE = -2Vde) 2N2490 B -
2N2491 12 -
2N2492, 2N2493 10 

Common Emitter Cutoff Frequency fa. ke 
(lC = 5A, VCE = -6 V) 5 -

Turn-On Time ton jJ.sec 
([C = 5 A, [81 = [B2 = 0.5 A) - 25 

Turn-Off Time toft jJ.sec 
(lC=5A,I81=[B2=0.5A) - 15 
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---Power Transistors---

PD = 8SW 
Ic= lOA 2N2526 (GERMANIUM) 

2N2527 VCBO = 80-160V 

2N2528 

CASE3'4~ 
(TO·3,TO·4J) 

PNIP germanium power transistors for high-voltage 
power switching applications. 

For units with solder lugs attached. specify 
devices MP2526 etc. (TO·41 package) 

MAXIMUM RATINGS 

Characteristic SJmbol 

Collector-Emitter Voltage VCE 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current (Cont) IC 

Base Current (Cont) iB 

Emitter Reverse Current 
(Su~e 60 cps Recurrent) IE 

Storage and Operating TSIg 
Temperatures TJ 

Total Device pissipation PD (25°C Mig. Case Temp.) 

Thermal Resistance BJC 

POWER·TEMPERATURE DERATING CURVE z: 

2N2526 2"2527 2N2528 

80 120 160 

80 120 160 

5 5 5 

10 10 10 

5 5 5 

1.5 1.5 1.5 

·65 to +110 

85 85 85 

1.0 

100 
1;::-85 WATTS MAXIMUM a ~ 

The maximum continuous power is related to ~ 80 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 
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The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe· 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power·temperature 
derating curve must be observed for both steady 
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---Power Transistors ---

2N2526 thru 2N2528 (continued) 

ELECTRICAL CHARACTERISTICS (At 2SoC unless otherwise noted) 

Characteristic Types SJII1bDl Min. TJjI. Mu. 

Collector-Emitter Cutoff Current· 'cEX 
(VCE = -80 V, VBE = 0.2 Vde, TC = 100O~) 2N2526 - - 35 
(V CE = -120 V, VBE = 0.2 Vde, TC = 100

0 
C) 2N2527 - - 35 

(VCE = -160 V, VBE = 0.2 Vde, TC = 100 C) 2N2528 - - 35 

Collector-Base Cutoff Current 'cOO 
(V CB = -80 Vde, IE = 0) 2N2526 - - 3 
(VCB = -120 Vde, IE = 0) 2N2527 - - 3 
(VCB = -160 Vde, IE = 0) 2N2528 - - 3 
(VCB = -2.0 Vde, IE = 0) AU Types - - 150 

Collector-Emitter CUtoff Current 
'cER 

(V CE = -80 Vde, RBE = 100 n) 2N2526 - - 25 
(VCE = -120 Vde, RBE = 100 n) 2N2527 - - 25 
(VCE = -160 Vde, RBE = 100 Il) 2N2528 - - 25 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 50 mAde) All Types 5 - -

Collector-Emitter Breakdown Voltage. BVCEO(sus) 
(IC = 100 rnA, IB = 0) 2N2526 -80 - -

2N2527 -120 - -
2N2528 -160 - -

DC Current Gain hFE 
(Ic = 3 Ade, VCE = -2.0 Vde) All Types 20 - 50 

Small Signal Current Gain hte 
(VCE = -12 Vde, 'c = 0.5 Ade, f = 30 ke) 11.11 Types 10 15 -

Transconductance gFE 
(V CE = -2.0 Vde, Ie = 3 Ade) All Types 4 6 -

COllector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 Ade, IB = 1. 0 Ade) All Types - -0.5 -0.8 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 Ade, IB = 1. 0 Ade) All Types - 0.8 1.2 

Rise Time All Types 1r - 5.5 -
Storage Time All Types Is - 1.2 -
Fall Time All Types tr - 2.0 -

"To avoid excessive heating of collector junction, perform this test with a sweep metltod. 

TYPICAL INPUT CHARACTERISTICS 
ALL TYPES 

COLLECTOR CURRENT yersus BASE CURRENT COllECTOR CURRENT Ye"DS DRIVE VOLTAGE 

100 200 300 400 500 SOD 700 

t.,BASE CURRENT (MilliAMPERES) 
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---Power Transistors--

2N2526 thru 2N2528 (continued) 

SWITCHING TEST CIRCUIT 
PULSE CONDITIONS; Ie = 3 Ade, I, = 300 mAde 

MERCURY 
SWITCH 

511 

III 

4V 
+ 

2N2728 (GERMANIUM) 

411 

-=-12V 

+ 

DC CURRENT GAIN versus COLLECTOR CURRENT 
50r----r----,----r----,----,----, 

40 r--4~~--t_---+----+_---+----1 

+25°C 
-"'---'--+lOOoC 

10r----r----t_---+----+_---+~--1 

10 
I" COLLECTOR CURRENT (AMPERES) 

Po = 170W 
Ic=50A 
VCBO = 15 V 

CASE 7 
(TO·36) 

PNP germanium high-current power transistors es
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells, and 1. 5-volt batteries. 

MAXIMUM RATINGS 

Characteristic Srmbol Rating Unit 

Collector-Base Voltage vCBO 15 Vdc 

Collector-Emitter Voltage vCEO 5 Vdc 

Emitter-Base Voltage VEBO 15 Vdc 

Collector Current (continuous) IC 50 Adc 

Base Current (continuous) IB 10 Adc 

Total Device Dissipation @ 25·C 
Case Temperature PD 170 Watts 

Operating Temperature TJ +110 ·C 

Storage Temperature Tstg -65 to +110 ·C 

Thermal Resistance 
(Junction to Case) °JC 0.5 ·C/W 
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---Power Transistors---

2N2728 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current ICEX mAde 
VCE =15V, VBE = 1 V - - 10 

VCE = 10 V, VBE = 1 V, TC = 100 D C - - 35 

Emitter-Base Cutoff Current lEBO mAde 
VEB = 15 V - - 10 

Emitter Floating Potential VEBF Vdc 
VCB ~15 V, IE = 0 - - 0.5 

Collector- Emitter Breakdown Voltage· BVCEO V 
IC = 500 rnA, IB = 0 5 10 -

DC Current Transfer Ratio hFE -
IC = 20 A, VCE = 2 V 40 - 130 

Collector-Emitter Saturation Voltage V CE(sat) 
Vdc 

IC = 50 A, IB = 5 A - .075 0; 1 

Base-Emitter Voltage VBE(sat) Vdc 
IC =50A, IB = 5A - 0.85 1.0 

Common Emitter Cutoff Frequency fae kc 
IC = 20 A, VCE = 2 V 3 4.5 -

Rise Time t J..Lsec 
IC = 20 A, VCC = 1.75 V, IB(on) = 2 A 

r - 18 25 

Storage Time t J..Lsec 
VBE = 6 V, Roo = Ion s - 15 20 

Fall Time tf J..Lsec 
VBE =6V, Roo = 10 n - 10 15 

• To avoid excessive heating of the cOllector junction, perform these tests with an oscilloscope. 

9.90 

MERCURY SWITCH 

.08750 

~ 

'"---IIII------'~-----' 
6V 
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---Power Transistors--

2N2832 (GERMANIUM) 

2N2833 
Po = 8SW. 
Ic=20A 

2N2834 VCBO = 80-140V 

~ CASE 3, 4 

PNP germanium high-speed,. high-frequency, power 
transistors for output stages of CRT deflection cir
cuits, high-efficiency power inverters, and similar ap
plications_ (TO-3,41) 

For units with solder lugs attached, specify 
devices MP2832 etc_ (TO-41 package) 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

Junction and Storage Temperature Range 

Symbol. 

VCBO 

VCEO 

VEBO 

IC 

IB 

P D 

TJ &. Tstg 

2N2832 . 2"2833· 2H2834 Unit 

80 120 140 Volts 

50 75 100 Volts 

2 2 2 Volts 

20 20 20 Amps 

5 5 5 Amps 

85 85 85 Watts 

-65 to + 1100 °c 

POWER-TEMPERATURE DERATING CURVE 

THESE TRANSISTORS ARE "LSD SUBJECT TO SAFE AREA CURVES 
BUTH LIMITS AI{E" APPLICABLE"AND MUST BE OBSERVED I'~I 1'1411 

;'2 00 25 50 75 100 110 125 

20 

10 
IT 

l2 
'" '" z 1.0 

:> 
~ 

0 

~ 
0.1 8 

.2 

.01 

2N2832 

~ SOp. sec 1\ 
SOD p. sec 

b5msec 

l\ ' DC 

l'. '" 

~ Te. CASE TEMPERATURE (DC) 

~ 

SAFE OPERATING AREAS 
2N2833 

l'll\ ,t.....so p. sec 

i\t 5 msec 
500 p. sec t-

1\ 1\ "'\R 

DC 

I"- ~ 

2N2834 

1'1\ YSOp.sec I I 

500 p. sec +-
1\ 'j msec 

~ 

DC 

l' 

20 40 60 80 100 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 

V,,, COlLECTOR-EMITTER VOlTAGE (VOLTS) 

The Safe Operating Area Curves indic:ate the Ie - VeE limits below whic:h the devices will not go into sec:ondary breakdown. As secondary breakdown is independent 
of temperature and duty, cyde. these curves can be used as long as the average power derating curve is: also taken into consideration to insure operation below the 
maximum junction temperature. 
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-Power Transisfors---

2N2832 thru.2N2834 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic 

Collector-Base Cutoff Current· 
(VCB =ZV, IE = 0) All Types 
(VCB = 80V, IE = 0) ZNZ832 
(VCB = l20V, IE = 0) 2NZ833 
(VCB = 14OV, IE = 0) ZNZ834 

Colleetor-Emltter Current· 
(VCE = l00V, VBE = 0) 2NZ832 
(VCE = l4OV, VBE = 0) 2NZ833 
(VCE = 160V, VBE = 0) 2NZ834 

Collector-Emltter Cutoff Current .. 
(VCE = 50V, VBE = O.ZV, TC = +850 C) 2NZ83Z 
(VCE = 75V, VBE = O.ZV, T.F, = +850 C) 2NZ833 
(VCE = lOOV, VBE = O.ZV, C = +850 C) 2NZ834 

Emltter-Base Breakdown Voltage 
(IE = 50 mAde, Ic = 0) 

Collector-Emltter Breakdown Voltage·· 
(IE = 100 mA, ~ = 0) 2NZ83Z 

2NZ833 
2NZ834 

Emltter Floating Potential· 
(VCB = BOV, IE = 0) 2NZ832 
(VCB = l20V, IE = 0) 2NZ833 
(VCB = l4OV, IE = 0) 2NZ834 

DC Current Transfer Ratio 
(Ie = LOA, VCE = 2V) 
(Ie = IDA, VCE = ZV) 

Collector-Emltter SaturaUon Voltage 

l~ 
= 1.0 Adc, IB = 100 mAde) 
= 10 Ade, IB = 1.0 Ade) 

(Ie = 20 Ade, IB = 2.0 Ade) 

Base-Emltter Saturation Voltage 
(Ie = 1 A, IB = 100 mAde) 
(lC = 10 A, IB = lAde) 
(IC = 20 A, IB = 2Al1e) 

. Small Signal Current Gain 
(Ic= 1.0A,VCE = 10V,f= 5me) 

Rise Time 

Storage Time 

Fall Time 

• SWEEP TEST: 1/2 Sine Wave, 110 cps min 
..•• PULSE TEST: PW = 1 msee, 2% Duty Cycle 
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Symbol Min Typ 

leBO· --- ------ ------ ------ ---
IcES· --- ------ ------ ---
IcEX·· 

--- ------ ------ ---
BVEBO 

2 ---
BVCEO(sus)·· 

50 ---
75 ---

100 ---
VEBF· 

--- ------ ------ ---
hFE 

50 75 
25 ---

VCE(sat) --- ------ ------ ---
VBE(sat) --- ------ ------ ---
bre 

2 3.5 

tr --- 2 

ts --- 3 

tf --- 1 

Max Unit 

mA 
0.3 

10 
10 
10 

mA 

20 
20 
20 

mA 

40 
40 
40 

Vdc 

---
Volts 

---------
Volts 

0.5 
0.5 
0.5 

---
---
100 

Vdc 
0.15 
0.30 
0.5 

Vde 
0.6 
0.75 
1.0 

------
4 Ilsee 

6 Ilsee 

2.5 Ilsee 



---Power Transistors--

2N2832 thru 2N2834 (continued) 
CO·LLECTOR·EMITTER SATURATION VOLTAGE VARIATIONS 

v; 0.5 

i 
~ 0.4 

z 
o 

~ 0.3 

~ 
~ 

~ 0.2 

o 

~ 0.1 

~ 0.7 

~ 
z 
~ 0.6 

~ 
~ 
[!i 0,5 

to 
'" :l: 
~ 0.4 

.01 

Ie::: lA 

\ 
"~ 

Tc _ 2:i~C 

I 
Te:::: 25°C 

I, lA 

11 
Ie:::: 3A 

\ 
\ 
~ 

I' 

I---... 

Ic=~A 

1 1 1 1\ 
Ie:::: IDA Ie:::: 20A 

1\ 

1\ 
/ ~ / 

~ t--.. 
~ 

/ Ic/l.=10~/ -

tl-
.'1"- " 

./ 
le/'.:::: 20 

\'---- 1-- .... 

- -
0.1 III BASE CURRENT (AMPS) 1.0 

BASE EMITTER SATURATION VOLTAGE VARIATIONS 

Cv -
I,ll, = 20-1\ 

~/ 
// .-

~).1 l.,.?--
I'~~ 

i.:: ~ 
...... 1"'1 

...... ...... ...... 
1(11'=10 ...... .....-

-::...-- II 
0.1 I" BASE CURRENT (AMPS) 1.0 5.0 

2N2912 (GERMANIUM) 
Po = 75W 
Ic =25A 
VCBO = 15 V 

~ 
CASE 8 rl] 

PNP germanium, epitaxial-base, high-speed, power 
transistors for switching and power converter circuits 
operating from low-voltage power sources such as so
lar cells, thermo-electric generators, sea cells, fuel 
cells. and 1. 5-volt batteries. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 15 Volts 

Collector-Emitter Voltage VCEO 6 Volts 

Emitter-Base Voltage VEBO 1.5 Volts 

Collector Current (Continuous) IC 25 Amps 

Base Current (Continuous) IB 3 Amps 

Power Dissipation PD 75 Watts 

Operating Case Temperature Range TC -65 to +110 °c 
Storage Temperature Range Tstg -65 to +110 °c 

(JJC 1 °C/W 
Thermal Resistance 

(JCI\ 30 °C/W 
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---Power Transisfors---

2N2912 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 

Characteristic 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0.2 Vde) 
(VCE = 6 Vde, VBE '" 0.2 Vde, TC = 850 C) 

Collector-Base Cutoff Current 
(VCB = 2 Vde, IE = 0) 

Emitter Floating Potential 
(VCB = 15 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 1.5 Vde) 

Collector-Emitter Voltage" 
(IC = 500 mAde, IB = 0) 

DC Forward Current Transfer Ratio 
(VCE = 2 Vde, IC = 10 Ade) 

Collector- Emitter Saturation Voltage 
(IC = 5 Ade, IB = 0.5 Ade) 
(IC = 25 Ade, IB= 2.5 Ade) 

Base-Emitter Saturation Voltage 
(Ic = 25 Ade, IB = 2.5 Ade) 

Base-Emitter Saturation Voltage 
(Ic = 5 Ade, IB = 0.5 Ade) 

Rise Time 
(IC = 5A, VCE = 10 V, IB (on) = 250 rnA) 

Storage Time 
(IC = 5 A, VCE = 10 V, IB (on) = 250 rnA) 

Fall Time 
(IC = 5 A, VCE = 10 V, VEB = 1. 5 V, Rbe = 6 Ohms) 

Common Emitter Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 

(V CE = 2 V, IC = 5 A, f = I me) 

"Sweep Test 

PRF = 200 cps 
PW::::: 50 ttsec 

Symbol Min 

IcEX ---
---

IcBO ---
VEBF 

---
lEBO 

---

VCEO• 
6 

hFE 
75 

VCE (sat) 
---
---

VBE(sat) ---
VBE (sat) ---
tr 

---

ts 
---

tc ---

I heel 

20 

O·IOV 

L-----~----------------~~--------------__ J + 
181 = 122 = 250 mA; Ie = SA 
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Mil Unit 

mAde 
10 
15 

mAde 
0.2 

Vde 
0.2 

mAde 
50 

Vde 
---

---
---

Vde 
0.12 
0.5 

Vde 
1.2 

Vde 
0.5 

/.Isee 
2 

/.Isee 
2.5 

/.I sec 
2 

---
---

SCOPE 



--Power Transistors--

2N2912 (continued) 

SAFE AREA OF OPERATION 
25 

en 
a.. 20 ::;;: 
$ 
...... z 
u.J 

15 0:: 
0:: 
::::l 
'-' 
0:: 
0 10 ...... 
'-' 
u.J 
--' 
--' 
0 
'-' 5 
..2 

DC,,! ~ \ms5ec 

\\ 
~\ 
\ , 

,1 msec or less 

The safe operating area curve is 
applicable for all case tempera
tures_ The thermal derating curve 
must also be observed to insure 
operation below maximum TJ -

en 
i 75 

/1. 50 

~ 25 
0:: 
u.J 

,35°C 

""'-
........ 

i'.. 110°C 

'iJ 
"'" =1- ,,~500~A '" 10 rnA '\ 

o 
~ 

o 
o 25 50 75 100 
Te. CASE TEMPERATURE (OC) 

o 3 6 9 

VeE. VOLTS 

2N3021 thru 2N3026 (SILICON) 

12 15 
POWER-TEMPERATURE DERATING CURVE 

Po = 25W 
Ic =3A 
V ceo = 30·60 V 

~ PNP silicon power transistors for Class C power amp-
CASE 1 lifiers, high-current core switching and high-speed 

(TO-3) switching and amplifier applications_ 

MAXIMUM RATINGS 

Characteristic Symbol 2N3021 2N3022 2N3023 Unit 
2N3024 2N3025 2N3026 

Collector-Base Voltage VCB 30 45 60 Volts 

Collector.,.Emitter Voltage VCE 30 45 60 Volts 

Emitter-Base Voltage VEB 4 4 4 Volts 

Collector Current IC 3 3 3 Amps 

Base Current IB 0.5 0.5 0.5 Amp 

Power Dissipation P D 25 25 25 watts 

Junction Operating Temperature Range TJ _ -65 to +175 • °c 

6-91 

I 



I 

---Power Transistors---

2N302} thru 2N3026 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise specified) 

Characteristics Symbol Min Max Unit 

Emitter-Base Cutoff Current lEBO mAde 
(VBE " 4 Vdc) All Types - [ 

Collector-Emitter Cutoff Current ICEX mAde 
(VeE" 25 Vdc, VBE = 2 Vdc) 2N3021, ZN3024 - 0.2 
(VeE "- 40 Vdc, VBE '" 2 Vdc) 2N3022, ZN3025 - 0.2 
(VeE = 54 Vdc. VBE " 2 Vdc) 2N3023, 2N3026 - 0.2 
(VeE" 15 Vdc, VBE = 2 Vdc, TC " IS0oC) 2N3021,2N3024 - 2 
(VeE"" 25 Vdc, VBE " 2 Vdc, TC" IS00 C) 2N3022, 2N3025 - 2 
(VeE = 35 Vdc, VBE = 2 Vdc, TC = IS00C) 2N3023,2N3026 - 2 

Collector-Emitter Breakdown Voltage· BVCEO* Vd, 
(Ie = 100 mAde, Is" 0) 2N3021, 2N3024 30 -
(Ie = 50 mAde, IS = 0) 2N3022, 2N3025 45 -
(Ie = 20 mAde, IS " 0) 2N3023, 2NJ026 60 -

DC CUrrent Gain hFE -
(Ie '" 1.0 Adc. V CE = 2 Vdc) 2N3021, 2N3022, 2NJ023 20 60 

2N3024, 2N3025, 2N3026 50 [80 

Collector-Emitter Saturation Voltage VCE (sat) Vd, 
(IC '" 3 Adc, In" 0.3 Adc) 2N3021, 2N3022, 2N3023 - 1.5 

2N3024, 2N3025, 2N3026 - 1.0 

Base-Emitter Saturation Voltage VBE (sat) Vd, 
(Ie '" 3 Adc, 18" 0.3 Adc) All Types - 1.5 

Small Signal Current Gain hr_ -
(Ic '" 0.5 Adc, VCE " 15 Vdc, f" 30 mc) All Types 2 -

Switching Times (Figures 17 and 18) td +tr - [DO nsec 
(Ic '" 1 Adc, 1m '" IB2 " 100 mAde) All Types Is - [00 

It - 75 

·Perform tests using sweep method to prevent heating. 

5 

~ 
~ 

5 

"'" POWER· TEMPERATURE DERATING CURVE 
'-.... 

THESE TRANSISTORS ARE ALSO SUBJECTTO SAFE AREA CURVES AS 
INDICATED BOTH LIMITS ARE APPLICABLE AND MUST BE 
OBSERVED 

5 
"",-

2N3D21, 2N3D24 
[0 

50 ILsee 

ILsec 

" '" " ~ 1.0 z 
DC'-~ \ \\ 
5 msee 

~ 
F-'-

u 
= 
13 

500.usec r-

~ 
~ 0.\ 

BVCEO @ Ie:;;;;; 100 mA:~ 

r-

.O[ 
[0 20 30 

0 
0 25 

SAFE OPERATING AREAS 

2N3D22, 2N3D25 

50.usec 

r--.. " "'- 5 ,usee 

DC~ "" '\ \ 
5 msec F 

500 ,usee r-
1\ 

~I\l 

f-- BVCEQ @ I, _ 50 mA"""f- -
1 I 

[0 20 30 40 50 

VeE' COLLECTOR EMITTER VOLTAGE (VOLTS) 

75 

Tc,CASETEMPERATURE(OC) 

125 

2N3D23, 2N3D26 

50 ",sec 

...... '" "-
DC i.> ~ \ 
5 msec 

500.usec 

" ~~ 

BVcm @ Ie = 20 rnA f-

[0 20 30 40 

~ 
175 

5,asec 

\ \ 

\ 1\ 
,\ 

50 60 

The Safe Operating Area Curves indicate Ie - V ce limits below whkh the devices will not go into secondary breakdown. As the s:lfe operating areas shown are 
indepe':1dent nf temperature and duty cycle. these curves can be used as long as the average power derating curve is also taken into consideration to Insure 
operation below the maximum junction temperature. 
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---Power Transistors---
2N3021 thru 2N3026 (continued) 

~ 
1.4 

~ 

~ 1.2 

!< 
z 
a 

~ 1.0 

~ 

~ 0.8 

i :;: 
~ 0.6 

J 
0.4 

~ 1.4 

~ 
~ 1.2 

= 1.0 

~ 0.8 

~ 
~ 0.6 

i 
~ 0.4 

~o _ 0.2 

10 

o 
I 

10 0 

1 1 

O. 
o. 

0 
0 

0 

0 

6 
4 

2 

I 

6 
4 

2 o. 
O. I 

4 

2 

0 

8 

6 

4 

2 

0 

0.2 

BASE·EMlnER SATURATION VOLTAGE VARIATIONS 
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---Power Transisfors---

2N3021 thru 2N3026 (continued) 

z 
~ 
!;: 

I 
it 

z 
~ 
~ z 

~ 
~ 
0 

it 

~ . .., 
0 

j 
;; 
~ 

"' 11' 
:E 
0= 
w 

ii2 

'" 

70 

60 

50 

40 

30 

20 
0.1 

16 0 

14 0 

12 0 

10 0 

0 

0 

0 

0 

0.1 

2.0 

I.B 

1.6 

1.4 

1.2 

1.0 
1 

\ 
\ 
\ 
\ 
\ 
\ 

CURRENT GAIN VARIATIONS. 2N30211hru 2N3023 

ISOOC -t--

~ "ICE = 2 V 

25°C ~ 
-40°C ------ r---

0.2 0.4 0.6 O.B 

I,. COLLECTOR CURRENT lAMPS) 

CURRENT GAIN VARIATIONS. 2N30241hru 2N3026 

ISOOC 

r--"-

~ VeE:;:::: 2 V 

25°C ~ 
_40°C --r--- "" r--r--. -- ......... ""-----... '-.. 

0.2 0.4 0.6 O.B 

I,. COLLECTOR CURRENT lAMPS) 

RISE TIME FACTOR ACTIVE REGION TIME CONSTANT 

I 11 III I 0 

RISE TIME (0 - 90%) t, = 'rA f:J~ R 
flo = h,( AT EDGE OF SATURATION 
fJf = Ie IN SATURATION 1III (BASE "ON" CURRENT) 

8 1\ 

6\ 
4 \ J:;:::: 25°C 

I 2 

0 
\ / 

B 
I'\.Vee :;:::: 30 V V 

'\ 

'" f'.. ~ 
6 
I",Vcc =3V ........ 

~,.... 
4 - r--
2 

0 
10 20 0.1 0.4 0.6 0.8 1 

Ie; COUECTOR CURRENT (AMPS) 

SWITCHING TIME EQUATIONS 

Using charge· control theory and data given with this transistor, switching times for a wide"variety of conditions 
can be readily computed. ' . 
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---Power Trans;S#ors---

2N3021 thru 2N3026 (continued) 

TYPICAL SWITCHING TIMES 
100 

80 

JUNCTION CAPACITANCE VARIATIONS 
0 120 

0 

100 " Ie = 10 1., = 10 lu 60 0 

\ " 
Ycc =30 V 
VOl =0 V c .. TJ - 25°C 

80 '"t-...... " 
TJ = 25°C 
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40 

20 
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TOTAL CONTROL CHARGE VARIATION 

1£-I~oni b;-I. - rcc == 12 V 
TJ - 25°C 

-Vee 

21rD 2~3023.,1'jV 

t/ 
R, 01I 

V .. 

R, 

-=-
7' 

/ 

./ ./ 

V ~ 
d 3001) 

V 2N3024 - 2N3026 

Total Control Charge. When a transistor is held in a conductive 
state by a current, I_I. a charge. Qs, is developed in the active 
region. A charge, QT. of opposite polarity. equal in magnitude. 
can be stored on an external capacitor, C. to neutralize the in
ternal charge and considerably reduce the turn-off time of the 
transistor. Given Qr from Figure 16A. the external C for mini
mum tum-ofl' in any circuit is: C = QT/V, where V is shown 

in the circuit above and is IBI RK" 

~ 

2000 
0.1 

I 
0.2 0.5 I 

Ie. COLLECTOR CURRENT lAMPS) 

TURN·ON TIME TEST CONDITIONS 

INPUT PULSE 

V,. AOJUSTEO TO I .. USING CURRENT PROBE. 

t. OF INPUT < 10 nsec. SCOPE < 5 nsec. 
I •• = 100mA 

12 Y 

V;. O--~----
10% 

INPUT PULSE 

+9Y 

Y,.O----+-I----

-llV 

V. = - 1l.V1r-'V'""'---t 

TURN·OFF TIME TEST CONDITIONS 
YI~ ADJUSTED TO lu USING 

·CURRENT PROBE. T, < 10 osee. 
PULSE WIDTH> 10.usec 

lu=100mA 

100!l . 
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2N3055 (SILICON) 

CASE 1 
(TO-3) 

MAXIMUM RATINGS 

Characteristic 

Collector -Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

--- Power Transistors---

VCB = 100V 
Ic = 15 A 
PD = 117W 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

Symbol Rating Unit 

VCB 100 Vdc 

VCE 60 Vdc 

VEB 7 Vdc 

.IC 15 Adc 

IB 7 Adc 

PD 115 Watts 

Thermal Resistance, Junction to Case °JC 1-5 °c/w 

Junction Operating Temperature Range TJ _65°C to + 200°C 

Vi 

l 
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:g 
.~ 
'" is ... 
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p., 

120 

100 

80 

60 

40 

20 

o 
o 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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.............. 
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T C' Case Temperature (oC) 
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---Power Transistors---

2N3055 (continued) 

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

Characteristic Symbol Min Max Unit 

Emitter-Base Cutoff Current ~BO mAde 
(VEB " 7 Vde) - 5.0 

Collector Cutoff Current ICEX mAdc 
(VCB " 100 Vdc, VBE " 1.5 Vdc) - 5.0 

(VCE " 100Vde, VBE = 1.5Vdc, TC= 150oC) - 30.0 I 
Collector-Emitter Sustaining Voltage' VCEO(SUS) Vdc 

(IC " 200 mAdc, IB " 0) 60 -

DC Current Gain hFE -
(IC" 4.0 Adc, VCE " 4 Vde) 20 70.0 

(IC " 10.0 Adc, V CE " 4 Vdc) 5.0 -
Collector-Emitter Saturation Voltage V CE(sat) Vdc 

(IC" 4.0 Adc, ~" 0.4 Adc) - 1.1 

(IC = 10.0 Adc, IB = 3.3 Adc) - 8.0 

Collector-Emitter Voltage' VCER Vdc 
(IC = 200 mAdc, RBE " 100) 70 -

Base-Emitter Voltage VBE Vdc 
(IC" 4.0 Adc, VCE " 4 Adc) - 1.8 

Small Signal Current Gain hfe kHz 
(VCE" 4.0 Vdc, IC" 1.0 Adc, f" 1 kHz) 15 -
(VCE " 4.0 Vde, IC" 1.0 Adc) fhfe 20 -

Collector-Emitter Current ICEO mAdc 
(V CE " 30 Vde, IB " 0) - 0.7 

*Use sweep test to prevent overheating. 
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2N3232 (SILICON) 
2N3235 

CASE 1 
(TO-3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

--- Power Transistors---

VCB = 55·60 V 
Ic = 7.5·10 A 
Po = 117W 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

Symbol 2N3232 2N3235 Unit 

VCB 60 55 Vdc 

VCE 60 55 Vdc 

VEB 6 7 Vdc 

IC 7.5 10 Adc 

IB 3 7 Adc 

Pn 115 115 Watts 

Thermal Resistance) Junction to Case °JC 1.5 1.5 °C/W 

Junction Operating Temperature Range TJ _65°C to + 200°C °c 
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FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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--- Power Transistors---

2N3232, 2N3235 (continued) 

ELECTRICAL CHARACTERISTICS (Tc =: 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Emitter-Base Cutoff Current lEBO mAdc 
(VEB = 6.0 Vdc) 2N3232 - 1.0 

(VEB = 7.0 Vdc) 2N3235 - 5.0 

Collector-Emitter Cutoff Current ICEX mAdc 
(V CE = 60 Vdc, V BE = - 1. 5 Vdc) 2N3232 - 1.0 

2N3235 - 5.0 I 
(V CE = 60 Vdc, VBE = -1. 5 Vdc, T C = 150oC) 2N3232 - 1.0 

2N3235 - 5.0 

Collector-Emitter Sustaining Voltage' 
VCEO(sus) 

. Vdc 
(IC = 100 mAdc, IB = 0) 2N3232 60 -

2N3235 55 -
Collector Current ICEO mAdc 

(VCE = 60 Vdc, IB = 0) 2N3232 - 10 

(VCE = 55 Vdc, IB = 0) 2N3235 - 10 

DC Current Gain* hFE -
(IC = 1. 5 Adc, V CE = 10 Vdc) 2N3232 15 -
(IC = 3.0 Adc, V CE = 10 Vdc) 2N3235 15 75 

(IC = 2 Adc, VCE = 4 Vdc) 2N3232 20 -
(IC = 4 Adc, VCE = 4 Vdc) 2N3235 20 70 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 3.0 Adc, 's = 0.2 Adc) 2N3232 - 2.5 

(IC = 4.0 Adc, IB = 0.4 Adc) 2N3235 - 1.1 

Base-Emitter Voltage* VBE Vdc 
(Ic = 3.0 Adc, V CE = 10 Vdc) 2N3232 - 3.5 

(IC = 4.0 Adc, VCE = 4 Vdc) 2N3235 - 1.8 

Small Signal Current Gain hie -
(VCE = 10 Vdc, IC = 3.0 Adc, 1= 1.0 MHz) 2N3232 1.0 -
(VCE = 4 Vdc, IC = 4.0 Adc, 1= 1.0 MHz) 2N3235 1.0 -

*Use sweep test to prevent overheating. 
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--Power Transistors--

2N3311 thru 2N3316 (GERMANIUM) Po = 170W 
Ic =5A 
V CBO = 30·60 V 

PNP germanium power transistors for high-power 
applications. 

CASE 5 
(10·36) 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation at T C = 250 C 

Junction Temperature Range 

Thermal Resistance 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

PD 

TJ 

8JC 

2N33 11 2N3312 2N3313 Unit 2N3314 2N3315 2N3316 

30 45 60 Volts 

30 45 60 Volts 

20 30 40 Volts 

20 25 30 Volts 

5 5 5 Amps 

170 170 170 Watts 

-65 to + 110 °c 

0.5 'CjW 

POWER· TEMPERATURE DERATING CURVE 

0 ~ 17 
~ 150 

~ 125 

~ 100 

~ 75 
<> 
'" 50 

~ 2 5 

.t 
10 20 

....... 
i'-, 

" ....... 

t'-... 
r--.. 

w g ~ ~ ro ~ 00 ~IW 

Te. CASE TEMPERATURE ('C) 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 250 C and is 0 Watts 
at nooe with a linear relati.on between 
the two temperatures such that: 

allowable Pn = 1100 - Tc 
O. 5 
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--Power Transistors--

2N3311 thru 2N3316 (continued) 

ELECTRICAL CHARACTERISTICS (At Tc= 25°C unless otherwise specified.) 

Characteristic 

Collector-Base Cutoff Current 
(VCB = VeB max) 
(VCB = -2 Vdc, IE = 0) 

Collector Cutoff Current 
(VCE =. 10 Vdc, IB = 0) 2N3311,2N3314 
(VCE = 15 Vdc, IB = 0) 2N3312, 2N3315 
(VCE = 20 Vdc, IB = 0) 2N3313, 2N3316 

Collector Cutoff Current 
(VCE = 25 Vdc, VBE = 1 Vdc, 
TC = lOOoe) 2N3311,2N3314 
(VCE = 40 Vdc, VBE = 1 Vdc, 
TC = lOOOe) 2N3312, 2N3315 
(VCE = 55 Vdc, VBE = 1 Vdc, 

TC = lOO°e) 2N3313, 2N3316 

Emitter-Base Cutoff Current 
(VEB = VEB max' Ie = 0) 

Collector-Emitter Breakdown Voltage-
(Ic = 300 mAdc, V EB = 0) 2N3311, 2N3314 

2N3312, 2N3315 
2N33l3, 2N33l6 

Collector-Emitter Breakdown Voltage· 
(Ic = 500 mAdc, IB = 0) 2N3311,2N3314 

2N3312, 2N33l5 
2N33l3, 2N3316 

Collector-Emitter Saturation Voltage 
(IC = 3 Adc, IB = 300 mAdc) 

Base-Emitter Voltage 
(Ic = 3 Adc, VCE = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 

DC Current Gain 
(Ic = 3 Adc, VCB = 2 Vdc) 2N3311 thru 2N3313 

2N3314 thru 2N3316 
. (IC = 500 mAdc, VCB = 2 Vdc) 2N3311 thru 2N3313 

2N33l4 thru 2N33l6 

Small Signal Current Gain 
(IC = 3 Adc, VCE = 2 Vdc, 
f = 0.5 kc) 2N3311 thru 2N3313 

2N3314 thru 2N33l6 

Common Emitter Cutoff Frequency 
(IC = 3 Adc, VCE = 2 Vdc) 

*To avoid excessive heating of the collector junction, 
. perform these tests with an oscilloscope. 
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Symbol Min Max 

ICBO 
- 5.0 
- 0.3 

ICEO 
- 200 
- 200 
- 200 

IcEX 

- 35 

- 35 

- 35 

lEBO 
- 4 

BVCES· 
30 -
45 -
60 -

BVCEO* 
-20 -
-30 -
-40 -

VCE(sat) - 0.1 

VBE - 0.6 

- 0.5 

hFE 
60 120 

100 200 
- 150 
- 250 

hte 

30 90 
40 120 

fae 
1.0 -

Unit 

mAdc 

mAdc 

mAdc 

I 
mAdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

-

kc 
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----Power Transistors---

2N3311thru 2N3316 (continued) 

10 
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~ 0.4 
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170WATT AVERAGE ~ ~ POWER DISSIPATION AT 
25°G CASE TEMPERATURE , 

10 20 30 40 50 60 

VW COLLECTOR·EMITTER VOLTAGE (VOlTS) 

SAFE OPERATING AREA 

The Safe Operating Area Curves indicate the Ic-V CE limits 
helow which the .devices wilr not go into secondary break
down. As the safe operating areas shown are independent of 
temperature and duty cycle. these curves can' be used as long 
as the average power derating curve is also taken into con-. 
sideration to insure operation below the maximum junction 
temperature. 

2N3313,2N3316 (25 lJ.~ec 10 5 mst'c plll~el 
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---Power Transistors ---

2N3445 thrli 2N3448 (SILICON) 
Po = 115W 
Ic= 7.5 A 
VCBO = 80-100 V 

CAS~ 
NPN silicon power transistors for switching and amp

lifier applications requiring fast response, wide band 
and good Beta linearity. 

(TO·3) 

MAXIMUM RATINGS 

Characteristic Symbol 2N3445 2N3446 Unit 2N3447 2N3448 

Collector-Base Voltage VCB 80 100 Volts 

Collector-Emitter Voltage VCE 60 80 Volts 

Emitter-Base Voltage VEB 6 10 Volts 

Collector Current Ie 7.5 7.5 Amps 

Base Current IB 4.0 4.0 Amps 

Power Dissipation Po 115 115 Watts 

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

~ 
~ 

i 
~ 
0 

~ 
~ 

POWER·TEMPERATURE 
DERATING CURVE 

These transistors are 
also subiect to safe area 
curves. Both limits are 
applicable and must be 
observed. 

f~FfNi4tLI 
o 25 50 15 100 125 150 175 200 

Teo CASE TEMPERATURE ("C) 

SAFE OPERATING AREAS 

2N3445 2N3447 2N3446 2N3448 
10 
1.0 
5.0 

3.0 
2.0 

1.0 

OC 

" ~ \ 
5msec -:-

c-r--0C 
, 

5msec> 1(\ ~l\ 
0.7 
0.5 

0.3 
0.2 

0.1 
0.01 
0.05 

Imsec= ~ 
"::::250.usec~ 

~:. __ ~~.c=:~~~~c 

Imsec 

0.5msec~ ~ H 

E: TJ ":::: 175°C 

-:"'251;;':1~ 
F--- TJ 25°C 

0.01 ·1._....I._....I._....I._....I._....I._....J1 1 r 

The Safe Operating Area 
Curves indicate Ic- Vee 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col· 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera
tion below the maximum TJ • 

the power-temperature de
rating curve must be ob
served for both steady state 
and pulse power conditions. 

010203040506001020304050607080 
V,,, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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--Power TransiS#ors---

2N3445 thru 2N3448 (continued)' 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Ch.ractari,tk S,mb.1 Min 

Emitter-Base Cutoff Current 'EBO 
(VEB '" 6 Vdc) 2N3445, 2N3447 -
(VEB = 10 Vdc) 2N3446, ZN3448 -

Collector-Emitter Cutoff Current 'eEl< 
(VeE = 60 Vde, VBE '" -1 Vdc) 2N3445,2N3447 -
(VeE = 60 Vdc, VBE = -1 Vdc, TC "" ISOoC) 2N3445, 2N3447 -
(VeE = 80 Vdc, VBE = -1 Vdc) 2N3446, 2N3448 -
(VeE = 80 Vdc, VBE = -1 Vdc, TC = 1500e) 2N3446, 2N344B -

Collector-Emitter Cutoff Current 'eEO 
(VeE = 40 Vdc, Ie = 0) 2N3445. 2N3447 -
(VeE = 60 Vdc, Ie = 0) 2N3446, ZN3448 -

Collector-Base Breakdown Voltage BVCBO 
(Ie = 1 mAde, IE = 0) 2N3445. 2N3447 80 

2N3446, 2N3448 100 

Collector-Emitter Sustaining Voltage 
VCEO(sus) 

('e = 100 mAde, 'B= 0) 2N3445, ZN3447 60 
2N3446, 2N3448 80 

DC Current Gain hFE 
(Ie = 0.5 Ade, VeE = 5 Vdc) 2N3445, 2N:1446 20 

2N3447, 2N:1448 40 
(Ie '" :1 Adc, VCE '" 5 Vdc) 2N3445,2N:1446 20 
(Ie '" 5 Adc, VCE =" 5 Vdc) 2N:1447, 2N:1448 40 

Conector~Emitter Saturation Voltage VCE(sat) 
(IC = 3 Adc, IB = 0.3 Adc) 2N3445, 2N3446 -
(Ic = 5 Adc, IB '" 0.5 Adc) 2N3447, 2N:1448 -

Base~Emitter Saturation Voltage VBE(sat) 
(Ie '" 3 Ade, IB = 0.3 Adc) 2N3445, 2N3446 -<Ie =; 5 Ade, IB = 0.5 Ade) 2N3447, 2N3448 -

Base~Emitter Voltage VBE 
(IC = 3 Ade, VCE = 5 Vdc) 2N3445, 2N3446 -
(Ic = 5 Ade, VCE = 5 Vde) 2N3447, 2N3448 -

Small Signal Current Gain hIe 
(VCE = 10 Vde, Ie = 0.5 Ade, f = 1 kc) 2N3445 , 2N3446 20 

2N3447, 2N3448 40 
(VCE = 10 Vdc. Ie = 0.5 Adc, f = 10 mc) All Types 1.0 

Common Base Output Capacitance Cob 
(VeB = 10 Vde, f '" 0.1 me) All Types -

Switching Times 
(Vee == 25 Vde, RL = 5 ohms, Ie = 5 A, IB1 = IB2 = 0.5 A) 

~ 
~ 

I 
0 

§ 

~ 
.2 
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---Power T ransisfors ---

2N3445 thru 2N3448 (continued) 
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--- Power T ransisfors ---

2N3445 thru 2N3448 (continued) 

COLLECTOR CURRENT·VOLTAGE 

VARIATIONS ,. 

BASE CURRENT-VOLTAGE 
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- Power Transistors---

2N3487 thru 3492 (SILICON) VCB = 80-120 V 
Ic = 7.5 A 
Po = 117W 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

CASE 9 
(TO-61) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

Thermal Resistance, Junction to Case 

Junction Operating Temperature Range 

Symbol 

VCB 

'VCE 

VEB 

IC 

IB 

PD 

°JC 

TJ 

6-107 

2N3487 2N3488 2N3489 
Unit 2N3490 2N3491 2N3492 

80 100 120 Vdc 

60 80 100 Vdc 

10 10 10 Vdc 

7_ 5 7_ 5 7_ 5 Adc 

4_ 0 4_0 4_0 Adc 

U5 115 115 Watts 

1-5 1-5 1-5 °C/W 

_65°C to + 200°C °c 

I 
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- Power Transisfors---

2N3487 thru 2N3492 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol Min 

Emitter-Base Cutoff Current ~BO (VEB = 10 Vde) All Types -
Collector-Emitter Cutoff Current leEX 

(V CE = 60 Vdc, V BE = -1 Vde) 2N3487,2N3490 -
(VCE = 80 Vdc, VBE = -1 Vdc) 2N3488,2N3491 -
(VCE = 100 Vdc, VBE = -1 Vdc) 2N3489,2N3492 -
(V CE = 60 Vdc, V BE = -1 Vdc, TC = 150oC) 2N3487,2N3490 -
(V CE = 80 Vdc, V BE = -1 Vdc, T C = 150oC) 2N3488,2N3491 -
(V CE = 100 Vdc, V BE = -1 Vdc, TC = 150oC) 2N3489,2N3492 -

Collector-Emitter Cutoff Current leEO (VCE = 40 Vdc, Is = 0) 2N3487,2N3490 -
(VCE = 60 Vde,ls = 0) 2N3488,2N3491 -
(V CE = 80 Vdc, Is = 0) 2N3489, 2N3492 -

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 "Adc, ~ = 0) 2N3487,2N3490 80 

2N3488,2N3491 100 
2N3489, 2N3492 120 

Collector-Emitter Sustaining Voltage VCEO(SUS) (Ie = 100 mAde, Is = 0) 2N3487,2N3490 60 
2N3488,2N3491 80 
2N3489; 2N3490 100 

DC Current GaIn hFE (Ie = 0.5 Adc, V CE = 5 Vdc) 2N3487, 2N3488, 2N3489 20 
2N3490, 2N3491 , 2N3492 40 

(IC = 3.0 Adc, VCE = 5 Vdc) 2N3487,2N3488 20 
2N3489 15 

(IC = 5.0 Adc, VCE = 5 Vdc) 2N3490,2N3491 40 
2N3492 30 

Collector-Emitter Saturation Voltage VCE(sat) (Ie = 1 Adc, IB = 0.1 Adc) All Types -
(IC = 3 Adc, Is = 0.3 Adc) 2N3487, 2N3488, 2N3489 -

2N3490, 2N3491 , 2N3492 -
(Ic = 5 Adc, Is = 0.5 Adc) 2N3490, 2N3491 , 2N3492 -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 3 Adc, Is = 0.3 Adc) 2N3487, 2N3488, 2N3489 -
(IC = 5 Adc, Is = 0.5 Adc) 2N3490, 2N3491, 2N3492 -

Base-Emitter Voltage VBE 
(IC = 3 Adc, VCE = 5 Vde) 2N3487 , 2N3488, 2N3489 -
(IC = 5 Adc, VCE = 5 Vdc) 2N3490, 2N3491, 2N3492 -

Small Signal Current Galn hfe 
(V CE= .10 Vdc, Ie = 0.5 Adc, f = 1 kHz) 2N3487 , 2N3488, 2N3489 20 

2N3490, 2N3491, 2N3492 40 
(V CE = 10 Vdc, Ie = 0.5 Ade, f = 10 MHz) All Types 1.0 

Common Base Output Capacitance Cob 
(V CB = 10 Vdc, f = 0.1 MHz) All Types -

Switching Times 
(VCC~ 25 Vdc, ~ = 5D, IC = 5 Adc, 1s1 =-IB2 = 0.5 Adc) -
Del,,¥ Time plus Rise Time td+tr -
Storage Time ts -
Fall Time tf -
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Max Unit 

mAde 
0.10 

"Ade 
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--- Power Transistors--

2N3487 thru 2N3492 (continued) 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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---Power TransiS#ors---

2N3611 thru 2N 3614 (GERMANIUM) Po = SSW 
Ic=7A 

~ VcBo =40-60V 

CASE 11,16 ~ PNP germanium power transistors for switching and 
(TO·3,41) amplifier applications. 

For units with solder lugs attached, specify 
devices MP3611 etc. (TO·41 package) 

MAXIMUM RATINGS 

Characteristics 

Collector-Emitter Voltage 

Collector-Emitter Voltage (Open Base) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Peak Collector Current (PW ~ 5 msec) 

Base Current (Continuous) 

Storage Temperature Range 

Operating Case Temperature Range 

Total Device Dissipation @ TC = 25°C 

Derate above TC = 25°C 

Thermal Resistance, Junction to Case 

Thermal Resistance, Case to Ambient 

Symbol 

VCES 

VCEO 

VCBO 

VEBO 

Ie 
Ie 
IB 

Tstg 

TC 

PD 

eJC 
eCA 

2N3611 2N3612 Unit 
2N3613 2N3614 

30 45 Vdc 

25 35 Vdc 

40 60 Vdc 

20 30 Vdc 

7 Adc 

15 Adc 

2 Adc 

-65 to +110 °c 

-65 to +110 °c 

85 watts 

1 wloc 

1.0 °c/w 
32.7 °C/w 

SAFE OPERATING AREAS 
10 
15 

10 

:= 1 

~ 0.7 
:g 0.5 

0.3 

0.1 
0.15 

0.1 

2N3611 and 2N3613 

....... 
......... .............. ~O/~sec 
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SEE NOTE 
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o I 30 411/ 

--,/ 

o 10 15 10 15 30 
Ve<, COLlECTOR·EMlnER VOLTAGE (VOlTSj 

The Safe Operating Area Curves indicate 
Ie-VeE limits below which the device will not go into 
secondary breakdown. Collector load 1ines for specific 
circuits must faU within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case temper~
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BV CES voltage limit only if the conector 

fi! 
~ 
~ 

10 
15 

10 

~ 2 a 1.5 
~ 

.t; I 
~ 0.7 

.JJ 0.5 

2N3612 and 2N3614 
I 
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"- "- \ 
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""- ~\ 
" \ 
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SEE NOTE 

\'\ 
"\. ~ 

OJ 
i 1 ~~~ 
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\ '"\..\ 
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0.15 

0.1 

o r 45 60/ ~2:MIT;; I \ 

w g m B • D 
Ve. COlLECTOR-EMITTER VOlTAGE (VOLTS) 

40 

current has been reduced to 20 rnA or less before or 
at the BV OF-S limit; then and only then may the load 
line be extended to the absolute maximum voltage rat
ing of BVeno_ To insure operation below the ma'(imum 
T J. the power-temperature derating curve must be ob
served for both steady state and pulse power condi
tions. 

'\ 
45 
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---Power Transistors ---

2N3611 thru 2N3614 (continued) 

ELECTRICAL CHARACTERISTICS 

el,.ra,terlstlcs Symbol 

Collector-Emitter Breakdown Voltage. BVCES . 
(IC = 250 mAde) 2N3611, 2N3613 

2N3612, 2N3614 

Collector-Emitter Breakdown Voltage. BVCEO . 
(IC = 500 mAde) 2N3611, 2N3613 

2N3612, 2N3614 

Floating Potential VEBF 
(VCB = VCB max) All Types 

Collector-Emitter Leakage Current ICEO 
(V CE = 1/2 V CEO max) All Types 

Collector-Emitter Leakage Current ICEX 
(V CE = V CE max, VEE = 1. 0 Vdc, TC = +100D C) 

All Types 

Collector-Base Cutoff Current ICBO 
(VCB = 2 Vde) All Types 

(V CB = 25 Vdc) 2N3611 , 2N36t3 

(V CB = 40 Vde) 2N3612, 2N3614 

(VCB = VCB max) All Types 

Emitler-Base Cutoff Current ~BO (VEB = VEB max) All Types 

(VEB = 12 Vde) All Types 

Collector-Emitter Saturation Voltage VCE(sat) (Ie = 3 Ade, IB = 300 mAde) All Types 

(IC = 7 Ade, Ia = 700 mAde) All Types 

Base-Emitter Saturation Voltage VBE(sat) 
(Ie = 3 Adc, IB = 300 mAde) 2N3611 , 2N3612 

2N3613, 2N3614 

(IC = 7 Ade, IB = 700.mAdc) 2N3611, 2N3612 
2N3613, 2N3614 

Transconductance gFE 
(IC = 3 Ade, VCE = 2 Vde) 2N3611, 2N3612 

2N3613, 2N3614 

Small Signal Current Gain hIe 
(IC = 0.5 A,VCE = 12 V, 1= 20 ke) All Types 

(IC = 0.5 A, V CE = 2 V, f = I kc) 2N3611 , 2N3612 
2N3613, 2N3614 

DC Current Gain hFE (Ie 0 3 Ade, VCE 0 2 Vde) 2N3611, 2N3612 
2N3613, 2N3614 

(IC 0 7 Adc, VCE 0 2 Vde) 2N36l1, 2N3612 
2N3613, .2N3614 

*Sweep Test: 1/2 Bille wave, 60 cps 

POWER-TEMPERATURE DERATING CURVE 

These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 
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---Power Transistors ---

2N3611 thru 2N3614 (continued) 

COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 
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---Power Transistors ---

2N3615 thru 2N3618 (GERMANIUM) Po = 8SW 
Ic=7A 
VCDO = 80-100 V 

PNP germanium power transistors for switching and 
amplifier applications. 

CASE 11,16 
(TO·3,41) 

For units with solder lugs attached. specify 
devices MP3615 etc. (TO-4 package) 

MAXIMUM RATINGS 

Characteristics 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(Open Base) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Peak Collector Current 
(PW ::;: 5 msec) 

Base Current (Continuous) 

Storage Temperature 

Operating Case Temperature 

Total Device Dissipation 
@TC ; 250 C 
Derate above 250 C 

Thermal Resistance, 
Junction to Case 

Thermal Resistance, 
Case to Ambient 

Symbol 
2N3615 2N3616 
2N3617 2N3618 

VCES 60 75 

VCEO 50 60 

VCBO 80 100 

VEBO 40 50 

IC 7 

IC 15 

IB 2 

Tstg -65 to + 110 

TC -65 to +110 

PD 
85 
1 

eJC 1.0 

eCA 32.7 

@lA @Tc 
POWER·TEMPERATURE DERATING CURVE 

5 100 
85 Tc 

4 80 

3 60 ~ 
2.6 

2 40 

20 

IA 

~ --- -~ ~ 
--..:::::::: 

a a 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Uc 
vc 

Watts 

W/oC 

°C/W 

°C/W 

~ 
a 25 50 75 100 110 

TEMPERATURE (OC) 
These transistors are also subject to safe area curves. 

Both limits are applicable and must be observed. 
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--Power Transistors--

2N3615 thru 2N3618 (continued) 

ELECTRICAL CHARACTERISTICS (at Tc = 25°C unless otherwise specified) 

Cbaracterlstics Symbol Min Max Un" 

Collector-Emitter Breakdown Voltage. BVCES . Vde 
(Ic = 250 mAde) 2N3615, 2N3617 60 -

2N3616, 2N3618 75 -
Collector-Emitter Breakdown Voltage. BVCEO . Vde 

(IC = 300 mAde) 2N3615, 2N3617 50 -
2N3616, 2N3618 60 -

Floating Potential VEBF Vde 
(VCB = VCB max) All Types - 1.0 

I 
Collector -Emitter Leakage Current ICEO mAde 

(V CE = 112 V CEO max) All Types - 30 

Collector-Emitter Leakage Current ICEX mAde 
(VeE = VeE max, .VBE:: 1.0 Vdc, TC = +100°C) 

All Types - 10 

Collector-Base Cutoff Current ICBO mAde 
(VCB = 2 Vde) All Types - .060 

(V CB = 55 Vde) 2N3615, 2N3617 - 1.0 

(V CB = 65 Vde) 2N3616, 2N3618 - 1.0 

(VCB = VCB max) All Types - 5.0 

Emitter-Base-Cutoff Current lEBO /lAde 
(VEB = VEB max) All Types - 500 

(VEB = 12 Vde) All Types - 100 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 3 Ade, IB = 300 mAde) All Types - 0.25 

(Ie = 7 Adc, Is = 700 mAde) AU Types - 0.35 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ie = 3 Adc, IB :: 300 mAde) 2N3615. 2N3616 - 0.7 

2N3617, 2N3618 - 0.6 

(Ie = 7 Adc, IB = 700 mAde) 2N3615, 2N3616 - 1.1 
2N3617; 2N3618 - 0.9 

Transconductance gFE mhos 
(IC = 3 A, V CE = 2 V) 2N3615, 2N3616 3.0 -

2N3617, 2N3618 3.5 -
Small Signal Current Gain hie -

(IC = 0.5 A, VCE = 12 V, 1= 20 ke) All Types 15 -
(IC = 0.5 A, V CE = 2 V, 1= 1 ke) 2N3615, 2N3616 40 100 

2N3617, 2N3618 60 150 

DC Current Gain hFE -
(IC = 3 Ade, VCE = 2 Vde) 2N3615, 2N3616 30 60 

2N3617, 2N3618 45 90 

(Ie = 7 Adc, VCE = 2 Vdc) 2N3615, 2N3616 20 -
2N3617, 2N361S 30 -

Current-Gain - Bandwidth Product Typ 

All Types iT ko 
(Ic =.5Ade, VCE • 2Vdc) 600 

*Sweep Test: 1/2 sine wave, 60 cps 
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--Power TransiS#ors--

2N3615 thru 2N3618 (continued) 
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VeE, COLLECTOR·EMIT1£R VOLTAGE (VOLTS) 

NOTE The Safe ,Operating Area Curves indicate 
Ic·V c,,~ limits below which the device will not go into 
secondary breakdown. Conector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BV CF.S voltage limit only if the collector 

VeE, COLLECTORIMIT1[R VOLTAGE (VOLTS) 

current has been reduced to 20 rnA or less before or 
at the BVC1':H limit; then and only then may the load 
line be extended to' the absolute maximum voltage rat
ing of BV CBO' To insure operation below the maximum 
T .•• the power-temperature derating curve must be ob
served for both steady state and pulse power condi
tions. 

DC CURRENT GAIN versus COLLECTOR CURRENT 
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---Power Transisfors---

2N3615 thru 2N3618 (continued) 

COLLECTOR CURRENT versus BASE·EMITTER VOLTAGE 
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--Power Transistors---

2N3713 thru 2N3716 (SILICON) PD = l50W 
Ic= lOA 
VCBO = aO-100V 

NPN silicon power transistors for medium-speed 
switching and amplifier applications. Complementary 
to PNP types 2N3789 thru 2N3792. 

CASE 11 
(TO-3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Power Dissipation 

Thermal Resistance 

Operating Junction and 
Storage Temperature Range 

Svmbol 
VCBO 

VCEO 

VEBO 

Ie 

IB 

P D 

9 JC 

TJand 

Tstg 

2N3713 2N3714 
2N3715 2N3716 

80 100 

60 80 

7 7 

10 10 

4.0 4.0 

150 150 

1.2 1.2 

-65 to +200 

2N3713 2N3715 SAFE OPERATING AREAS 2N3714 2N3716 
10 

500 .usee 
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~ 07 
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o. 2 

o. 1 

Unit 

Volts 
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Volts 

Amps 

Amps 

Wattl:! 

°C/W 

°c 

500flsec-

250,u.sec -

\ :s.SO.usec -\ 1\ 
1\ \ \' 
\ j\ \ 

f'\.'\ 
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10 20 30 40 50 60 70 0 to 20 30 40 50 60 70 80 90 

Ve" COLLECTOREMlnER VOLTAGE (vOLTSI 

The Safe Operating Area Curves indicate Ie - V roE limits 
below which the device will not go into secondary break
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector
emitter short. (Duty cycle of the excursions make no signifi-

cant change in these safe areas.) To insure operation below 
the maximum T.I. the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 

6-117 

I 



---Power Transisfors-· 

2N3713 thru2N3716 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Cha racteristic Types Symbol Min Max Unit 
Emitter-Bue CutoH Current lEBO mAde 

(VEB = 7 Vde) All Types - 5 

Collector-Emitter Cute« Current IeEX mAde 
(VCE = 80 Vde, VBE = -1.5 Vde) 2N3713, 2N3715 - I 
(VeE = 100 Vdc, VBE.'" -1.5 Vdc) 2N3714, 2N3716 - I 
(VCE = 60 Vde, VBE = -1.5 Vde, TC - 150"<:) 2N3713, 2NS715 - 10 
(VCE =80 Vdc, VBE = -1.5 Vde, TC = 150oC) 2NS7I4, 2NS7I6 - 10 

Collector-Emitter SUstaining Voltage- VCEO(sus)· Vde 

(Ie = 200 mAde, IB = 0) 2NS7IS, 2NS7I5 60 -
2N3714, 2N3716 80 -

DC Current Gain • hFE'" -
ne= 1 Ade, VCE = 2 Yde) 2NS7I3, 2NS7I4 25 90 

2NS715, 2N3716 10 ISO 

(Ie = 3 Ade, VCE = 2 Vde) 2N3713, 2NS7I4 15 -
2N3715, 2NS7I6 30 -

Collector-Em1tter Saturation Voltage ... VCE(sat) ... Vde 
(Ie = 5 Ade, IB = 0.5 Ade) 2Nl7ll, 2Nl7l4 - 1.0 

2N3715, 2N3716 - 0.8 

Base-Emitter SaturaUon Voltage'" VBE(sat) ,., Vde 

ne = 5 Ade,IB = 0.5 Ade) 2N371l,2N3714 - 2.0 
2N3715, 2Nl716 - 1.5 

Base-Emitter Voltage'" VBE '" Vde 

(Ie = S Ade, VCE = 2 Vdc) All Types - 1.5 

Small Signal Current Gain "te -
(VeE" 10 Vdc, Ie = 0.5 Ade, f :: 1 me) All Types 4 -

Switching Ttmes Typ llsec 
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-Power Trans;sfors--

2N3713 thru 2N3716 (continued) 
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--Po.".r r,ansisfors--

2N3713 thru 2N3716 (continued) 
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--Power Transistors ---

2N3719 (SILICON) 

2N3720 
Po =l W 
Ic =3A 
V cao = 40-60 V 

CASE 31 
(TO-5) 

PNP silicon annular power transistors for high
speed, high-current switching in core, driver and 
Class C power applications_ 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N3719 2N3720 Unit 
Collector-Base Voltage VCBO 40 60 Volts 

Collector- Emitter Voltage VCEO 40 60 Volts 

Emitter-Base Voltage VEBO 4 4 Volts 

Collector Current-Continuous IC 3 3 Amps 
Collector Current-Peak 10 10 Amps 

Base Current IB 0.5 0.5 Amp 

Total Device Dissipation @ T A = 25°C PD 1.0 Walt 
Derate above 25°C 5.72 mW/oC 

Total Device Dissipation @ T C = 25°C PD 6 Walts 
Derate above 250 C 34.3 mW/oC 

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

SAFE OPERATING AREAS 
2N3719 2N3720 

10 

7.0 50."c~ ~ 5.se~= 50J'sec 5p sec= == 5.0 

3.0 I, l\. \ 
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I o. 
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... 
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~- \ , , ·\1\ 

.... ... ."0.. 
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""'" "-
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" - ~ ~ \ -1\ 
.07 
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.03 
r--- t-- PD @ fA = 25°C ....... - ;-< 

.... 
1 P'@,TA=roC- """ - t-- -BVCEO @ Ie = 20mA ...... f-- BVao @ Ic=20mA~f-"'" r--

. 01 
o 10 20 30 40 10 20 30 40 50 60 
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---Power TransiS#ors---. 

2N3719 and 2N3720 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Leakage Current 'eEX "Ade 
(VCE = 40 Vde, VSE = 2 Vde) 2N3719 - 10 

(VCE = 60 Vde, VSE = 2 Vde) 2N3720 - 10 

Collector-Base CutoU Current 'eSO mAde 
(VCS = 40 Vde, IE = 0, TA = 25°C) 2N3719 - .010 

(VCS = 40 Vde, IE = 0, TA = 150Oc) 2N3719 - 1 

(VCS = 60 Vde, IE = 0, TA = 25°C) 2N3720 - .010 

(V CS = 60 Vde, IE = 0, T A = 150°C) 2N3720 - 1 

Ehlitter-Base CUtoff Current IESO mAde 
(VSE = 4 Vde, Ie = 0) - 1 

DC Current Gain. hFE· -
<Ie = 500 mA, VCE = 1.5 V, TA = 250C) 20 -
<Ie = 1 A, VCE = 1.5 V, TA = 250C) 25 180 

(Ie = 1 A, VCE = 1.5 V, TA = -40Oc) 15 -
Collector-Emitter Saturation Voltage· VCE(sat)· Volts 

<Ie = 1 A,IS = 100 mA, TA = -40 to+l000c ,...- 0.75 

(Ie = 3 A,IS = 300 mA, TA' 250C) - 1.5 

Base-Emitter Saturation Voltage. VSE(sat)· Volts 
<Ie = 1 A, IS = 100 mAl - 1.5 

<Ie =3A,IS= 300mA) - 2.3 

Collector-Emitter Breakdown Voltage. SVCEOo Volts 
(Ie = 20 mA, IS = 0) 2N3719 40 -

2N37Z0 60 -
Collector Output Capacitance Cob pI 

(VCS = 10 Vde, IE = 0, I = 100 kc) - 120 

Input Capacitance Cib pf 
(VSE = 0.5 Vde, 'e = 0, r = 100 kc) - 1000 

Current-Gain - Sandwldth Product IT me 
(VC;:E = 10 Vde, Ie ~ 500 mAde, r =. 30 me) 60 -

Delay Plus Rise Time ton osec 
<Ie- = 1 Ade, lSI = 100 mAl - 75 

Storage Time ts DBee <Ie = 1 Ade, lSI = IS2 = 100 mAl - 150 

Fall Time It nsec 
(Ie = 1 Ade, lSI = IS2 = 100 mAl - 75 

*Pulse Test: PW :!i 300 lisee, Duty Cycle ;:; 2% 
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--Power Transislors---

2N3719, 2N3720 (continued) 
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---Power T ransiS#ors ---

2N3719 and 2N3720 (continued) 
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2N3738 (SILICON) 
2N3739 

~ CASE 80 ~ 
(10-66) 

---Power Transisfors---

PD = 20W 
Ie =3A 
VCEO =225·300V 

High-voltage NPN silicon power transistors, de
signed for use in line operated equipment such as audio 
output amplifiers; low-current, high-voltage converters; 
and AC line relays, feature excellent dc gain. 

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

Characteristic Symbol 2N3738 2N3739 Unit 
Collector-Base Voltage VCE 250 325 Vdc 

Emitter-Base Voltage VEB 6 6 Vdc 

Collector-Emitter Voltage VCEO 225 300 Vdc 

Collector Current (Continuous) IC 3 Adc 

Collector Current (Peak) IC 3 Amps 

Base Curr ent IB 250 mAdc 

Total Device Dissipation @ T C = 25°C PD 20 Wi!>ts 
Derate above 250 C 0.133 W C 

Thermal Resistance °JC 7.5 °C/W 

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

POWER-TEMPERATURE DERATING CURVE 
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---Power Transistors ---

2N3738, 2N3739 (continued) 

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

I Characteristic Symbol IMin IMax I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage' VCEO(sus)' Vde 
(lc = 5 mAde, lB = 0) 2N3738 225 -

2N3739 300 -
Emitter-Base Cutoff Current lEBO mAde 

(VEB = 6 Vde) Both Types - 0.1 

Collector Cutoff Current lCEX mAde 
(VCE = 250 Vde, VBE = 1.5 Vde) 2N3738 - 0.5 
(VCE = 300 Vde, VBE = 1.5 Vde) 2N3739 - 0.5 

(VCE = 125 Vde, VBE = 1.5 Vde, TC = 100oC) 2N3738 - 1.0 
(VCE = 200 Vde, VBE = 1.5 Vde, TC = lOOOC) 2N3739 - 1.0 

Collector-Emitter Cutoff Current lCEO mAdc 
(V CE = 125 Vdc, IB = 0) 2N3738 - 0.25 

(V CE = 200 Vdc, lB = 0) 2N3739 - 0.25 

Collector-Base Cutoff Current IeBO mAde 
(V CB = 250 Vdc, IE = 0) 2N3738 - 0.1 

(V CB = 325 Vdc, IE = 0) 2N3739 - 0.1 

ON CHARACTERISTICS 

DC Current Gain * hFE' -
(Ie = 50 mAdc, V CE = 10 Vdc) Both Types 30 -
(IC = 100 mAde, V CE = 10 Vde) Both Types 40 200 

(IC = 250 mAdc, V CE = 10 Vde) Both Types 25 -
Collector-Emitter Saturation Voltage' VCE(sat) , Vdc 

(IC = 250 mAdc, IB = 25 mAdc) Both Types - 2.5 

Base-Emitter Voltage' VBE , Vde 
(Ic = 100 mAde, VCE = 10 Vde) Both Types - 1.0 

TRANSIENT CHARACTERISTICS -
Current· Gain -Bandwidth Product fT me 

(IC = lOOmAde, VCE = 10Vde,f = lOme) Both Types 15 -
Common Base Output Capacitance Cob pr 

(VCB = 100 Vdc, IC = O,{ = 100 kc) Both Types - 20 

Small Signal Current Gain hre -
(Ie = 100 mAdc, VCE = 20 Vdc, r = 1 ke) Both Types 35 -

'PULSE TEST: PW:; 300 p.see, Duty Cycle:; 2% 
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The Safe Operating Area Curves indir:ate 
Ie·VeE limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter 'short. (Case 
temperature and duty cycle of the excur
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVcw voltage limit only if the collector cur
rent has been reduced to 20 mA or less be
fore or at the BVcwlimit; then and only then 
may the load line be extended to the abso
lute maximum voltage rating of BVC80• To 
insure operation below the maximum TJ• 

the power·temperature derating curve must 
be observed for both steady state and pulse 
power conditions. . 



---Power Transistors---

2N3738, 2N3739 (continued) 

CURRENT GAIN 
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---Power Transistors--

2N3738, 2N373.9 (continued) 

LARGE SIGNAL CHARACTERISTICS CUT-OFF CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 
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--Power Transistors--

2N3740 (SILICON) 
2N3741 

Vea = 60-80V 
le=4A 
Po = 25W 

"cf)~ 
CASE8~ 

(10-66) 

Medium-power PNP transistors, ideal for use as 
drivers, switches and direct replacement of germani
um medium-power devices, feature low saturation 
voltage and excellent safe area limits_ 

MAXIMUM RATINGS 

Characteristics Symbol 2N3740 2N3741 Unit 
Collector-Base Voltage VCB 60 80 Vdc 

Emitter-Base Voltage VEB 7 7 Vdc 

Collector-Emitter Voltage VCEO 60 80 Vdc 

Collector Current (Continuous)See Figure 2 IC 4 Adc 

Collector Current (Peak) See Figure 2 IC 4 Adc 

Base Current (Continuous) Is 2 Adc 

Total Device Dissipation @ TC = 25°C P D 25 Watts 
Derate Above 25 ° C 0.143 W/oC 

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

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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---Power Transistors ---

2N3740, 2N3741 (continued) 

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

Characteristics I Figure No. I Symbol Min Max Unit 

OFF CHARACTERISTICS 
Colleelor-Emitter Sustaining Voltage* 2 VCEO(sust Vde 

(IC = 100 mAde, 'B = 0) 2N3740 60 -
2N3741 80 -

Emitter-Base Cutoff Current lEBO mAde 
(VEB = 7 Vde) Both Types - 0.5 

Collector CutofC Current 5,6 ICEX mAde 
(VeE:: 60 Vdc, VaE ': 1.5 Vdc) 2N3740 - 0.1 

(V CE:: 80 Vdc, VBE = 1.5 Vdc) 2N3741 - 0.1 

(V CE = 40 Vdc, VBE = 1.5 Vdc, TC:: 150 "C) 2N3740 - 1.0 

(VeE = 60 Vdc, VBE = 1.5 Vdc, TC = 150 "C) 2N3741 - 1.0 

Collector- Emitter Cutoff Current 5,6 ICEO mAde 
(VCE = 40 Vde, 'B = 0) 2N3740 - 1.0 

(VCE = 60 Vde, 'B = 0) 2N3741 - 1.0 

Collector-Base Cutoff Current - ICBO mAde 
(Vea = 60 Vdc, IE = 0) 2N3740 - 0.1 

(Ves :: 80 Vdc, IE = 0) 2N3741 - 0.1 

ON CHARACTERISTICS 

DC Current Gain 7 hFE 
(Ie = 100 mAde, VeE = 1 Vdc) Both Types 40 -
(Ie = 250 mAde, V CE "" 1 Vdc) Both Types 30 100 

(Ie "" 500 mAde, V CE = 1 Vdc) Both Types 20 -
(Ie = 1 Ade, VeE = 1 Vdc) Both Types 10 -

Collector-Emitter Saturation Voltage 8,9, 10 VCE(sat) Vde 
(Ie = 1 Adc, Iu = 125 mAde) Both Types - 0.6 

Base-Emitter Voltage 3,4, VBE Vde 
(IC = 250 mAdc, V CE = 1 Vdc) Both Types 9,10 - 1.0 

TRANSIENT CHARACTERISTICS 
Current-Gain Bandwidth Product - IT me 

(IC = 100 mAdc, VCE = 10 Vdc, ('" 1 mc) Both Types 4 -
Common-Base Output Capacitance 13 Cob pf 

(V CB = 10 Vdc, Ie = O. ('" 100 kc) Both Types - 100 

Small-Signal Current Gain - hie -
(Ic = 50 mAdc, VCE = 10 Vdc. f = 1 kc) Both Types 25 -

.PULSE TEST; PW ~ 300 p.sec, Duty Cycle ~ 2% 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 
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The Safe Operating Area Curves indicate 
the leNa limits below which the devices 
will not go into secondary breakdown. As 
secondary breakdown is independent of 
temperature and duty cycle, these curves 
can be used as long as the average power 
derating curve (figure 1) isalso taken into 
consideration to insure operation below 
the maximum junction temperature. 



-Power Transistors ---

2N3740, 2N3741 (continued) 

LARGE SIGNAL CHARACTERISTICS "OFF" REGION CHARACTERISTICS 

FIGURE 3 - TRANSCONDUCTANCE 
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-Power Transisfors-

2N3740, 2N374,l (continued) 
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---Power Transisfors---

2N3740, 2N3741 (continued) 

DYNAMIC CHARACTERISTICS 

FIGURE 11-TURN·ON TIME 
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FIGURE 12-STORAGE TIME 

7. 

0 

111 1 TIT 0 -- TJ = +25°C 

"" -- TJ=+150°C 
0 
0 ...... 

3. o~ l-
F' ~ 

0 t:--.. V 1"1-< 1-7lell, ~20 
2. 

IclIB= IbL. ~ ~v ~to.. 
0 

7 

O. 5 

O. 3 

O. 2 

O. 1 

FIGURE 13-CAPACITANCE 
30 0 

20 0 

-"""1---
Cob 

'" 
a 1'-

0 

1"-
0 ~ I\.. 

1'\ I'-

3 0 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 

VR• REVERSE VOLTAGE (VOLTS) 

FIGURE 14 - FALL TIME 
.0 

I II II i I 1\, 
\ ,lc/IB=20 -- TJ = +25°C 

---- TJ = +150°C 
.0 

. \, 

1'\, 1\ 
0 2. , 

1\., , 

1\ , 1\ 
IcJ1a= 10 , 1\ 

.0 

I" , 
, 

O. 7 

" " 
, 

.5 , :-, 

"\, - - -
.3 

o .2 

50 

10 20 30 50 70 100 200 300 500 700 1000 10 20 30 50 70 100 200 300 500 700 1000 

Ie. COLLECTOR CURRENT (mAl Ie. COllECTOR CURRENT (mAl 

6-133 



I 

--Power Transistors-

2N3166 (SILICON) 

2N3767 
VeB = SO·lOOV 
le=4A 
Po = 20W 

Medium-power NPN silicon transistors, for use in 
switching, and medium-power-amplifier applications. 

CASE 80 
(TO·66) 

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

Characteristic Symbol 2N3766 2N3767 Unit 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 6 6 Vdc 

Collector-Emitter Voltage VCEO 60 80 Vdc 

Collector Current (Continuous) Ie 4 Adc 

Collector Current (Peak) IC 4 Adc 

Base Current IB 2 Adc 

Total Device Dissipation @ T e = 250 e Po 20 watts 
Derate above 250 e 0.133 W/oC 

Thermal Resistance OJe 7.5 °C/W 

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

POWER·TEMPERATURE DERATING CURVE 
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Safe area curves are indicated. Both limits are applicable and must be observed. 
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---Power Transistors---

2N3766, 2N3767 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise specified) 

Characteristic I Symbol I Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Voltage' BVCEO' Vde 
(IC; 100 mAde, IB ; 0) 2N3766 60 -

2N3767 80 -
Emitter-Base Cutoff Current lEBO mAde 

(VEB ; 6 Vdc) Both Types - 0.75 

Collector Cutoff Current ICEX mAde 
(VCE; 80 Vdc, VBE ; 1.5 Vdc) 2N3766 - 0.1 
(VCE; 100 Vdc, VBE ; 1.5 Vde) 2N3767· - 0.1 

(VCE; 50 Vde, VBE ; 1.5 Vdc, TC ; 150°C) 2N3766 - 1.0 
(VCE ; 70 Vde, VBE ; 1.5 Vdc, TC ; 150oC) 2N3767 - 1.0 

Collector-Emitter Cutoff Current ICEO mAde 
(VCE; 60 Vdc, IB ; 0) 2N3766 - 0.7 

(VCE; 80 Vde, IB; 0) 2N3767 - 0.7 

Collector-Base Cutoff Current 
IcBO mAde 

(VCB ; 80 Vde, IE; 0) 2N3766 - 0.1 
(VCB ; 100 Vde, IE; 0) 2N3767 - 0.1 

I 
ON CHARACTERISTICS 

DC Current Gain hFE -
(Ic ; 50 mAde, V CE ; 5 Vde) Both Types 30 -
(Ic ; 500 mAde, VCE ; 5 Vdc) Both Types 40 160 

(Ic ; 1.0 Adc, VCE = 10 Vde) Both Types 20 -
Collector-Emitter S"turation Voltage VCE(sat) Vdc 

(IC = 1 Ade, IB ; 0.1 Ade) Both Types - 2.5 

(Ie ; 500 mAdc, IB ; 50 mAde) Both Types - 1.0 

Base-Emitter Voltage VBE Vdc 
(IC = 1.0 Ade, VCE = 10 Vde) Both Types - 1.5 

TRANSIENT CHARACTERISTICS 
Current-Gain - Bandwidth Product fT mc 

(IC = 500 mAde, VCE = 10 Vdc, f ; 10 me) Both Types 15 -
Common-Base Output Capacitance Cobo pf 

(VCB = 10 Vdc, Ie = o Adc, f = 100 ke) Both Types - 50 

Small-Signal Current Gain hte -
(Ie ; 100 mAde, VCE = 10 Vde, f = 1 ke) Both Types 40 -

4.0 

2N3~;;-' "l' 501"" ACTIVE REGION SAFE AREAS 

""" 
ANO 't--...... l- f-! 500 Ilsec 

2.0 

""'" 
2N3161 I b 

The Safe Operating Area Curves indicate 
Ie-Vcr: limits below which the device will not 

'" I'-. 
lmsec --t- go into secondary breakdown. Collector 

~ 1.0 load lines for specific circuits must fall 

2N3161 :: 
within the applicable Safe Area to avoid 

Smsec causing a collector-emitter shori:. (Case 
0.6 ONLY _ 

temperature and duty cycle of the excur· 

0.4 
, sions make no significant change in these 

DC .......... - safe areas.) The load line may exceed the 
BVCEovoltage limit only if Ute collector-cur-

........... rent has been reduced to 20 mA or less be-
u 0.2 

.......... 
fore or at the eVen limit: then and only then 
may the load line be extended to the abso-

......... lute maximum voltage rating of evclO• To 
0.1 insure operation below the maximum TJ• 

the power·temperature derating curve must 

0.06 
be observed for both steady state and pulse 
power conditions. 

0.04 
10 w ~ g ~ W 10 80 

VeE. COLLECTOR EMInER VOLTAGE (VOLTS) 
*Pu}se Test: PW ;:i 300 ,uscc, duty cycle ~ 2% 
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-Power TransiS#ors-

2N3766, 2N3767 (continued) 

LARGE SIGNAL CHARACTERISTICS CUT·OFF CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 
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---Power Transistors---

2N3766, 2N3767 (continued) 

CURRENT GAIN 
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---Power Transisfors---

2N3766, 2N3767 (continued) 
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---Power Transistors ---

2N3789 thru 2N3792 (SILICON) Po = 150W 
Ic = lOA 
V CEO = 60-80 V 

CASEll~ 
(TO·3) ~ 

PNP silicon power transistors for medium-speed 
switching and amplifier applications. Complementary 
to NPN type 2N3713 thru 2N3716. 

MAXIMUM RATINGS (Te = 25·C unless otherwise noted) 

Characteristic Symbol 2N3789 2N3790 
Unit 2N3791 2N3792 

Collector-Base Voltage VCB 60 80 Volts 

Collector-Emitter Voltage VCEO 60 80 Volts 

Emitter-Base Voltage VEB 7 7 Volts 

Collector Current (Continuous) IC 10 10 Amp's 

Collector Current (Peak) IC 10 10 Amps 

Base Current (Continuous) IB 4.0 4.0 Amps 

Power Dissipation P D 150 150 watts 

Thermal Resistance 
8JC 1.17 1.17 °C/W 

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

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector-Emitter Sustaining Voltage· VCEO(sus) • Vdc 

(IC = 200 mAdc, IB = 0) 2N3789, 2N3791 60 -
2N3790, 2N3792 80 -

Collector-Emitter Cutoff Ctlrrent ICEX mAdc 
(V CE = 60 Vdc, V BE = -1. 5 Vdc) 2N3789, 2N3791 - 1 

(VCE = 80 Vdc, VBE = -1. 5 Vdc) 2N3790, 2N3792 - 1 

(V CE = 60 Vdc, VBE = -1. 5 Vdc, TC = 150·C) 2N3789, 2N3791 - 5 

(VCE = 80 Vdc, VBE = -1.5 Vdc, TC = 150·C) 2N3790, 2N3792 - 5 

Emitter-Base Cutoff Current lEBO mAdc 
(VEB = 7 Vdc) All Types - 5 

DC Current Gain' hFE • -
(IC = I Adc, V CE = 2 Vdc) 2N3789, 2N3790 25 90 

2N3791, 2N3792 50 150 

(IC = 3 Adc, VCE = 2 Vdc) 2N3789, 2N3790 15 -
2N3791, 2N3792 30 -

Collector-Emitter Saturation Voltage' 
VCE(sat) • Vdc 

(IC = 4 Adc, IB = 0.4 Adc) 2N3789, 2N3790 - 1.0 

(IC = 5 Adc, IB =·0. 5 Adc) 2N3791, 2N3792 - 1.0 

Base-Emitter Saturation Voltage" 
VBE(sat) • Vdc 

(IC = 4 Adc, IB = 0.4 Adc) 2N3789, 2N3790 - 2.0 

(IC = 5 Adc, IB = O. 5 Adc) 2N3791, 2N3792 - 1.5 

Current Gain - Bandwidth Product 
fT mc 

(V CE = 10 Vdc, IC = O. 5 Adc) All Types 4 -
'Sweep Test: 1/2 sine wave cycle @ 60 cps. 
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---Power Transistors ---

2N3789 thru 2N3792 (continued) 
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The Safe Operating Area CUrves indicate IC - VCE limits below which the device will not go into secondary 
breakdown. Collector load lines for. specific circuits must fall within the applicable Safe Area to avoid 
causing a collector-emitter short. (Duty cycle of the excursion make no Significant change in these safe 
areas.) To insure operation below the maximum TJ, the power-temperature derating curve must be ob
served for both steady state and pulse power conditions. 
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---Power Transistors---

2N3789 thru 2N3792 (continued) 
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---Power Transistors---

2N3789 thru 2N3792 (continued) 
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---Power Transisfors---

2N3789 thru 2N3792 (continued) 

200 
2N3789,2N3790 

I 
10 0 T, +175°C 

0 T, +25°C 

0 TJ = --40°C 

0 

0 

0 
0.01 o. 02 0.03 

500 
f-2N3791,2N3792 

30 0 

20 0 

0 

0 

0 

0 

0 

0 1 
0.01 

T, +115"C 

T, +25°C 

TJ - 40°C 

0.02 0.03 

CURRENT GAIN VARIATIONS 

:::--... 
~ 

0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

Ie. COLLECTOR CURRENT (AMPS) 

CURRENT GAIN VARIATIONS 

--r--. -'- r--.. 
-r--r- l"-

0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

Ie. COLLECTOR tU RRENT tAMPS} 

VCE=2V I 

hi LIIU 
fE 1.+lclo 

::-..... 
--...;:: ~ 

-......;:: 
~ TJ= +25°C 

r"! hll 
m 

2.0 3.0 5.0 7.0 10 

V!'~2~ J 
I 

h _Ie-leao -
fE-r.+lcao _ 

I I 
T, +25~C;;:;; 

:--... T, ....... +IWC p.--~ 
~ ;:". 

i;;;::~ 

20 3.0 5.0 7.0 10 

SATURATION VOLTAGES TEMPERATURE COEFFICIENTS 

.• - ~ All TYPES 11 
o ;-- T, ~ +25"C 

- Pro = lell, (FORCED GAINI 

6 

2 

_.VIEI •• ,) L.-I' 8-

- - VIE 

.. 
- _.VeE!'oIl 

0 

VCE=2~ 

.& ~ 
-?" 

/l,~ 10 

/l, ID 

V 

+5.0,-~-~-~-,-~---,-,----,--.-..., 

+4.0 

P+3.0 

~ 
ffi +2.0 

" ~+l.O . 

TClcomputesaturationvoltages 

V@'~2~~p!r8~~~o~!r;tin~T~ - 25"CI 
Use appropriate (Jv iOT voltage of interest 

~:. ~~~O~~~::t~~~~O~~~j~~~:rature range of interest -,'9---::;;"':""'1 

TJf+100°C to +1750Cl.~~~~~t_l-j 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 -3.00!:--f,;---::'::---+'-+';-,';;----''::-''''';'''-'8!-;;.0-;!;,.0'---;I'O 

Ie. COLLECTOR CURRENT (AMPS) Ie. COLLECTOR CURRENT lAMPS) 

6-143 

I 
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---Power Transistors---

2N4048 thru 2N40S3 (GERMANIUM) Po = 170W 
Ic = 60 A 
Vcs = 45-75 V 

CASE 7 
(TO-36) 

PNP germanium power transistor designed for high 
current applications requiring high gain and extremely 
low saturation voltage. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N4048 2N4049 2N4050 Unit 2N4051 2N4052 2N4053 

Collector -Emitter Voltage VCEO 30 45 60 Vdc 

Collector-Emitter Voltage VCES 45 60 75 Vdc 

Collector-Base Voltage VCB 45 60 75 Vdc 

Emitter-Base Voltage VEB 25 30 40 Vdc 

Collector Current IC 60 Adc 

Total Device Dissipation @ TC = 25°C P D 170 Watts 

Derate above 25°C 0.294 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +110 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 0.5 °C/W 
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--- Power Transistors ---

2N4048 thru 2N4053 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise specified.) 

Cha racteristic Symbol Min Typ Max Unit 

DC Current Gain hFE -
(IC = 15 Ade, V CE = 2 Vdc) 2N4048 thru 2N4050 60 85 120 

2N4051 thru 2N4053 80 110 180 
(Ic = 60 Ade, V CE = 2 Vde) All Types 15 25 -

Collector-Emitter Saturation Voltage 
V CE(sat) Vde 

(IC = 15 Ade, IB = 1 Ade) All Types - 0.09 0.15 

(IC = 60 Ade, IB = 6 Ade) All Types - 0.15 0.30 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 15 Ade, IB = 1 Ade) All Types - 0.30 0.60 

(IC = 60 Ade, IB = 6 Ade) All Types - 0.60 1.00 

Safe Operating Area Test SOA Vde 
(IC = 60 A) 2N4048,2N4051 35 - - I 2N4049,2N4052 40 - -

2N4050,2N4053 45 - -
Collector-Emitter Breakdown Voltage BVCES Vdc 

(IC = 300 mAde, VBE = 0) 2N4048,2N4051 45 - -
2N4049,2N4052 60 - -
2N4050,2N4053 75 - -

Collector-Emitter Breakdown Voltage BVCEO Vde 
(Ic =1.0Ade,IE =0) 2N4048,2N4051 30 - -

2N4049,2N4052 45 - -
2N4050,2N4053 60 - -

Floating Potential VEBF Vdc 
(VCB = 45 Vde, .~ = 0) 2N4048,2N4051 - - 0.5 

(VCB = 60 Vde, ~ = 0) 2N4049,2N4052 - - 0.5 

(VCB = 75 Vde, IE = 0) 2N4050,2N4053 - - 0.5 

Collector Cutoff Current ICBO mAde 
(VCB = 45 Vde, IE = 0) 2N4048,2N4051 - 0.9 4.0 

(VCB = 60 Vde, IE = 0) 2N4049,2N4052 - 0.9 4.0 

(V CB = 75 Vde, IE = 0) 2N4050,2N4053 - 0.9 4.0 

Collector-Base Cutoff Current 0 ICEX mAde 
(VCE = VCEO' VBE = 2V, TC = +70 C) All Types - 4.0 15 

Collector Cutoff Current ICBO /lAde 
(VCB = 2 Vde, IE = 0) All Types - 80 200 

Emitter Cutoff Current lEBO mAde 
(VBE = 25 Vde, IC = 0) 2N4048,2N4051 - 0.2 4.0 

(VBE = 30 Vde, IC = 0) 2N4049,2N4052 - 0.2 4.0 

(V BE =40 Vde, IC = 0) 0 2N4050,2N4053 - 0.2 4.0 

(VBE = VEBO' IC = 0, TC = +71 C) All Types - 2.7 15 

Common-Emitter Cutoff Frequency f kHz 
(IC = 15 Ade, V CE = 2 Vdc) All Types Cle 

2 3.6 -
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---Power Transistors ---

2N4234 (SILICON) 
2N423S 
2N4236 

Po=6W 
Ic= 1 A 
VCB = 40·80 V 

CASE 31 
(TO-.5) 

PNP silicon power transistors ideal for use as dri
vers, switches, and direct replacement of germanium 
medium-power devices. 

Collecfor connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N4234 2N4235 2N4236 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB 7 7 7 Vdc 

Collector Current IC 1 Adc 

Base Current IB 0.2 Adc 

Total Device Dissipation @ T A = 25°C P D 1 Watts 

Derate above 25°C 5.7 mW/oC 

Total Device Dissipation @ T C = 250 C P D 6 Watts 

Derate above 250 C 34 mW/oC 

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

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, (Junction to Case) 9JC 29 °C/W 
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---Power Transistors---

2N4234, 2N4235, 2N4236 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector-Emitter Sustaining Voltage" BCEO(sus)* Vdc 
(IC = 100 mAdc, IB = 0) 2N4234 40 -

2N4235 60 -
2N4236 80 -

Emitter-Cutoff Current lEBO mAdc 
(VBE = 7 Vdc, IC = 0) All Types - 0.5 

Collector-Cutoff Current ICEX mAde 
(V CE = 40 Vde, V BE (off) = 1. 5 Vde) 2N4234 - 0.1 

(V CE = 60 Vde, V BE (off) = 1. 5 Vde) 2N4235 - 0.1 

(V CE = 80 Vde, V BE (off) = 1. 5 Vde) 2N4236 - 0.1 

(VCE = 30 Vde, VBE(off) = 1.5 Vde, TC = 150oC) 2N4234 - 1.0 
0 

2N4235 1.0 (V CE = 40 Vde, V BE (off) = 1. 5 Vde, T C = 150
0 

C) -
(V CE = 60 Vdc, V BE (off) = 1. 5 Vde, T C = 150 C) 2N4236 - 1.0 

I 
Collector -Cutoff Current ICEO mAde 

(V CE = 30 Vde, IB = 0) 2N4234 - 1.0 

(VCE = 40 Vde, IB = 0) 2N4235 - 1.0 

(V CE = 60 Vde, IB = 0) 2N4236 - 1.0 

Collector Cutoff Current ICBO mAde 
(VCB = 40 Vde, IE = 0) 2N4234 - 0.1 

(VCB = 60 Vde, IE = 0) 2N4235 - 0.1 

(VCB = 80 Vde, IE = 0) 2N4236 - 0.1 

DC Current Gain hFE -
(IC = 100 mAdc, V CE = 1 Vde) AU Types 40 -
(IC = 250 mAde, V CE = 1 Vdc) All Types 30 150 

(IC = 500 mAde, V CE = 1 Vde). AU Types 20 -
(IC = 1 Ade, V CE = 1 Vde) All Types 10 -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 1 Ade, IB = 125 mAde) AU Types - 0.6 

Base-Emitter Voltage VBE(off) Vde 
(IC = 250 mAde, V CE = 1 Vdc) All Types - 1.0 

Current-Gain - Bandwidth Product IT MHz 
(IC = 100 mAde, V CE = 10 Vde, I = 1 MHz) All Types 3 -

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, I = 100 kHz) All Types - 100 

Small-Signal Current Gain hie -
(IC = 50 mAde, V CE = 10 Vde, 1= 1 kHz) All Types 25 -

*PULSE TEST: PW s 300 psec, Duty Cycle < 2% 

NOTE: See 2N3740 data sheet for electrical characteristic curves. 
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---Power Transistors---

2N4237 (SILICON) 

2N4238 
2N4239 

PD=5W 
Ic = 1 A 
V CB = 50-100 V 

CASE 31 
(TO-5) 

NPN silicon power transistor designed for use in 
driver circuits, switching, and medium-power ampli
fier applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N4237 2N4238 2N4239 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 50 80 100 Vdc 

Emitter-Base Voltage VEB 6 6 6 Vdc 

Collector Current IC 1 Adc 

Base Current IB 0.2 Adc 

Total Device Dissipation @ T A = 25°C PD 0.8 Watts 

Derate above 25°C 5.3 mW/oC 

Total Device Dissipation @ TC = 25°C P D 5 Watts 

Derate above 25°C 33 mW/oC 

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

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance· (Junction to Case) liJC 30 ·C/W 
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---Power Transistors---

2N4237, 2N4238, 2N4239 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Voltage' BVCEO ' Vdc 
(IC = 100 mAde, IE = 0) 2N4237 40 -

2N4238 60 -
2N4239 80 -

Emitter Cutoff Current lEBO mAdc 
(VBE = 6 Vdq, Ie = 0) All Types - 0.75 

Collector CUtoff Current ICEX mAde 
(V CE = 40 Vdc, V BE (on) = 1. 5 Vdc) 2N4237 - 0.1 

(V CE = 80 Vde, V BE (on) = 1. 5 Vde) 2N4238 - 0.1 

(V CE = 100 Vdc, V BE (on) = 1. 5 Vde) 2N4239 - 0.1 

(V CE = 30 Vde, V BE (on) = 1. 5 Vdc, T C = 150oC) 2N4237 - 1.0 

(V CE = 50 Vde, V BE (on) = 1. 5 Vdc, TC = 150°C) 2N4238 - 1.0 

(V CE = 70 Vdc, V BE (on) = 1. 5 Vde, T C = 150°C) 2N4239 - 1.0 

I 
Collector Cutoff Current ICEO mAde 

(V CE = 40 Vdc, IB = 0) 2N4237 - 0.7 

(V CE = 60 Vdc, IB = 0) 2N4238 - 0.7 

(VCE = 80 Vde, IB = 0) 2N4239 - 0.7 

Collector Cutoff Current ICBO mAde 
(VCB = 50 Vdc, IE = 0) 2N4237 - 0.1 

(VCB = 80 We, ~ = 0) 2N4238 - 0.1 

(V CB = 100 Vde, IE = 0) 2N4239 - 0.1 

DC Current Gain hFE -
(IC = 50 mAdc, V CE = 4 Vdc) All Types 30 -
(IC = 500 mAdc, V CE = 4 Vde) All Types 40 160 

(IC = 1.0 Ade, VCE = 4 Vdc) All Types 20 -

Collector-Emitter Saturation Voltage 
V CE(sat) Vde 

(Ic = 500 mAdc, IB = 50 mAdc) All Types - 1.0 

(IC = 1 Ade, IB = 0.1 Adc) All Types - 2.5 

Base-Emitter On Voltage 
VBE(on) Vdc 

(IC = 1.0 Ade, V CE = 4 Vde) All Types - 1.5 

Current-Gain - Bandwidth Product iT MHz 
(IC = 100 mAdc, V CE = 10 Vdc, f = 10 ~Hz) All Types 1.0 -

Output Capacitance Cob pF 
(VCB = 10 Vdc, ~ = 0, f = 100 kHz) All Types - 75 

Small-Signal Current Gain hfe -
(IC = 100 mAde, V CE = 10 Vdc, f = 1 kHz) All Types 40 -

'PULSE TEST: PW < 300 psec, Duty Cycle < 2% 

NOTE: See 2N3766 data sheet for electrical characteristic curves. 
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--Power Transistors---

2N4276 thru 2N4283 (GERMANIUM) Po = 170W 
Ic = 60A 
Vco = 30-75 V 

CASE 3A 
(TO-3) 

PNP germanium power transistors designed for high 
current applications requiring high-gain and low satu
ration voltages. 

MAXIMUM RATINGS 

Characteristic Symbol 2N4276 2N4278 2N4280 2N4282 
Unit 2N4277 2N4279 2N4281 2N4283 

Collector-Emitter Voltage VCEO 20 30 45 60 Vdc 

Collector-Base Voltage VCB 30 45 60 75 Vdc 

Emitter-Base Voltage VEB 20 25 30 40 Vdc 

Collector Current IC 60 Adc 

Total Device Dissipation @ T C = 25°C P D 170 Watts 

Operating Junction Temperature Range TJ -65 to +110 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case °JC 
0.5 °C/w 
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--- Power Transistors ---

2N4276 thru 2N4283 (Continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Cha racteristic Symbol Min Typ Max Unit 

DC Current Gain hFE -
(IC = 15 Adc, VCE = 2 Vdc) 2N4276, 2N4278, 2N4280; 2N4282 60 85 120 

(IC = 50 Adc, V CE = 2 Vdc) 2N4277, 2N4279, 2N4281, 2N4283 80 110 180 
All Types 15 25 -

Collector-Emitter Saturation Voltage 
V CE(sat) Vdc 

(IC = 15 Adc, IB = 1 Adc) All Types - 0.09 0.15 

(IC = 50 Adc, IB - 5 Adc) All Types - 0.15 0.30 

Base-Emitter Saturation Voltage 
VBE(sat) Vdc 

(IC = 15 Adc, IB = 1 Adc) All Types - 0.30 0.60 

(IC = 50 Adc, IB = 5 Adc) All Types - 0.60 1. 00 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1.0 Adc, IB = 0) 2N4276,2N4277 20 - -

2N427B,2N4279 30 - -

I 
2N42BO,2N42B1 45 - -
2N4282,2N42B3 60 - -

Floating Potential VEBF Vdc 
(V CB = 30 Vdc, IE = 0) 2N4276,2N4277 - - 0.5 

(VCB = 45 Vdc, IE = 0) 2N427B,2N4279 - - 0.5 

(VCB = 60 Vdc, IE = 0) 2N42BO,2N42B1 - - 0.5 

(V CB = 75 Vdc, IE = 0) 2N4282,2N42B3 - - 0.5 

Collector Cutoff Current ICBO mAdc 
(VCB = 2 Vdc, IE = 0) All Types - BO 0.2 

(VCB = 30 Vdc, IE = 0) 2N4276,2N4277 - - 4.0 

(VCB = 45 Vdc, IE = 0) 2N427B,2N4279 - - 4.0 

(VCB = 60 Vdc, IE = 0) 2N42BO,2N4281 - - 4.0 

(V CB = 75 Vdc, IE = 0) 2N4282,2N4283 

(V CE = V CEO(max)' VBE _= 2 Vdc, TC = +70oC) 

- - 4.0 

All Types - - 15 

Emitter Cutoff Current ~BO mAde 
(VBE = 20 Vdc, IC = 0) 2N4276,2N4277 - - 4.0 

(VBE = 25 Vdc, IC = 0) 2N4278,2N4279 - - 4.0 

(VBE = 30 Vdc, IC = 0) 2N4280,2N4281 - - 4.0 

(V BE = 40 Vdc, IC = 0) 2N~282, 2N4283 - - 4.0 

(VBE = VBE(max)' IC = 0, TC = +71 C) 

All Types - 2.7 15 

Common Emitter Cutoff Frequency f kHz 
(IC = 15 Adc, V CE = 2 Vdc) All Types ae 2 3.6 -
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MJ2249 (SILICON) 

MJ22S0 
MJ3101 

- Power Transistors--

Vca = 60-80 V 
Ic = 1 A 
Po= 17.5 W 

NPN silicon transistors designed for switching and 
amplifier applications and driving higher power devices. 

CASE 80 
(10-66) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak 

Base Current 

Total Device Dissipation @ TC = 
Derate above 250 C 

Operating and storage 
Junction Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

IB 

25 0 C PD 

TJ • Tstg 

MJ3101 MJ2249 

40 60 

50 60 

6 6 

2.0 

3_0 

0.5 

17 _ 5 

0.133 

-65 to +175 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 
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T C. Case Temperature (DC) 

6-152 



---Power Transistors---

MJ2249, MJ2250 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage" 
(lc = 100 mAde, IB = 0) 

Collector-Base Cutoff Current 
(VCB = 50 Vde, IE = 0) 

(VCB = 50 Vde, IE = 0, TA = l50oC) 

(VCB = 60 Vde, IE = 0) 

(VCB = 60 Vde, IE = 0, TA = l500C) 

(VCB = 80 Vde, IE = 0) 

(VCB = 80 Vde, IE = 0, TA = 1500C) 

Emitter-Base Cutoff Current 
(VEB = 6 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 50 mAde, V CE = 4 Vde) 

(Ie = 100 mAde, V CE= 4 Vde)t 

(IC = 500 mAde, V CE = 4 Vde) " 

Collector-Emitter Saturation Voltage 
(Ie = 500 mAde, IB = 50 mAde) 

(IC = 750 mAde, IB = 75 mAde) 

(IC = 1 Ade, IB = 0.1 Ade)" 

Base-Emitter Voltage 
(IC = 500 mAde, IB = 50 mAde) 

(IC = 750 mAde, IB = 75 mAde) 

(IC = 1.0 Ade, IB = 0.1 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain - BandWidth Product 
(IC = 500 mAde, V CE = 10 Vde) 

Symbol Min Max 

MJ3l0l 
BVCEO" 

40 -
MJ2249 60 -
MJ2250 80 -

MJ3l01 
ICBO 

1.0 

- 2.0 

MJ2249 - 1.0 

- 2.0 

MJ2250 - 1.0 

- 2.0 

lEBO 
All Types - 1.0 

hFE 
All Types 25 -
All Types 25 200 

All Types 25 200 

VCE(sat) 
All Types - 1.0 

MJ3l01 - 2.5 

MJ2249, MJ2250 - 2.5 

VBE(sat) 
All Types - 1.2 

MJ310l - 1.5 

MJ2249 , MJ2250 - 1.5 

All Types 

Unit 

Vde 

mAde 

mAde 

-

Vde 

Vde 

"PULSE TEST: PW ~ 300 PS, Duty Cycle S 2% tColor coded hFE groups available at 100 mAde 
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MJ2251 
MJ2252 

---Power T ransisfors ---

(SILICON) Po = lOW 
Ic = 500mA 
VCEO = 225·300V 

• 
High-voltage NPN silicon power transistors, particu

larly well suited for power output stages in television, 
radio, phonograph and other consumer product applica
tions_ 

CASE 80 
(TO-66) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO Vdc 
MJ225 I 225 
MJ2252 300 

Emitter-Base Voltage VEB 6 Vde 

Collector Current Ie 500 mAde 

Total Device Dissipation PD 
@ TC = 70'C 10 watts 
Derate above 70 'c 0_125 w/oc 

Operating and storage Temperature Range TJ , Tstg -65 to + 150 °c 

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

CharacterisUc Symbol Min TJP Mal Unit 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1 mAde, IB = 0) MJ2251 225 - -

MJ2252 300 - -
Collector Cutoff Current IeBO /lAde 

(V CB = 300 Vde, IE = 0) - - 100 

Emitter-Base Leakage Current lEBO /lAde 
(VEB = 6 Vde, Ie = 0) - - 100 

DC Current Gain hFE -
(Ie = 50 mAde, VCE = 10 Vde) 25 - 200 

Small Signal Current Gain hfe -
(IC = 20 mAdc, VCE = 50 Vde, f = 10 me) 1.0 - -

Small-Signal Current Gain hfe -
(Ie = 10 mAde, VCE = 125 Vde, f = 1 ke) - 40 -
(IC = 30 mAde, V CE = 125 Vde, f = 1 kc) - 65 -

Voltage Feedback Ratio hre XIO- 5 
(Ie = 10 mAde, VCE = 125 Vde, f = 1 ke) - 2_5 -
(Ie = 30 mAdc, VCE = 125 Vde, f = 1 ke) - 4_0 -

Input Impedance "te ohms 
(IC = 10 mAde, VCE = 125 Vdc, f = 1 ke) - 150 -
(Ie = 30 mAdc, VCE = 125 Vdc, f = 1 ke) - 75 -

Output Admittance hoe /lmhOB 
(IC = 10 mAde, V CE = 125 Vde, f = 1 kc) - 5 -
(Ie = 30 mAde, VCE = 125 Vdc, f = 1 kc) - 20 -
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---Power Transisfors---

MJ2251, MJ2252 (continued) 
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---Power Trans;sfors---

MJ22S3 (SILICON) 

MJ22S4 
Po = 25W 
Ic =3A 
V CEO = 40·80 V 

Medium-power silicon PNP power transistor, ideal 
for use as drivers, switches, amplifiers, and direct 
replacement of germanium medium-power devices~ 

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

Characterisfics Symbol MJ3701 MJ2253 MJ2254 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 50 70 90 Vdc 

Emitter-Base Voltage VEB 5 7 7 Vdc 

Collector Current - Continuous IC 3,0 Adc 
Peak 4,0 

Base Current IB 0.5 Adc 

Total Device DisSipation @ TC = 25°C PD 25 Watts 
Derate above 25°C 0.143 w/oc 

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

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. Both limits are applicable and 
must be observed. 
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--- Power T ransisfors ---

MJ2253, MJ2254, MJ3701 (continued) 

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

Characteristics 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage-
(Ie = 100 mAde, IB = 0) 

Collector-Base Cutoff Current 
(VCB = 50 Vde, IE = 0) 

(VCB = 70 Vdc, IE = 0) 

(VCB = 90 Vde,IE = 0) 

(VCB = 40 Vde, IE = 0, TC = 150aC) 

(VCB = 60 Vde, IE = 0, TC = 150aC) 

(VCB = BOVde,IE = 0, TC = 150a C) 

Emitter-Base Cutoff Current 
(VBE = 5 Vde, Ie = 0) 

(VBE = 7 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 100 mAde, V CE = 4 Vde)t 

(IC = 250 mAde, V CE = 4 Vde) 

(Ie = 500 mAde, V CE = 4 Vde)' 

Collector-Emitter Saturation Voltage 
(Ie = 500 mAde, IB = 50 mAde) 

(Ie = 1.0 Ade, IB = 125 mAde) 

Base-Emitter Saturation Voltage 
(IC = 500 mAde, IB = 50 mAde) 

(IC = 1.0 Ade, IB = 125 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = 0.5 Ade, VCE = 10 Vde) 

MJ3701 

MJ2253 

MJ2254 

MJ3701 

MJ2253 

MJ2254 

MJ3701 

MJ2253 

MJ2254 

MJ3701 

MJ2253, MJ2254 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

Symbol Min Max Unit 

BV CEO (sus) • Vde 
40 -
60 -
BO -

ICBO mAde 
- 1.0 

- 1.0 

- 1.0 

- 2.0 

- 2.0 

- 2.0 

lEBO mAde 

- 2.0 

- 1.0 

hFE -
20 -
20 100 

IS -
VCE(sat) Vde 

- 0.3 

- 0.8 

VBE(sat) Vde 
- 1.2 

- 1.5 

'PULSE TEST: PW ~ 300 ~s, Duty Cycle 5 2% teolor coded hFE groups available at 100 mAde 
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The Safe Operating Area Curves indio 
cate the le·VeE limits below which the 
devices will not go into secondary 
breakdown. These curves can be used 
as long as the average power derat
ing curve (Figure 1) is also taken 
into consideration to insure opera
tion below the maximum junction 
temperature. 

NOTE: For additional design curves, please refer to Type 2N3740 
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MJ2255 
MJ2256 
MJ2257 

CASE 11 
(TO·3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

Thermal Resistance 

--Power TransiS#ors---

V CE = 40·,SO V 
Ic=SA 
Po = 120W 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

Symbol MJ2255 MJ2256 MJ2257 Unit 

VCE 40 60 80 Vdc 

VEB 7 7 7 Vdc 

IC 8 8 8 Adc 

IB 3 3 3 Adc 

Po 120 120 120 Watts 

°JC 1. 46 1. 46 1. 46 °C/W 

Junction Operating Temperature Range TJ -6SoC to +2000 C °c 
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--- Power Transistors--

MJ2255, MJ2256, MJ2257 (continued) 

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

Characteristic Symbol Min 

Collector Cutoff Current ° ICEX 
(VCE = 40 Vdc, VBE = -1.5 Vdc, TC = 150 C) MJ2255 -
(VCE = 60 Vdc, VBE = -1.5 Vdc, 'TC = 150°C) MJ2256 -
(V CE = 80 Vdc, V BE = -1. 5 Vdc, TC = 150°C) MJ2257 -

Emitter Cutoff Current ~BO (VEB = 7 Vdc) All types -
DC Current Gain hFE 

(IC = 5 Adc, V CE = 4 Vdc) All types 15 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 5 Adc, IB = O. 5 Adc) All types -

Small Signal Current Gain hie 
(VCE = 10 Vdc, IC = 0.4 Adc, f = 1 MHz) All types 1.0 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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--Power Transistors--

Po = 150W 
Ic =5A 

MJ2267 (SILICON) 

MJ2268 VCEO = 40-55 V 

CASE 11 
(TO-3) 

Silicon PNP power transistors, designed for medium
speed switching and high-power amplifier applications. 
These devices can be directly substituted for german
ium types. 

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

Characteristic Symbol MJ2267 MJ2268 Unit 

Collector-Emitter Voltage VCEO 40 55 Vdc 

Collector-Base Voltage VCB 40 55 Vdc 

Emitter-Base Voltage VEB 7 7 Vdc 

Collector Current - Continuous IC 5.0 Adc 
Peak 10 

Base Current IB 3 Adc 

Power Dissipation @ TC = 25°C PD 150 Watts 
Derate above 250 C 0.86 WloC 

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

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Limits are indicated by Figures 2, 3. Both limits are applicable and 
must be observed. 
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---Power Transistors ---

MJ2267, MJ2268 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage' 
(Ic = 200 mAdc, IB = 0) 

Collector Cutoff Current 
(VCE = 40 Vdc, VBE = 1.5 Vdc) 

(VCE = 60 Vdc, VBE = 1.5 Vdc) 

(VCE = 20 Vdc, VBE = 1.5 Vdc, TC = 150°C) 

(VCE = 30 Vdc, VBE = 1.5 Vdc, TC = 150oC) 

Emitter-Base Cutoff Current 
(VEB =7 Vdc, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 1.0 Adc, VCE = 2.0 Vdc) 

(Ie = 3.0 Adc, VCE = 2.0 Vdc)' 

Collector-Emitter Saturation Voltage" 
(IC = 3.0 Adc, IB = 0.3 Adc) 

Base-Emitter Saturation Voltage. 
(Ie = 3.0 Adc, IB = 0.3 Adc) 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Product 
(IC = 0.5 Adc, V CE = 10 Vdc) 

'PULSE TEST: PW ~ 300 ~s, Duty Cycle ~ 2%. 

Symbol 

MJ2267 
BVCEO(sus)' 

MJ226B 

MJ2267 
lcEX 

MJ226B 

MJ2267 

MJ226B 

Both Types 
lEBO 

Both Types 
hFE 

Both Types 

Both Types 
VCE(sat)" 

Both Types 
VBE(sat)" 

ACTIVE REGION SAFE OPERATING AREAS 

Min 

40 

55 

-
-
-
-

-

20 

15 

-

-

Max Unit 

Vdc 
-
-

mAdc 
1.0 

1.0 

5.0 

5.0 

mAde 
5.0 

-
-. 
70 

Vdc 
1.0 

Vdc 
1.5 

FIGURE 2 - MJ2267 FIGURE 3 - MJ2268 
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VeE. COLlECTOR·EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ie - VC~ limits 
below which the device will not go into secondary breakdown. 
Collector load lines far spacific circuits must fall within the ap
plicable Safe Area to avoid causing a collector-emitter short. 

-
o. 1 

ZO 25 30 35 40 45 50 55 
VeE. COLLECTOR-EMITTm VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum TJ, 
the power-temperature derating curve must be obseNed for 
both steady state and pulse power conditions. 

r~OTE: For additional design CUNes, please refer to Type 2N3789 
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MJ2801 (SILICON) 

MJ2802 

CASE 11 
(TO-3) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

---Power T ransisfors ---

VCB = 50·70 V 
Ic = lOA 
Po = l20W 

NPN silicon power transistors designed for switching 
and amplifier applications. 

Symbol MJ2801 MJ2802 Unit 

VCB 50 70 Vdc 

VCE 40 60 Vdc 

VEB 7 Vdc 

IC 10 Adc 

iB 3 Adc 

PD 120 120 Watts 

Junction Operating Temperature Range TJ _65°C to +2000 C °c 
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---Power Transisfors---

MJ2801, MJ2802 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Emitter Breakdown Voltage BVCEO Vdc 
(IC = 200 mAdc) MJ2801 40 -

MJ2802 60 - I 
Collector Cutoff Current ICEX mAde 

(V CE = 50 Vdc, V BE = -1. 5 Vdc) MJ2801 - 10 

(V CE = 70 Vdc, V BE = -1. 5 Vdc) MJ2802 - -
Collector Cutoff Current ICBO mAde 

(V CB = 50 Vdc) MJ2801 - 5.0 

(VCB = 70 Vdc) 0 MJ2802 - 5.0 

(V CB = 30 Vdc, T A = 150 C) MJ2801 - 10 

(V CB = 50 Vdc, T A = 150oC) MJ2802. - 10 

Emitter Cutoff Current ~BO mAde 
(VEB = 5 Vdc) Both types - 10 

DC Current Gain hFE -
(IC = 8 Adc, V CE = 4 Vdc) Both types 15 60 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 8 Adc, IB = 0.8 Ade) Both types - 1.5 
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MJ3010 (SILICON) 

MJ3011 

CASE 11 
(TO-3) 

MAXIMUM RATINGS 

---Power Trans;S#ors---

V CEO = 200·325 V 
Ic = 3.5 A 
Po = 100W 

NPN power transistors designed for horizontal and 
vertical deflection amplifier circuits for TV. Also for 
high power line-operated audio outputs for radio, TV, 
phonographs and P.A. systems. 

Characteristic Symbol MJ3010 MJ3011 Unit 

Collector-Emitter Voltage VCEO 200 325 Vdc 

Collector-Emitter Voltage VCEX 275 700 Vdc 

Emitter-Base Voltage VEB 5 5 Vdc 

Collector Current (Continuous) Ie 3_ 5 3_ 5 Adc 

Base Current (Continuous) IB 1.0 1.0 Adc 

Power Dissipation @TC = 25°C PD lOa 100 Watts 

Junction Operating Temperature Range TJ _65°C to + 150°C °c 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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--Power T ransisfors ---

MJ3010, MJ3011 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 100 mAdc) MJ3010 200 -

MJ3011 325 -
Collector Cutoff Current ICES mAdc 

(VCE = 250 Vdc, VEB = 0) MJ3010 - 5 

(VCE = 700 Vdc, VEB = 0) MJ3011 - 5 

Collector Cutoff Current ICEX mAde 
(VCE = 250 Vdc, VEB = 1.5 Vdc, TJ = 100oC) MJ3010 - 10 

(V CE = 700 Vdc, VEB = 1. 5 Vdc, T J = 100oC) MJ3011 - 10 

Collector Cutoff Current ~BO mAdc 
(VEB = 5 Vdc, IC = 0) Both types - 5 I 

DC Current Gain hFE -
(IC = 0.5 Adc, V CE = 5 Vdc) MJ3010 20 180 

(IC = 2.0 Ade, V CE = 5 Vdc) MJ3011 10 -
(IC = 2.5 Adc, V CE = 5 Vde) MJ3011 4 -

MJ3101 (SILICON) 

For Specifications, SeeMJ2249 Data Sheet 
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. MJ320 1 (SILICON) 

MJ3202 

CASE! 80 
(TO-66) 

MAXIMUM RATINGS· 

Characteristic. 

Collector -Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

---Power Transistors---

V CB = 225-300 V 
Ic = IOOmA 
Po=4W 

NPN power transistors designed for line-operated 
audio outputs for radio, TV, phonographs and P. A. 
systems. 

Symbol MJ3201 MJ3202 Unit 

VCB 225 300 Vdc 

VCE 225 300 Vdc 

VEB 3 3 Vdc 

IC 100 100 Adc 

IB 50 50 Adc 

PD 4 4 Watts 

Junction Operating Temperature Range TJ _65°C to + 150°C °c 
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---Power Transistors---

MJ3201, MJ3202 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC ~ 1 mAdc, IB ~ 0) MJ3201 225 -

MJ3202 300 -
Collector Cutoff Current ICBO /lAde 

(V CB ~ 300 Vde, IC ~ 0) - 100 

(V CB ~ 225 Vde, IC = 0) - 100 

Emitter Cutoff Current lEBO /lAdc 
(VEB ~ 3 Vdc) - 100 

I 
DC Current Gain hFE -

(V CE ~ 10 Vdc, IC ~ 50 mAde) 30 150 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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---Power Transistors---

MPSOO thru MPS02 (GERMANIUM) 
MP500A thru MP502A, HI-REL 

MPS04 thru MPS06 
MP504A thru MP506A, HI-REL 

Po = 170W 
Ie = 60A 
VeBo = 45-75 V 

CASE 7 
(TO-36) 

PNP germanium power transistors for high-gain, 
high-power amplifier and switching applications in high 
reliability industrial equipment. 

MAXIMUM RATINGS 

Characteristic S,mbol 

CollectoTw Base Voltage BVCBO 

Collector-Emitter Voltage BVCES 

Collector-Emitter Voltage BVCEO 

Emitter-Base Voltage BV EBO 

Collector Current Ie 
Power Dissipation at T C 25°C P D 

JUnction Temperature Range TJ 

POWER DERATING 

The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factoT. 

This curve has a value of 170 Watts at case temperatures 
of 25°C and is 0 Watts at 110°C with a linear relation oe
tween the two temperatures such that: 

allowable Po = 1100 
- Tc 

0.5 

MP500 MP501 MP502 
MP504 MP505 MP506 Unit 

45 60 75 Volts 

45 60 75 Volts 

30 45 60 Volts 

25 30 40 Volts 

60 60 60 Amp. 

170 170 170 Warts 

__ 65 to" 110- 0c 

~ 175 
~ 
~ 150 

~ 125 

~ 100 

~ 75 

i 50 
_ 25 

POWER-TEMPERATURE DERATING CURVE 

170 WATTS MAXIMUM 

I"--... 

" 
........ 

10 20 30 40 50 60 70 80 90 100 110 
Tc. CASE TEMPERATURE (OC) 

MP500, MP504 
SAFE OPERATING AREA 

MP50l, MP505 MP502, MP506 

60 
SO 
40 

30 

20 

l' 

,'\.. 
} "-

'cIMAX .) 
2N2152 

_ ~N2155 

HO-WATT 

~ \\ 

~ ~ 

"" /' ~ 

IcIMAX.')- -
~~~g2 .--

5msec 

Im;ec 

~ 
500,..see 

-i50"s~c 

~ 
50psec_ 

.\ OR LESS 

60 
50 
40 

30 

20 

10 

II .'-.. " 
\\1 ,,~ -0. 

~\- "-~ 
~cNI~~;~ ~ "-
2N21S7 

l70·WATT 

Ie: IMAX.j-----J 

~~~~~~ 

~!imls:c$e) 

~ 
SOOp-sec 

-25op-sec 

"" 

60 
50 
40 

30 

20 
"''' \\ ~\ 

~~ ~ 

" ~ 

'cIMAX.)- -
,\ ~~~g~ - -

~ -5msec.l~ 
~ 

&: Im$~t __ 
500psec 

250,..se~ _ 

~~ 

.?' ~ -J "--'opsec POWER orSSIPATlON AT 
25°C CASE TEMPERATURE ,,/ \\ DR lESS 

1 

~ 

_~_dC 

l70·WATT Y ~ SOp-sec 
OR LESS 

POWER DISSIPATION AT 

POWER OISSIPATION AT 
A ~ 25°C CASE TEMPERATURE 

d, 

o.s 
M 
03 

0.2 

0.1 

'" o.s 
0.4 

0.3 

0.2 

o. 1 

o.s 
0.4 
'.3 
'.2 

0.1 

25°C CASE TEMPERATURE 

o 10 20 30 40 SO 10 20 30 40 50 50 70 0 10 20 30 40 50 50 70 80 90 

COllECTOR·EMITTER VOLTAGE (VOLTS) COllECTOR·EMITTER VOLTAGE (VOLTS) COLLECTOR..£MITT[R VOLTAGE (VOlTS) 

The Safe Operating Area Curves indicate Ic
V cElimits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



---Power Transisfors---

MP500 thru MP502, MP504 thru MP506(continued) 

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

Characteristics apply to corresponding "A" type numbers also. 

60 

50 

il' 
! 40 
~ 
z 

0 30 
0 

~ 20 
~ 

10 

Characteristic Srmbol Min Typ Max Unit 

Collector-Base Cutoff Current IcBOI mAde 

(Vee" -45 v, IE '" 0) MPSOO, MPS04 0.' 4.0 
(Vee'" -60 v, IE '" 0) MP501, MPS05 0.' 4.0 

(Vee" -15 V, IE" 0) MPS02, MP506 0.' 4.0 

Collector-Base Cutoff Current IcEO mAde 

(VeB = VCBmax. IE " 0, TC " +71 0 C) All Types 4.0 " 
CoUector-Base Cutoff CUrrent IcEO pAde 

(Vee = _2 V, IE " 0) All Types 80 200 

Emitter-Base Cutoff Current 'EBO mAoe 

(VEe" -2sv.Ic" 0) MPSOO, MP504 0.2 4.0 
(VEe = -30 v.le " 0) MPSOl, MP505 0.2 4.0 

(VEe" -40V,Ic" 0) MP502, MPS06 0.2 4.0 

Emitter-Base Cutoff Current lEBO mftUe 

(VEe" V EBrnax' Ie " 0, TC " -moC) All Types 2.7 15 

Collector-Emitter Breakdown Voltage DYeES v"' 
(Ie " 300 mA, VEe" 0) MP500, MP504 -45 

MP501, MPSOS -60 
MPS02, MPS06 -75 

CoUector_Emitter Breakdown Voltage BVCEO Vde 

(Ic '" 1.0 A, IB '" 0) MPSOO, MP5Q4 -30 
MP50l, MP505 -45 
MP50~, MP506 -60 

Floating Potential VEBF Vde 

(VCB = 45 V, IE " 0) MP500, MP504 1.0 

(VCB '" 60V,IE" 0) MP501. MP505 1.0 
(VCB" 15 V, IE" 0) MP502, MP506 1.0 

DC Current Transfer Ratio hFEI 
(Ie " 15 A, VCE = 2 V) MP500 through MP502 30 47 60 

MP504 through MP506 SO 63 100 
(IC " 50 A, VCE " 2 V) All Types hFE 12 .0 

Collector-Emitter Saturation Voltage VCE(sat) Vde 

(Ie '" 15A,la'" 1 A) All Types 0.11 0.2 
(Ie" 50A,JB = 5 A) All Types 0.2 0.45 

Base~Emitter 3aturation Voltage VBE(sat) Vde 
<Ie = 15 A, IB = 1 A) All Types 0.7 1.5 
(Ic=50A,IB = 5 A) All Types 2.0 2.5 

Common Emitter Cutoff Frequency fa. "' (Ic = 15 A. V CE = 2 V) All Types 3.6 

INPUT AND TRANSFER CHARACTERISTICS 

COLLECTOR CURRENT 
versus BASE·EMITTER VOLTAGE 

I / VCE [2 V I 

II / MP504·506 

II MP500 . 502 

/;/ 
II 

/l 
0.5 1.0 1.5 2.0 

V~Ii' BASE·EMITTER VOLTAGE (VOLTS) 

2.5 
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DC CURRENT GAIN 
versus COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (AMPS) 



MP525 (GERMANIUM) 

--Power Transistors ---

Po = I06W 
Ic = lOA 

VCE = 60V 

Germanium PNP power transistor designed for audio 
amplifier 'applications requiring gains of 30 - 150 at 
Ie = 3 amps. 

CASE 3 
(TO-3) 

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

Characteristics Symbol MP525 

Collector-Emitter Voltage VCE 60 

Collector Current (Continuous) IC 10 

Junction Temperature Range TJ -65 to + 110 

Total Device Dissipation PD 
@ TC = 250 C 106 
Derate above 250 C 1.25 

Thermal Resistance, Junction 8JC 0.8 
to Case 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristics Symbol Min 

Collector-Base Cutoff Current ICBO 
(VCB = 2 Vdc) -

Collector-Emitter Cutoff Current 
. (VCE = 30 Vdc, VEB = 0) ICES -
(VCE = 60 Vdc, VBE = 1.5 Vdc) IcEX -

Collector-Emitter Breakdown Voltage BVCER 
(IC = 300 rnA, R = 10 ohms) 35 

DC Current Gain hFE 
(IC = 3 Adc, VCE = 2 Vdc) (See Note) 30 
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Unit 

Vdc 

Adc 

°c 

watts 
W/oC 

°C/W 

Max Unit 

fJ-A 
200 

rnA 
15 

15 

Vdc 
-

-
150 



--Power Transistors--

MP525 (continued) 
POWER-TEMPERATURE DERATING CURVE 

106 
en 100 
1= 
<t: 

80 ~ 
z 
0 
i= 60 <t: 
a.. 
v; 
V) 40 Ci 
ct: 

;: 20 0 
a.. 

<5 0 a.. 

............... 
" 
~ 
~ 
~ 

......... 
~ 

o 20 40 60 80 100 110 
Te, CASETEMPERATURE (OC) 

DC CURRENT GAIN versus COLLECTOR CURRENT BASE CURRENT versus EMITTER BASE VOLTAGE 
240 

200 

VCE = -2 V 

160 

120 

I'-I'--r--r-80 -
40 

Ie. COLLECTOR CURREtfT IAMPSI 

COLLECTOR CURRENT versus BASE CURRENT 

I I 
VcE =-2 v 

/ 
/ 

/ 
V 

/ .-I----

/ 
II 

10 20 30 40 10 60 70 8090 

I •• BASE CURRENT ImAl 
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100 

90 

80 

VCE = -2 V 

70 

I 
I 
/ 

/ 

~ 60 

l;; 

I 50 

~ _ 40 

30 

/ 
-V 

20 

10 

0.1 0.2 0.3 0.4 0.1 0.6 

VEl. EMlnER·BASE VOLTAGEIVOLTSI 

NOTE: upon customer's request the 
transistors will be numerically cod
ed to identify matched pairs. The 
dc current transfer ratios are sort
ed into approximately 1: 1. 5 ranges. 
Any two devices within a bracket 
constitute a matched pair. No guar
antee is made of gain distribution. 

IC = 3 Adc, V CE = 2 Vdc 

hFE 
Bracket Min Max 

-1 30 45 
-2 40 60 
-3 50 75 
-4 60 90 
-5 80 120 
-6 100 150 



-Power Transistors---

MP 1612, A, B (GERMANIUM) Po = 85 W 
Ic = 20 A 
Vcs = 100-160 V 

CASE 3 
(TO-3) 

High-current, germanium PNP power transistor 
developed specially for high-speed, high-frequency, 
applications such as television horizontal deflection 
circuits. 

MAXIMUM RATINGS 

Characteristic S~mbol MP1612 MP1612A MP16128 Unit 

Collector-Base Voll4ge VCB lOa 140 160 Volts 

Collector-Emitter Voltage VCEO 50 75 lOa Volts 

Emitter-Base Voltage VEB 2.5 2.5 2.5 Volts 

Collector Current (Continuous) IC 20 20 20 Amps 

Base Current (Continuous) IB 5 5 5 Amps 

Power Dissipation Pn ar5 85 85 Watts 

Operating Junction Temperature Range TJ -65 to +110 °c 

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

Characteristic S~mbol Min Max Unit 

Collector-Base Cutoff Current ICBO mA 
(VCB : BOV,IE: 0) MPI612 - 10 
(VCB : 120 V, IE : 0) MPI612A - 10 
(VCB : 140 V. IE : 0) MPI612B - 10 

Collector-Emitter Current ICES rnA 
(VCE : lOa V, VBE : 0) MP1612 - 2Q 
(VCE : 140 V, VBE : 0) MP1612A - 20 
(VCE : 160 V, VBE : 0) MP1612B - 20 

Collector-Emitter Cutoff Current ICEX rnA 
(VCE : 50 V. VBE : 0.2 V, TC : + 85°C) MP1612 - 40 
(VCE : 75 V, VBE : 0.2 V, TC : +850 C) MPI612A - 40 
(VCE : lao V, VBE: 0.2 V, TC: +850C) MP1612B - 40 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE: 50 mAdc. IC : 0) 2.5 -

Collector-Emitter Sustaining Voltage BVCEO(sus) Volts 
(IE: 100 rnA, IB : 0) MPI612 50 -

MPI612A 75 -
MPI612B lao -

DC Current Gain hFE -
(IC: 5.0A, VCB : 2 V) 40 -
(Ic : 10 A, V CB : 2 V) 25 lOa 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC : 10 Adc, IB : 1.0 Adc) - 0.30 
(Ic : 20 Adc, IB : 2.0 Adc) - 0.5 

Fall Time (Figure 5) tf I1 sec 
(IC : 5 Adc, IBI : 0.5 Adc, IB2 : 1.0 Adc) - 1.25 
(IC : 10 Adc, IBl: 0.5 Adc, IB2 : 1.0 Adc) - 1.5 
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---Power Transisfors---

MP1612, A, B (continued) 

20 

10 rI 

~ 
~ 
z 1.0 

~ 
u 
~ 

~ 
~ 0.1 

..§ 

.01 

SAFE OPERATING AREAS 

FIGURE 1 - MP1612 FIGURE 2 - MP1612A FIGURE 3 - MP1612B 

~ 50 f.I. sec I I'll\, V.50 f.I. sec 1\ 1'1\ V 50 ,.,.sec 

500 f.I. sec 

;is msec 

1\ 
\ \ VOC 
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\ \.:<:; 
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DC 
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I'. " I'.. ~ ~ "-
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Ve<. COLLECTOR-EMITIERVOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate the IC- V CE limits below which the devices will not 

go into secondary breakdown. As secondary breakdown is independent of temperature and 

duty cycle, these curves can be used as long as the average power derating durve (Figure 4) 

is also taken into consideration to insure operation below the maximum junction temperature. 

FIGURE 4 - POWER - TEMPERATURE DERATING CURVE 

Ftl14J I 
15 50 75 100 110 125 

T c. CASE TEMPERATURE (OCI 

THESE TRAKSlSTORS ARE ALSO SUBJECT TO SAFE AREA 
CURVES AS INDICATED BY FIGURES 1, 2, 3. 

FIGURE 5 - FAll TIME TEST CIRCUIT 
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GENERATOR 50 !l 
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I, 
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FIGURE 6 - BASE TURN·OFF CURRENT versus FAll TIME 
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---Power Transisfors---

MP 1613 (GERMANIUM) Po = 85 W 
Ic=7A 

VCEO = 75 V 

CASE 3 
(TO·3) 

Medium-current germanium PNP power transistor, 
designed for use in 12 Volt vertical deflection circuits 
in television receivers; features: high-breakdown 
voltage, low leakage current, and low saturation volt
age. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCES 90 Vdc 

Collector-Emitter Voltage VCEO 75 Vdc 
(Open Base) 

Collector-Base Voltage VCB 100 Vdc 

Emitter-Base Voltage VEB 50 Vdc 

Collector Current (Continuous) IC 7 Adc 

Peak Collector Current 
(PW ~ 5 msec) 

IC 15 Adc 

Base Current (Continuous) IB 2 Adc 

Operating Junction and TJ and -65 to +110 °c 
storage Temperature Range Tstg 

Total Device Dissipation PD watts 
@ TC ~ 25°C 85 
Derate above 2SoC 1 w/oc 

Thermal ReSistance, JUnction to Case BJC LO °c/w 

ELECTRICAL CHARACTERISTICS (Tc =25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Breakdown Voltage* BVCES* Vdc 
(IC = 250 mAdc) 90 - -

Collector-Emitter Breakdown Voltage* BVCEO' Vdc 
(Ic = 300 mAdc) 75 - -

Collector-Emitter Leakage Current ICEO mAdc 
(V CE ~ 37.5 V) - - 30 

Collector-Emitter Leakage CUrrent ICEX mAdc 
(VCE ~ 90 V, VBE ~ LO Vdc, TC = + 100°C) - - 10 

Collector-Base Cutoff Current ICBO mAdc 
(VCB= 2Vdc) - - .060 

(VCB = VCB max) - - 5.0 

Emitter-Base Cutoff Current lEBO /lAdc 
(VEB ~ 12 Vdc) - - 100 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC ~ 3Adc. IB = 300 mAdc) - - 0.25 

DC CUrrent Gain hFE -
(IC =' 50 mAdc. VCE = 2 Vdc) - 120 200 

(IC = 1 Adc. VCE = 2 Vdc) 40 70 -
'Sweep Test: 1/2 sine wave. 60 cps 
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---Power Transistors ---

MP1613 (continued) 

DC CURRENT GAIN versus COLLECTOR CURRENT 
200 

~ ISO 
<:li 
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SAFE OPERATING AREAS 
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POWER·TEMPERATURE DERATING CURVE 

Te. CASETEMPERATURE I'C, 

10.0 

NOTE: The Safe Operating Area Curves indicate IC - VCE limits which the de
vice will not go into secondary breakdown. Collector load lines for specific cir
cuits must fall within the applicable Safe Area to avoid causing a collector-emitter 
short. (Case temperature and duty cycle of the excursions make no significant 

change in these safe areas.) The load line may exceed the BV CES voltage only 
if the collector current has been reduced to 20 rnA or less before or at the BVCES 
limit; than and only then may the load line be extended to the absolute maximum 

voltage rating of BV CBO' To insure operation below the maximum T J' the 
power-temperature derating curve must be observed for both steady state and 

pulse power conditions. 
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--Power Transistors--

MP2060thru MP2063 (GERMANIUM) PD = SSW 
le= 7A 
VeBo = 40-90 V 

CASE 11 
(TO·3) 

PNP germanium power transistors for audio amplifier 
applications. 

MAXIMUM RATINGS 

Characteristics Symbol MP2060 MP2061 MP2062 MP2063 

Collector-Emitter Voltage VCES 30 45 60 75 

Collector-Emitter Voltage VCEO 25 35 50 60 
(Open Base) 

Collector-Base Voltage VCBO 40 60 75 90 

Emitter-Base Voltage VEBO .. 20 .. 
Collector Current (Continuous) Ie ~ 7 .. 
Peak Collector Current Ie ~ 15 .. 
(PW;;: 5 msec) 

Base Current· (Continuous) IB .. 2 .. 
storage Temperature Tstg --65to+110_ 

Operating Case Temperature TC --65to+ll0 -

Total Device Dissipation PD 
@rC = 25°C ~ 85 .. 
Derate above 25°C III 1 .. 

Thermal Resistance ilJC 1.0 
Junction to Case 

Thermal Resistance ilCA 32.7 
Case to Ambient 

Tc 

100 
85 
80 

POWER·TEMPERATURE DERATING CURVE 
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TEMPERATURE (ec) 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

°c 

°c 

Watts 
wloc 

°clw 

°clw 

125 



--- Power Transistors---

MP2060 thru MP2063 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

ell.met,risUes SymbDI Min TIJI Mu Unn 

DC Forward Current Gain (Note 1) hFE -(Ie ::: 3 Adc, VeE:: 2 Vdc) All Types 30 - 200 

Current Gain-Bandwidth Product IT ke 
(Ie = 0.5 Ade, VeE = 12 Vdc) All Types - 600 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ie .. 3.0 Adc, IE = 0.3 Adc) All Types - - 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ie = 3.0 Ade, 'B = 0.3 Ade) All Types - - 0.70 

DC Transconductance 
"FE mhos 

(Ie = 3.0 Ade, VeE = 2 Vde) All Types 3.0 - -
Collector-Emitter Breakdown Voltage· 

BVCES• Vde 
(Ie = 250 mAde) MP2060 30 - -

MP2061 45 - -
MPZ062 60 - -
MPZ063 75 - -

Collector-Emitter Sustaining Voltage· BV CEO(sus). Vde 
(Ie ::: 500 mAde) MPZ060 25 - -

MP2061 35 - -
MP2062 40 - -
MP2063 60 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 20 mAde) MPZ060 40 - -

MPZ061 60 - -
MP2062 75 - -
MPZ063 90 - -

Collector-Base Cutoff CUrrent leBO mAde 
(VeE = 2 Vdc) All Types - - 0.060 
(VeB = 25 Vdc) MPZ060 - - 1.0 
(VeB = 35 Vdc) MP2061 - - 1.0 
(VeB = 40 Vdc) MP2062 - - 1.0 
(V CB := 60 Vdc) MP2063 - - 1.0 

Collector-Emitter Cutoff Current ICEX mAdc 
(VCE = 30 Vdc, VBE(Off) = 1 Vde, TC " lOGoC) 

10 MP2060 - -
(VCE '" 45 Vdc, VBE(off) '" 1 Vde, TC = 1000C) MP2061 

- - 10 
(VCE = 60 Vdc, VBE(off) := 1 Vdc, TC := lOGoC) 

- 10 MP2062 -
(VeE'" 75 Vde, VBE(oH) := 1 Vdc, TC = lOOOC) MP2063 

- - 10 

Emitter-Base Cutoff Current lEBO mAde 
(VBE:' 20 Vde) All Types - - 1.0 

Input Impedance hie ohms 
(Ie =-500 mAde, VCE := -12 Vdc, ib"" 1 mAde, f:= 1 kc) - 25 -

Distortion " % 
(Ie ,,- 500 mAde, V CE := -12 Vdc, Rs = 30 Onms, RL = 25 ohms, 

HE (unbypassed) = 0.33 ohm, Pout '" 2 watts) - 3 -
*Sweep Test: 1/2 sine wave, 60 cps 

Note 1: 

Upon customer's request the transistors will be numerically coded to identify matched pairs. 
The DC current transfer ratios are sorted into approximately 1:1.5 ranges. Any two devices 
within a bracket constitute a matched pair. No guarantee is made of gain distribution. 

3 Adc, VCE = 2 Vdc 

Appropriate MPIt -1 
-2 
-3 
-4 
-5 
-6 
-7 

6-177 

hFE 
Min. Max. 
30 45 
40 60 
50 75 
60 90 
80 120 

100 150 
130 200 

I 



---Power Transisfors---

MP2060 thru MP2063 (continued) 

COLLECTOR· EMITTER CURRENT versus BASE·EMITIER RESISTANCE 
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--Power Transistors--

MP2060 thru MP2063 (continued) 
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--Power Transistors---

ADDITIONS AND MODIFICATIONS 
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---Germanium Milliwatt Transistors---

The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 

MILLIWATT TRANSISTORS 

JAN 2N331 MIL-S-19500/4C 7-8 

JAN 2N398 MIL-S-19500/174A 7-12 

USAF 2N461 MIL-T-19500/45 7-14 

USA 2N465 MIL-T-19500/50A 7-15 

JAN 2N466 MIL-S-19500/51D 7-15 

USA 2N467 MIL-T-19500/52B 7-15 

JAN 2N526 MIL-S-19500/60D 7-17 

USN 2N650A thru USN 652A MIL-S-19500/175B 7-20 

USA 2N1008B MIL-S-19500/196A 7-24 

For case outline dimensions, see page 1-186. 
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--Germanium Milliwatt Transistors--

GERMANIUM MILLIWATT TRANSISTORS 

This line of low-frequency, low-power transistors consists of a wide 
selection of highly reliable germanium PNP devices designed for general 
purpose switching, amplifier, and control applications. 

The line is generally characterized by devices having a power ratipg to 225 
mW, a maximum operating temperature range from _65°C to +100°C, and a 
typical cutoff frequency (fab) to 8 Mc. 

QUICK SELECTION GUIDE - FOR 
AMPLIFIER / OSCILLATOR AND SWITCHING 

APPLICATIONS TO 20 KILOCYCLES 

The following transistors merit first consideration within the specified gain
voltage groups. All of the specified devices have collector power dissipation 
ratings (PC) of .150~225 mW, and a maximum operating junction temperature 
of 100°C. 

MINIMUM TRANSISTOR VOLTAGE RATING; VeER (R = 10 K) 
DC CURRENT 

GAIN (hFE) 
12-24 25-39 40-49 50-60 

20 - 2N524 MA910 @ 2N2042 

30 2N322 2N525 2N1924 --
2N1191 CD 2N1186 

40 2N323 2N526 2NlO08A Q)@ 2N1008B CD@ 
2N1008 CD@ 2N1192 CD 2N1925 2N2043 

60 2N324 2N527 2N1926 --
2N1705 2N1175 

---~ 

90 2N467 2N1193 CD 
2N508 2N2171 2N1188 --
MA1706 2N3427 

130 MA1707 2N3428 -- --
180 MA1708 2N1194 CD --

MA1702 

CD Small Signal Current Gain hfe @VCES 
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I --Germanium Milliwatt Transistors--

COMPLETE NUMERICAL-ALPHABETICAL LISTING 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS MILITARY 
VCER hFE @ VCE & Ic f.b and 

Hi-Rei 
Type Pc TJ Vc.o (R = 10K) Ic typ Type mW ·C volts volts mA min max volts mA me 

2N319 225 100 - 20 500 25 42 1 20 1.0~ 2N320 225 100 - 20 500 34 65 1 20 1.5 5 
2N321 225 100 - 20 500 53 121 1 20 2.0 5 
2N322 225 100 - 18 500 34 65 1 20 

1.0 ~ 2N323 225 100 - 18 500 53 121 1 20 1. 5 5 
2N324 225 100 - 18 500 72 198 1 20 2.0 

2N331 200 100 30 VEB = 12 200 30 70 6 1 1.5 JAN 2N331 
2N381 225 100 50 25 400 35 65 1 20 3 
2N382 225 100 50 25 400 60 95 1 20 4 
2N383 _ 225 100 50 25 400 75 120 1 20 5 
2N398 50 85 105 Vnt =105 100 20 - 0.35 5 1.0 USN 2N398 

2N398A 150 100 105 V~t =105 200 20 0.35 

~~ 
1.0 

2N460 225 100 45 3~ ~ 400 31 200 6 4 
2N461- 225 100 45 400 O'i: hfb 0.972 6 1.2 USAF 2N461 
2N464 200 100 45 40 100 - 6 1 1.0 
2N465 200 100 45 30 100 27 - 6 1 1.5 USA 2N465 

2N466 -200 100 35 20 100 56 - 6 1 2.0 JAN 2N466 
- 2N467 200 - lOa 35 15 100 112 - 6 1 2.5 USA 2N467 

2N508 225 100 - 18 500 99 198 1 20 2.5 ~ 
2N524 225 100 - 30 500 25 42 1 20 0.8 5 - 2N524A ffi 
2N525 225 100 - 30 500 34 65 1 20 1. O@ 2N525A 1 

2N526 225 100 - 30 500 53 90 1 20 1.S@ JAN 2N526 
2N526A ~ 

2N527 225 100 - SO 500 72 121 1 20 1.5@ 2N527A 
2N650 200 100 45 30 500 30 70 6 1 1.5 2N650A 

USN 2N650A 
2N651 200 100 45 30 500 50 120 6 1 2.0 2N651A ill 

USN 2N651A 
2N652 200 100 45 30 500 100 225 6 1 2.5 2N652A (j) 

USN 2N652A 

2N653 200 100 30 25 250 30 70 6 1 1.5 
2N654 200 100 30 25 250 50 125 6 1 2.0 
2N655 200 100 30 25 250 100 250 6 1 2.5 
2NI008 200 100 20 20 ~ 300 40hfe 150 5 10 -
2NI008A 200 100 40 40 6 300 40hfe 150 5 10 -
2NI008B 200 100 60 60 ® 300 40hfe 150 5 10 -

-2N1175 225 100 - 25 500 70 140 1 20 1. 5 @ 
2N1185 200 100 45 30 500 190 400 6 1 3.0 
2NU86 200 100 60 45 500 30 70 6 1 1.5 
2N1L87 200 '100 60 45 500 50 120 6 1 2.0 

2N1188 200 100 60 '45 500 100 225 6 1 2.5 
2N1189 200 100 45 30 500 60 - 1 19~ 3.5 
2Nl190 -200 100 45 30 500 100 - 1 10 2 4.5 
2N1191 200 100 40 25 200 30 70 6 1 1.5 
2Nl192 .200 100 40 25 200 50 125 6 1 2.0 
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---Germanium Milliwatt Transistors--- I 

NUMERICAL-ALPHABETICAL LISTING (continued) 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 
MILITARY 

VeE. h'E @ VeE & Ie fob 
and 

. Hi-Rei 
Type Pe TJ Ve,a (R = 10K) Ie typ Type 

mW °C volts volts mA min max volts mA me 

2N1193 200 100 40 25 200 100 250 6 1 2.5 
2Nl194 200 100 40 25 200 190 500 6 1 3.0 
2N1408 150 100 50 50 @) 200 10 - 1 icr -
2N1413 225 100 35 25 500 23 65 1 20 0.8 ® 
2N1415 225 100 - 25 500 53 - 1 20 1.3 @ 

2N1705 200 100 18 12 400 70 hie 150 6 1 4 5 
2N1706 200 100 25 18 400 50 hie 150 5 10 3 5 
2N1707 200 100 30 25 400 30 hie 150 5 10 3 5 
2N1924 225 100 - 40 500 34 65 1 20 1.0 ® 
2N1925 225 100 - 40 500 53 90 1 20 1. 3 ® 
2N1926 225 100 - 40 500 72 121 1 20 1. 5 ® 
2N2042 200 100 105 55 200 20 50 0.35 5 0.5 ® 2N2042A ;B 
2N2043 200 100 105 55 200 40 100 0.35 5 0.75@ 2N2043A ,1 
2N2171 225 100 50 25 400 110 250 1.0 20 7.5 
2N3427 200 100 45 30 500 100 350 1 100 6.0 

2N342S 200 100 45 30 500 150 400 1 100 S.O 
MA1l2 175 S5 15 - 200 ;~ ~le 70 6 1 -
MA1l3 175 S5 15 - 200 125 6 1 -
MA1l4 175 85 15 - 200 100 hie 250 6 1 -
MA115 175 85 15 - 200 30 hie 125 6 1 -

fe 
MA1l6 175 85 15 - 200 50 h. 250 6 1 -
MA1l7 175 85 15 - 200 30 h1e 250 6 1 -
MA286 175 85 10 - 200 14 hie 40 6 1 -
MA2S7 175 85 10 - 200 30 hfe 250 6 1 -
MA28S 175 85 10 - 200 180 hi: - 6 1 -
MA881 200 100 60 60~ 500 30 1 10 0.75@ 
MA8S2 200 100 60 60 4 500 40 - 1 10 1. 0 @ 
MA8S3 200 100 60 60@) 500 75 - 1 10 1. 25@ 
MA884 200 100 60 60@) 500 125 - 1 10 1. 75@ 
MA885 200 100 50 50 ® 500 15 hie 40 6 1 0.75@ 

MAS86 200 100 50 50 ® 500 ~g ~fe 70 6 1 0.75@ 
MAS87 200 100 50 50@) 500 120 6 1 1. 25@ 
MAS8S 200 100 50 50 ® 500 100 hie 225 6 1 0.5 @ 
MA8S9 200 100 50 50 ® 500 190 hie 400 6 1 -
MAgOg 150 100 75 35@) 200 20 Ie - 0.35 5 -
MAgID 150 100 90 45 ® 200 20 - 0.35 5 -
MA1702 200 100 45 30 500 200 - 1 100 7.0 min 
MA1703 200 100 25 25 500 100 350 1 100 3.0 min 
MA1704 200 100 25 25 500 150 400 1 100 5.0 min 
MA1705 200 100 25 25 500 200 - 1 100 6.0 min 

MA1706 200 100 15 15 500 100 350 1 100 3.0 min 
MA1707 200 100 15 15 500 150 400 1 100 4.0 min 
MA170S 200 100 15 15 500 200 - 1 100 5. a min 

CD Hi·Rel ® IE ® I, G) BVeES ® Minimum ® VCEO 0 R" = 1 K 
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---Germanium Milliwatt Transistors---

2N319 thru 2N321 VCBO = 25 V 
hFE - to 53·121 (min.max) 
fab - to 2_0 Me 

CASE 31 
(TO-S) \ PNP germanium transistor for audio amplifier 

and low-frequency switching applications_ 

Base connected to case 

MAXIMUM RATINGS 

ChJncterlstlc Symbol Maximum DnH 

Collector-Base Voltage VCBO 25 Vdc 

Collector-Emitter Voltage VCEO 20 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 500 mAdc 

Junction and Storage Temperature Tj&Tstg -65 to+ 100 ·C 

Power Dissipation at 25· C Free Air PD 225 mW 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit , 
Collector Cutoff Current ICBO 

V CB = -25 Vdc, IE = 0 - 16 /lAde 

Emitter Cutoff Current lEBO 
VEB = -15 Vde, IC = 0 - 10 /lAde 

Collector-Emitter Voltage BVCER 
IC = 0.6 mAdc, RaE = 10 K 20 - Vdc 

DC Current Gain hFE 
IC = 20 mAdc, V CE = -1 Vdc 

2N319 25 42 -
2N320 34 65 -
2N321 53 121 -

DC Current Gain hFE 
IC = 100 mAdc, V CE = -I Vdc 

2N319 23 - -
2N320 30 - -
2N321 47 - -

Base Input Voltage VBE mVdc 
VCE = -1 Vdc, IC = 20 mAdc 180 320 

Output Capacitance; Input AC Open Circuit Cob 
VCB = -5Vdc, IE = I mAdc, f= 1 Me - 35 pf 

Frequency Cutoff fab 
V CB = -5 Vdc, IE = 1 mAdc 

2N319 1.0 - Mc 
2N320 1.5 - Me 
2N321 2.0 - Mc 
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---Germanium Milliwatt Transistors---

2N322 thru 2N324 
2N508 

VCBO = 18 V 
hFE -to 99-198 (min-max) 
fab - to 2.5 Me 

PNPgermanium transistors for audio driver and low
power output service in entertainment equipment. 

CASE 31 
(TO·5) 

Base connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and Storage Temperature 

Power Dissipation at 25°C Free Air 

Symbol Maximum 

VCBO 18 

VCEO 18 

VEBO 5 

IC 500 

T j & Tstg -65 to + 100 

PD 225 

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

Characteristic Symbol Minimum Maximum 

Collector Cutoff Current ICBO 
V CB = -16 Vde, ~ = 0 - 16 

Emitter Cutoff Current ~BO 
VEB = -3Vdc, IC= 0 - 16 

Collector-Emitter Voltage BVCER 
IC = 0.6 mAde, RBE= 5 K 18 -

DC Current Gain hFE 
V CE = -1 Vde, IC = 20 mAde 

2N322 34 65 
2N323 53 121 
2N324 72 198 
2N508 99 198 

Base Input Voltage VBE 
V CE = -1 Vde, IC = 20 mAde 180 320 

Output Capacitance; Input AC Open Circuit Cob 
V CB = -5 Vde, IE = 1 mAde, f = 1 Me - 35 

Frequency Cutoff 
V CB = -5 Vdc, IE = 1 mAde 

2N322 
fab 1.0 -

2N323 1.5 -
2N324 2.0 -
2N508 2.5 -

7·7 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

mW 

Unit 

/.LAde 

/.LAde 

Vde 

-
-
-
-

mVde 

p.f 

Me 
Me 
Me 
Me 

I 
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---Germanium Milliwatt Transistors---

2N331 
2N331 JAN 

VCBO = 30V 
hfe = 30-70 (min-max) 
fab - to 1.5 Me 

CASE 31 
(TO-5) 

PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col
lector dissipation and storage temperature ratings sig
nificantly higher than those of the military specification 
(see maximum ratings table below). 

All leads isolated 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -30 Volt" 

Emitter-Base Voltage VEBO -12 Volts 

Storage Temperature (MIL-S-19500!4C) Tstg -65 to + 85 °c 

Storage Temperature (JAN 2N331) Tstg -65 to + 100 °c 

Collector Dissipation at T A = 25°C PD 75 mW 
(MIL-S-19500!4C 

(Derate 1.25 mW;oC above 25°C) 

Collector Dissipation at T A = 25 ° C PD 200 mW 
(JAN 2N331) 

(Derate 2.67 mW;oC above 25°C) 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Emitter Cutoff Current 
lEBO "Adc (VEB = -12 Vdc, IC = 0) - -10 

Collector Cutoff Current ICBO ~Adc 
(V CB = "30 Vdc, IE = 0) - -10 

Small-Signal Open-Circuit Output Admittance hob ~mho 
(V CB = -6 Vdc, ~ = 1. 0 mAde, f = 1 ke) - 1 

Small-Signal Short-Circuit Input Impedance hib Ohms 
(V CB = -6 Vdc, ~ = 1. 0 mAdc, f = 1 kc) - 50 

Small-Signal Short-Circuit Forward-Cunent 
Transfer Ratio ~e -

(VCE = -6 Vdc, IC = 1.0 mAde, f = 1 ke) 30 70 

Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency fhfb me 

(V CB = -6 Vdc, ~ = 1 mAde) 0.4 -
Output Capacitance Cob pf 

(V CB = -6 Vdc, IE = 1 mAde) - 50 

Noise Figure NF db 
(V CB = -6 Vde, ~ = 1 mAde, RS = 1000, ohms, 

f = 1 ke, f-Lll cps) - 20 
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--Germanium Milliwatt Transistors--

2N331 (continued) 
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---Germanium MilliwaH Trarisistors---

2N381thru 2N383 

2N2171 

VCBO = 50V 
hFE - to 11 0-250 (m in-max) 
fab - to 7.5 Me _ 

CASE 31 :\ 
(TO-5) 

PNP germanium transistors for small-signal audio 
amplifiers, Class Bpush-pull output stages and medium
speed switching circuits. 

Base connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Volts 

Collector-Emitter Voltage (RBE = 10K) VCER 25 Volts 

Emitter-Base Voltage VEBO 20 Volts 

Collector Current IC -iOO mA 

Junction Temperature TJ -65 to +100 °c 

Collector DiSSipation PD 
TA = 25°C 225 mW 
derate 3 mW;oC 
TC = 25°C 500 mW 

derate 6.7 mW;oC 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO fJ.Adc 
(V CB = -25 Vdc) -- - 6 10 

Emitter-Base cutoff Current ~BO fJ.Adc 
(VEB = -20 Vdc) - - - 5 10 

Collector-Emitter Voltage BVCER Vdc 
(Ie = 500 fJ.Adc, RBE = 10K) 25 - - - - - -

Collector-Emitter Voltage BVCER Vdc 
(IC = 50 fJ.Adc, VBE = 1.0 Vdc) 2N381 - - - 50 - - -

2N382, 2N383, 2N2171 - - - 45 - - -
DC Current Gain ~E - - -

(Ir = 20 mAde, V CE = -1.0 Vdc) 2N381 35 - - - 65 
2N382 60 - - - 95 
2N383 75 - - - 120 
2N2171 110 ..:. - - 250 

(IC = 100 mAde, V CE = -1.0 Vdc) 2N381 30 - - - - - -
2N382 50 - - - - - -
2N383 65 - -- . - - -
2N2171 90 - -- - - -
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---Germanium Milliwatt Transistors---

2N381 thru 2N383 
2N2171 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Current Gain 
(IC = 10 rnA, VCE = -5.0 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Voltage Feedback Ratio 
(IC = 10 rnA, V CE = -5 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Input Impedance 
(IC = 10 rnA, V CE = -5.0 V, f = 1 kc) 

2N381 
2N382 
2N382 
2N2171 

Output Admittance 
'(IC = 10 rnA, V CE = -5.0 V, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Transducer Gain 
(Rg = 300 r! , RL = 500 r! ) 2N381 

(Rg = 450 r! , RL = 500 n ) 2N382 

(Rg = 550 r! , RL = 500 n ) 2N383 

(Rg = 785 n , RL = 500 r! ) 2N2171 

Output Capacitance 
(IC = 1 rnA, VCB = -6V) 

Noise Figure 
(IC = 1 rnA, V CE = -6V, Rg = 1 kc, f = 1 kc) 

2N381 
2N382 
2N383 
2N2171 

Cutoff Frequency 
(IC = 1 rnA, VCB = -6V) 

2N381 
2N382 
2N383 
2N2171 
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Symbol Minimum 

hfe 

35 
70 
90 

120 

h re 

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

h, 
1e 

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

h 
oe 

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

GT 
- - -
- - -
- - -
- - -

Cob - - -

NF 

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

fhfb 

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

Typical Maximum Unit 

- - -
60 85 
90 135 

115 155 
210 310 

XlO-3 

0.66 - - -
0.69 - - -
0.72 - - -
0.75 - - -

ohms 

300 - - - I 
450 - - -
550 - - -
850 - - -

.umhos 

420 - - -
400 - - -
380 - - -
500 - - -

db 
36 - - -
38 - - -
39.5 - - -
42.5 - - -

20 - - - pf 

db 

6 - - -
5.5 - - -
5.0 - - -
3.5 - - -

me 

3 - - -
4 - - -
5 - - -
7.5 - - -
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---Germanium Milliwatt Transistors---

2N398.2N398 A 
2N398 USN/JAN 

VCBO = 105 V 
hFE = 20 (min) 
fab - to 1.0 Me (typ) 

CASE 31 
(TO·S) 

PNP germanium transistor for high-voltage, audio
frequency applications. 

All leads isolated 

MAXIMUM RATINGS 

Characteristic Symbol 2N398A 2N398 Unit 

Collector-Base Voltage VCBO 105 105 Vdc 

Collector-Emitter Voltage VCEO 105 105 Vdc 

Emitter-Base Voltage VEBO 50 50 Vdc 

DC Collector Current IC 200 100 mA 

Emitter Current ~ 200 100 mA 

Junction Temperature TJ -65 to +100 -65 to +85 ·C 

Storage Temperature Tstg -65 to +100 -65 to +85 ·C 

Collector Dissipation @ 25'C PD 150 50 mW 

Thermal Resistance, Junction to Air °JA max 0.5 1.2 'C/mW 

ELECTRICAL CHARACTERISTICS (Tc = 25.'C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO - 12.0 50 IlA 
(VCB=105V,IB =0) 

Collector-Base Cutoff Current ICBO - 5.0 14 IlA 
(V CB = 2.5 V, ~ = 0) 

Emitter-Base ·Cutoff Current lEBO - 3.0 50 IlA 
(VEB = 50V, IC = 0) 

Collector-Emitter Saturation Voltage VCE (SAT) - 0.11 0.35 Vdc 
tIc = 5 mAdc; IB = O. 25 mAdc) 

Base -Emitter Saturation Voltage VBE (SAT), - 0.2Z 0.40. Vdc 
tIc = 5 mAdc; ~= O. 25 mAdc) 

DC Current Transfor Ratio hFE 20 65 - -
(IC = 5 mAdc; VeE =·0. 35Vdc) 

DC Collector-Emitter Punch-Through Voltage VpT 105 160 - Vdc 
(V CB necessary to obtaln,VEB .of c1 V max, . 

using instrument with Zin > 11 megohm to 

measure VBE) 

Small-Signal Short-Circuit, Forward Current fab - 1.0 - mc 
Transfer Ratio Cutoff Frequency 
(VCB = 6 Vdc; IE = 1 mAdc) 
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---Germanium Milliwatt Transistors---

2N398 (continued) 
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---Germanium Milliwatt Transistors---

VCBO = 45 V 2N460, 2N461 
2N461 USAF/JAN 

h'e = 31-200 (min-max) 
fab - to 4 Me (typ) 

~ CASE 31 \, 

PNP germanium transistor for general purpose 

industrial applications_ 

(10-5) \\ 
Base connected to case \,~ 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 45 Volts 

Collector-Emitter Voltage (RBE = 1 K) VCER 35 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector Current IC 400 mA 

Collector Dissipation Pn 
at 25° C Case Temperature 500 mW 
Derate above 250 C 6.7 mW/oC 
at 25° C Ambient Temperature 225 mW 
De rate above 25° C 3 mW/oC 

Junction Temperature Range TJ -65 to +100 °c 

ELECTRICAL CHARACTERISTICS (Tc == 25"C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 
Collector-Base Cutoff Current ICBO /lAdc 

(V CB = 45 Vdc) --- --- 15 

Emitter-Base Cutoff Current lEBO /lAdc 
(V EB = -10 Vdc) --- --- 10 

Collector-Emitte~ Voltage BVCER Vdc 
(IC = 1 mAdc, RBE = I K) 35 --- ---

Small-Signal Current Gain hfb ---
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 0.94 0.96 0.972 

2N461 0.955 0.968 0.988 

Small-Signal Current Gain hfe ---
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 k,c) 2N461 31 --- 200 

Reverse Voltage Ratio hrb XlO-4 
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 --- 2 15 

2N461 --- 3 15 
Input Resistance hib Ohms 

(V CB - -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 25 30 40 
2N461 25 --- 40 

1 

Output Admittance hob /lohms 
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kc) 2N460 --- 0.8 1.5 

2N461 --- 0.5 1.5 
Frequency Cutoff fhfb mc 

(V CE = -5 Vdc, IE = 1 mAdc) 2N460 --- 1.2 ---
2N461 --- 4 ---

Output Capacitance Cob pf 
(V CB = -10 Vdc, IE = 1 mAdc, f = 1 mc) --- 20 ---

Noise Figure NF db 
(VCE = -4.5 Vdc, IE =0.5 mAde, Rg= 1 K, f = Ike) 2N460 --- 5 ---

2N461 --- 4 ---
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---Germanium Milliwatt Transistors---

2N464 thru 2N461 
2N465 USA/JAN 
2N466 JAN 
2N467 USA/JAN 

VCBO = 45 V 
hie - to 112 (min) 
fab - to 1.2 Me (typ) 

CASE 31 \\ 
All leads isolated ..... \. 

PNP germanium transistor for general purpose appli
cations in the audio-frequency range. 

(TO-5) \ 

MAXIMUM RATINGS 

Characteristic Symbol 2N464 2N465 2N466 2H467 Unit 

Collector-Base Voltage VCBO 45 45 35 35 Volts 

Collector-Emitter Voltage VCE 40 30 20 15 Volts 

Emitter-Base Voltage VEBO 12 Volts 

DC Collector Current IC rnA 
• 500 • 

Max. Junction & Storage Temperature TJ and ·C 

Tstg .. 100 • 

Collector Dissipation in Free Air PD rnW 

... 200 .. 
Derate above 25·C .. 2.67 .. mW/·C 

Thermal Resistance, Junction to Air °JA ... 0_ 375 .. 'C/mW 

ELECTRICAL CHARACTERISTICS (TA:= 25·C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Breakdown Voltage BV CER Vdc 
(IC = 0.6 mAdc, RBE= 10 K ohms) 2N464 40 - -

2N465 30 - -
2N466 20 - -
2N467 15 - -

Colleclor- Base Cutoff Current ICBO /lAdc 
(V CB = 20 Vdc) - 6 15 

Small Signal Current Gain Cutoff Frequency fab me 
(V CB = 6 Vde, IE = 1 mAdc) 2N464 - 0.7 -

2N465 - 0.8 -
2N466 - 1.0 -
2N467 - 1.2 -

Small Signal Current Gain hfe -
(V CE = 6 V de, IE = 1. 0 mAde, f = 1 ke) 2N464 14 26 -

2N465 27 45 -
2N466 56 90 -
2N467 112 180 -
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---Germanium Milliwatt Transistors ---

2N464 thru 2N467 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Input Impedance 
(V CE = 6 Vde, IE = 1. 0 mAde, f = 1 ke) 2N464 

2N465 
2N466 
2N467 

Small Signal Power Gain 
(V CE = 6 Vde, IE = 1. 0 mAde, f = 1 ke, matched) 2N464 

2N465 
2N466 
2N467 

Noise Figure 
(V CE = 2.5 Vde, IE = 0.5 mAde, f = 1 ke, Rg = 10 Kohms, 

M = 1 cps) 
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Symbol Min TrP Mal: Unit 

h. Ohms Ie - 900 -
- 1400 -
- 3000 -
- 5500 -

G db e - 40 -
- 42 -
- 44 -
- 45 -

NF db 
- - 22 
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---Germanium Milliwatt Transistors---

2NS08 

FOR SPECIFICATIONS, SEE 2N322 DATA SHEET 

2NS24 thru 2NS27 
2N524A thru 2N527 A, Hi-ReI 
2N526 JAN 

VCBO = 45 V 
hFE - to 72-121 (min-max) 
fab - to 7.0 Me (max) 

PNP germanium transistor for switching and ampli
fier applications in the audio-frequency range. Avail
able for military and high-reliability industrial purposes. 

CASE 31 
(TO-5) 

Base connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Storage and Operating Temperature 

Collector Dissipation in _Fre,e Air 

.@ 25°C Ambient 

Thermal Resistance 

(Junction to Air) 

-Ther.mal Resistance 

(infinite heat sink) 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

Tstg' T. 
J 

PD 

8JA 

8JC 

7-17 

Rating Unit 

45 Vdc 

30 Vdc 

15 Vdc 

5(}() mAdc 

-65 to +100 °c 

225 mW 

-

0.333 °C/mW 

O. 15 "C/mW 
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---Germanium Milliwatt Transistors---

2N524 THRU 2N527 (continued) 

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

Characteristic Symbol Minimum Maximum Unit 

I 

Collector Cutoff Current 

1 

ICBO - 10 /lAde 
(YCB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO - 10 /lAde 
(YEB = 15 Vde, IC = 0) 

Collector-Emitter Breakdown Voltage All Types BVCER 30 - /lVde' 
(IC = 0.6 mAde, RBE = 10K) 

j 
Collector-Emitter Reach Through VRT 30 - /lVde 

(Punch -Thru) Voltage 
(YEB = 1 Vde, VTVM Z 2.1 Megohm) 

Static Forward-Current Transfer Ratio hFE 
(y CE = 1 Vde .. IC = 20 mAde) 2N524 25 42 -

2N525 34 65 -
2N526 53 90 -
2N527 72 121 -

Small-Signal Short-Circuit Forward fab 
Current Transfer Ratio Frequency Cutoff 

(y CB = 5 Vde, IE = 1 mAde) 2N524 0.8 5.0 Me 
2N525 1.0 5.5 Me 
2N526 1.3 6.5 Me 
2N527 1.5 7.0 Me 

Output Capacitance COb 
(y CB = 5 Vde, IE = 1 mAde, f = 1 Me) All Types 5 40 pf 

Small-Signal Open Circuit Output Admittance hob 
(y CB = 5 Vde, IE = 1 mAde, f = 1 Ke) 2N524 0.10 1.3 /lmbo 

2N525 0.10 1.2 /lmbo 
2N526 0.10 1.0 /lmbo 
2N527 0.10 0.9 /lmbo 

Small-Signal Open Circuit Reverse Transfer hrb 
Voltage Ratio 

XlO-4 (YCB = 5 Vde, IE = 1 mAde, f = 1 Ke) 2N524 1.0 10 
2N525 1.0 11 XlO-4 

2N526 1.0 12 XlO-4 

2N527 1.0 14 XlO-4 

Small-Signal Short Circuit Input Impedance hlb 
(YCB = 5 Vde, IE = 1 mAde, f = 1 Ke) 2N524 26 36 ohms 

2N525 26 35 ohms 
2N526 26 33 ohms 
2N527 26 31 ohms 

Collector-Emitter Saturation Voltage V CE (sat) 
~ = 2 mAde, ,IC = 20 mAde) 2N524 

~ = 1.33 mAde., IC = 20 mAde) 2N525 - 130 mVde 

~ = 1. 0 mAde, IC = 20 mAde). 2N526 - 130 mVde 

~ = O. 67 mAde, Ie = 20 mAde) 2N527 - 130 mVde 

- 130 mVde 

Base Input Voltage VBE 
(y CE = 1 Vdc, IC = 20 mAde) 2N524 220 320 mVde 

2N525 200 300 mVde 
2N526 190 280 mVde 
2N527 180 260 mVde 
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---Germanium Milliwatt Transistors---

2N524 thru 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Noise Figure 
NCB = 5 Vdc, IE = 1 mAde, 

f = 1 Kc, BW = 1 Cycle) All Types 

Small-Signal Short-Circuit 
Forward-Current Transfer Ratio 

NCE = 5 Vdc, IE = 1 mAde, f = 1 Kc) 2N524 
2N525 
2N526 
2N527 

POWER-TEMPERATURE DERATING CURVE 

TA• AMBIENT TEMPERATURE (Oe) 

The maximum continuous power is related to maximum junction tem
perature by the thermal resistance factor. 

This I:urve has a value of 225mW at case temperatures of 2S'C and is 
o roW at l00'C with a linear relation between the two temperatures such that: 
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Symbol Minimum Maximum Unit 

NF - 15 db 

hfe 

18 41 -
30 64 -
44 88 
60 120 -
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---Germanium Milliwatt Transistors---

2N650 ,A thru 2N652 I A 
2N650A thru 2N652A, Hi-Rei 

2N650A thru 2N652A JAN 

VCBO = 45 V 
hFE - to 80 (min) 
fab - to 2.5 Me (typ) 

CASE 31 \. (TO-5) 

PNP germanium transistor for switching and ampli
fier applications in the audio-frequency range. Available 
for military and high-reliability industrial purposes. 

All leads isolated 

MAXIMUM RATINGS 

Characteristic S,mbol Rating Unit 

Collector-Base Voltage VCBO 45 Vdc 

Collector-Emitter Voltage VCER 30 Vdc 

Emitter-Base Voltage VEBO 30 Vdc 

Collector Current * IC 500' mAde 
(Continuous) 

Junction Temperature Range TJ (max) -65 to +100 ·C 

storage Temperature Range Tstg -65 to +100 ·C 

Collector Dissipation in Free Air Pn 200 mW 
(Derate 2.67 mW/"C above 25'C) 

Thermal Resistance 8JA 0.375 'C/mW 
(Junction to Air) 

Thermal Resistance 8JC 0.250 'C/mW 
(Junction to Case) 

'Limited by power dissipation. 

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

Characteristic S,mbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO /.LAde 
(VCB = 30V, IE = 0) All Types - 3.0 10 

(V CB = 45 V, IE = 0) - - 50 

(VCB = 10V, IE = 0, TA = +71'C) - 55 100 

Emitter-Base Cutoff Current lEBO /.LAde 
(VEB = 30V, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER /.LAde 
(V CE = 30 V, RBE = 10 K) All Types - - 600 

Collector-Emitter Punch-Thru Voltage Vpt Vde 
(VF = 1.0 V) All Types 45 - -

Output Capacitance Cob pf 
(VCB = 6V, IE = 0) All Types - 10 25 

Noise Figure NF db 
(V CE = 4.5 V, IE = 0.5 rnA, All Types - 5 15 

Rg = 1 K, f = 1 kc, <If = 1 cps) 

Small Signal Current Gain Cutoff Frequency fab mc 
(V CB = 6 V, IE = 1 rnA) 2N650 0.75 1.5 -

2N651 1.0 2.0 -
2N652 1.25 2.5 -
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---Germanium Milliwatt Transistors---

2N650 thru 2N652 (continued) 

Characteristic 
Input Impedance 

(V CB = 6 V, IE = 1 rnA, f = 1 kc) 2N650 
2N651 
2N652 

Output Admittance 
(V CB = 6 V, IE = 1 rnA, f = 1 kc) 2N650 

2N651 
2N652 

Small Signal"Current Gain 
(V CE = 6 V, IE = 1 rnA, f = 1 kc) 2N650 

2N651 
2N652 

DC Current Transfer Ratio 
(V CE = 1. 0 V, IC = 10 rnA) 2N650 

2N651 
2N652 

Base-Emitter Drive Voltage 
(V CE = 1. 0 V, IC = 10 rnA) 2N650 

2N651 
2N652 

Collector-Emitter saturation Voltage 
(IC = 50 rnA, IB = 2.5 rnA) 2N650 

(IC = 50 rnA, IB = 1. 67. rnA) 2N651 

(IC = 50 rnA, IB = 1. 25 rnA) 2N652 

Collector-Emitter Saturation Voltage 
(IC = 100 rnA, IB = 5.0 rnA) 2N650 

(IC = 100 rnA, IB = 3.33 rnA) 2N651 

(Ic = 100 rnA, IB = 2. 5 rnA) 2N652 
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Symbol 
hib 

hob 

hfe 

hFE 

VEB 

V CE (sat) 

VCE (sat) 
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Minimum Typical Maximum Unit 
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---Germanium Milliwatt Transistors---

VCBO = 30V 
hf• - to 100-250 (min-max) 
fab - to 2.5 Me (typ) 

2N653 thru 2N655 

CASE 31 \ (TO-5) 

All leads isolated 

PNP germanium transistor, for high-gain amplifier 
and switching service in the audio frequency range. 

MAXIMUM RATINGS 

Characteristic SJIIlbol Rltln, Unn 

Collector to Base Voltage VCBO 30 Volts 

Collector to Emitter Voltage VCER 25 Volts 

Emitter to Base Voltage VEBO 25 Volts 

Collector D. C. Current * IC 250' rnA 

Junction Temperature Limits TJ -65 to +100 ·C 

Storage Temperature Limits Tstg -65 to +100 ·C 

Collector Dissipation in Free Air PD 200 mW 
Derate 2.67 mW/· C above 25° C 

Thermal Resistance, Junction to Air BJA 0.375 ·C/mW 

*Limited by power dissipation. 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted) 

2N~53 2N654 2N655 
Characteristic Symbol Unn 

Min Max Typ. Min Max Typ Min Max Typ 

Small Signal Current Gain hfe 30 49 70 50 80 125 100 130 250 -
V CE = 6 V, IE = 1.0 rnA, f = 1 kC 

Small Signal Input Impedance hie 750 - 2900 1500 - 4700 3000 - 8500 ohms 
VCE =6V,IE =I.0mA, f=lkC 

Small Signal Current Gain Cutoff 
Frequency fab 1.5 2.0 2.5 me 

V CB = 6 V, IE = 1.0 rnA 

Output Capacity Cob 10 10 10 pf 
VCB =6V,IE =OrnA, f=lmc 

Noise Figure NF 10 10 10 db 
V CE = 4. 5 V, IE = O. 5 rnA, 

Rg = I, f = lkC 
,jf=lcps 

Collector Reverse Current ICBO 5 15 5 15 5 15 /la 
VCB =25V, ~=O 

Emitter Reverse Current lEBO 5 15 5 15 5 15 /la 
VEB = 25 V, IC = 0 

Collector-Emitter Reverse Current ICER 600 600 600 /la 
VCE = 25 V, RaE = 10k 

Base-Emitter Input Voltage VBE 0.3 0.3 0.3 Vdc 
V CE = 6 V, IC = 1. 0 rnA 
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---Germanium Milliwatt Transistors---

2N653 thru 2N655 (continued) 
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---Germanium Milliwatt Transisfors---

VeDO = 60 V 2Nl008, A,B 
2N 1 0088 USA/JAN 

hfe = 40-150 (min-max) 

CASE31~ 
(TO-5) ~ 

PNP germanium transistorfor audio driver and med
ium speed switching applications_ 

All leads isolated 

MAXIMUM RATINGS 

Characteristics Symbol 2Nl008 2Nl008A 2Nl0088 Unit 

Collector-Base Voltage VCBO 20 40 60 Volts 

Collector-Emitter Voltage VCEO 20 40 60 Volts 

Emitter-Base Voltage VEBO 15 Volts 

Collector Current Ie 300 mAdc 

Base Current IB 30 mAdc 

Collector Dissipation Pn 
TA = 25°C 200 mW 
derate 2.7B mW/oC 
TC = 250 C 300 mW 
derate 4.0 mW/oC 

Junction and Storage Temperature Range TJ -65 to +100 °c 

ELECTRICAL CHARACTERISTICS (At 2SoC unless otherwise noted) 

Characteristics Symbol Min Typ Max UNIT 

Collector Leakage Current leBO ~Ade 
(VCB = 10 Vde) 2NI00B --- 5 10 
(VCB = 10 Vde, T A = B50 C) 2NI00B --- --- 500 
(VCB = 25 Vde) 2NI00BA --- 5 10 
(V CB = 25 Vdc, TA = B50 C) 2NI00BA --- --- 500 
(VCB = 45 Vde) 2NI00BB --- 7 15 
(VCB = 45 Vde, T A = B50C) 2NI00BB --- --- 750 

Emitter Leakage Current lEBO ~Ade 
(VEB = 10 Vde) 2NlDOB --- 5 lD 

2NI00BA --- --- lD 
2NI00BB --- --- 10 

Collector-Emitter Breakdown Voltage BVCER Vde 
(IC = 1.0 mAde, RBE = 10 K) 

2N100B 15 --- ---
2NI00BA 35 --- ---
2NI00BB 55 --- ---

Collector-Emitter Saturation Voltage VCE (sat) Vde 
(Ie = 100 mAde, IB = 10 mAde) --- --- 0.25 

Small Signal Current Gain hte ---
(Ic = -10 mAde, VCE = 5.0 Vdc, 
f = 1 kc) 40 --- 150 

Input Resistance (V CB = 6 V, IE = 1 rnA) hie 200 --- 1000 ohms 
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---Germanium Milliwatt Transistors---

2Nl175 

FOR SPECIFICATIONS, SEE 2N1413-2N1415 DATA SHEET 

2N1185 thru 2Nl188 VCBO = 60V 
hFE - to 130·170(min·max) 
fab - to 3.0 Me 

PNP germanium transistors for high-gain audio ampli
fier and switching applications. 

CASE 31 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector -Base Voltage 
2N1l85 
2N1l86-2N1l88 

Collector-Emitter Voltage 
2N1l85 
2N1l86-2N1l88 

Emitter-Base Voltage 

Collector Current 
(Continuous) 

Storage and Operating Tempe rature 

Collector Dissipation in Free Air 
(Derate 2.67 mW 1° C above 25° C) 

Thermal Resistance 
(Junction to Air) 

Thermal Resistance 
(Junction to Case) 

"Limited by power dissipation 

Symbol Rating Unit 

VCBO Vdc 
45 
60 

VCER Vdc 
30 
45 

VEBO 30 Vdc 

IC 500' mAdc 

Tstg' TJ -65 to +100 °c 

PD 200 mW 

°JA 0.375 'C/mW 

°JC 
0.250 °C/mW 
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---Germanium Milliwatt Transistors---

2N 1185 thru 2N 1188 (continued) 

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

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current ICBO /lAdc 
(V CB = 30 V, IE = 0) 2N1185 - 3.0 10 
(V CB = 45 V, IE = 0) 2N1186 thru 2N1188 - 5.0 10 
(V CB = 60 V, IE = 0) 2N1l86 thru 2N1l88 - - 50 
(VCB=10V,IE=0,TA=+71°C) All Types - 55 100 

Emitter-Base Cutoff Current lEBO IfAdc 
(V EB = 30 V, IC = 0) All Types - 3.0 10 

Collector-Emitter Leakage Current ICER IfAdc 
(VCE = 30 V, RBE = 10 K) 2N1l85 - - 600 
(VCE = 45 V, RBE = 10 K) 2N1l86 thru 2N1l88 - - 600 

I 
Collector-Emitter Punch-Thru Voltage Vpt Vdc 

(V F = 1. 0 V, 2N1l85 45 - -
VTVM Impedance ~lMohm) 

2N1l86 thru 2N1l88 60 - -

Output Capacitance Cob - pf 
(V CB = 6 V, IE = 0) All Types - 10 25 

Noise Figure NF db 
(V CE = 4. 5 V, IE = 0.5 mA, 
Rg = 1 K, f = 1 kc, M = 1 cps 

All Types - 5 15 

Small Signal Current Gain Cutoff fab mc 
Frequency 
(V CB = 6 V, IE = 1 rnA) 2N1l85 1. 75 3.0 -

2N1l86 0.75 1.5 -
2N1187 1.0 2.0 -
2N1188 1. 25 2.5 -

Input Impedance hib Ohms 
(V CB = 6 V, IE = 1 rnA, f = 1 kc) 2N1185 27 35 37 

2N1186 27 31 37 
2N1187 27 34 37 
2N1188 27 35 37 

Output Admittance hob Ifmho 
(V CB = 6 V, IE = 1 rnA, f = 1 kc) 2N1185 0.2 0.50 0.7 

2N1186 0.2 0.65 1.0 
2N1187 0.2 0.60 0.9 
2N1188 0.2 0.55 0.8 

Small Signal Current Gain hfe -
(V CE = 6 V, IE = 1 rnA, f ~ 1 kc) 2N1185 190 260 400 

2N1186 30 49 70 
2N1187 50 80 120 
2N1188 100 130 225 

DC Current Transfer Ratio hFE -
(V CE = 1. 0 V, IC = 10 rnA) 2N1185 130 170 -

2N1186 33 44 -
2N1187 45 75 -
2N1188 80 115 -
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---Germanium Milliwatt Transistors---

2N 1185 thru 2N 1188 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Base -Emitter Input Voltage VBE Vdc 
(V CE : 1. 0 V, IC : 10 rnA) 2N1l85 - 0.215 0.240 

2N1l86 - 0.245 0.270 
2N1l87 - 0.235 0.260 
2N1l88 - 0.225 0.250 

Collector-Emitter Saturation Voltage 
VCE (sat) Vdc 

(IC: 50 rnA, IB: 1. 0 rnA) 2N1l85 - 0.175 0.250 
(IC: 50 rnA, IB : 2.5 rnA) 2N1l86 - 0.175 0.250 
(IC : 50 rnA, IB : 1. 67 rnA) 2N1l87 - 0.175 0.250 
(IC: 50 rnA, I B : 1. 25 rnA) 2N1l88 - 0.175 0.250 

Collector-Emitter Saturation Voltage 
V CE (sat) Vdc 

(IC : 100 rnA, IB : 2.0 rnA) 2N1l85 - 0.250 0.500 
(IC: 100 rnA, IB: 5.0 rnA) 2N1l86 - 0.250 0.500 
(IC: 100 rnA, IB : 3.33 rnA) 2N1l87 - 0.250 0.500 
(IC : 100 rnA, IB : 2. 5 rnA) 2N1l88 - 0.250 0.500 

SMALL SIGNAL CURRHlT GAIN(h,.J versus TEMPERATURE POWER·TEMPERATURE DERATING CURVE 
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---Germanium Milliwatt Transistors ---

2Nl189,2Nl190 VCIO = 45 V 
hFE = to 100 (MIN) 
fab - to 4.5 Me (typ) 

CASE 31 
(TO-5) 

PNPgermanium transistors for high-gain audio am
plifier and switching applications. 

All leads isolated 

MAXIMUM RATINGS 

Characteristic Symbol Rating UnH 

Collector-Base Voltage VCBO 45 Vdc 

Collector-Emitter Voltage VCER 30 Vdc 

Emitter-Base Voltage VEBO 15 Vdc 

Collector Current IC 500" mAdc 
(Continuous) 

Junction, Storage Temperature TJ , Tstg -65 to +100 ·C 

Collector Dissipation in Free Air PD 200 mW 
(Derate 2.67 mW/· C above 25· C) 

Thermal Resistance (lJA 0.375 ·C/mW 
(Junction to Air) 

Thermal Resistance ~C 0.250 ·C/mW 
(Junction to Case) 

"Limited by power dissipation. 

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

Characteristic Types Symbol Min Typ Mal Unit 
Collector-Base Cutoff Current ICBO "Adc 

(V CB = 30 Vdc, IE.= 0) - 3.0 10 
(VCB = 45 Vdc, IE = 0) - - 50 
(VCB = 10 Vdc,IE = 0, TA = + 71oC) - 55 100 

Emitter-Base Cutoff Current lEBO "Adc 
(VEB = 15 Vdc, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER "Adc 
(VCE = 30 Vdc, RBE = 10K) - - 600 

Collector-Emitter Punch-Thru Voltage Vpt Vdc 
(VEB = 1 Vde, VTVM Impedance ~ 1 M ohm 45 - -

Output Capacitance Cob pf 
(VCB = 6 Vde, IE = 0, f = 1 mc) - 12.0 25 

Noise Figure NF db 
(VCE = 4.5 Vdc' IE = 0.5 mAdc - 5 15 
Rg = 1 K, f = I kc, <If = 1 cps) 

Small-Signal Current-Gain Cutoff Frequency fhfb me 
(VCB = 6 Vdc, IE = I mAdc) 

2N1189 1.75 3.5 -
2N1190 2.25 4.5 .-
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---Germanium Milliwatt Transistors---

2N1189, 2N1190 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Impedance 
(VCB = 6 Vde, IE = 1 mAde, f = 1 ke) 

Output Admittance 
(VCB = 6 Vde, IE = 1 mAdc, f = 1 ke) 

Small Signal Current Gain 
(VCE = 6 Vdc, IE = 1 mAde, f = 1 ke) 

DC Current Transfer Ratio 
(VCE = 1.0 Vde, IE = 10 mAde) 

Base-Emitter Drive Voltage 
(VCE = 1.0 Vdc, IE = 10 mAde) 

Collector-Emitter Saturation Voltage 

(IC = 50 mAde, IB = 1.5 rnA) 
(IC = 50 mAde, IB = 1.0 rnA) 
(IC = 100 mAde, IB = 3.0 rnA) 
(IC = 100 mAde, IB = 2.0 rnA) 

SMALL SIGNAL CURRENT GAIN{h,.) versus TEMPERATURE 
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Type Symbol Min Typ lIlu Unit 

hib Ohms 
27 31 37 

hob Jlmho 
0.1 - 0.9 

hfe -
2N1189 75 120 175 
2N1190 125 190 300 

hFE -

2N1189 60 115 -
2N1190 100 170 -

VBE Vdc 

2N1189 - 0.24 0.26 
2N1190 - 0.22 0.25 

VCE Vdc 

2N1189 
(sat) - 0.14 0.22 

2N1l90 - o. 15 0.22 
2N1189 - 0.17 0.3 
2N1190 - 0.19 0;3 
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(For All Types) 

220 
200 

180 

I I L L 
I"\, Ole = O.25°C/mW(max) 

....... "\ 
160 

140 
I ......... "\. 

" "\ 
120 "\. 
100 BJIt, = O.375°C/mW(maxj--' ........ 
80 
60 

40 

20 

......... ;"\. 
"'-
~ 
~ 

~ m m Q H M ro _ H ~ 
TEMPERATURE (0C) 

DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
140 

0 

S 120 

~ 100 

z 
g 80 
~ z 60 

I 40 

'"'- I'-.. VeE = 1 V 

", -........... r--... 
i"'"--

---
~O 

r- r--2~9 

u 
0 

20 
~ 

a 
a 20 40 60 80 100 120 140 160 180 200 

Ie. COLLECTOR CURRENT (MILLIAMPERES) 



---Germanium Milliwatt Transistors--

2N 1191 thru 2N 1194 VCBO = 40V 
hFE - to 125-600 (min-max) 
fab - to 3.0 Me (typ) 

CASE 31 
(TO-5) 

PNPgermanium transistors for high-gain audio am
plifier and switching applications. 

All leads isolated 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage BVCBO 40 Vdc 

Collector-Emitter Voltage BVCER 25 Vdc 

Emitter-Base Voltage BVEBO 25 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

Storage and Operating Temperature Tstg ' TJ -65 to +100 °C 

Collector Dissipation in Free Air PD 200 mW 
(Derate 2.67 mW;oC above 25°C) 

Thermal Resistance • (JJA 0.375 cC/mW 
(Junction to Air) 

Thermal Resistance (JJC 0.250 °C/mW 
(Junction to Case) 

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

Characteristic Symbol Min Typical Max Unit 

Collector-Base Cutoff Current ICBO 
(V CB = 25 V, IE = 0) All Types - - 15 /lAdc 

(VCB = 1.0 V, IE = 0) - 2.0 - /lAdc 

Emitter-Base Cutoff Current lEBO 
(VEB = 25 V, IC = 0) All Types - - 15 /lAdc 

Collector -Emitter Leakage Current ICER 
(VCE = 25 V, RBE = 10 K) All Types - - 600 /lAdc 

Ootput CapaCitance Cob 
(VCE = 6 V, IE = LOrnA) All Types - 20 - pf 

Noise Figure NF 
(VCE = 4.5 V, IE = 0.5 rnA, All Types - 10 - db 

f = 1 kc, Rs = 100 ohms) 

Small Signal Current Gain Cutoff Frequency lab 
(VCB = 6 V, IE = 1.0 rnA) 2N1l91 - 1.5 - mc 

2N1l92 - 2.0 - mc 
2N1l93 - 2.5 - mc 
2N1l94 - 3.0 - mc 
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---Germanium Milliwatt Transistors---

2Nl191 thru 2Nl194 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Current Gain 
(VCE = 6 V, IE = 1.0 rnA, 2N1l91 

2N1l92 
I = 1 kc) 2N1l93 

2N1l94 

DC Current Gain 
(V CE = 1 V, IC = 10 rnA) 2N1l91 

2N1l92 
2N1l93 
2N1l94 

Small Signal Power Gain 
(V CE = 6 V, IE = 1. 0 rnA, 2N1l91 

I = 1 kc, matched) 2N1l92 
2N1l93 
2N1l94 

Base-Emitter Input Voltage 
(VCE = 6 V, IC = 1.0 rnA) All Types 
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2N1408 

-Germanium Milliwatt Transistors---

VCBO = SOV 
hFE = 10 (min) 

CASE 31 
(TO-5) 

PNP germanium transistor for high voltage neon dri
ver, solenoid and relay driver circuits. 

All leads isolated 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 50 Volts 

Collector-Emitter Voltage VCES 50 Volts 

Emitter-Base Voltage VEBO 10 Volts 

Collector Current IC 200 rnA 

Collector Dissipation at T A = 25°C PD 150 mW 

derating laetor 2.0 mW/"C 

Junction Temperature Range TJ -65 to +100 °c 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector -Base Cutoff Current I CBO /lAde 
(V CB = 5 Vde, ~ = 0) --- 7 

Emitter-Base Cutoff Current lEBO /lAde 
(VEB = 5 Vde, IC = 0) --- 7 

Collector -Emitter Leakage Current ICES /lAde 
(V CB = 50 Vde, RBE = 0) --- 150 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 25 /lAde, IE = 0) 50 ---

Emitter-Base Breakdown Voltage BVEBO Vde 
(~=-25 /lAde, IC = 0) 10 ---

Collector-Emitter Puneh-Thru Voltage Vpt Vde 
(IE = 25 /lAde) 50 ---

Base-Emitter Input Voltage VBE Vde 
(IB = 1. 0 mAde, V CE = 1. 0 Vde) --- 0.6 

DC Current Gain hFE ---
(V CE ~ 1 Vde, IB = 1 mAde) 10 ---

Small Signal Current Gain hie ---
(VCE = 5.0 Vde, IE = 1.0 rnA, 1= 1 ke) 10 ---

Output Admittance hob /lmhos 
(VCB = 5.0 Vde, IE = 1.0 rnA, f = 1 ke) --- 2.0 
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---Germanium Milliwatt Transistors---

2N1413thru 2N1415 
2Nl175 

BVCBO = 35 V 
hFE - to 62 (min) 
fab - to 1.5 Me (min) 

CASE 31 
(TO-5) 

PNP germanium transistor for general purpose low
frequency amplifier and switching applications. Char
acteristic curves similar to 2N524-2N527 series. 

Base connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Maximum Unit 

Collector-Base Voltage VCBO 35 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 10 Vdc 

Collector Current IC 500 mAdc 

Junction and storage Temperature Tj & T stg -65 to +100 'c 

Power Dissipation at 25°C Free Air PD 225 mW 
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---Germanium Milliwatt Transistors---

2N1413 thru 2N141 5, 2N1175 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

Collector Cutoff Current ICBO - 12 /lAde 
VCB = 30 Vde, IE = 0 

Emitter Cutoff Current lEBO - 10 /lAde 
VEB = 10 Vde, IC = 0 

Collector-Emitter Voltage BVCER 25 - Vde 
IC = 0.6 mAde, RBE = 10 K 

Puneh-Thru Voltage Vpt 25 - Vde 

DC Current Gain hFE 
IC = 20 mAde, VCE = 1 Vde 

2N1413 25 42 -
2N1414 34 65 -
2N1415 53 90 -
2N1l75 70 140 -

DC Current Gain hFE 
IC = 100 mAde, V CE = 1 Vdc 

2N14I3 23 - -
2N1414 30 - -
2N1415 47 - -
2N1175 62 - -

Base Input Voltage VBE 
VCE = I Vdc, IC = 20 mAde 

2N1175 - 260 mVdc 

Output Capacitance; Input AC Open Circuit Cob - 40 /l/lf 
VCB = 5 Vde, IE = 1 mAde, f = I Mc 

Frequency Cutoff fab 
VCE = 5 Vde, IE = I mAde 

2N1413 0.8 - Mc 
2NI414 1.0 - Mc 
2NI415 1.3 - Mc 
2N1l75 1.5 - Me 

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
VCE = 5 Vde, IE = 1 mAde, f = 1 Ke 

2NI413 20 41 -
2N1414 30 64 -
2NI415 44 88 -
2N1l75 60 120 -

Small-Signal Open Circuit Output Admittance hob 
VCB = 5 Vde, IE = 1 mAdc, f = 1 Ke 

2NI413 0.10 1.3 /lmoh 
2NI414 0.10 1.2 /lmho 
2N1415 0.10 1.0 ,urnho 
2N1l75 0.10 0.9 /lmho 

Small-Signal Open-Circuit Reverse-Transfer Voltate Ratio hrb 
VCB = 5 Vde, IE = I mAdc, f = 1 Kc 

XIO-4 2NI413 1.0 10 
2NI414 1.0 11 XIO-4 

2Nl415 1.0 12 XIO-4 

2N1l75 1.0 14 XIO-4 

Small-Signal Short-Circuit Input Impedance hib 
VCB = 5 Vde, IE = I mAde, f = 1 Ke 

2NI413 26 36 ohms 
2NI414 26 35 ohms 
2NI415 26 33 ohms 
2N1175 26 31 ohms 
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---Germanium Milliwatt Transistors---

2N 1105 thru 2N 1l 101 VCBO - to 30V 
hFE - to 60-120 (min-max) 
fab - to 4 Me (typ) 

PNP germanium transistors for audio driver appli
cations in transistorized radio receivers_ 

CASE 31 
(TO-5) 

Base connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage (RBE C 1 K) 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at T C C 25"C 

Junction Temperature Range 

Symbol 

VCBO 

VCER 

VEBO 

IC 

PD 

TJ 

7-35 

2Nll05 2Nll06 2NJ107 Unit 

18 25 30 Volts 

12 18 25 Volts 

5 5 10 Volts 

400 rnA 

200 mW 

-65 to +100 "C 



---Germanium Milliwatt Transistors---

2N 1705 thru 2N 1707 (continued) 

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

Characteristic Symbol Min Typ Max Unit 

Collector- Base Cutoff Current ICBO /lAdc 
(V CB = -10 Vdc) 2N1705 --- 5 10 

2N1706 --- --- 10 
(V CV = -25 Vdc) 2N1707 --- --- 15 

Emitter-Base Cutoff Current lEBO /lAdc 
(VEB = -5Vdc) 2N1705 --- 4 20 

2N1706 --- --- 20 
(V EB = -10 Vdc) 2N1707 --- --- 10 

Collector-Emitter Voltage BV CER Vdc 
(IC = 1 mAdc, RBE = 1 K) 2N1705 12 --- ---

2N1706 18 --- ---
2N1707 25 --- ---

Base-Emitter Voltage VBE V 
(Ie = 10 rnA, V CE = 5 V) 2N1706 0.15 --- 0.35 

(IC = 20 rnA, V CE = 1 V) 2N1705 0.2 --- 0.4 

DC Current Gain hFE ---
(IC = 10 mAdc, V CE = -5 V) 2N1707 40 90 150 

(Ie = 20 mAdc, V CE = -1 V) 2N1706 60 --- 120 

Small Signal Current Gain hfe ---
(IC= 1 rnA, VCE = -6V, f= lkc) 2N1705 70 110 150 

(IC = 10 rnA, V CE = -5 V, f" 1 kc) 2N1706 50 90 150 

2N1707 30 --- 150 

Output Admittance Conductance hob ,Umhos 
(IC = 1 rnA, V CB = -6 V, f = 1 kc) 2N1705 --- 0.5 ---
(IC = 10 rnA, V CE = -5 V, f = 1 kc) 2N1706, 2N1707 --- 3.0 ---

Input Impedance hib ohms 
(IC = 1 rnA, V CE = -6 V, f = 1 kc) 2N1705 --- 30 ---
(IC= 10 rnA, VeE ~ -5V, f= 1 kc) 2N1706, 2N1707 --- 4 ---

Voltage Feedback Ratio 
XlO- 4 (IC = 1 rnA, V CB = -6 V, f = 1 kc) 2N1705 hrb --- 3 ---

(IC = 10 rnA, V C = -5 V, f = 1 kc) 2N1706 hre --- 0.69 --- XlO- 3 

2N1707 hrb --- 4.5 --- XlO- 4 

Frequency Cutoff lab mc 
(IC = 1 rnA, V C = -6 V) 2N1706, 2N1707 --- 3 ---

2N1705 --- 4 ---
Output Capacitance Cob pi 

(IC = 1 rnA, V CB = -6 V, I = 1 mc) --- 20 ---

Noise Figure NF db 
(IC = 1 rnA, V CB = -6 V, Rg = 1 K, f = 1 kc) 2N1705 --- 6 ---
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---Germanium Milliwatt Transistors---

2N1924 thru 2N1926 BVCBO = 60V 
hFE - to 72 (min) 
fab - to 1.5 Me (min) 

PNP germanium transistors for general purpose, low
frequency applications. Characteristics curves similar 
to 2N524-2N527 series. 

CASE 31 
(TO·5) 

Base connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and storage Temperature 

Power Dissipation at 25°C Free Air 

Symbol Maximum 

VCBO 60 

VCEO 40 

VEBO 25 

IC 500 

Tj&Tstg -65 to +100 

Pn 225 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Minimum Maximum 

Collector Cutoff Current ICBO - 10 
V CB ~ -45 Vdc, IE ~ 0 

Emitter Cutoff Current lEBO - 10 
VEB ~ -25 Vdc, IC ~ 0 

Collector-Base Voltage VCBO 60 -
IC ~ 200 /lAdc, IE ~ 0 

Collector-Emitter Voltage VCEX 50 -
IC ~ 50 /lAdc, VBE ~ +1. 5 Vdc, RBE ~ 10 K 

Collector-Emitter Voltage VCER 40 -
IC ~ O. 6 mAdc, RBE ~ 10 K 

Punch-Thru Voltage (VEB= 1 Vdc. VTVM Z 2.1 Megohm) Vpt 50 -

7-37 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

mW 

Unit 

/lAdc 

/lAdc 

Vdc 

Vdc 

Vdc 

Vdc 
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---Germanium Milliwatt Transistors---

2N1924 thru 2N1926 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

DC Current Gain hFE 
IC = 20 mAdc, VCE = -1 Vdc 

2N1924 34 65 -
2N1925 53 90 -
2N1926 72 121 -

DC Current Gain hFE 
IC = 100 mAdc, VCE = -1 Vdc 

2N1924 30 - -
2N1925 47 - -
2N1926 65 - -

I 
Collector-Emitter Saturation Voltage VCE(SAT) 

IB = 1.33 mAdc, IC = 20 mAdc 2N1924 50 110 mVdc 

IB = 1. 0 mAdc, IC = 20 mAdc 2N1925 55 110 mVdc 

IB = 0.67 mAdc, IC = 20 mAdc 2N1926 60 110 mVdc 

Base Input Voltage VBE 
VCE = -1 Vdc, Ic = 20 mAdc 

2N1924 200 300 mVdc 
2N1925 190 290 mVdc 
2N1926 180 280 mVdc 

Output Capacitance; Input AC Open Circuit Cob - 30 pf 
V CB = - 5 Vdc, IE = 1 mAdc, f = 1 Mc 

Frequency Cutoff fab 
VCB = -5 Vdc, IE = 1 mAdc 

2N1924 1.0 - Mc 
2N1925 1.3 - Mc 
2N1926 1.5 - Mc 

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
V CE = -5 Vdc, IE = I mAdc, 2~~9~4KC 

30 64 -
2N1925 44 88 -
2N1926 60 120 -

Small-Signal Open Circuit Output Admittance hoe 
V CE = -5 Vdc, IE = 1 mAdc, f = 1 Kc 

2N1924 15 60 /L mho 
2N1925 20 65 /L mho 
2N1926 25 70 /Lmho 

Small-Signal Open-Circuit Reverse-Transfer Voltage Ratio hre 
V CE = -5 Vdc, IE = 1 mAdc, f = 1 Kc 

2 8 XlO- 4 2N1924 

2N1925 3 9 XlO-4 

2N1926 4 10 XlO-4 

Small-Signal Short-Circuit Input Impedance h. 
V CE = -5 Vdc, IE = 1 mAdc, f = 1 Kc 

1e 

2N1924 700 2200 ohms 
2N1925 1200 3200 ohms 
2N1926 1500 4200 ohms 
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---Germanium Milliwatt Transistors---

2N2042, 2N2043 
2N2042A thru 2N2043A, Hi-Rei 

VCBO = 105 V 
hFE - to 40-100 (min-max) 
fab - to 0.75 Me 

CASE3' "-
(TO-5) ~ 

PNP germanium transistor suitable for hig~-voltage 
audio switching and amplifier applications. Suitable for 
high-reliability projects-
All leads isolated from case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 105 Vdc 

Collector-Emitter Voltage VCES 105 Vdc 

Emitter-Base Voltage VEBO 75 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

Operating Junction Temperature Range TJ -65 to +100 "C 

storage Temperature Range Tstg -65 to +100 "C 

Collector Dissipation in Free Air P D 200 mW 
Derate above 25°C 2.67 mW/"C 

Thermal Resistance °JA 0.375 "C/mW 
(Junction to Air) 

Thermal Resistance °JC 0.250 "C/mW 
(Junction to Case) 

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

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO ~Adc 

(VCB = 105 V, IE = 0) - 25 

(V CB = 2. 5 V, IE = 0) - 10 

(VCB = 105 V, IE = 0, TA = +71"C) - 500 

Emitter-Base Cutoff Current lEBO ~Adc 

(VEB = 75 V, IC = 0) - 50 

(VEB = 2.5 V, IC = 0) - 10 

Collector-Emitter Cutoff Current ICER ~Adc 

(VCE = 55 V, RBE = 10 K) - 600 

Collector-Emitter Cutoff Current ICES mAdc 

(VCE = 105 V, VBE = 0) - 1.0 

DC Collector-Emitter Punch-Through Voltage Vpt Vdc 

(Vn = 1. 0 V, VTVM Rin 10-12 megohm) 105 -

DC Current Gain hFE -
(IC = 5 mA, VCE = 0.35 V) 2N2042 20 50 

2N2043 40 100 

Common Base, Small-Signal Input Impedance hib Ohms 

(V CB = 6 V, IE = 1 mA, f = 1 kc) 30 50 
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--Germanium Milliwatt Transistors---

2N2042,2N2043(continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Maximum Unit 

Common Base, Small-Signal Output Admittance hob I'mho 

(V CB = 6 V, IE = 1 rnA, f = 1 kc) 0.1 1.0 

Common Emitter, Small-Signal Current Transfer Ratio hfe -

(V CE = 6 V, IC = 1 rnA, f = 1 kc) 2N2042 20 80 
2N2043 45 180 

Base-Emitter Saturation Voltage VBE(sat) Vdc 

(IC = 5 rnA, IB = 0.25 rnA) - 0.30 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 

(IC = 5 rnA, IB = 0.25 rnA) - 0.25 

(IC = 100 rnA, IB = 10 rnA) - 0.75 

Collector Output Capacitance Cob pf 

(V CB = 6 V I = 0) , E - 25 

Common-Base, Small-Signal Forward Current fbib mc 
Transfer Ratio Cutoff Frequency 

(VCB = 6V, IE = 1 rnA) 2N2042 0.50 -
2N2043 0.75 -
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---Germanium Milliwatt Transistors---

2N2171 

FOR SPECIFICATIONS, SEE 2N381 DATA SHEET 

2N3427, 2N3428 VCBO = 45 V 
hFE = 150-400 (min-max) 
fab = to 8.0 Me (typ) 

PNP germanium transistors for audio amplifier and 
medium-speed switching applications. 

CASE 31 
(TO-5) 

All leads isolated 
from case 

MAXIMUM RATINGS 

Characteristic 

Collector- Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Storage and Operating Temperature 
Range 

Collector Dissipation in Free Air 
Derate Above 25°C 

• Limited by power dissipation 

Symbol 

VCBO 

VCER 

VEBO 

IC 

IB 

Tstg' 

PD 

7-41 

Rating Unit 

45 Vdc 

30 Vdc 

30 Vdc 

500' mAdc. 

50' mAdc 

TJ -65 to +100 °c 

200 mW 
2.67 mW;oC 
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---Germanium Milliwatt Transistors---

2N3427, 2N3428 (continued) 

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

Characteristic SymbDI Min Typ Max Unit 
Collector- Base Cutoff Current ICBO /lAde 

(VCB = 1.5Vdc, IE=O) - 3.0 5 

(V CB = 10 Vdc, IE = 0, T A = +71 ·C) - - 100 

(V CB = 30 Vdc, IE = 0) - - 10 

(V CB = 45 Vdc, IE = 0) - - 50 

Emitter- Base Cutoff Current lEBO /lAde 
(V EB = 30 Vde, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER /lAde 
(V CE = 30 Vde, RBE = 10K ohms) - - 600 

Collector-Emitter Puneh-Thru Voltage Vpt Vdc 
(Vn = 1. 0 Vde, VTVM impedance" 1 megohm) 30 - -

I Output Capacitance Cob pf 
(V CB = 6 Vde, IE = 0, f = 1 me) - 10 20 

Noise Figure NF db 
(V CE = 4.5 Vdc, IE = 0.5 mAde, Rg = 1 K ohms, f = 1 kc, 

/If = 1 cps) - 5 10 

Small-Signal Current- Gain Cutoff Frequency fhfb me 
(V CB = 6 Vde, IE = 1 mAde) 2N3427 4.0 6.0 -

2N3428 5.0 8.0 -

Input Impedance hib Ohms 
(V CB = 6 Vde, IE = 1 mAde, f = 1 ke) 25 - 35 

Output Admittance hob /lmho 
(V CB = 6 Vdc, IE = 1 mAde, f = 1 ke) 0.05 - 0.50 

Small-Signal Current Gain hfe -
(V CE = 6 Vdc, IE = 1 mAde, f = 1 ke) 2N3427 200 325 500 

2N3428 350 475 800 

Small-Signal Current Gain Ihfel -
(V CE = 6 Vdc, IE = 1 mAde, f = 2 me) 2N3427 2.0 - 7 

2N3428 2.5 - 8 

DC Current Gain hFE -
(IC = 20 mAde, V CE = 1 Vde) 2N3427 150 275 -

2N3426 250 375 -
(IC = 100 mAde, V CE = 1 Vdc) 2N3427 100 210 350 

2N3428 150 260 400 
(~C = 200 mAde, V CE = 1 Vdc) 2N3427 75 - -

2N3428 125 - -

Base-Emitter Input Voltage VBE Vdc 
(V CE = 1 Vdc, IC = 100 mAde) - - -

Collector-Emitter Saturation Voltage . VCE Vde 
(IC = 100 mAde, IB = .2 mAde) 2N3427 (sat) - 0.155 0.200 

2N3428 - 0.150 0.190 
(IC = 200 mAde, IB = 4 mAde) 2N3427 - 0.220 0.300 

2N3428 - 0.200 0.280 
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---Germanium Milliwatt Transistors---

2N3427, 2N3428 (continued) 

POWER·TEMPERATURE DERATING CURVE COLLECTOR CURRENT versus BASE CURRENT 
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---Germanium Milliwatt Transistors---

MAIOO Ve8 = 60V 
hFE = 30 min 
fab = 1.0 Me (min) 

Low noise germanium transistor, designed for audio 
amplifier applications, feature stabilization bake for 
greater gain stability, and rugged quad- mount construc
tion. 

CASE 31 
(TO·5) 

All leads isolated from case 

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

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEB 15 Vdc 

Collector Current (Continuous)* Ie* 500 mAdc 

Collector Dissipation at T A = 25°C Pc 200 mW 
Derate above 25°C 2.67 mW/oC 

Junction Temperature Range TJ -65 to +100 °c 

Storage Temperature Range Tstg -65 to + 100 °c 

*Limited by power dissipation. 

POWER·TEMPERATURE DERATING CURVE 
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---Germanium Milliwatt Transistors---

MA 100 (continued) 

ELECTRICAL CHARACTERISTICS eTA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO !lAdc 
(VCB = 60 Vdc, IE = 0) - 100 

(VCB = 30 Vdc, IE = 0) - 10 

Emitter- Base Cutoff Current lEBO !lAdc 
(VEB = 15 Vdc, IC = 0) - 10 

Collector-Emitter Leakage Current ICES !lAde 
(VCE = 60 Vdc, RBE = 0) - 100 

Output Capacitance Cob pf 
(VCB = 6 Vdc, IE = 0, f = 1 mc) - 25 

Input Impedance hib ohms 
(VCB = 6 Vdc, IE = 1 mAdc, f = 1 kc) 26 40 

Output Admittance hob !lmhos 
(VCB = 6 Vdc,IE = 1 mAdc, f = 1 kc) 0.1 ' 1.0 

DC Current Gain hFE -
(VCE = 1 Vde, IC = 10 mAdc) 30 -

Small-Signal Current Gain hfe -
(VCE = 6 Vdc, IE = 1 mAdc, f = 1 kc) 50 190 

Small-Signal Current Gain Cutoff Frequency fab mc 
(VCB = 6 Vdc, IE = 1 mAdc) 1.0 -

Noise Figure NF db 
(VCE = 5 Vdc. IC = 100 !lAdc, - 8 

R = s 1 K ohms, f = 100 cps) 

BASE INPUT CURRENT versus BASE DRIVE VOLTAGE 
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---Germanium Milliwatt Transistors---

VcBo =15V 
MA 112 thru MA 117 hIe - to 100-250 (min-max) 

PNP Germanium transistors for economical circuit 
applications. Available with a wide variety of gain 
ranges. 

CASE 31 
(TO·5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

storage Temperature Limits 

Power Dissipation 
@TA = +25°C 

Symbol Rating 

VCEO 15 

VCBO 15 

VEBO 15 

IC 200 

Tstg -55 to +85 

PD 175 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max 

Collector-Emitter Current ICER 

(VCE = 15 V, 

RBE = 10 KQ) All Types - 600 

Collector -Base Current ICBO 

(V CB = 15 V, 

IE = 0) All Types - 15 

Smail Signal Current Gain hIe 

(VeE = 6 V, 

IC = 1 rnA) MA1l2 30 70 
MAll 3 50 125 
MA1l4 100 250 
MA1l5 30 125 
MA1l6 50 250 
MAll 7 30 250 
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---Germanium Milliwatt Transistors---

MA200 thru MA206 VCB -to 105 V 
hFE = 20·40 min 
Pc = 150 mW 

Germanium PNPtransistor designed for high,..voltage 
applications in the audio frequency range, such as neon 
driver. solenoid or relay driver applications. 

CASE 34 
(TO·5) All leads isolated from case 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic Symbol MA200 
MA2U2 

Collector-Base Voltage VCB 105 

Collector-Emitter Voltage VCE 105 

Emitter-Base Voltage VEB 10 

Collector Current IC .. 
Emitter Current IE .. 
Junction and Storage 

Temperature Range TJ, Tstg .. 
Thermal Resistance BJA max .. 
Collector Dissipation at 

TA = 25°C Pc .. 
Derate above 25°C .. 

MA20! MA204 MA2US 
MA2U3 

105 90 75 

105 90 75 

20 20 20 

200 

200 

-65 to +100 

0.5 

150 
2 

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

Cllara,t,rIs1lc SJlllb,1 Min 

Collector-Base Cutoff Current leBO 
(VeB = 105 V, IE = 0) MA 200 thru MA203 

(VeB = 90V, IE'" 0) MA204 -
(VeB = 75 V,IE = 0) MA205 

(VeB = 60V,IE = 0) MA206 

Collector-Base Cutoff Current leBO 
(VeB= 2.5V,IE= 0) -

Emitter-Base CutoU Current lEBO 
(V EB = 10 V, Ie = ~) MA200, MA202, MA206 -
(VEB = 20V,Ic= 0) MA20l, MA2D3, MA204, MA205 -

Collector-Emitter Saturation Voltage VCE(sat) 
(Ie = 5 mAde, [B = 0.25 mAde) -

Base-Emitter Saturation Voltage VSE(sat) 
(Ie::: 5 mAde, IS ::: 0.25 mAde) -

DC Current Gain hFE 
(Ie = 5 mAde, VeE -= 0.35 Vdc) MA200, MA201, MA204, MA205, MA206 20 

MA202, MA203 40 

DC Collector·Emitler Punch-Through Voltage VpT 
(Ves necessary to obtain VES of -1 V max, using 
instrument with Zin ;:. 11 megohm to measure YaE) 

MA200, MA201, MAZ02, MA203 105 

MA204 90 

MA205 75 

MA206 60 

Small-Signal Short-Circuit Forward CUrrent Transfer 
Ratio Cutoff Frequency 

lab 

(Ves = 6 Vdc, IE = 1 mAde) -
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MA206 Unit 

60 Vdc 

60 Vdc 

10 Vdc 

.. mAdc 

.. mAdc 

.. °c 

.. °C/mW 

.. mW ... mW/oC 

TIP Mu Un" 
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---Germanium Milliwatt Transistors---

MA200 thru MA206 (continued) 

DC CHARACTERISTICS 
(TJ = 25°C unless otherwise noted) 

CURRENT GAIN "ON" VOLTAGES 
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--Germanium Milliwatt Transistors---

MA286 Ihru MA288 VCBO = 10 V 
hie - 10 180 (min) 

PNP germanium transistors for very economical cir
cuit applications_ Available with wide variety of gain 
ranges. 

CASE 31 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector -Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Storage Temperature Limits 

Power Dissipation 
@ TA = +25°C 

Symbol Rating 

VCEO 10 

VCBO 10 

VEBO 10 

lC 200 

Tstg -55 to +65 

PD 175 

ELECTRICAL CHARACTERISTICS eTA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

c 

Collector-Emitter Current lCER 

(V CE = 10 V 

RBE = 10 Kg) All Types - - 600 

Small Signal Current Gain hie 

(VCE =6V, 

IC = 1 rnA) MA266 14 40 
MA267 30 250 
MA266 160 -
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Unit 

V 

V 

V 

rnA 

°c 

mW 

Unit 

JiA 

-
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---Germanium Milliwatt Transistors---

MASSI thru MA889 VCBO = 60 V 
hFE - to 125(min} 
fab - to 1.75 Me (min) 

PNP germanium transistors for audio amplifier and 
medium-speed switching applications_ Recommended 
as driver transistors for 50-60 Volt power transistors_ 

CASE 31 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
MA881 thru MA884 
MA885 thru MA889 

Collector-Emitter Voltage 
MA881 thru MA884 
MA885 thru MA889 

Emitter-Base Voltage 

Collector Current (Continuous) * 

Collector Dissipation at T A = 25°C 

Derate above 25°C 

storage and Operating Temperature 
Range 

*Limited by power dissipation 

Symbol 

VCBO 

VCES 

VEBO 

IC_ 

PD 

Tstg' 

7-50 

Rating Unit 

Vdc 
60 
50 

Vdc 
60 
50 

15 Vdc 

500 mAdc 

200 mW 

2.67 mW/oC 

TJ -50 to +100 °c 



---Germanium Miliiwatt Transistors---

MAB8l thru MA889 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current ICBO pAdc 
(VCB = 30 Vdc, IE = 0) MA881 thru MA884 --- 10 

(VCB a 60 Vde, IE = 0) MA881 thru MA884 --- 100 

(VCB = 25 Vde, IE = 0) MAB85 thru MA889 --- 15 

(VCB = 50 Vdc, IE = 0) MA885 thru MA889 --- 100 

Emitter-Base Cutoff Current lEBO pAde 

(V EB a 15 Vde, IC = 0) MA881 thru MA884 --- 10 
MA885 thru MA889 --- 15 

Colleetor-Emitter Leakage Current ICES pAde 

(V CE = 60 Vde, RBE = 0) MA881 thru MA884 --- 100 

(V CE a 50 Vde, RBE = 0) MA885 thru MA889 --- 100 

Output Capacitance Cob pf I 
(V CB = 6 Vde, IE = 0, f = 1 me) All types --- 25 

Input Impedance hib ohms 

(V CB = 6 Vde, ~ = 1 mAde, f = 1 ke) All types 26 40 

Output Admittance hob pmbos 

(VCB = 6 Vde, IE = 1 mAde, f - 1 ke) All types 0.1 1.0 

DC Current Gain hFE ----

(V CE = 1 Vde, IC = 10 mAde) MA881 30 ---
MA882 40 ---
MA883 75 ---
MA884 125 ---

Small-Signal Current Gain hfe ----
(VCE = 6 Vde, IE = 1 mAde, f = 1 ke) MA881, MA886 30 70 

MA882 , MA887 50 120 
MA88S, MA888 100 225 
MA884 , MA889 190 400 
MA885 15 40 

Small-Signal Current Gain Cutoff Frequency fab me 

(V CB = 6 Vde, IE - 1 mAde) MA881, MA886 0.75 ---
MA882, MA887 1.0 ---
MA88S, MA888 1 •. 25 ---
MA884, MA889 1.75 ---
MA885 0.5 ---
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---Germanium Milliwatt Transistors---

MA909, MA910 Vca =to 90 V 
hFE = 20 (min) 

PNP Germanium transistors for high-voltage neon 
driver, solenoid and relay driver circuits. 

CASE 31 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at T C = 25' C 

Junction and Storage Temperature 

Symbol 

VCB 

VCE 

VEB 

IC 

Pc 

TJ(max) 

MA909 MA910 

75 90 

75 90 

35 45 

200 

150 

100 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min 

Collector-Base Cutoff Current ICBO 
(VCB = 2_ 5 Vdc, IE = 0) Both Types -
(VCB = 75 Vde, IE = 0) MA909 -
(V CB = 90 V dc, IE = 0) MA910 -

Emitter-Base Cutoff Current lEBO 
(VEB = 35 Vde, IC = 0) MA909 -
(V EB = 45 V dc, IC = 0) MA910 -

Collector-Emitter Leakage Current ICES 
(V CE = 75 Vde, RBE = 0) MA909 -
(V CE = 90 Vde, RBE = 0) MA910 -

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 5.mAde, IB = O. 25 mAde) -

Base-Emitter Saturation Voltage V BE (sat) 
(IC = 5 mAde, IB =,0.25 mAde) -

DC Current Gain hFE 
(IC = 5 mAde, V CE = 0.35 Vdc) 20 

Collector_Emitter Punch-Thru Voltage Vpt 
(Vfl = 1_ 0 Vde, Rin of VTVM - 10 to 12 Megohms) MA909 75 

MA910 90 
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Unit 

Volts 

Volts 

Volts 

rnA 

mW 

'c 

Max Unit 

Adc 
14 

50 

50 

Adc 
50 

50 

Adc 
100 

100 

Vde 
0.35 

Vde 
0.40 

-
-

Vde 
-
-



---Germanium Milliwatt Transistors---

MA1702 thru MA1108 VCBO -to 45 V 
hFE -to 150-400 (min-max) 
fab - to 7.0 Me (min) 

PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high dc gain at high 
collector current. 

CASE 31 
(TO·5) 

All leads isolated from case 

MAXIMUM RATINGS 

Characteristic 

Collector - Base Voltage 
MA1702 
MA1703 thru MA1705 
MA1706 thru MA1708 

Collector-Emitter Voltage 
MA1702 
MA1703 thru MA1705 
MA1706 thru MA1708 

Emitter-Base Voltage 
MA1702 
MA1703 thru MA1705 
MA1706 thru MA1708 

Collector Current (Continuous) 

Base Current (Continuous) 

Maximum JUnction Temperature 

Storage Temperature Range 

Collector Dissipation in Free Air 
Derate Above 25" C 

*Limited by power dissipation 

Symbol 

VCBO 

VCER 

VEBO 

IC 

IB 

TJ(max) 

T stg 

PD 

7-53 

Rating Unit 

Vdc 
45 
25 
15 

Vdc 
30 
25 
15 

Vdc 
30 
25 
4.5 

500' mAde 

50' mAde 

100 ·C 

-65 to +100 "C 

200 mW 
2.67 row/"C 
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---Germanium Milliwatt Transistors---

MA1702 thru MA170S (continued) 

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

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current ICBO /lAdc 
(VCB = 1. 5 Vdc, IE = 0) MA1702 thru MA1705 - 3.0 5 
(VCB = 10 Vdc, IE = 0, TA = +71° C) MA1702 - - 100 
(VCB = 15 Vdc, IE = 0) MA1706 thru MA1708 - - 15 
(VCB = 25 Vdc, IE = 0) MA1703 thru MA1705 - - 15 
(VCB = 30 Vdc, IE = 0) MA1702 - - 10 
(VCB = 45 Vdc, IE = 0) MA1702 - - 50 

Emitter-Base Cutoff Current lEBO /lAde 
(VEB = 4.5 Vdc, IC = 0) MA1706 thru MA1708 - - 15 
!VEB = 25 Vdc, IC = 0) MA1703 thru MA 1705 - - 15 
VEB = 30 Vdc, IC = 0) MA1702 - 3.0 10 

Collector-Emitter Leakage Current ICER /lAdc 
(~E = 15 Vdc, RBE = 10 K ohms) MA1706 thru MA1708 - - 600 
( CE = 25 Vdc, RBE = 10 K ohms) MA1703 thru MA1705 - - 600 
(VCE = 30 Vdc, RBE = 10 K ohms) MA1702 - - 600 

I 
Collector-Emitter Punch-Thru Voltage V pt Vdc 

(Vfl = 1.0 Vdc, MA1702 30 - -
VTVM impedance ~ 1 megohm) 

Output Capacitance Cob pf 
(VCB = 6 Vdc, IE - 0, r = 1 mc) All Types - 10 20 

Noise Figure NF db 
(VCE = 4.5 Vdc, IE = 0.5 mA, MA1702 - 5 10 
Rg = 1 K, r = 1 kc, Llf = 1 cps) 

Small-Signal Current Gain Cutoff Frequency rhfb mc 
(VCB = 6 Vdc, IE = 1 mAdc) MA1702 7.0 - -

MA1703 3.0 - -
MA1704 5.0 - -
MA1705 6.0 - -
MA1706 3.0 
MA1707 4.0 
MA1708 5.0 

Input Impedance hib Ohms 
(VCB = 6 Vdc, IE = 1 mAde, r = 1 kc) MA1702 thru MA1705 25 - 35 

MA 1706 thru MA1708 25 - 37 

Output Ad!Ilittance hob ,umho 
(VCB = 6 Vde, IE = 1 mAde, r = 1 kc) MA1702 0.05 - 0.50 

Small Signal Current Gain hre -
(VCE = 6 Vdc, IE = 1 mAde, r = 1 kc) MA1702, MA1705, MA1708 500 - -

MA1703, MA1706 200 - 500 
MA1704, MA1707 350 - 800 

DC Current Gain hFE -
(IC = 20 mAdc, VCE = 1 Vdc) MA1702 350 - -
(IC = 100 mAdc, VCE = 1 Vde) MA1702, MA1705, MA1708 200 - -

MA1703, MA1706 100 - 350 
MA1704, MA1707 150 - 400 

(IC = 200 mAdc, V CE = 1 Vde) MA1702 135 - -
MA1703 70 - -
MA1704 110 - -
MA1705 125 - -

Collector-Emitter Saturation Voltage 
VCfj 

Vde 
(IC = 200 mAdc, IS = 4.0 mAde) MA1702 (sat - - 0.260 
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-- Switching and General Purpose Transistors --

SWITCHING AND GENERAL PURPOSE TRANSISTORS 

This section contains both silicon and germanium transistors intended 
primarily for high-speed switching and for high-frequency amplifier applica
tions below the VHF/UHF bands. (See next section for RF transistors intended 
for VHF/UHF operation. ) 

Many of these devices may be used for either switching or amplifier 
purposes, while others are intended principally for high-speed switching ap
plications. To aid in the selection of transistors for special applications, a 
number of selection guides are provided. The devices listed in these guides 
are preferred devices which merit first consideration for new designs and for 
redesign of older equipment. 

The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 

USN 2N705 MIL-S-19500/86A 8-13 
JAN 2N706 MIL-S-19500/120B 8-15 
JAN 2N929 MIL-S-19500/253A 8-46 
JAN 2N930 MIL-S-19500/253A 8-46 
USN 2N962 MIL-S-19500/258A 8-48 
USN 2N964 MIL-S-19500/258A 8-48 
USN 2N1131 MIL-S-19500/177B 8-64 
USN 2N1132 MIL-S-19500/177B 8-24 
JAN 2N2218 MIL-S-19500/251D 8-74 
JAN 2N2218A MIL-S-19500/251D 8-80 
JAN 2N2219 MIL-S-19500/251D 8-74 
JAN 2N2219A MIL-S-19500/251D 8-80 
JAN 2N2221 MIL-S-19500/255D 8-74 
JAN 2N2221A MIL-S-19500/255D 8-80 
JAN 2N2222 MIL-S-19500/255D 8-74 
JAN 2N2222A MIL-S-19500/255D 8-80 
USN 2N2481 MIL-S-19500/268A 8-100 
JAN 2N2904 MIL-S-19500/290A 8-115 
JAN 2N2904A MIL-S-19500/290A 8-115 
JAN 2N2905 MIL-S-19500/290A 8-115 
JAN 2N2905A MIL-S-19500/290A 8-115 
JAN 2N2906 MIL-S-19500/291A 8-115 
JAN 2N2906A MIL-S-19500/291A 8-115 
JAN 2N2907. MIL-S-19500/291A 8-115 
JAN 2N2907A MIL-S-19500/291A 8-115 
JAN 2N3250A MIL-S-19500/323 8-141 
JAN 2N3251A MIL-S-19500/323 8-141 

For case outline dimensions, see page 1-186 .. 
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--- Switching and General Purpose Transistors ---

QUICK SELECTION GUIDES - HIGH-FREQUENCY 
SILICON ANNULAR TRANSISTORS 

The following three tables provide type numbers of preferred silicon 
(metal-cased) transistors that should receive first consideration for the de
sign of new equipment. The tables are arranged to permit preselection in 
terms of electrical characteristics. 

Table 8-1 list the preferred device type number in terms of operating 
current range and breakdown voltage as well as conductivity (i. e., NPN or 
PNP). In addition, the type number printed in bold face should receive first 
consideration for high-speed switching applications. Other type numbers 
should be considered for general purpose switching and amplifier needs. 

Table 8-1, moreover, can be used in conjunction with Tables 8-2 and 
8-3 to pin-point still further devices needed for high-speed switching. Note 
that Table 8-1 is divided into two parts - one for low-current, high-speed 
Switching, the other for high-current core driver and pulse amplifiers appli
cations. For these two applications categories, initial selections according 
to current and voltage is made from the bold-face type numbers in Table 8-1, 
and subsequent quick comparisons of other characteristics for these type 
numbers can be obtained from Table 8-2 or 8-3. The latter two tables are 
accompanied by graphs showing typical variation of dynamic switching charac
teristics over a wide current range for each of the devices listed in the tables. 

BVCEO 

5·19 
Volts 

1tI-39 
Volts 

4Q.79 
Volts 

g(}-149 
Volts 

150·300 
Volts 

TABLE 8-1 - CURRENT versus VOLTAGE SILICON TRANSISTOR 
SELECTION GUIDE 

BOLD FACE TYPES RECOMMENDED FOR LOW-
CURRENT SATURATED SWITCHING, EXCEPT* 
FOR CURRENT-MODE SWITCHING. {SEE TABLE BOLD FACE TYPES RECOMMENDED FOR HIGH-CURRENT conE DRIVER 
B-21 AND PULSE AMPLIFIER APPLICATIONS. (SEE TABLE 8-3), 

OPTIMUM COLLECTOR CURRENT RANGE 
lOpA·10mA ImA·50mfl IOmA-400mA 150mA·8(}{)mA 800mA·3A 

NPN PNP NPN PNP NPN PNP NPN PNP NPN PNP 

2N706, A, B 2N4260-1* 2N744 2N3248·9 2N3510·' 

2N708 2N153 2N3S46 2N3M7-8 

2N914 2N834-5 MM2894 

2N3493 2N2256-7* 2NB69 

MM709 2N2368·9 2N995 

2N2481 

2N3959-60* 

2N916 2N2501 2N2537-4D 2N722 2N3252 2N3734 

2N3227 2N697 2N1131-2 2N3736 

2N3508·9 2N71B 2N1991 

2N2330-1 2N956 2N2303 

2N1420 2N2BOO-l 

2N2218-2 2N2837-B 

2N295B-9 2N3133-6 

2N3115-6 

2N707A 2N3798-9 2N3946-7 2N3250-1 2N221BA-22A 2N1l32A,B 2N3253 2N3467·8 2N35Q6·7 2N3762·5 

2N915 2N3250A-IA 2N3053 2N2904-7 2N3444 2N3244-S 2N3735 

2N930 2N2904A-7A 2N2192-5,A,B 2N3737 

MM24B3 2N348S-6 2N3719-20 

MM2484 2N348SA-6A 

2N1893 2N3494-7 2N3498-9 2N3019-20 

. 2N2405 2N3634-5 

2N3742 2N3636-7 2N3500-1 

2N3743 
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--- Switching and General Purpose Transistors --

TABLE 8-2 - SILICON HIGH-SPEED SWITCHING TRANSISTORS 
(For low-current, saturated switching, except" for current·mode switching) 

Devices listed in this table should receive first consideration for low-current, 
high-speed switching applications. To determine, quickly, the devices best 
suited for a specific circuit deSign, first consult Table 8-1 for preselection 
in terms of voltage, current and conductivity. Then use this table to compare 
dynamic characteristics of the preselected devices. 

The graphs on the facing page show typical variations of VCE(sat), hFE, 
switching time and storage time as a function of collector current for each 
device in this table. The appropriate curves are referenced in the "curve" 
column of the table. Device geometries can be identified from the "Geometry" 
column. 

~ hFE veE (sat) Switching Time "C 
~ 0 min/max Volts "C U 0 @Ie = 10 rnA, @Ie = 10 rnA, Type Number U t ~ 
> S VeE = 1 V IB = 1 rnA 

ton toff 
t on and tou 

" ~ g (unless other- (unless otherwise Test Conditions U 

" wise indicated) indicated) (ns) (ns) 

2N706, A, B A 1 20/- 0.6 40 75 Ie - 10 rnA, IBI = 3 rnA, 

Vee = 3 V, IB2 = 1 rnA 

2N707, A B 1 9/50 0.18 - -
2N708 A 1 30/120 0.4 - -
2N744 A 1 40/120 0.35(+170'e) 16 24 Ie = 10 rnA, lSI = 3 rnA, 

2N753 A 1 40/120 0.6 40 75 Vee = 3 V, 132 = 1 rnA 

2N834 A 1 25/- 0.25 16 30 I 2N835 A 1 20/- 0.3 20 35 

2N914 A 1 30/120 0.25 40 40 

2N2368 e 2 20/60 0.25 12 15 Ie = 10 rnA, VBE(off) = 1. 5 v 

2N2369 e 2 40/120 0.25 12 18 Vee = 3 v, IBI = 3mA, IB2 = 1.5 rnA 

2N2481 A 1 40/120 0.25 40 55 Ie = lOrnA, Vee=3V 

2N2501 A 1 50/150 0.2 - - Ie = 10 rnA, 1st = ImA, Vee = 3 V, 

IB2 = 0.5 rnA, VBE(offl = 2 v 

2N3227 e 2 100/300 0.25 12 18 Ie = 10 rnA, VBE(off) = 1. 5 V 

Vee = 3 V, IBI = 3 rnA, IB2 = 1. 5 rnA 

2N3248 E 1 50/150 0.125 20 80 Ie = 100mA, VCC =3V, 

2N3249 E 1 100/300 0.125 20 80 v BE(off) = 0.5 V, IBI = 132 = 10 rnA 

40/12 0.13~e =0.1 rnA 
2N3493 F 4 Ie = 0.5 rnA) 13 = 0.01 rnA) - -

2N3508 e 2 40/120 0.25 12 18 Ie = 10 rnA, Vee = 3 V, VBE(off) = 1.5 v, 

2N3509 e 2 100/300 0.25 12 18 IBI = 3 rnA,. IBa- = 1. 5 rnA 

2N3546 D 2 30/120 0.15 25 35 Ie =·50 rnA, vee -3 V, IBI = 132 = 5 rnA 

2N3959* G 3 40/400· 0.2 5.4 4.9 Ie = 10 rnA, Vout = 1 V, 

2N3960* G 3 40/200 0.2 5.4 4.9 VBB = 1 V 

2N4260* H 5 30/150 0.35 1.5 2.0 V. 
m =V out = 2V, V BS = 1 V, 

2N4261* H 5 30/15 0.35 1.5 2.0 Ie = 10 rnA 

MM709 H 1 15/120 •356nax)@Ie =3rnA 12 10 Ie = 10 rnA, lSI I:: 2.0 rnA, 
@VeE = 0.5 v 

IB = 0.15 rnA IB2 = 5.0 rnA 

MM2894 D 2 30/- 0.15 .60 60 Ie = 30 rnA, 131 =IB2 =1.5rnA, Vee=2V 
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HIGH SPEED SILICON TRANSISTOR CHARACTERISTIC CURVES 
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I -- Switching and General Purpose Transistors --

TABLE 8-3 - HIGH CURRENT SILICON TRANSISTORS FOR CORE DRIVERS 
AND PULSE AMPLIFIERS 

Devices listed in this table should receive first consideration as core drivers 
or pulse amplifiers. To determine, quickly, the devices best suited for a 
specific circuit design, first consult Table 8-1 for preselection in terms of 
voltage, current and conductivity. Then use this table to compare dynamic 
characteristics of preselected devices. 

The graphs on the facing page show typical variations of VCE(sat), hFE' 
switching time and storage time as a function of collector current for each 
device in this table. The .appropriate curves are referenced in the "curve" 
column of the table. Device geometries can be identified from the "Geometry" 
column. 

~ 
nFE veE (s.') Switching Time 

~ " min/max Volts 

Type Number " ~ 
@Ie' ,5 rnA, 

t VCE""lOV 
@Ie • 150 rnA 

'on tofC 
ton and toft . ~ " (unless otherwise (unless otherwise Test Conditions 

indicated) indicated) (ns) (ns) 

2N2537 J 1 50/150 0.45 @ IB = 15 rnA 40 40 Ie = 150 rnA, 

2N2538 J 1 100/300 0.45 @ IB = 15 rnA 40 40 VCC=7V, 

2N2539 J 1 50/150 0.45 @ IB = 15 rnA 40 40 
RL = 40~ 

2N2540 J 1 100/300 0.45 @ IB = 15 rnA 40 40 l 
2N3252 K 2 

30/90 @ Ie = 500 rnA 0.5 @ Ie = 500 rnA 
45 70 

Ie = 500 rnA, 

Vee = 2 V IB =50rnA Vee=30V 

2N3253 K 2 
25/75 @ Ie = 500 rnA 0.6 @ Ie = 500 rnA 

50 70 
Vee = 2 V Is=50mA 

2N3444 K 2 
20/60 @ Ie = 500 rnA O.5.@ Ie = 500 rnA 

50 70 
Vee = 2 V IB =50mA 

2N3467 L 2 
40/200 @ Ie = 1.5 A 0.5 @ Ie = 500 rnA 

40 90 
VeE = 2 V IB =50mA 

2N3468 L 2 
30/150@le = 1.5 A O.6@ Ie = 500 rnA 

40 90 
VeE = 2 V IB =50mA 

2N3506 M 3 
40/200 @ Ie = 1.5 A 1.0@le=I.5A 

45 90 Ie = 1.5 A VeE = 2V IS = 150 rnA 
Vee = 30 V 

2N3507 M 3 
30/150 @ Ie = 1.5 A 0.6 @ Ie = 1.5 A 

45 90 ~ VeE = 2 V ]B = 150 rnA 

2N3510 N 4 
25/150 @ Ie = 150 rnA 

0.4 @ Is = 15 rnA 20 25 Ie = 150 rnA 
VeE =1 V 

30/120 @ Ie = 150 rnA 
Vee =6 V 

2N3511 N 4 
VeE =1 V 

o.4@IB =15rnA 16 18 

I 2N3647 N 4 
25/150@ Ie = 150 rnA 

0,4 @ IB = 15 rnA 20 25 VCE = 1 V 

30/120 @ Ie = 150 rnA 

2N3648 N 4 VCE = 1 V 0.4 @ IS = 15 rnA 16 18 

2N3734 P 5 35/- 0.2 48 60 Ie = 1 A. 

2N3735 P 5 35/- 0.2 48 60 lSI = IB2 = ]00 rnA, 

2N3736 p 5 35/- 0.2 48 60 Vee = 12 V, 

2N3737 P 5 35/- 0.2 48 60 
VBE(olfj = 0 V 

2N37"62 R 5 35/- 0.1 43 115 I 2N3763 R 5 35/- 0.1 43 115 

2N3764 R 5 35/- 0.1 43 115 

2N3765 R 5 35/- 0.1 43 115 
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--- Switching and General Purpose Transistors ---
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--- Switching and General Purpose Transistors --

QUICK SELECTION GUIDE - HIGH-SPEED GERMANIUM 
SWITCHING TRANSISTORS 

The following tables list germanium transistors recommended for high
speed switching applications. All are PNP devices. 

Preselection of devices for this applications category can be made by first 
selecting those devices that fill the voltage and current requirements (from 
Table 8-4), then comparing the dynamic characteristics of the devices select
ed by consulting Table 8-5 for a further narrowing of the field. 

Final device seleetion,can then be made by consulting the complete data sheets. 

TABLE 8-4 - CURRENT versus VOLTAGE SELECTOR GUIDE 
(PNP Germanium High-Speed Switching Transistors) 

BVCEO 
MINIMUM OPTIMUM COLLECTOR CURRENT RANGE 

VOLTS 
I rnA - 50 rnA 10 rnA - 100 rnA 100 rnA - 500 rnA 

2N705 2N711A -
2N710 2N711B 
2N711 2N960 
2N968 2N961 
2N 969 2N962 

5 - 9 2N970 2N963 
2N971 2N964 
2N,972 2N964A 
2N973 2N965 
2N974 2N966 
2N975 2N967 

2N985 

MM2550 2N2635 2NI204 
MM2552 2NI204A 
MM2554 2NI494 

10 - 15 2NI494A 
2N2096 
2N2099 
2N2381 
2N3883 

16 - 20 - 2N2956 2N2097 
2N2957 2N2100 

2N2382 

- 2NI495 
more than 2N2955 2NI496 

21 
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--- Switching and General Purpose Transistors ---

GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 

TABLE 8-5 - PNP GERMANIUM HIGH-SPEED SWITCHING TRANSISTORS 
(Dynamic Characteristics) 

'" Switching Times (max) "C 
0 V 

Type U eE(sat)@1 /1 
Number '" fT hFE @ Ie (max) e B t toff f on and toff > on .. 

" (MHz) (min/max) (rnA) ( Volts) (rnA) (ns) (ns) Test Conditions u 

2N705 A 325 25/- 10 0.3 10/1 75 200 Ie = 10 rnA, 

2N710 A 325 25/- 0.5 

I 
75 200 ~1 = 1 rnA, IB2 = 0.25 rnA 

2N711 A 300 20/- 0.5 100 350 

2N711A B 150 25/150 0.55 100 300 

2N711B B 150 30/150 0.45 100 300 

2N960 B 300 20/-'- 0.4 50/5 50 85 

2N961 B 300 20/- 0.4 

1 
50 85 

2N962 B 300 20/- 0.4 50 100 

2N963 B 300 20/- 0.2 10/1 60 120 IB1 = 1. 0 rnA, ~2 = 1.25 rnA 

2N964 B 300 40/- 0.35 50/5 50 85 IB1 = 1. 0 rnA, IB2 = 0.25 rnA 

2N964A B 300 40/- 0.28 I 50 85 I 2N965 B 300 40/- 0.35 50 85 

2N966 B 300 40/- 0.35 50 100 

2N967 B 300 40/- 0.2 10/1 60 120 ~1 = 1 rnA, ~2 = 1. 25 rnA 

2N968 A 250 17/- 0.25 75 150 Ie = 10 rnA, 

2N969 A 250 17/- 0.25 75 150 IBl = 1 rnA, IB2 = 0.25 rnA 

2N970 A 250 17/- 0.25 100 275 

2N971 A 250 17/- 0.25 100 275 

2N972 A 250 40/- 0.25 75 175 

2N973 A 250 40/- 0.25 75 175 

2N974 A 250 40/- 0.25 100 275 

2N975 A 250 40/- 0.25 100 275 

2N985 B 300 40/- 0.15 35 80 IB! = 5 rnA, IB2 = 1. 25 rnA 

2N1204 e 110 15/- 400 0.5 200/10 - -
2N1204A C 110 25/- 200 0.5 I - -

2N1494 e 110 15/- 400 0.4 .- -
. 2N1494A e 110 25/- 200 0.4 - -

2N1495 e 150 25/- 200 0.3 200/20 - -
2N1496 e 150 25/- 400 0.3 ~ - -
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-- Switching and General Purpose Transistors -

GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 

" '0 

Type 
0 
u 

Number " fT hFE @ 
> .. 

(MHz) (min/max) ~ 
u 

2N2096 C - 15/-

2N2097 C - 20/-

2N2099 C - 15/-

2N2100 C - 20/-

2N2381 C 300 40/-

2N2382 C 300 40/-

2N2635 D 300 45/300 

2N2955 D 200 20/60 

2N2956 D 250 40/120 

2N2957 D 300 100/-

2N3883 C 300 30/-

MM2550* - 1000 20/-

MM2552* - 1000 30/-

MM2554* - 1000 20/-

"'Current Mode Switches 

~ .. 
Z 

~ 
~ O. 

" " '" N 

::l 

I 

5 

~ 0.2 

~ 

hFE versus Ie 

J I Jllt"l 
CE de 

./ 
e 

", D 

A 

V 
CE(sat) @ I /~ 

IC (max) C 

(rnA) (Volts) (rnA) 

400 0.6 200/10 

I 0.5 I 0.6 

0.5 

200 0.4 200/20 

~ 0.4 ~ 
50 0.4 50/2.5 

I 0.3 50/5 

0.25 ! 0.2 

200 0.35 200/40 

10 0.2 10/1 

25 0.2 25/2.5 

40 0.25 40/4 

Illi 
'-"" 

1 
0.6 

fI 0.4 
cl 
e 
~ 
3 

'" u 0.2 
> 

o o. I 
0.2 0.5 I 2 5 10 20 50 100200 5001000 1 

Ie COLLECTOR CURRENT (mAde) 

to" versus Ie 
400 ""-300 

200 

"'-., 
~A 

1'--1"-. 

g 
100 

BO 
g 60 

_::a 40 

B 
20 

10 

t on 
(ns) 

-

-

-
-
22 

22 

50 

55 

45 

40 

36 

2.5 

2.5 

2.5 

Switching Times 

toff ton and toff 
(ns) Test Conditions 

130 IC = 200 rnA, 

90 ~1 = 20 rnA, ~2 = 20 rnA 

130 

I 90 

45 

45 

250 IBl = 1 rnA, IB2 = O. 25 rnA 

80 IC = 50 rnA, 

_90 ~1 = 5 rnA, ~2 = 5 rnA 

95 ~ 
68 IC = 200 rnA, 

~1 = 40 rnA, ~2 = 40 rnA 

2.5 IC = 10 rnA, VCE = 5 V 

2.5 IC = 25 rnA, V CE= 5 V 

2.5 IC = 40 rnA, VCE = 5 V 

VeE(SATI versus Ie 

P, = 10 

II 
J / 

I B 
V 

/ e 
A 

~::: "".-
Dr 

4 6 BID 20 40 BI) 100 200 400 600 
IC (rnA) 

PI =1 10 

C 

V 
D 

III 
~ 8 10 20 40 60 80 100 200 300 

Ie (rnA) 
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-- Switching and General Purpose Transistors -

ADDITIONS AND MODIFICATIONS 
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-- Switching and General Purpose Transistors --

2N697 (SIUCON) 
2N718 
2N1420 

VeER = 30-40 V 
fr =300Mc 

CASE 22 
(TO·18) 

NPN silicon annular Star transistors for medium
current switching and amplifier applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCER Vdc 
2N697. 2N718 40 
2N1420 30 

Emitter-Base Voltage VEBO 5 Vdc 

2N697 
2N1420 2N718 

TO-5 TO-18 

Total Device Dissipation at 
25°C Case Temperature PD 3 1.5 Watts 

Derating Factor Above 25°C 20 10 mW/oC 

Total Device Dissipation at 
25°C Ambient Temperatures PD 0.6 0.4 Watts 

Derating Factor Above 25°C 4.0 2.66 mW/oC 

Junction Temperature 1;J + 175 °c 

Storage Temperature range Tstg -65 to + 200 °c 

ELECTRICAL CHARACTERISTICS. (At 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current ICBO /lAdc 
(VCB = 30 Vdc, IE ~ 0) - .001 1.0 
(Ves ~ 30 Vdc, IE ~ 0, TA ~ 150°C) - - 100 

Collector-Base"Breakdown Voltage BVCBO Vdc 
(IC ~ 100/lAclc, IE ~ 0) 60 - -

Collector-Emitter Breakdown Voltage BVCER Vdc 
(IC ~ 100 mAdc, pulsed;RB;:; 10 Ohms) 

'2B697,2N718 40 - -
2N1420 30 - -

Collector-Emitter Saturation Voltage" VCE(sat) Vdc 
(IC ~ 150 mAdc, IB ~ 15 mAdc) - 0.3 1.5 

Base-Emitter Saturation Voltage" VBE(sat) Vdc 
(Ic ~ 150 mAdc, IB ~ 15 mAdc) - - 1.3 

8-12 



--- Switching and General Purpose Transistors 

2N697, 2N718, 2N1420 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

DC Forward Cur rent Transfer Ratio' 
(IC = I mAdc, VCE = 10 Vdc) 

2N697, 2N718 
2NI420 

(Ic = 150 mAdc, VCE = 10 Vdc) 
2N697. 2N718 
2NI420 

(IC = 500 mAdc, VCE = 10 Vdc) 
2N697, 2N718 
2NI420 

Small Signal Forward Current Transfer Ratio 
(IC = 50 mAdc, VCE = 10 Vdc, f = 20 mc) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0) 

'Pulse Test. PW ~ 300 Ilsec, Duty Cycle ~ 2% 

2N705 (GERMANIUM) 
21'0.1705 USN/JAN 

Symbol 

hFE 

hfe 

Cob 

Min Typ 

- 2.0 
- 35 

40 -
100 -

- 20 
- 35 

2.5 15 

- 5 

Max Unit 

-
-
-

120 
300 

-
-

-
-

pf 
35 

VCES = 15 V 
Ic = SOmA 

fT = 400 Me Typ 

CASE 22 
(TO-lS) 

PNP germanium mesa transistor for high-speed 
switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 15 Vdc 

Collector-Emitter Voltage VCES 15 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current IC 50 mAdc 

Emitter Current IE 50 mAdc 

Junction Temperature TJ 100 °c 

Storage Temperature Tstg -65°C to +IOO°C °c 

Collector Dissipation @ 25 0 C Case Temp. Pc 300 mW 
(Derate 4 mWI"C above 25°C) 

Collector Dissipation in Free Air Pc 150 mW 

8-13 
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-- Switching and General Purpose Transistors ---

2N705 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 100 /JAdc, IE = 0) 

Collector-Emitter Breakdown Voltage 
(ICE = 100 /JAdc, V BE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /JAdc, IC = 0) 

Collector Cutoff Current 
(VCB = 5 Vdc, ~E = 0) 

DC Forward Current Transfer Ratio 
(V CE = .3 Vdc, IC = 10 mAdc) 

Collector Saturation Voltage 
(IB = .4 mAdc, IC = 10 mAdc) 

(IB = 5 mAdc, IC = 50 mAde) 

Base-Emitter Voltage 
(~= .4 mAdc, IC = 10 mAde) 

Small Signal Forward Current Transfer Ratio 
(V CE = l. 0 Vde, IC = 10 mAde, f = 100 me) 

Collector Capacitance 
(V CB = 10 Vde, IE = 0, f = 1 me) 

Input Capacitance 
(VEB = 2 Vde) 

Common Base Alpha Cutoff Frequency 
(V CB = 5 Vdc, IC = 10 mAde) 

Delay + Rise Time 
(IC = 10 mAde, ~ = 1 mAde) 

Storage Time 
(~1 = 1. 0 mAde, ~2 = . 25 mAde) 

Fall Time 
(IB1 = l. 0 mAde, ~2 = . 25 mAde) 

STORAGE TIME versus CIRCUIT CURRENT RATIO 
100 0 

1 ______ 
I, 25 mAde 

0 

Symbol Min Typ Max Unit 

BVCBO 15 - - Vdc 

BVCES 15 - - Vdc 

BVEBO 3.5 - - Vdc 

ICBO - 0.2 3 /JAdc 

hFE 25 40 - -

V CE(sat) - 0.18 0.3 Vdc 

- 0.45 -
VBE 0.34 0.39 0.44 Vde 

hfe - 9 - db 

Cob - 5.0 - pf 

Cib - 3.5 - pf 

fab - 300 - me 

td + tr - 55 75 nsee 

t - 65 100 nsee s 

tf - 70 100 nsee 

CURRENT GAIN - BANDWIDTH PRODUCT (fT) 
versus COLLECTOR CURRENT 

-- -{ ... = 2SOC 
0 

1.,=4111 -

0 

7 
I--. 

R,=lOOn 
1 10 mAde R, IKO_ 

07 
VeE =1 Vdc 

T ... =25°C 
0 

0 
10 15 

0 20 10 20 30 40 50 
lell." CIRCUIT CURR[NT RAllO Ie. COLLECTOR CURRENT (mAde) 
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-- Switching and General Purpose Transistors ---

2N705 (continued) 

NORMALIZED D.C. CURRENT GAIN 
versus COLLECTOR CURRENT 

10 
8 
6 

z 
f-- Vel = 1 Vdc 

~ I 2. 
0 

_ I. 

ci O. 
~ o. 

O. 
:::; 
; 
~ O. 

0 
8 
6 

4 

2 

.1 
0.1 

+~ -
+25°C 

,,- I.----" 550C 

- -- ~ 
..... --V 

0.2 0.5 1.0 2.0 10 
Ie. COLLECTOR CURRENT (mAde) 

2N706 , A, B (SILICON) 

2N706 JAN 
2N753 

20 50 100 

g O. 

~ 

3 

5 

2 

5 

.1 E 0 
Ji -75 

--
--

COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 

--Ie = 25 mAde ~ -- t..--
....-

Ie = 10 mAde 

.....-V 

--
,.....--

~ 'ell. = 10 

-50 -25 +25 +50 +75 +100 

l .... , AMBIENT TEMPERATURE (Oe) 

VCEO = 15V 
hFE = 20·40 min 

fT = 400 Me 

\ 
NPN silicon annular switching transistors for high

speed switching applications. 

CASE 22 
(TO·18) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 
Collector- Base Voltage 

Collector-Emitter Voltage 
, 

Emitter-Base Voltage 2N706 
2N706A 
2N706B 
2N753 

Junction Temperature 

Storage Temperature 

Total Device Dissipation 
at 25° C Case Temperature. 

(Derate 6.67 mWl0C above 25°C) 

~tO~5~~Vl~br~~ri~:!:t~rature 
(Derate 2 mW/oC above 25°C) 

Total Device Dissipation 
at lOOOC Case Temperature 

(Derate 6.67 mW/oC above 10OOC) 

Symbol 

VCB 

VCER' 

VEB 

Tj 

Tstg 

PD 

PD 

PD 

• ReJ~rs to collector hreakdown voltage in the high current region when Rh~ = JOn 

8-15 

Rating Unit 
25 Volts 

20 Volts 

3 Volts 
5 
5 
5 

175 °c 

-65 to +175 °c 

1.0 Watt 

0.3 Watt 

0.5 Watt 
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--- Switching and General Purpose Transistors 

2N706,A,B,2N753 (continued) 

ELECTRICAL CHARACTERISTICS (At 2S"C unless otherwise noted) 

Characteristic Type Symbol Min Typ Max Unit 

Collector Cuto{( Current ICBO 0.5 IlAde 
(VCB; 15Vde, IE; 0) All Types - 005 
(VCB ; 15Vde, IE; 0, TA; 150 DC) All Types - 3 30 

(VCB ; 25Vde, IE; 0) 2N706A, 2N706B, 
10 2N753 - -

Collector-Emitter Cutoff Current ICER J'Ade 
(VCE ; 20Vde, Rbe; lOOk) 2N706A, 2N706B, - - 10 

2N753 

Emitter CutofC Current lEBO J'Ade 
(VEB ; 3Vde, Ie ; 0) 2N706 - - 10 

(VEB ; 5Vde, Ie ; 0) 2N706A, 2N706B, - - 10 
2N753 

Collector-Emitter Breakdown Voltage. BVCEO' - Vde 
( IC; IOmAde,IB; 0) All Types 15 24 

Collector-Emitter Breakdown Voltage. BVCER' Vde 
(R ; 10 ohms, Ie ; 10mAde) All Types 20 48 -

Forward-Current Transfer Ratio. hFE" 
(Ie ; 10mAde, VCE; IVde) 2N706 20 4(1 -

2N706A, 2N706B, 20 40 60 
2N753 40 - 120 

Base-Emitter Voltage· VBE(S.t)' Vde 
(Ie; 10mAde, IB; lmAde) 2N706 - 0.75 0.9 

2N706A, 2N706B, 
2N753 0.7 0.75 0.9 

Collector Saturation Voltage· VCE(sal)' Vde 
(Ie ; 10mAde, IB ; lmAde) 2N706, 2N706A - 0.3 0.6 

2N706B - 0.3 0.4 
2N753 - 0.18 0.6 

(Ie ; 50mAde, IB ; 5mAde) 2N753 - 0.3 -
C(~l~~~r 5~~cl~~cg 2N706A, 2N706B, 

Cob pI 

2N753 - .1. 5 5 
(VCB; 10Vde, IE; 0) ZN706 - 5 

~-~-Small-Signal Forward Current Transfer Ratio hIe 
(VCE; 15Vde, IE ; tOmAde, 
I; 100me) All types 2 4 

Current Gain-Bandwidth Product IT me 
(r~~oo~~rde, IE; tOmAde, All Iypes - 400 -

Base Resistance rb ohms 
(VCE ; t5Vde, IE; IOmAde, 
I; 300me) 2N706B - 39 50 

Charge storage Time Constant T " 
nsec 

2N706 s - 16 60 
2N706A - 16 25 
2N753 - 19 35 

Storage Time 2N706B Is - 19 25 osec 

Turn-On Time All types ton·· - 30 40 nsec 

Turn-Orr Time All Types torr·· - 50 75 nsec 

·Pulse Test: PW ~ 12msec. DU/)' Cycle::::::: 2% 
··SM'ilching Times Measuud M'ith Tektronix Type R Plug-In (50nlnlernal Impedance) aud Circuits Shown Below. 

SWITCHING TIME TEST CIRCUIT 

Type R Sampling Resistor 
ZOa 

PuiseVolfs 
lnternal Resistance 

UM ::~~_20~ _2.:1- -l: o-'"",r.-WIr-1K. 

STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 

Pulse Volts 
Intemal Resistance 

+5'R~ 3500 ov- - - - - c>'='IN'Y-"AI'v-f-l _4. IT~"-."" ...... -.... 
_lOV 1M 
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--- Switching and General Purpose Transistors 

2N708 (SILICON) VCEO = 15V 
fT = 450 Me Typ 

CASE 22 
(TO·IS) 

\ 

011 ector connected to case 

NPN silicon annular transistor for high-speed switch
ing applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VCEO 15 Ydc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Total Device Dissipation PD Watts 
25'C Case Temperature 1.2 

(Derate 6.9 m W/"C above 2,'C) 
100'C Case Temperature 0.68 

(Derate 6.9 mW/'C above 100·C) 

Total Device Dissipation PD Watts 
2S'C Ambient Temperature 0.36 

(Derate 2 mW/'C above 25'C) 

Junction Temperature TJ + 200 ·C 
Storage Temperature Tstg -65 to + 200 ·C 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current IeBO ~Adc 
(VCB = 20 Vde, IE = 0) - .005 025 
(VCB = 20 Vde, IE = 0, TA = 150·C) - - 15 

Emitter Cutoff Current lEBO ~Ade 
(VEB = 4.0 Vde, IC = 0) - - .08 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 1.0 ~Ade, IE = 0) 40 - -

Collector-Emitter Breakdown Voltage BVCEO Vde 
<Ie = 30 mAde, IB = 0) 15 - -

Collector-Emitter Breakdown Voltage BVCER Vde 
(Ie = 30 mAde, RBE ~ 10 0) 20 - -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 /LAde, Ie = 0) 5.0 - -

Forward Current Transfer Ratio hFE 
(Ie = O. 5 mAde, V CEO 1. 0 Vde) 15 - -
(Ie = 10 mAde, VCE = 1.0 Vde)' 30 - 120 
(Ie = 10 mAde, VCE = 1.0 Vde, TA = -55·C)· 15 - -

Small Signal Forward Current Transfer Ratio "Je -
(Ie = 10 mAde, V CE = 10 Vdc, f = 100 me) 3.0 4.5 -

Colleclor Saturation Voltage VCE(s.l) Vde 
(Ie = ,10 mAde, IB = 1.0 mAde) - 0.2 0.4 
(Ie = 7.0 mAde, In = 0.7 mAdc, TA = -55 to-125~C) - - 0.40 

Base-Emitter Saturation Voltage VBE(s.l) Vde 
(Ie = 10 mAdc, IS = 1. 0 mAde) 0.72 - 0.80 
(Ie = 7.0 mAdc, IB' = 0; 7 mAdc, TA = __ 55°C) - - 0.90 

Output Capacitance. Cob pf 
(VCB = 10 Vde, IE = 0) - 3.0 6.0 

storage Time Is nsee 
(Ie = IBl = 'IB2 = 10 mAde) - 15 25 

Collector -Current IeEX /LAde 
(VCE = 20 Vde, VBE = O. 25 Vde, TA = 125·C) - - 10 

Base Resistance rb' Ohms 
(Ie = 10 mAde, V CE = 10 Vde, f = 300 me) - - 50 

• Pulse Test: Pulse width ~ 300 usec, duty cycle ~ 2% 
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-- Switching and General Purpose Transistors ---

2N 71 0 (GERMANIUM) VCES = 15V 
Ic= 50 rnA 

CASE 22 
(TO-18) 

If)\ PNP germanium mesa transistor for saturated and 
and non-saturated switching applications. 
Collector connected to case 

MAXIMUM RATINGS (At 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCE 15 Vdc 

Collector-Base Voltage VCB 15 Vdc 

Emitter-Base Voltage VEB 2 Vdc 

Collector Current IC 50 mAdc 

Emitter Current IE 50 mAde 

Total Device Dissipation @ T A = 25°C PD 150 mW 

Derate above 25°C 2 mW;oC 

Total Device Dissipation @ T C = 25°C P D 300 mW 

Derate above 25°C 4 mW/oC 

Operating and Storage Junction TJ,Tstg °c 
Temperature Range -65 to +100 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Breakdown Voltage BVCES Vde 
(ICE = 100/lAdc, V BE = 0) 15 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 /lAde, IE = 0) 15 - -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 /lAde, IC = 0) 2 - -

Collector Cutoff Current ICBO /lAde 
(V CB = 6 Vde, IE = 0) - 3 0.2 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 0.5 Vde) 25 - -

Collector Saturation Voltage VCE(sat) Vde 
(Ie = 10 mAde, IB = 0.4 mAde) - 0.5 -
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-- Switching and General Purpose Transistors ---

2N710 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol 

Base-Emitter Saturation Voltage V BE(sat) 
(Ie = 10 mAde, IB = 0.4 mAde) 

Delay + Rise Time td + tr 
(Ie = 10 mAde, IB = 1. 0 mAde) 

Storage Time t s (IBl = 1. 0 mAde, IB2 = 0.25 mAde) 

Fall Time t f 
(IB1 = 1 mAde, Ia2 = 0.25 mAde) 

2N711,A,B (GERMANIUM) 

Min 

0.34 

-

-

-

Typ Max Unit 

Vde 
0.42 0.5 

ns 
60 75 

ns 
65 100 

ns 
70 100 

VCEO =7V 
Ic = 50·100 mA 

fr = 300·320 Me Typ 

CASE 22 
(TO·18) 

PNP germanium mesa transistors for high-speed 
switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N711 2N711A 2N711 B Unit 

Collector-Base Voltage VCBO 12 15 18 Vdc 

Collector-Emitter Voltage VCES 12 14 15 Vdc 

Collector-Emitter Voltage VCEO - 7 7 Vdc 

Emitter-Base Voltage VEBO 1 1.5 2 Vdc 

Collector Current (Continuous) Ie 50 100 100 mAdc 

Emitter Current (Continuous) IE 50 100 100 mAdc 

Junction Temperature TJ • 100 • °c 

storage Temperature Tstg _-65 to+100. I °c 

Device Dissipation @ T C = 25°C PD • 300 , mW 

Derating factor above 25°C • 4 • mWj"C 

Device Dissipation @ T A = 25°C PD • 150 • mW 

Derating factor above 25° C • 2 • mWj"C 
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-- Switching and General Purpose Transistors 

2N711 ,A,B (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Sym Min Typ Max Unit 
Collector-Base Breakdown Voltage BVCBO Vde 

(Ie • 100 p. Adc, IE '" 0) 2N711 12 - -
2N711A 15 - -

(Ie • 20 p.Adc, IE = 0) 2N711B 18 - -
Collector-Emitter Breakdown Voltage BVeES Vde 

(Ie • 100 " Ade) 2N711 12 - -
2N711A 14 - -

(Ie • 20 " Ade) 2N711B 15 - -
Collector-Emitter Breakdown Voltage BVCEO Vde 

(Ie"'" 5 mAde, IS '" 0) 2N711A, 2N711B 7 - -
Emitter-Base Breakdown Voltage BVEBO Vde 

(IE' 0.1 mAde, Ie • 0) 2N711 1.0 - -
2N711A 1.5 - -
2N711B 2.0 - -

Collector-Base Cutoff Current IeBO p.Adc 
(VCB' 5 Vde, IE ·0) 2N711 - 0.2 3.0 

2N711A - - 1.5 

(VCB • 10 Vde, IE • 0) 2N711B - - 1.5 

Emitter-Base Cutoff Current lEBO p.Adc 
(VEB' 1 Vde) 2N711A - - 100 

2N711B 20 

DC Current Gain hFE -
(Ie = 10 mAde, VCE = 0.5 Vde) 2N711 20 30 -

2N711A 25 - 150 
2N711B 30 - 150 

(Ie • 50 mAde, VCE ' 0.7 Vde) 2N711A, 2N711B 40 - -
Collector Saturation Voltage VCE(sat) Vde 

(Ie = 10 mAde, IE := 0.5 mAde) 2N711 - 0.2 0.5 
2N711A - - 0.30 

(Ie = 10 mAde, IB • 0.4 mAde) 2N7l1B - - 0.25 

(Ie = 50 mAde, IB • 2 mAde) 2N711A - - 0.55 
2N711B - - 0.45 

Small-Signal Current Gain hre -
(Ie = 10 mAde, VCE = 5 Vdc, f = 100 me) 2N711A. 2N711B 1.5 - -
(Ie = 10 mAde, VCE = 0.5 Vdc. f = 100 me) 2N711A 1.1 - -

2N711B 1.2 - -
Base-Emitter Voltage VBE Vde 

(Ie = 10 mAde, IS = 0.4 mAde) 2N711 , 2N711A 0.30 0.38 0.44 
2N711B 0.30 - 0.44 

(Ie • 50 mAde, IB • 2 mAde) 2N711A 0.40 - 0.65 
2N711B 0.40 - 0.65 

Collector Output Capacitance Cob pi 
(VCB = 5 Vdc, IE = 0,1= Imc) 2N711A, 2N711B - - 6 

(VCB = 10 Vdc, IE == 0, I = 1 mc) 2N711 - 5.0 -
Fall Timi> tt nsee 

{ 2N711A - - 150 
Figure 1: 2N711B - - 110 

{ 2N711A - - 110 
Figure 2: 2N711B - - 100 

2N711 - 90 150 

Minority, Carrier Storage Time t. nsee 
{ 2N711A - - 150 

Figure 1: 2N711B - - 140 

{ 2N711A - - 120 
Figure 2: 2N711B - - 100 

2N711 - 90 200 

Delay Plus Rise' Time 
Figure 1: { 2N711A, 2N711B 

tct+t" nsee 
- - 100 

Fi 2' { 2N711A, 2N711B - - 75 
gure. 2N711 - 70 100 
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--- Switching and General Purpose Transistors 

2N711,A,B (continued) 
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-- Switching and General Purpose Transistors ---

2N718(SILICON) 
For Specifications, See 2N697 Data Sheet 

2N718A(SILICON) 
2N9S6 
2N1613 
2N1711 

CASE 22 
(TO·IS) 

2N718A 
2N956 

CASE 31 
(TO·S) 

2N1613 
2N1711 

Collector connected to case 

VeER = SOV 
fT = 300 Me Typ 

NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 

MAXIMUM RATINGS 

2Nl613 2N718A 
Characteristic Symbol 2N1711 2N956 Unit 

CTO-5) (TO-I 8) 

Collector-Base Voltage VCBO 75 75 Vdc 

Collector-Emitter Voltage VCER 50 50 Vdc 

Emitter-Base Voltage VEBO 7 7 Vdc 

Total Device Dissipation at 
25°C Case Temperature Pn 3 1.8 Watts 

Derate 17.1 10.3 mW/"C 

Total Device Dissipation at 
25°C Ambient Temperature Pn 0.8 0.5 Watt 

Derate 4.57 2.86 mW/"C 

Junction Temperature TJ -65 to +200 °c 

Storage Temperature Tstg -65 to +200 °c 
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-- Switching and General Purpose Transistors 

2N718A, 2N956, 2N 1613, 2N 1711 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 
Collector Cutoff Current 

(VCB = 60 Vde, IE = 0) 

Collector Cutoff Current 
(VCB = 60 Vdc, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 5 Vde, IC = 0) 2N1613, 2N718A 

2NI711, 2N956 

Collector-Base Breakdown Voltage 
(IC = 100 /lAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(Ie = 100 mAdc, pulsed; RBE ~ 10 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 ~dc, IC = 0) 

Collector Saturation Voltage 
(Ie = 150 mAde, IB = 15 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 150 mAde, IB = 15 mAdc) 

DC Forward Current Transfer Ratio 
(IC = . 01 mAde, VCE = 10 Vdc) 2NI711, 2N956 
(IC = 0.1 mAde, VCE = 10 Vdc) 2N1613, 2N718A 

2NI711, 2N956 
(Ie = 10 mAdc, V CE = 10 Vdc) 2N1613, 2N718A 

2NI711, 2N956 
(IC = 10 mAde, VCE = 10Vdc, TA = -55°C) 2N1613, 2N718A 

2NI711, 2N956 
(IC = 150 mAde, VCE = 10 Vdc)* 2N1613, 2N718A 

2N1711, 2N956 
(IC = 500 mAdc, VCE = 10 Vdc)* 2N1613, 2N718A 

2NI711, 2N956 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kc) 

Input Capacitance 
(VEB = O. 5 Vde, Ie = 0, f = lao ke) 

Small Signal Forward Current Transfer Ratio 
(VCE = 10Vde, IC = 50 mAde, f= 20mc) 2N1613, 2N718A 

2NI711, 2N956 

Current Gain 
(IC=lmAdc, VCE=5Vdc, f=1 ke) 2N1613, 2N718A 

2NI711, 2N956 
(Ic= 5mAdc, VCE=10Vdc, f=1 kc) 2N1613, 2N718A 

2NI711, 2N956 

Input Resistance 
(IC = 1 mAde, VCB = 5 Vde, f = 1 ke) 
(IC = 5 mAdc, VCB = 10 Vdc, f = 1 kc) 

Voltage Feedback Ratio 
(Ie = 1 mAdc, VCB = 5 Vde, f = 1 kc) 2N1613, 2N718A 

2NI711, 2N956 
(IC = 5 mAde, VCB = 10 Vde, f = 1 ke) 2N1613, 2N718A 

2NI711, 2N956 

Output Conductance 
(IC = 1 mAdc, VCB = 5 Vde, f = 1 ke) 
(Ic = 5 mAdc, VCB = 10 Vde, f = 1 ke) 

Noise Figure 
(V CB = 10 Vdc, IC = 300 ~dc, f = 1 ke) 2N1613, 2N718A 

2Nl711, 2N956 

*Pulse Test: Pulse width ;:; 300 Ilsec Duty cycle;:; 2% 
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Symbol Min 

ICBO 
-

ICBO 
-

lEBO 
-
-

BVCBO 
75 

BVCER 
50 

BVEBO 
7 

VCE(sat) 
-

VBE(sat) 
-

hFE 
20 
20 
35 
35 
75 
20 
35 
40 

100 
20 
40 

Cob 
-

Cib 
-

hfe 
3. a 
3.5 

hfe 
30 
50 
35 
70 

hib 
24 
4 

hrb 
-
-
- --

hob 
0.1 
0.1 

NF 
-
-

Typ Max Unit 

/lAde 
.001 · 01 

/lAde 
- 10 

/lAde 
- · 010 
- · 005 

Vde 
- -

Vde 
- -

Vde 
- -

Vde 
0.24 1.5 

Vde 
1.0 1.3 

-
- -
- -
- -
- -
- -
- -
- -
- 120 
- 300 
- -
- -

pf 
4 25 

pf 
20 80 

-
15 -
15 -

-
- 100 
- 200 
- 150 
- 300 

Ohms 
- 34 
- 8 

- 3 x 10-4 

- 5 x 10-4 
- 3 x 10-4 
- 5 x 10-4 

/lmho 
- 0.5 
- 1.0 

db 

- 12 
- 8 



--- Switching and General Purpose Transistors ---

2N122 (SILICON) 
2N1132,A,B 
2N1132 USN/JAN 
2N2303 

VeEo = 35-45 V 
Ie = 500·600 rnA 
fr = 200 Me Typ 

PNP silicon annular transistors for medium-current 
switching applications. 

CASE 22 
(TO·IS) 

2N1132,A 
2N2303 

CASE 31 
(TO·S) 

2N722 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
2N722, 2Nll32, 2N2303 
2N1l32A 
2Nl132B 

Collector-Emitter Voltage 
2N722, 2N1l32, 2N2303 
2N1l32A 
2N1l32B 

Emitter·Base Voltage 
2N722, 2N1l32, 2N1132A, 2N2303 
2N1l32B 

Collector-Emitter Voltage 
(RSE ~ 10 n) 

2N722, 2N1132, 2N1132A, 2N2303 
2N1132B 

Collector Current 
2N2303 
2N1132A, 2N1l32B 

Total Device Dissipation @ TC = 25°C 
TO-5: 2N1132, 2N1132A, 2N1l32B, 2N2303 
Derating Factor Above 25°C 

TO·1S: 2N722 
Derating Factor Above 25°C 

Total Device Dissipation @ T A = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 

TO-1S: 2N722 
Derating Factor Above 25°C 

Junction Temperature 

storage Temperature Range 

8-24 

Symbol Rating Unit 

VCBO Vdc 
50 
60 
70 

VCEO Vdc 
35 
40 
45 

VEBO Vdc 
5 
6 

VCER Vdc 

50 
60 

IC mAdc 
500 
600 

PD 
2 Watts 

13.3 mW/oC 

1.5 Watts 
10 mW/oC 

PD 
0.6 Watt 
4.0 mW/oC 

0.4 Watt 
2.67 mW/oC 

TJ +175 °c 

Tstg -65 to +200 °c 



Switching and General Purpose Transistors 

2N722, 2N1132,A,B, 2N2303 (continued) 

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

Characteristic Types Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

(Ie = 100 "Adc, IE = 0) 2N722, 2N1l32, 2N2303 50 -
2N1l32A 60 -
2N1l32B 70 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 "Ade, Ie = 0) 2N722, 2N1l32, 2N2303 5 -
(IE = I mAde, Ie = 0) 2N1l32A 5 -

2N1l32B 6 -
Collector-Emitter Breakdown Voltage BVCEO Vde 

(Ie = 100 mAde pulsed) 2N722, 2N1l32, 2N2303 35 -
2N1l32A 40 -
2N1l32B 50 -

COllector-Emitter Breakdown Voltage BVCER Vdc 
(Ie = 100 mAde puised, RBE ~ 10 (2) 2N722, 2N1l32, A, 2N2303 50 -

2N1l32B 60 

Collector Cutoff Current leBO /lAde 
(VCB = 30 Vdc, IE = 0) 2N722, 2N1l32, 2N2303 - 1 

(VCB = 30 Vdc,IE = 0, TA = 150°C) 2N722, 2N1l32, 2N2303 - 100 

(VeB = 50 Vdc, IE = 0) 2N1l32A - 0.5 
2N1132B - 0.01 

(VCB = 50 Vde, IE = 0, TA = 1500 C) 2N1l32A - 50 
2N1l32B - 10 

Emitter Cutoff Current lEBO pAde 

(VEB = 5 Vde,le = 0) 2N1l32A - 100 
2N1l32B - 0.1 

(VEB = 2 Vde,le = 0) 2N2303 - 100 

DC Forward Current Transfer Ratio hFE -
(Ie = 5 mAde, VeE = 10 Vdc) 2N722, 2N1l32, A, B 25 -

ZN2303 75 -
I 

(Ie = 150 mAde, VeE = 10 Vde) 2N722, 2N1l32, A, B 30 90 
2N2303 75 200 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 150 mAde, IS = 15 mAde) All Types - 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 150 mAde, IS = 15 mAde) All Types - 1.3 

Output Capacitance Cob pf 
(VeB = 10 Vdc, IE = 0, f = 100 ke) 2N722, 2N1l32, 2N2303 - 45 

(VCB = 10 Vdc, IE = 0, f = 1 me). 2N1l32A, 2N1l32B - 30 

Input Capacitance C1b pf 
(VEB = 0.5 Vde, IE. = O. f = 100 kc) All Types - 80 

Small-Signal Forward Current Transfer Ratio hre -
(IC = 1 mAde, VCE :;. 5 Vdc, f = 1 ke) 2N722,2N1132 25 100 

2Nl132A, 2Nl132B 25 75 
2N2303 75 300 

(Ic = 5 mAde, VCE "" 10 Vde, f = 1 ke) 2N722, 2Nl132, A, B 30 -
2N2303 75 -

Current-Gain.- Bandwidth Produet fT me 
(IC= 50 mAde, VCE :;. 10 Vde, r '" 20 me) All Types 60 -

Small_Signal Input Resistance hib ohms 
(Ie = l.mAde', VCB = 5 Vdc, f:;. 1 kc) 2.5 35 

(Ie = 5 mAde, VCS :;. 10 Vde, f= Ike) 
AU Types - 10 

Small Signal Output Admittanee hob pmhas 
(Ie = 1 mAde, VeE:;' 5 Vde, f = 1 ke) - 1 

(Ie = 5 mAde, VeE = 10 Vde, f :;. 1 ke) 
All Types - 5 

"Small:Signal Voltage:Feedbaek Ratio hrb x 10-4 

(IC = 1 mAde, VeE = 5 Vde, f = 1 ke) - 8 

(Ie = 5 mAde, VeE:;' 10 Vde, f = 1 kc) 
All Types 

8 -
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--- Switching and General Purpose Transistors ---

2N744 (SILICON) 
VCEO = 12V 
Ic= 200mA 
fT = 450 Me Typ 

NPN silicon annular transistor for high-speed switch
ing applications. 

CASE 22 
(TO-18) 

MAXIMUM RATINGS 

Collector connected to case 

Characteristic 

Collector-Base Voltage" 

Collector-Emitter Voltage' 

Emitter-Base Voltage 

Collector DC Current 

Total Device Dissipation at 
25" C Case Temperature 
(Derate 6.67 mW;oC above 25"C) 

Total Device Dissipation at 
25"C Ambient Temperature 
(Derate 2 mWI"C above 25"C 

Junction Temperature 

Storage Temperature 

Symbol 

VCB 

VCE 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

*Refers to the voltage at which the magnitude of h FE approaches one when the 
emitter base diode is open-circuited. 

Rating 

20 

12 

5 

200 

1.0 

0.3 

+200 

-65 to ~ 200 

SWITCHING TIME TEST CIRCUIT CHARGE STORAGE TEST CIRCUIT 

___ C~SV 
_4V"--J- -

400 

, K 

10 Vdc 
(Adjust for 
Ie = 10 mAde) 

Ie = +10 mAde 
IBI = +10 mAde 
IB2 = _10 mAde 

MODEL 303 LUMATRON 
PULSE GENERATOR 
OR EQUIVALENT 

R3 
(HFRI 
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2N744 

04 

(HFRI 
0"' 

501! 
HFR 

Vee 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 

Watt 

·C 

·C 

MODEL 12-AB 
LUMATRON 
OSCILLOSCOPE 
OR EQUIVALENT 



-- Switching and General Purpose Transistors 

2N744· (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current leES /lAde 
(VeE 0 20 Vde, IE 00) , - .005 1.0 
(VeE 0 20 Vde, IB 0 0, TA 0 170 e) - - 100 

Collector Cutoff Current IeEX J.l.Adc 
(VeE 0 10 Vde, VBE 0 0.35 Vde; TA 0 100'C) - - 30 

Emitter Cutoff Current lEBO }jAde 
(VEB 0 5 Vde, IC 0 0) - - 10 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC 0 IOmAde, IB 0 0)' 12 30 -

Forward Current Transfer Ratio hFE -
(IC 0 1. 0 mAde, VCE 0 0.25 Vde) 20 - -
(Ie 0 10 mAde, VCE 0 0.35 Vde) 40 - 120 
(IC 0 10 mAde, VCE 0 O. 30 Vde, TA 0 -55'C) 20 - -
(IC 0 100 mAde, VCE 0 1. 0 Vde)' ?o - -

Small Signal Forward Current Transfer Rat!o hre -
(Ie 0 10 mAde, VCE 0 10 Vdc, r 0 100 me) 2.8 4.5 -

Base-Emitter Voltage VBE Vde 
(IC 0 10 mAde, IB 0 1 mAde) 0.7 - 0.85 
(Ie 0 10 mAde, IB 0 1 mAde, TAO -55'C) - - 1.1 
(IC 0 100 mAde, IB 0 10 mAde)' , - - 1.5 
(Ie 0 100 mAde, IB 0 10 mAde, TA 0 -55 C)' - - 1.6 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC 0 10 mAde, IB 0 1 mAde, TAo 170'C) - - 0.35 
(Ie 0 100 mAde, IR 0 10 mAde, TA 0 170'C)' - - 1.0 

I 
Output Capacitance Cob pr 

(VCB 0 5 Vde, IE 0 0) - 3.0 5.0 

Turn-on Tlme ton nsec 
(Condition 1) - 26 -
(Condition .2) - 10 16 
(Condition 3) - 7 -
(Condition 4) - 6 12 

Turn-off Time toff nsee 
(Condition 1) - 30 -
(Condition 2) - 17 24 
(Condition 3) - 18 -
(Condition 4) - 23 45 

Charge Storage Time Constant TS nsec 
(IC 0 10 mAde, IBI 0 -IB2 0 10 mAde) - . - 18 

• Pulse Test- Pulse width < 300 Ilsec duty cycle < 2% 0 , 0 

ton taf! 

CONDITION IC ~l ~1 VV<l6'ff) VCC RIo R2 R3 R4 R5 VBB VIN VBB VIN 
rnA Vde Il r! Il r! V V V V 

1 3 1 -0.5 -0.9 3.4 6.8K 50 IK 0 -1. 8 10.2 8.4 -10.2 

2 10 3 -1. 5 -1. 5 3.0 3.3 K 50 220 0 -3.0 15.0 12.0 -15.0 

3 50 15 -7.5 -1. 8 4.0 680 50 18 lK -3.5 15.3 * 11. 7 -15.3 

4 100 40 -20.0 -2.4 6.0 330 56 0 lK -4.5 20.0 *15.3 -20.0 

*VBB is pulsed for 1. 5 sec tglless than 10% duty cycle 
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,-- Switching and General Purpose Transistors ---

2N753 (SILICON) 

For Specifications, See 2N706 Data Sheet 

2N827 (GERMANIUM) 

VCES = 20V 
Ic= 100mA 

fr = 350 Me Typ 

PNP germanium mesa transistor for high-speed 
switching applications. 

CASE 22 
(TO-IS) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base voltage VCBO 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEX 

Emitter-Base Voltage VEBO 

Collector Current ( Continuous) IC 

Junction Temperature TJ 

Storage Temperature Tstg 

Device Dissipation @ 25°C PD 
Ambient Temperature 

, (Derate 2mW/oC above 25°C) 
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Rating Unit 

20 Vdc 

20 Vdc 

10 Vdc 

4 Vdc 

100 mAdc 

+100 °c 

-65 to + 100 °c 

150 mW 



-- Switching and General Purpose Transistors ---

2N827 (continued) 

ELECTRICAL CHARACTERISTICS (At = 25°C unless otherwise soecified) 

Characteristic 

Collector-Base Breakdown Voltage 
(Ic = 100 /l Adc, IE =0) 

Collector-Emitter Breakdown Voltage 
(IC= 100 /lAdc, VEB=O) 

Emitter-Base Breakdown Voltage 
(IE= 100 /lAdc, Ie= 0) 

Collector Latch-up Voltage 

Collector-Emitter Cutoff Current 
(VCE =15 Vdc, VEB =0) 

collector-Base Cutoff Current 
(VCB =15 Vdc ) 

DC Forward Current Transfer Ratio 
(IC =10 mAdc, VCE =0.3 Vdc) 

Collector-Emitter Saturation Voltage 
(Ie =10 mAdc, IB =3.3 mAdc) 

Base-Emitter Voltage 
(IC =10 mAdc, IB =3.3 mAdc) 

Small-Signal Forward Current Transfer Ratio 
(IC =10 rnA, VCE =1 V, f= 100 mc) 

Collector Output Capacitance 
(VCB =10 V, IE=O, i=l mc) 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

GENERATOR Z,", :::: 5011 
Vee = -3V 

les:::: -lOmAdc 
II. :::: -3.3mAdc 

r II :::: + 3.3mAdc 

Symbol Min Typ 

BVCBO 
20 22 

BVCES 
20 22 

BVEBO 
4 5 

LVCEX 10 ---
ICES 

--- 0.5 

lCBO 
--- 0.5 

hFE 
100 150 

VCE(sat) 
--- 0.16 

VBE 
--- 0.39 

hfe 
2.5 3.5 

Cob --- 4 

td --- 10 

tr --- 10 

ts --- 15 

tf --- 15 

Max 

---

---

---
---

5 

5 

---

0.25 

0.5 

---

9 

15 

20 

30 

30 

INPUT PULSE t, :::: t, :;;;; 1 nsec 
INPUT PULSE WIDTH = 100 nsec 
(50% DUTY CYCLE) 

SWITCHING TIME TEST CIRCUIT 
SCOPE 

Z'N::: 1 Megll 

C'N ~ 20pf 

t,:=;lnsec 

8-29 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

/lAdc 

/l Adc 

---

Vdc 

Vdc I 
---

pi 

nsec 

nsec 

nsec 

nBec 
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-- Switching and General PlJrpose Transistors 

2N828 (GERMANIUM) 

VcEs =15V 
Ic =200mA 

fT = 400 Me Typ 

PNP germanium epitaxial mesa transistor for high
speed switching applications. 

CASE 22 
(TO-IS) Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector-Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

T J' Tstg 

Rating Unit 

15 Vdc 

15 Vdc 

2.5 Vdc 

200 mAdc 

150 mW 

2 mW/oC 

300 mW 

4 mW/oC 

-65 to +100 °c 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT WAVEFORM 

"'" "--I-m t-
_5.4V 

~--
_4.4v 

INPUT WAVEFORM 

PULSE VOLTS 
INTERNAL RESISTANCE 

200 !l 4.8K 

TYPE R SAMPLING RESISTOR 
2800 200 

NOTE, 

rill:::: _lmA 

l[l~:::: +O.2SmA 

Ie :::: _lOrnA 

_3Vdc (APPROXI 

(ADJUST FOR Ie :::::: _lOrnA) 

USE TEKTRONIX TYPE R PLUG-IN 

FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

PULSE VOLTS 
INTERNAL RESISTANCE 

50 !l 350 !l 
O--'~NY--------~v---~ 

8-30 

TYPE R SAMPLING RESISTOR 

gaOn 20n 

_lOVdc (APPROX) 

NOT£: (ADJUST FOR It.: = lOrnA) 

I", :::: _O.IOmA 

II<!:::: +lOmA 

1(,; = _lOrnA 



--- Switching and General Purpose Transistors 

2N828 (continued) 

INPUT WAVEFORM 

SKL MODEL 503 
PULSE GENERATOR 

FIGURE 3 - RISE TIME FACTOR 

5H! 
HFR 

3K HfR 

O.lpF 

O.OOl,uF 

FIGURE 4 - STORAGE AND FALL TIME TEST CIRCUIT 

OBSERVE 
+1.05V SCOPE TRIGGER INPUT HERE O.OI~f 

HEWLETT PACKARD 
MOOEl 185 SAMPLING 

OSCILLOSCOPE 

12S!! 
HFR 

-3.0Vdc 

HEWLETT·PACKARO 

MODEL 185 SAMPLING 
OSCILLOSCOPE 

T HfR 
O~ ~I>-o-----H 1251) 

INPUT WAVEfORM : ::: ~:~ ~_-IIf--__ ~ __ O_.O-'0II~~_f_~ 

O.l,JLF O.l.u F 

-7.SYdc _3.0Vdc 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC = 1 mAde, IB = 0) - 10 -

Collector-Emitter Breakdown Voltage BVCES Vde 
(Ic = 100 /lAde, V BE = 0) 15 25 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100/lAde, IE = 0) 15 25 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 /lAde, IC = 0) 2.5 - -

Collector Cutoff Current ICBO /lAde 
(VCB = 6 Vde, IE = 0) - 0.4 3 

. ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 0.3 Vde) 25 40 -

Colleetor- Emitter Saturation Voltage (V CE(sat) Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.12 0.2 

(IC = 50 mAde, IB = 5 mAde) - 0.18 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 1 mAde) 0.34 0.39 0.44 
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Switching and General Purpose Transistors ---

2N828 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 
DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 10 mAde, V CE = 1 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE" 0) 

Small Signal Current Gain 
(IC = 10 mAdc, V CE = 1 Vdc, f = 100 MHz) 

Delay Plus Rise Time (Figure 1) 

Storage Time (Figure 1) 

Fall Time (Figure 1) 

Charge Storage Time Constant (Figure 2) 

Rise Time (Figure 3) 

storage Time (Figure 4) 

Fall Time (Figure 4) 

2N828A (GERMANIUM) 

2N829 

Symbol 

fT 

Cob 

hfe 

td + tr 

ts 

tf 

TS 

t r 

t s 

tf 

Min 

300 

-

3 

-

-
-

-

-

-

-

Typ Max Unit 

MHz 
400 -

pF 
3.5 -

-
4 -
50 70 ns 

33 50 ns 

35 50 ns 

14 25 ns 

7 - ns 

5 - ns 

3 - ns 

VcEs =15V 
Ic =200mA 
fT = 300 Me Min 

\

ollector connected to case 

CASE 22 PNP germanium epitaxial mesa transistors for high-
(TO·lS) speed switching applications 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector to Base Voltage VCBO 15 Vdc 

Collector to Emitter Voltage VCES 15 Vdc 

Emitter to Base Voltage VEBO 2.5 Vdc 

Collector Current (Continuous) Ie 200 mAde 

Total Device Dissipation at 25°C case P D 300 mW 

Temperature (Derate 4. Omw/"e above 25'e) 

Total Device Dissipation at 25°C P D 150 mW 

Ambient Temperature (Derate 2. Omw/"C) 

JUnction Temperature T. +100 'e 
J 

Storage Temperature Tstg -65 to +100 'e 
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--- Switching and General Purpose Transistors 

2N828A,2N829(continued) 

ELECTRICAL CHARACTERISTICS (At 2SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector to Base Breakdown Voltage BVCBO 15 25 -- Vdc 

IE = 0, IC = -lOOI''Adc 

Collector to Emitter Breakdown BVCES 15 25 -- Vdc 

Voltage 

BEB = 0, IC = -lOOP,Adc 

Emitter to Base Breakdown Voltage BVEBO 2.5 -- -- Vdc 

IC = 0, IE = -1001' Adc 

Collector Cutoff Current ICBO -- .4 3 I'Adc 

IE = 0, V CB = -6Vdc 

Forward Current Transfer Ratio hFE -- --
IC = -lOmAdc, V CE = -.3Vdc 2N828A 25 40 

2N829 50 80 

Forward Current Transfer Ratio hfe -- --
IC = -150mAdc, V CE = -IVdc 2N828A 25 40 

2N829 50 80 I 
Collector Saturation Voltage V CE(sat) -- Vdc 

IC = -IOmAdc, IB = -1.0 mAdc 2N828A 0.11 0.20 

IC = -lOmAdc, IB = -0. 5mAdc 2N829 0.11 0.20 

Collector Saturation Voltage V CE(sat) -- -- 0.25 Vdc 

IC = -50mAdc, ~ = -5.0mAdc 

Collector Saturation Voltage V CE(sat) -- Vdc 

IC = -150mAdc, IB = -15mAdc 2N828A 0.35 0.50 

IC = -150mAdc, IB = -7. 5mAdc 2N829 0.38 0.50 

Base to Emitter Voltage VBE Vdc 

IC = -lOmAdc, IB = -lmAdc 2N828A 0.34 0.40 0.44 

IC = -lOmAdc, IB = -0. 5mAdc 2N829 .10 0.38 0.44 

Base to Emitter Voltage VBE -- Vdc 

IC = -150mAdc, IB = -15mAdc 2N828A 0.70 0.85 

IC = -150mAdc, IB = -7.5mAdc 2N829 0.65 0.85 

Collector Capacitance Cob -- 2.2 4 pi 

IE = 0, VCB = -6Vdc 

8-33 



I 

-- Switching and General Purpose Transistors 

2N828A,2N829(continued) 
ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 

VEB = lVdc 

Small Signal Forward Current 
Transfer Ratio 

IC = -lOmAdc, V CE = -lVdc, f = 100mc 

Current Gain Bandwidth Product 

V CE = -1 Vdc, IC = -lOmAdc, f = 100mc 

Delay Plus Rise Time (Fig. 1) 
IC = -lOmAdc 

storage Time (Fig. 1) 
IC = -10mAdc 

Fall Time (Fig. 1) 
IC = -10mAdc 

Total Control Charge (Fig. 3) . 

IC = -lOmAdc 

Delay Plus Rise Time (Fig. 2) 

IC = -150mAdc 

Turn Off Time (Fig. 2) 

IC = -150mAdc 

Total Control Charge (Fig. 4) 

IC = -150mAdc 

FIGURE 1 - lOrnA SWITCHING TIME 
TEST CIRCUIT 

SAMPLING 
RESISTOR 

280 20 

rnpUT 
SIGNAL 

PULSE 
VOLTS 
INTERNAL 
RESISTANCE 

..---'W'v-..... Wlr--Q -3. 1 Vdc 

+1. 25 Vdc 
SCOPE Vout 

0-U 0-"""'00,."... ... 4". 6"K~ Ie '" -lOmAdc 
IBI = -lmAdc 

-5.4 VDC IB2 = +0. 25mAdc 
VBE (0) '" +1. 25Vdc 

SCOPE INPUT IMPEDANCE = IMegohm 
SCOPE INPUT CAPACITANCE", 20pf 
GENERATOR OUTPUT IMPEDANCE", 50 ohms 
INPUT PULSE tr '" t f = 2nsec 

FIGURE 3 - lOrnA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

"'ADJUST V BB FOR -5.4 VOLT PULSE AT POINT A 

300 
-3.1Vdc 

100 A 

U 
-5.4 Vdc 
AT POINT A 100 j HgRELAY -= 

~
-90% 

- I 20mV 
-. 10%-; -- r MAX 

lOnsec MAX ~ l.- r 

Symbol Min Typ Max 

Cib -- 2.2 3.5 

hfe 3.0 4.0 --

ft 300 400 --

td+tr -- 35 50 

ts -- 30 50 

tf -- 30 50 

QT -- 50 80 

td+tr -- 25 50 

toff -- 60 100 

QT -- 120 175 

FIGURE 2 -150rnA SWITCHING TIME 
TEST CIRCUIT 

INPUT 
SIGNAL 

PULSE 
VOLTS 
INTERNAL 
RESISTANCE 

+1.9 Vdc 100 900 

SAMPLING 
RESISTOR 

46 , 

Ie 

Unit 

pf 

--

Mc 

nsee 

nsee 

nsee 

pC 

nsee 

nsee 

PC 

-7.75Vdc 

SCOPE Vout 

0- U-'OJ>MrJWv--C lSI =< -7. 5mAdc 
IB2 ::: +1. 9mAdc 

-8.2 Vdc VBE(O) == +1. 9Vdc 

SCOPE INPUT IMPEDANCE", IMegohm 
SCOPE INPUT CAPACITANCE", 20pf 
GENERATOR OUTPUT IMPEDANCE::: 50 ohms 
INPUT PULSE tr ::: t[ ::: 2nsec 

FIGURE 4 - l50mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

*ADJUST VBS FOR -8 VOLT PULSE AT POINT A 
50 

-7.75 Vdc 

u 
'/Hg RELAY -= 
l~--90% 'OmV 
- MAX rO%--1.2 -_£ 

lOnsec MAX -...I ~ r 

-8 Vdc 
A T POINT A 100 
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--- Switching and General Purpose Transistors ---

2N834 
2N835 

(SILICON) V CES = 20·30 V 
Ic=200mA 

fr = 500 Me Typ 

\:\ 
NPN silicon epitaxial mesa transistors for high

speed switching applications. 
"\ 

CASE 22 
(TO-18) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous Peak 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @TC = 25°C 

Derate above 25°C 

Total Device Dissipation @ T C = 

Derate above 100°C 

100°C 

Operating and storage Junction 
Temperature Range 

FIGURE 1 - TURN-ON AND TURN-OFF 

TIME MEASUREMENT CIRCUIT 

t..:Y .. =-4Vde r---y 
ov-----'----t

Y,,=+21Vdc 

+ 3\1 •• 

O.l~1 

/:,,,.-.....,,,,,,,'-1 !-O 
v ... 

1 ... ,Y .. =+15Vde Y,.=-19Vdc 

ov~ 

Symbol 2N834 2N835 Unit 

VCES 30 20 Vdc 

VCB 40 25 Vdc 

VEB 5 3 Vdc 

Ie 200 mAdc 

P D 0_3 Watt 

2 mW/oC 

P D LO Watt 

6_67 mW/oC 

PD 0_ 5 Watt 

6_67 mW/oC 

TJ,Tstg -65 to + 175 °c 

FIGURE 2 - CHARGE STORAGE TIME 

CONSTANT MEASUREMENT CIRCUIT 

~ 
v,~ 150 

+11\1 

NOTE: AlrSWITCHlfiG TIMES MEASURED WITH LUMATRON MOOEl42D SWITCHING TIME TEST SET OR EQUIVAlENT. 
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-- Switching and General Purpose Transistors 

2N834, 2N835 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 MAde, IE = 0) 2N834 40 -

2N835 25 -
Emitter-Base Breakdown Voltage BVEBO Vde 

(IE = 10 MAde, IC = 0) 2N834 5 -
2N835 3 -

Collector Cutoff Current ICES MAde 
(VCE = 30 Vde, VBE = 0) 2N834 - 10 

(VCE = 20 Vde, VBE = 0) 2N835 - 10 

Collector Cutoff Current ICBO MAde 
(V CB = 20 Vde, IE = 0) - 0.5 

(V CB = 20 Vde, IE = 0, T A = 150oC) - 30 

ON CHARACTERISTICS 

• • DC Current Gain hFE -
(IC = 10 mAde, V CE = 1 Vde) 2N834 25 -

2N835 20 -
Collector-Emitter Saturation Voltage (VCE(sat) Vde 

(IC = 10 mAde, IB = 1 mAde) 2N834 - 0.25 
2N835 - 0.30 

(IC = 50 mAde, IB = 5 mAde)' 2N834 - 0.4 
2N835 - -

• • Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 10 mAde, IB = 1 mAde) - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 2N834 350 -

(IC = 10 mAde, V CE = 15 Vde, f = 100 MHz) 2N835 300 -
High-Frequency Current Gain I hfel -

(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 2N834 3.5 -
(IC = 10 mAde, V CE = 15 Vde, f = 100 MHz) 2N835 3.0 -

Output Capacitance Cob pF 
(VCB = 10 Vde, ~ = 0, f = 100 kHz) - 4.0 

Charge-Storage Time Constant (Figure 2) ts ns 
(IC = 10 mAde, 181 = IB2 = 10 mAde) 2N834 - 25 

2N835 - 35 

Turn-On Time (Figure 1) t ns 
(IC = 10 mAde, IB1 = 3 mAde, IB2 = 1 mAde) 2N834 on - 33 

2N835 - 20 

Turn-Off Time (Figure 1) toff ns 
(IC = 10 mAde, IB1 = 3 mAde, 1B2 = 1 mAde) 2N834 - 75 

2N835 - 35 

• Pulse Test: Pulse Width ~ 12 ms, Duty Cycle ~ 2% 
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-- Switching and General Purpose Transistors ---

2N834, 2N835 (continued) 

RISE TIME FACTOR 
2.4 

2.0 2.2 ;;:. .. ' 
- 1.8 c 

< 

i 1.6 

c 

:!' I.. 

" ;:: 

1\ 
\ 
\ 
\ 
\ 

"-
""-

2.0 
z 

~ 1.8 

z 1.6 
~ 1.4 
~ 
0 
0 1.2 
'" '" 1.0 

< 0.8 

~ 0.6 

'" 
1.2 

'" 
.......... t-.,. 

0.4 
.it 

0.2 

1.0 o 
1 10 20 

2N838 (GERMANIUM) 

./ 
..,,-

I-

0.1 

NORMALIZED CURRENT GAIN 
CHARACTERISTICS 

./ 
f-" 

....... 1-"" 

-

Vc.:::: 1 volt 

III 
T,~L!oI ..... 

T, = +100 I ........ -,...- I II ~ 
TJ :::: +25 -,..- l II r-.. 
T~ I I 55'C-f-

III 
III I 

1 10 100 
ie• COLLECTOR CURRENT ImAdel 

VCES =30V 
Ic = 100mA 
fr = 300 Me 

CASE 22 
(TO-IS) \ PNP germanium epitaxial mesa transistor for high

speed switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 30 Vdc 

Collector- Emitter Voltage VCES 30 Vdc 

Collector-Emitter Voltage VCEX 15 Vdc 

Emitter-Base Boltage VEBO 2.5 Vdc 

Collector Current (Continuous) IC 100 mAdc 

Junction Temperature TJ +100 °c 

Storage Temperature Tstg -65 to+ 100 °c 

Device Dissipation @ 25°C PD 150 mW 
Ambient Temperature 
(Derate 2mW/oC above 25°C) 
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--- Switching and General Purpose Transistors 

2N838 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC =100 /l Adc, IE =0) 30 35 ---

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC = 100 !lAdc, VEB =0) 30 35 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 /l Adc, IC = 0) 2.5 4.5 ---

Collector Latch-up Voltage LVCEX Vdc 
(see Figure 2) 15 --- ---

Collector-Emitter Cutoff Current ICES /lAdc 
(V CE =15 Vdc, V EB =0) --- I 10 

Collector-Base Cutoff Current ICBO !lAdc 
(VCB=15V) --- I 10 

DC Forward Current Transfer Ratio hFE ---
(IC = 10mAdc, V CE = 0.3 Vdc) 30 70 ---

Collector-Emitter Saturation VoltaGe VCE(sat) Vdc 
(IC =10 mAdc, IB =3.3 mAdc) --- 0.1 0.18 

Base-Emitter Voltage VBE Vdc 
(IC = 10 mAdc, IB =3.3 mAdc) --- 0.39 0.5 

Small-Signal Forward Current Transfer Ratio hfe ---
(IC=10 rnA, VCE=lV, f=100 mc) 3 4.5 ---

Collector Output Capacitance Cob pf 
(VCB =10 V, IE=O, f=l me) --- 2 4 

Delay Time (Figure 1) td --- 10 15 nsec 

Rise Time (Figure 1) tr --- 7 15 nsec 

Storage Time (Figure 1) ts --- 10 20 nsec 

Fall Time (Figure 1) 1f --- 10 20 nsec 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 - AREA OF PERMISSIBLE LOAD LOCI 

GENERATOR lo,' :::: 50!2 
Vee;:: -3V 

INPUT PULSE t, ::::: t, ~ J nsec 

INPUT PULSE WIDTH;::: 100 nsec 
(Sq,% DUTY CYCLE) 

Ics = -lOmAdc 

1., == -3.3mAdc 

111 ;::: +3.3mAdc 

SCOPE 

Z,N::::: 1 Mego 

C'N~20pf 

t,:=:: 1 nsec 

.s 
z 

~ 

0 

u 

0 

~ 
20 

Vee, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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--- Switching and General Purpose Transistors 

2N869 (SILICON) 

2N995 ~ 

" 
CASE 22 

(TO· IS) 

V cso = 20-25 V 
fr = 300 Me Typ 

PNP silicon annular transistors for high-frequency 
general-purpose amplifier applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Types Rating Unit 

Base Voltage VCBO 2N869 25 Volts 
2N995 20 Volts 

Collector-Emitter Voltage VCEO 2N869 18 Volts 
2N995 15 Volts 

Emitter-Base Voltage VEBO 2N869 5 Volts 
2N995 4 Volts 

Total Device Dissipation PD Both 
at 25°C Case Temperature Types 1.2 Watts 
at 100°C Case Temperature 0.68 Watt 
(Derate 6.86 mW/oC above 250C) 

Total Device Dissipation PD Both 
at 25°C Ambient Temperature Types 0.36 Watt 
(Derate 2.06 mW/oC above 25°C) 

Storage Temperature T stg Both -65 to +200 °c 
Types 

Junction Temperature Tj Both +200 °c 
Types 
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--- Switching and General Purpose Transistors ---

2N869, 2N995 (continued) 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-BaDe Breakdown Voltage BVCBO Volts 
(IC = 10 "Adc, IE = 0) 2N869 25 --- ---

2N995 20 --- ---
Collector-Emitter Sustaining Voltage * V CEO (sust) * Volts 

(IC = 10 mAdc, IB = 0) 2N869 18 --- ---
2N995 15 --- ---

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 "Adc, IC = 0) 2N869 5 --- --- Volts 

2N995 4 --- ---
Collector Cutoff Current ICBO " Adc 

(YCB = -15 Vdc, IE" 0) 2N869 --- --- 010 
2N995 --- --- . 005 

(VCB = -15 Vdc, IE = 0, TA = 1500 C) Both Types --- --- 25 

Emitter Current lEBO " Adc 
(YEB = 4.0 Vdc, Ie = 0) 2N995 --- --- 10 

Collector Saturation Voltage VCE (sat) Volt 
(IC = 10 mAdc, IB = 1.0 mAde) 2N869 --- 0.17 1.0 
(IC = 20 mAdc, IB = 2.0 mAde) 2N995 --- --- 0.2 

Base Saturation Voltage VBE (sat) Volt 
(IC = 10 mAdc, IB = 1.0 mAde) 2N869 --- 0.78 1.0 
(Ic = 20 mAde, IB = 2.0 mAde) 2N995 --- --- 0.95 

DC Forward-Current Transfer Ratio * hFE * ---
(IC = 10 mAde, VCE = -5.0 Vde) 2N869 20 --- 120 
(IC = 1.0 mAde, VCE = -1.0 Vde) 2N995 25 --- ---
(IC = 20 mAde, VCE = -1.0 Vde) 2N995 35 --- 140 
(IC = 50 mAde. VCE = -1.0 Vde) 2N995 25 --- ---

Open-Circuit Output Capacitance Cob pf 
(VCB = -10 V, IE = 0) 2N869 --- 3 9 

2N995 _. - 3 10 

Open-Circuit Input Capacitance Cib pf 
(VEB = -0.5 V, Ie = 0) Both 'Types --- 7 il 

Small-Signal Forward-Current 
Transfer Ratio hfe ---

(IC = 10 mA, VCE = -15 V, f = 100 Me) 2N869 1.0 3.0 ---
(IC = 10 mA, VCE = -10 V, f = 100 Mc) 2N995 1.0 3.0 ---

'Pulse Note: Pulse Width = 300 ~ sec, Duty Cycle 1% 
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Switching and General Purpose Transistors --

2N914 (SILICON) VCEO = 15 V 
fT = 500 Me 

" 
NPN silicon annular transistor for high- speed switch

ing applications_ 

CASE 22 Collector connected to case 
(TO-1S) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Emitter Voltage VCER Vdc 
(RBE ~ 10 ohms) 20 

Collector - Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current * IC * 150* mAdc 

Total Device Dissipation @ T A = 25°C P D 0.36 Watt 

Derate above 25°C 
2.06 mWjOC 

Total Device DisSipation @ T C = 25°C P D 1.2 Watts 

Derate above 25°C 6.9 mWjOC 

Total Device Dissipation @ T C = 100°C P D 0.68 Watt 

Operating Junction Temperature Range TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

*Limited by Power Dissipation 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT Too and Toff TEST CIRCUIT 

OV I r 
-9V U 

INPUT PULSE 
Rise Time ~ 1 nsec 

500 Source Impedance 

0.1 1 ,. 
+7V 

+5V 

= 

240 

OUTPUTTO 
SAMPLING OSCILLOSCOPE 

Rise Time ~ 1 nsec 
500 Input Impedance 

P W ;:;:: 200 nsec 
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INPUT PULSE 
"Rise Time ~ 1 nsec 
50n Source Impedance 

0.1 

-4V 

+5V 

= 

23 

~ 
lK 

OUTPUT TO 
SAMPLING OSCILLOSCOPE 

Rise Time === 1 nsec 
500 Input Impedance 

p W ~ 200 nsec 

I 



--- Switching and General Purpose Transistors 

2N914 (continued) 

ELECTRICAL CHARACTER ISTICS (At 25" unless otherwise specified.) 

Cha racteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 
(IC = 30 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage* 
(IC = 30 mAde, ~E ~ 10 ohms) 

Collector-Base Breakdown Voltage 
(IC = 1 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = lO/lAde, IC = 0) 

Collector Cutoff Current 
(V CE = 20 Vde, V EB(off) = 0.25 Vde, T A = 1250 C) 

Collector Cutoff Current 
(V CB = 20 Vde, IE = 0) 

(V CB = 20 Vde, IE = 0, TA = 1500 C) 

Emitter Cutoff Current 
(VBE = 4 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain * 
(IC = 10 mAde, V CE = 1 Vde) 

(IC = 10 mAde, V CE = 1 Vde, T A = -550 C) 

(IC = 500 mAde, V CE = 5 Vde) 

Collector-Emitter Saturation. Voltage 
(IC = 200 mAde, IB = 20 mAde)· 

(IC = 10 IB = 1 mAde thru 20 mAde; T A = -55 to +1250 C) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 20 mAde, V CE = 10 Vde, f = 100 MHz). 

Output Capacitance 
(V CB = 10 Vde, IE = 0) 

Input Capacitance 
(VBE = 0.5 Vde, IC = 0) 

Charge Storage Time Constant ** 
(IC = IB1 = IS2 = 20 mAde) 

Turn-On Time ** 
(IC = 200 mAde, IB1 = 40 mAde, IB2 = 20 mAde) 

Turn-Off Time** 
(IC = 200 mAde, lBl = 40 mAde, lB2 = 20 mAde) 

'Pulse Test: Pulse Width = 300/ls, Duty Cycle ~ 1% 
"Measured on Sampling Scope: Pulse Width ~ 200 ns 
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Symbol Min 

BV CEO(sus)* 
15 

BV CER(sus)* 
20 

BVCBO 
40 

BVEBO 
5.0 

ICEX 
-

lCBO -
-

lEBO -

hFE * 
30 

12 

10 

V CE(sat) -

-

VBE(sat) 
0.70 

fT 
300 

Cob -

Cib 
-

T ** s -

t ** on -

toff *' 
-

Max Unit 

Vde 
-

Vde 
-

Vde 
-

Vde 
-

/lAde 
10 

/lAde 
0.025 

15 

/lAde 
0.1 

-
120 

-
-

Vde 
0.70 

0.25. 

Vde 
0.80 

MHz 
-

pF 
6.0 

pF 
9.0 

ns 
20 

ns 
40 

ns 
40 



--- Switching and General Purpose Transistors ---

2N915 (SILICON) [II VCEO = 50V 
hFE = 50 

fT = 400 Me Typ 

CASE 22 
(TO·18) 

NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Max Unit 

Collector-Base VoltaK€ VCBO 70 Vdc 

Collector-Emitter Voltage VCEO 50 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation PD 
@ 25°C Case Temperature 1.2 W 
Derating Factor Above 25° C 6.9 mWrC 

Total Device Dissipation PD 
@ 25°C Ambient Temperature .36 W 
Derating Factor Above 25° C 2.06 mWrC 

Junction 'Temperature, T J +200 °c 
Operating 

Storage Temperature Range Tstg -65 to + 200 'c 
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-- Switching and General Purpose Transistors ---

2N915 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector Cutoff Current 
IE = 0 VCB = 60V 

Collector Cutoff Current @ 150°C 
IE = 0 VCB ~ 60V 

Collector Breakdown Voltage 
IC = 100 Il A IE = 0 

Collector to Emitter Sustaining Voltage 
IC = lOrnA IB = 0 

Emitter Breakdown Voltage 
IC = 0 IE = 100 IlA 

Base Saturation Voltage 
IC = lOrnA IB = 1. OmA 

Collector Saturation Voltage 
IC = lOrnA IB = 1. OrnA 

DC Pulse Current Gain 
IC = lOrnA VCE = 5.0V 

Output Capacitance 
IE = 0 VCB = lOV 

Emitter Transition Capacitance 
IC = 0 VEB = 0.5V 

High Frequency Current Gain 
IC = lOrnA V CE = l5V 

Small Signal Current Gain C 

IC = LOrnA VCE = 5.0V 

IC = 5.0l)1A V CE = 5.0V 

Input.Resistance C = Ike 

IC = LOrnA VCE = 5.0V 

IC = 5.0mA VCE = 5.0V 

Output Conductance C = Ike 
IC = 1. OmA 

IC = 5.0mA 

'pw = 300 Ils 
duty cycle .<; 1% 

VCE = 5.0V 

VCE = 5.0V 

C = 100me 

= Ike 

Symbol Min Max 

ICBO 10 

ICBO 30 

BVCBO 70 

*VCEO 50 

BVEBO 5.0 

VBE(sat) 0.9 

V CE(sat) 1.0 

hFE 50 200 

Cab 3.5 

CTE 10 

hCe 2.5 

hCe 40 200 

50 250 

h. 6000 
Ie 

2000 

h oe 75 

125 

8·44 

Unit 

nA 

Il A 

Volts 

Volts 

Volts 

Volts 

Volts 

pC 

pC 

ohms 

ohms 

jlmha 

Ilmha 



-- Switching and General Purpose Transistors ---

2N916 (SILICON) VCEO = 25 V 
hFE = 50 

fT = 400 Me Typ l{), Collector connected to case 

CASE 22' \ NPN silicon annular transistor for high-frequency 
(TO-1S) amplifier, oscillator and switching applications. 

MAXIMUM RATINGS 

Characteristic Symbol Max Unit 
Collector -Base Voltage VCBO 45 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation PD 
@ 25°C Case Temperature 1.2 W 
Derating Factor Above 25°C 6_ 9 mW/'C 

Total Device Dissipation PD 
@ 25G C Ambient Temperature .36 W 
Derating Factor Abov~ 25°C 2.06 mW/oC 

Junction Temperature, Operating TJ +200 °c 

Storage Temperature Range Tstg -65 to +300 °c 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 
Collector Cuto!! Current ICBO 10 nA 

IE = 0 VCB = 30V 

Collector Cuto!! Current ©l150° C ICBO 10 IlA 
IE = 0 VCB = 30V 

Collector Breakdown Voltage BV CBO 45 Volts 
IC = 10llA IE = 0 

Collector to Emitter Sustaining Voltage *VCEO 25 Volts 
IC = 30mA IB = 0 

Emitter Breakdown Voltage BV EBO 5.0 Volts 
IC = 0 IE = 10llA 

Base Saturation Voltage VBE(sat) 0.9 Volts 
IC = lOrnA IB = LOrnA 

Collector Saturation Voltage V CE(sat) 0.5 Volts 
IC = lOrnA IB ~ 1. OmA 

DC Pulse Current Gain *hFE 50 200 
IC = lOrnA V CE = 1.0V 

Output Capacitance Cob 6.0 pI 
IE = 0 VCS = 5.0V 

Emitter Transition Capacitance CTE 10 pI 
IC = 0 VES = 0.5V 

High Frequency Current Gain I = 100mc hIe 3.0 
IC = lOrnA V CE = 15V 

Small Signai Current Gain I = Ikc hIe 40 200 
IC = 1. OmA V CE = 5.0V 

IC = 5.0I\lA V CE = 5.0V 50 250 

Input Resistance I = Ikc h. 6000 ohms 
IC = 1. OmA V CE = 5.0V 

l€ 

IC = 5.0mA VCE = 5.0V 2000 ohms 

Output Conductance I = I kc hoe 75 Ilmho 
IC = 1. OmA V CE = 5.0V 

IC = 5.0mA VCE = 5.0V 125 Ilmho 

*pw = 300llS duty cycle ~ 1% 
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-- Switching and General Purpose Transistors ---

2N929 (SILICON) 

2N930 
VCEO = 45 V 
NF = 3·4 db @ 10 cps to 15.7 Kc 

\ NPN silicon annular transistors for low-level, low
noise amplifier applications. 

CASE 22 
(TO-IS) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@TA =25'e 

Derating Factor above 25°C 

Total Device Dissipation 
@Te =25'e 

Derating Factor above 25°C 

Junction Temperature, Op. 

Storage Temperature Range 

Symbol 

VeEO 

V EBO 

Ie 

PD 

PD 

TJ 

Tstg 
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Rating Unit 

45 Vdc 

5 Vdc 

.030 Adc 

0.3 Watt 

2.0 mWl'e 

0.6 Watt 

4.0 mWI'C 

175 'c 

- 65 to +300 'e 



-- Switching and General Purpose Transistors 

2N929, 2N930 (continued) 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic 

Collector- Emitter Breakdown Voltage* 
IC = 10. rnA, IB = 0. 

Emitter-Base Breakdown Voltage 
IE = 10 nA, IC = 0. 

Collector- Base Cutoff Current 
V CB = 45 V, IE = 0. 

Collector-Emitter Cutoff C,Jrrent 
V CE = 45 V, V EB = 0. 

VCE =45V, VEB=o., TA = 170.·C 

Collector-Emitter Cutoff Current 
V CE = 5 V, IB = 0. 

Emitter- Base Cutoff Curre"nt 
V EB = 5 V, IC = 0. 

DC Forward Current Transfer Ratio 
IC = 10 !lA,. V CE = 5 V 

IC = 10 !lA, VCE = 5 V, TA = -55"C 

IC = 50.0. !lA, V CE = 5 V 

Ic = 10. rnA, V CE = 5 V* 

Collector- Emitter Saturation Voltage* 
Ie = 10 rnA, IB = . 5 rnA 

Base- Emi tter Voltage* 
IC = 10. rnA, IB = .5 rnA 

Output Capacitance 
V CB = 5 V, IE = 0., I = 1 me 

High-Frequency Current Gain 
IC = 50.0. !lA, V CE = 5 V, I = 3D rnc 

Small-Signal Current Gain 
IC = 1. 0. rnA, V CE = 5 V, I = 1 kc 

Input Resistance 
IC = 1. 0. rnA, V CB = 5 V, I = 1 kc 

Output Conductance 
IC = 1. 0. rnA, V CB = 5 V, f = 1 kc 

Voltage Feedback Ratio 
IC = 1.0. rnA, V CB = 5 V, I = 1 kc 

Noise Figure 
IC = 10. !lA, V CE = 5 V, I = 10. cps to 

15.7 kc, R = 10. K.Q 

*Pulse Conditions: Width 50 300 J-Lsec 
Duty Cycle ~ 2% 

Symbol Min 

BV CEO 45 

BV EBO 5 

ICBO 

ICES 

ICED 

lEBO 

2N929 
hFE 

40. 
2N930. 10.0. 
2N929 10 
2N930. 20. 
2N929 60. 
2N930. 150. 
2N929 
2N930. 

V CE(sat) 

V BE 0..6 

Cob 

hie 1.0. 

2N929 
hie 

60. 
2N930. 150. 

hib 25 

hob 

hrb 

NF 

2N929 
2N930. 

8-47 

Max Unit 

V 

V 

.0.10 "A 

"A 
.0.10 

10 

.0.0.2 "A 

.0.10. "A 

-
120. 
30.0. 

350. 
60.0. I 
1.0. V 

1.0. V 

B.o. pi 

-

-
350. 
60.0. 

32 ohms 

1.0. ,umho 

60.0. X10. 6 

db 

4.0. 
3.0. 



-- Switching and General Purpose Transistors ---

2N9S6 
For Specifications, See 2N718A Data Sheet 

2N960 (GERMANIUM) 

2N961 

2N962 
2N962 USA/JAN 
2N964 
2N964 USA/JAN 
2N965 
2N966 

VCE = 12-15 V 
Ic = 100mA 
f r = 460 Me 

PNP germanium epitaxial mesa transistors for high
speed switching applications. 

CASE 22 
(TO-IS) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector - Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 
Derate above 25°C 

Total Device Dissipation @ T C = 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

NORMALIZED 0 C CURRENT TRANSFER RATIO 
versus COllECTOR CURRENT 

2.0 

1.5 

1.2 

1.0 

0.8 

o. 6 

o. 4 

L 
V 

III 
+85°C 

..n --+25°C 

--T .. = _55°C 

25°C 

25°C 

VC! = 1 Vdc 
o. 3 

0.2 

0.1 5 

/' 
V 

I 
I 

5 10 20 50 
Ie, COLLECTOR CURRENT (mAde) 

Symbol 

VCE 

VCB 

VEB 

PD 

PD 

T J' Tstg 

100 
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0 

0 

0 

0 

0 

0 

2N960 2N961 2N962 Unit 2N964 2N965 2N966 

15 12 12 Vdc 

15 12 12 
Vdc 

2_ 5 2_ 0 1. 25 Vdc 

150 mW 

2 mW/oC 

300 mW 

4 mW/oC 

°c 
-65 to +100 

CURRENT GAIN·BANDWIDTH PRODUCT (H 
versus COllECTOR CURRENT 

I I I I 
~=I'~d' 

-

/ 
/7 -........ ~rr /-

Irq::: 
VC! = 0,5 Vdc 

TA = 25°C 

10 20 50 

Ie. COLLECTOR CURRENT (mAde) 

100 



-- Switching and General Purpose Transistors 

2N960 SERIES (continued) 

STORAGE TIME versus CIRCUIT RATIO 
COLLECTOR-EMITTER SATURATION VOLTAGE 

versus AMBIENT TEMPERATURE 

40 

-=====-
100 mAde 

50 mAde 
0 

T~ f-- Ie - 10 mAde 

_,.,=4111 

Rl=lOOn 

RI == 1 K II 

o 
5 10 15 

le!I", CiRCUIT CURR[NT RATIO 

20 

0.4 

'" - 2N964, 2N955, 2N966 

z 0:3 
0 

~ 0.2 

:;: 

'" 0 0.1 

oL-~~~~~~~~ 

:S -75 -50 -25 0 +25 +50 +75 +100 

T ... , AMBIENT TEMPERATURE (Gel 

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

Characteristic Symbol Min Typ Max 

Collector - Base Bre akdown Voltage BVCBO 
(Ic = 100 /.LAde, IE = 0) 2N9 60, 2N964 15 25 -

2N961,2N962,2N965,2N966 12 20 -

Emitter-Base Breakdown Voltage BVEBO 
(~= 100 /.LAde, IC = 0) 2N9 60, 2N964 2.5 - -

2N961,2N965 2.0 - -
2N962,2N966 1. 25 - -

Colleetor-Lateh-up Voltage LVCEX 
V CC = II. 5 Vde All Types 11.5 - -

Collector-Emitter Cutoff Current ICES 
(V CE = 15 Vde) 2N960,2N964 - - 100 

(V CE = 12 Vde) 2N961, 2N962,2N965, 2N966 - - 100 

Collector-Base Cutoff Current ICBO 
(VCB = 6 Vde, IE = 0) All Types - 0.4 3 

DC Current Gain hFE 
(IC = 10 mAde, VCE = 0.3 Vde) 2N960,2N961,2N962 20 40 -

2N964, 2N965, 2N966 40 70 -
(IC = 50 mAde, V CE = 1 Vde) 2N960,2N961,2N962 20 55 -

2N964,2N965,2N966 40 90 -
(IC = 100 mAde, V CE = 1 Vde) 2N960,2N961,2N962 20 50 -

2N964,2N965,2N966 40 85 -

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 10 mAde, IB = 1 mAde) 2N964,2N965,2N966 - 0.11 0.18 

2N960, 2N961, 2N962 - 0.13 0.20 

(IC = 50 mAde, IB = 5 mAde) 2N964,2N965,2N966 - 0.18 0.35 
2N960,2N961,2N962 - 0.20 0.40 

(IC = 100 mAde, IB = 10 mAde) 2N964,2N965,2N966 - 0.27 0.60 
2N960, 2N961 , 2N962 - 0.30 0.70 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB = 1 mAde) All Types 0.30 0.40 0.50 

(IC = 50 mAde, IB = 5 mAde) All Types 0.40 0.55 0.75 

(IC = 100 mAde, IB = 10 mAde) 2N960,2N961,2N964,2N965 0.40 0.65 1. 00 
2N962,2N966 0.40 0.75 1. 25 

Current-Gain - Bandwidth Product All Types IT 
(IE = 20 mAde, VCB = 1.0 Vde, f = 100 MHz) 300 460 -
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Unit 

Vde 

Vde 

Vde I 
/.LAde 

/.LAde 

-

Vde 

Vde 

MHz 



--- Switching and General Purpose Transistors ---

2N960 SERIES (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 
Output Capacitance 

(VCB = 10 Vde, IE = 0, ! = 1 MHz) All Types 

Emitter Transition Capacitance 
(VEB = 1 Vde) All Types 

Turn-On Time All Types 
(IC = 10 mAde, IBl = 5 mAde, V BE(o!!) = 1. 25 Vde) 

(IC = 100 mAde, IBl = 5 mAde, V BE(o!!) = 1. 25 Vde) 

Turn-Off Time 
(IC = 10 mAde, IBl = 1 mAde, IB2 = 0.25 mAde) 

2N960,2N961,2N964,2N965 
2N962,2N966 

(IC = 100 mAde, IBl = 5 mAde, IB2 = 1. 25 mAde) 

Rise Time Constant 

Hole Storage Factor 

Fall Time Constant 

Total Control Charge 
(IC = 10 mAde, IB = 1 mAde) 

(IC = 100 mAde, IB = 5 mAde) 

2N963 (GERMANIUM) 
2N967 

2N960,2N961,2N964,2N965 
2N962,2N966 

All Types 

All Types 

All Types 

2N960,2N961,2N964,2N965 
2N962,2N966 

2N960, 2N961, 2N964, 2N965 
2N962,2N966 

Symbol 

Cob 

CTe 

t on 

toff 

TRE 

K' s 

TFE 

~ 

Min 

-

-

-

-

-
-

-
-

-

-
-
-
-
-
-

Typ Max Unit 
pF 

2.2 4 

pF 
2.0 3.5 

ns 
35 50 

30 50 

ns 

60 85 
80 100 

50 85 
60 100 

0.6 - ns 

16 - ns 

0.5 - ns 

pC 
50 80 
60 90 

80 125 
100 150 

VCES = 12 V 
Ic = 100 mA 
fr = 300 MHz 

CASE 22 \ PNP germanium epitaxial mesa transistors for high
speed switching applications. 

(TO·IS) 
Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCES 12 Vdc 

Collector-Base Voltage VCB 12 Vdc 

Total Device Dissipation @TA = 250C P D 150 mW 

Derate above 25°C 2 mW/oC 

Total Device Dissipation @TC = 25°C PD 300 mW 

Derate above 25°C 4 mW/oC 

Operating and Storage Junction TJ,Tstg °c 
Temperature Range 100 
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-- Switching and General Purpose Transistors 

2N963, 2N967 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ~ 100 /lAdc, IE ~ 0) 12 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE ~ 100 /lAdc, IC ~ 0) 2 -

Collector-Latch-up Voltage LVCEX Vde 
(V CC ~ 10 Vdc) 10 -

Collector Cutoff Current ICES /lAde 
(VCE ~ 12 Vdc, VBE ~ 0) - 100 

Collector Cutoff Current ICEX /lAde 
(VCE ~ 10Vde, VBE ~ 0.3 Vdc, TA ~ 550 C) - 20 

Collector .Cutoff Current ICBO /lAde 
(V CB ~ 6 Vdc, IE ~ 0) - 5 

Emitter Cutoff Current lEBO mAde 
(VBE ~ 5 Vde, IC ~ 0) - 1 

Base Cutoff Current IBL /lAde 
(VCE ~ 10Vdc, VBE = 0.3 Vde, TA ~ 550 C) - 20 I 

DC Current Gain hFE -
(IC ~ 10 mAde, V CE ~ 0.3 Vde) 2N963 20 -

2N967 40 -
Collector Saturation Voltage 

VCE(sat) Vde 
(IC ~ 10 mAdc, IB ~ 1 mAdc - 0.2 

Base-Emitter Saturation Voltage V BE(sat) Vde 
(IC ~ 10 mAdc, IB ~ 1 mAde) 0.3 0.5 

Current-Gain - Bandwidth Product fT MHz 
(IC ~ 20 mAdc, V CE = 1 Vdc, f ~ 100 MHz) 300 -

Output Capacitance Cob pF 
(V CB ~ 5 Vdc, ~ = 0, f = 1 MHz) - 5 

Input Capacitance Cib pF 
(VEB = 1 Vde, IC = 0, f = 100 kHz) - 4 

Turn-On Time t ns 
(IC = 10 mAde, IBl = 1 mAde, V BE (off) = 1.25 Vdc) 

on - 60 

Turn-Off Time toft ns 
(IC = 10 mAdc, IBl = 1 mAdc, IB2 ~ 1. 25 mAde) -- 120 

Total Control Charge QT pC 
(Ic = 10 mAdc, IB = 1 mAdc) - 120 
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--- Switching and General Purpose Transistors 

2N963, 2N967 (continued) 

COLLECTOR-EMITTER SATURATION VOLTAGE i versus BASE CURRENT 

~ 

~ 0.7 
'< 
;os 0.6 

~ 0.5 

~ 

I, 

I 
I 

2 mAde 

T", ::::: 25°C 

~ 

50lmAdc 

F------o mAde 

0.2 0.3 0.4 0.6. O.B 1.0 3 4 5 6 

',. BASE CURRENT (mAde) 

COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 

TEKIRONI)( 54l 
OR EQUIVAtENT 

+O.3Vdc 

-2_5Vdc 

~ 1 rO
!! 

Vee::: -IOVdc 

BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 

u 
-S.4Vdc 
at point A 

~""",.,...-<> -3.1 Vde 
30Dn 

NOTE: 
Ie;::: -10 mAde 
I,::: -1 mAde 

ncO%I-' 90 % 

i_+ _t 
r1, -- J 

-4j" 20mv 
IOnsec MAX 

MAX 

NORMALIZED DC CURRENT TRANSFER RATIO 
versus COLLECTOR CURRENT 

0 

~ 2.0 

1.5 

~ 1.2 

g 1.0 

O.B 

111 
- 'l-85~C I U 

+25°C 
z 

0.6 OOC 

u 
u 0.4 
0 

V 
./"" % 

,/ ~ = _55°C VC~ = I Vdc 

I 111 

a 0.3 

'1 
~ 0.2 

z 0.15 
j I 10 20 50 

Ie. COllECTOR CURRENT (mAde) 
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VOLTAGE versus TEMPERATURE CHARACTERISTICS 

1.0 ,--y--.,---y---,----,--r----, 

O.B 

VIE - BASE·EMITTER VOLTAGE 

- VCEI .. II- COLLECTOR·EMITTER 
SATURATION VOLTAGE 

0.6 I--===t=---I=:=:-t--I-;:---i:--t---l 

0.4 I--i:::--F==+-....L 

0.2 I---::±-==:I= 

-75 -50 -25 25 50 75 100 

TA , AMBIENT TEMPERATURE (OC) 

10-mA (Ie) SWITCHING TIME TEST CIRCUIT 

INPUT SIGNAL 

+1.25Vdc 

-S.4Vdc 

4.BK 

200 n 
PULSE vans 
INTERNAL RESISTANCE 

TYPE R SAMPLING 
RESISTOR 

280 n 20 n -3.1 Vele 

NOTE: 
I,::: -10 mAde 
1.1 ::::-1 mAde 
1.1 :::: +0.25 mAde 
V.E (0) = +1.25Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

"OR EQUIVALENT 

10-mA (Ie) TOTAL CONTROL CHARGE TEST CIRCUIT 

+O.3Vdc 

-O.lBVdc o-~"""-'-{ 

CURRENT GAIN-BANDWIDTH PRODUCT (fr) 

~ 500 

" ;: 400 

a 
o 
~ 300 
~ 

o 

1200 

~ 100 

z 

" ,f 

versus COLLECTOR CURRENT 

J I. J. 
~=.JIVd' 

/' 
:,.....-f-" 

:j{f' ,........~ 
,./ 

TA .::: 25°C 

10 20 50 

Ie, COLlECTOR CURRENT (mAde) 



--- Switching and General Purpose Transistors ---

2N964 (GERMANIUM) 
For Specifications, See 2N960 Data Sheet 

2N964A (GERMANIUM) 
VCEO = 7 V 
Ic= 100mA 

fr = 460 Me Typ 

PNP germanium epitaxial mesa transistor for high
speed switching applications. 

Collector connected to case 

CASE 22 
(TO-18) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation@ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JWlction to Case 

Thermal Resistance, Case to Ambient 

INPUT SIGNAL 

t1.25 Vdc 

-S.4Vdc 

FIGURE 1 

4.8K 

200 n 
PULSE VOLTS 
INTERNAL RESISTANCE 

280 n 20 \1 -3.1 '.Ide 

TYPE R SAMPLING 

NOTE-
I,:::: -to mAclc 
'., =-lmAdc 

RESISTOR 

tl! ::: +0.25 mAde 
vo,:::: +1.25 \ide 
USE TEKTRONIK TYPE "R" 

PLUG·IN 
-=- TEKTRONIX TYPE 581 SCOPE 

OR EQUI\lAlENT 

IO-rnA (ld SWITCHING TIME TEST CIRCUIT 

8-53 

Symbol Rating Unit 

VCE 15 Vdc 

VCB 15 Vdc 

VEB 2.5 Vdc 

IC 100 mAdc 

PD 150 mW 

2 mW/oC 

PD 300 mW 

4 mW;oC 

T J' Tstg -65 to +100 °c 

Symbol 

eJC 

eCA 

INPUT SIGNAl 

+ I- 25 Vde 

100 I) 

Max 

0.25 

0.5 

FIGURE 2 

900 II 

-57Vdc 
PULSE VOLTS 
INTERNAL RESISTANCE 

Unit 

°C/mW 

°C/mW 

48 I! 2!l 5.2 Vde 
,--'W'v---,\N'V----<l 

NOTE 

TYPE R SAMPLING 
RESISTOR 

I, :::. -100 mAde 
I" ;::: -5 mAde 
I.,::: +1.25 mAde 
vo,;::: +1.25 '.Ide 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

I DO-rnA lid SWITCHING TIME TEST CIRCUIT 

I 



--- Switching and General Purpose Transistors 

2N964A (continued) 

ELECTRICAL CHARACTERISTICS (At 2SoC unless otherwise noted) 

Characteristic Fig. Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(lC = 10 mAde, IB = 0) 7 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC' = 100 pAde, IE = 0) 15 25 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 "Ade, IC = 0) 2.5 - -

Collector Latch-up Voltage 3 LVCEX 11.5 - - Vde 

Collector-Emitter Cutoff Current ICES !JAde 
(VCE = 15 Vde, VBE = 0) - - 100 

Collector Cutoff Current ICBO pAde 
(VCB = 6 Vde, IE = 0) - 0.4 3 

Base Leakage Current 4 IBL pAde 

(V CE = 6 Vde, V BE(off) = O. 5 Vde) ° - - 4 

(VCE = 6 Vde, VBE(off) = o. 5 Vde, TJ = 85 C) - 50 140 

ON CHARACTERISTICS 
DC Current Gain 8 hFE -

(lC = 10 mAde, V CE = 0.3 Vde) 40 80 -
(lC = 10 mAde, V CE = 0.3 Vde, TJ = -55°C) 20 45 -
(lC = 50 mAde, V CE = 1 Vde) 48 105 -
(lC = 100 mAde, V CE = 1 Vde) 40 95 -
(lC = 100 mAde, V CE = 1 Vde, T J = 85°C) 35 85 -

Collector Saturation Voltage 5 VCE(sat) Vde 
(lC = 10 mAde, IB = 1 mAde) - 0.1 0.18 

(lC = 50 mAde, IB = 5 mAde) - 0.16 0.28 

(lC = 100 mAde, IB = 10 mAde) - 0.22 0.4 

Base-Emitter Saturation Voltage 6 VBE(sat) Vde 

(lC = 10 mAde, IB = 1 mAde) 0.3 0.38 0.44 

(Ie "" 50 mAde, IS 0:: 5 mAde) 0.4 0.48 0.58 

(lc = 100 mAde, IB = 10 mAde) 0.4 0.6 0.72 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IE = 20 mAde, V CB = 1 Vdc, f = 100 MHz) 300 460 -
High-Frequency Current Gain hfe -

(lC = 20 mAde, VCE = 1 Vdc,f = 100 MHz) 3.0 4.6 -
Output Capacitance 11 Cob pF 

(V CB = 1 Vde, IE = 0, f = 1 MHz) - 2.7 5 

(VCB = 10 Vde, IE = 0, f = 1 MHz) 2.2 4 

Input Capacitance 11 Cib pF 
(VBE = 1 Vde, IC = 0, f = 100 kHz) - 2 3.5 

Delay Time Plus Rise Time td + tr ns 
(lC = 10 mAde) 1 - 35 50 

(lC = 100 mAde) 2 - 30 50 

Storage Time Plus Fall Time t s + tf ns 

(lC = 10 mAde) 1 - 60 85 

(lC = 100 mAde) 2 - 50 85 

Active Region Time Constant 9 TA ns 
(I = 10 mAde) - 0.6 1.5 

C 

Total Control Charge 10 ~ pC 
(I = 10 mAde, IB = 1 mAde) - 50 75 

C 
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--- Switching and General Purpose Transistors 

2N964A (continued) 

10 0 

80 

o 

~ 40 

.2 

20 

~O 

300 

200 

3100 
r 
z 70 
~ 

~ 50 
u 

~ 

;2 

~ 20 

~ 
m 

1l 10 

" ~ 
" 

LATCH·FREE 
LOAD LINE AREA 

Vc~ =-6V , 
r 

-Vr, 

ruRESHOLO 

VOLTAGE I 
~ r 

~ ./ 

2 
-0.5 

./ 
0.5 

2N964A LIMIT CURVES 

FIGURE J-AREA OF PERMISSIBLE LOAD LOCI 

i\ 

1\ 

1\ 
\ 

,\ 
\ LATCH·UP AREA 

1\ 

\ \ 
1\ V AREA OF \ 

LATCH·FREE OPERATION 1\ WHEN t/ OF OUTPUT 

m:L 
10 

VeE. COlLECTOR-EMrnER VOLTAGE (VOLTS) 

COLLECTOR LATCH· UP VOLTAGE TEST CIRCUIT 

+0.3 Vdc 
soon 

[\ 
15 

0U-

- 2.5 Vdc 

tf < 2.0 nsec 

Latch-up Free Operating Ar 
lector potential to return 

220n 

TEKTRONIX 541 
OR EQUIVALENT 

Vee = -11.5 Vdc 

The curve shows the permis 

ea. latch·up is the failure of the co'
to the supply voltage upon turn-off. 
sible operating area to avoid latch-up. 
pass through the shaded area. Excur
will not necessarily harm the transis
duction in output voltage noled above 
ipation. 

Load excursions must not 
sions into the shaded area 
tOf, but may produce the re 
and cause high power diss 

20 

FIGURE 4-COMMON EMITTER DC LEAKAGE CHARACTERISTICS 

TJ = ~5·C --
TJ =55·C .......... 

--- ./ 
T,=~5.C/ 

1.0 1.5 

./ 

2.0 

~ +0.5Vdc ~ 1 
BASE LEAKAGE CURRENT TEST CIRCUIT 

Base leakage Current. 1111 , is defined as base leakage 
current with both junctions reverse biased. Ie is 
always less than lIlT, for Von> V'I" (YUH is off condi
tion base bias, V'j' is base voltage at threshold of 
conduction.) 

VOR, BASE·EMITTER REVERSE BIAS (VOLTS) 

NOTE: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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--- Switching and General Purpose Transistors 

2N964A (continued) 

2N964A LIMIT CURVES 

FIGURE 5-COLLECTOR-EMITTER SATURATION VOLTAGE versus BASE CURRENT 

1.0 

T, 25"C 

0.) 

Vco 0.15 + 2.2 Ie r-
@ 'e/'• 2.5 

t-

~ 0.5 

\. 
\ 
\ 

'" 
~ 
0 

\ 
1\ \ Ie - 100 mAde 

'\. 
u 

0 0.3 C' 

13 
" 

r--... 
...... - 50 rnA 

\ 
~ 
" .J 0.2 

O.IS 

\~ I'-. -- 20 rnA t--
10 rnA 

II r II 
0.2 0.3 0.5 1.0 10 20 30 50 

I .. BASE CURRENT (mAde) 

FIGURE 6- BASE·EMITTER VOLTAGE versus COLLECTOR CURRENT FIGURE 7 - TEMPERATURE CO·EFFICIENTS 

~ 
'" ;:l 
'< 
~ 

a5 

~ 
13 
;, 
:;; 
" ,;-

60 

z 50 

~ 
40 ... 

I 30 

13 
" Z 20 
;; 
~ 

10 

0.8 

T ~ 2S!C - ,-
'ell. ::: 10 

0.6 

/~ --0.4 

0.2 
10 20 50 100 

Ie. COLLECTOR CURRENT (mAde) 

t 
1.0 

i 0.5 ... 
z 
;:; 
it 
6 
~ -0.5 

~ 
~ -1.0 

~ -1.5 

-2.0 

'e/'. = 10 '.e(2Stol~ 

-...........-: Vc£ uti 

fJ~c ( 55 to 2S"C) 

0" 

VIE! .. ,] 

20 40 60 80 

Ic;, COllECTOR CURRENT (mAde) 

FIGURE 8-CURRENT GAIN CHARACTERISTICS 

-VCf 1 Volt - --I--- - '-- ---- I- _\-- --- -- i- -- \\\ f----,....- - .- - - -,"\, ::\'- TJ ::: 85"C -.- -- \\':: TJ ::::: 25"C --- -- -- TJ ::::: O'C --- \- rT, = -S5'C -----
2 10 20 50 

Ie, COLLECTOR CURRENT (mAde) 

100 

NOTE: Limit CUrves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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-- Switching and General Purpose Transistors 

2N964A (continued) 

2N964A LIMIT CURVES 

FIGURE 9-SWITCHING TIME CURVES FOR RESISTOR COUPLEO CIRCUITS 

1.5 

; 1.4 

~ 

11.3 

1 

1.0 

1\ 
\ 
\ 

1.5 

1.0 
;;U 
I·: 
:= 0.8 
c 

~ 

'" ~ 0.6 

o 

~ 0.4 

" ;= 

~ 0.2 
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./ 

9a-RISE TIME FACTOR 

\. 
""-

"'" ........ 
r-.. --10 20 

9c- FALL TIME FACTOR 

V l-

V 
/ 

II 
1I 

/ 
J 

/ 
1/ 

o 
.02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

f3o l (:Jc 

9d-STORAGE TIME 
2.0 

~ 1.8 

c 1.6 

~ 1.4 

.1 I I / "-- Ie 
-«1"1 / f-- f30 

/ 

~ 1.2 
"'-
~ 
0 1.0 
0 .:: 08 1I 
'" ;= 0.6 
~ 
~ 

V 
0.4 0 

~ 

'" 0.2 V 
.0 

0.1 0.2 0.5 1.0 10 20 

lel/laj, CIRCUIT DRIVE RATIO 

9b-ACTIVE REGION TIME CONSTANT 

---TYPICAL 
___ LIMIT 

1\ 
\ 

...., 
....... 

--- --
o 

2 10 20 50 100 
Ie. COLLECTOR CURRENT (mAde) 

ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

500!! 

SKl MODEL 
PULSE GENERATOR 

HEWLETT·PACKARD TYPE 
6K 185A SAMPLING SCOPE 

INPUT SIGNAL 

5.6K 

°U T ... =Tu=Tn SOn 

-6.0Vdc 

SWITCHING TIME EQUATIONS 

RISE·TIME = t, =T,.,{3FR 
FALL-TIME = t( =TAflcF 
STORAGE TIME '= t', =7 C~S 
t, = 10 to 90% rise-time 

tl = 10 to 90% fall-time 

t,=t',+'I8tl 

T A = active region time constant 

T", =Tu =TH (Figure 9b) 
flo = hH at edge of saturation 

(/30 = hH on Figure 8) 
f3f = Ie in saturation/!sl (base "on" 

current) 

Te~ = the effective collector reCQV- f3e = Ie in saturation/Isz {base "off" 
ery time and is virtually un- current} 

influenced by current levels. R see Figure 9a 

20 nsec typical and 60 nsec F see Figure 9c 

maximum for this transistor. S see Figure 9d 

V\OU-,'I_-t_-f' 

NOTE: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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--- Switching and General Purpose Transistors ---

2N964A (continued) 

1000 

700 

~ 500 

~ 
~ :e 
~ 

~ 200 
~ 
Q 

a 
~ 

z 
a 
Q 100 
-< 

~ 70 
~ 
" 50 
~ 
'" 
'" 

20 

I--

0.2 

VeE::::: 6V 

tell!:::: 10 

--
0.5 0.7 1.0 

2N964A LIMIT CURVES 

fiGURE 10-TOTAL CONTROL CHARGE 

T, = 100'c.; :;/ 

~ 
'/(,= 25'C 

2.0 5.0 7.0 10 

-Adjust'll" for -5,4 volt pulse at poinlA 
15pf 

-5.4 Vde 
at point A 

lOb 

r-"""-"--0-3.\ Vdc 
300n 

NOTE 
Ie;:::: -10 mAde 
I.;:::: -lmAdc 

flO%l\:--90% 

~ !:~L:-:ct 1-1, -- ~ 
4( '" 20mv 

10 nsec MAX 
MAX 

Total Control Charge.· When a transistor is held in a conduc
tive state by a current, 1m. a charge Q~ is developed in the 
active region. A charge Q'J' of opposite polarity, equal in 
magnitude. can be stored on an external capacitor C to 
neutralize the internal charge and considerably reduce the 
turn-ofT time of the transistor. Figure lOb shows the test 
circuit and turn-off waveform. Given Ocr from Figure J Oa, 
the external C for worst case turn-off in any circuit is: 
C = 0'1'/.6. Y, where A V is defined in Figure lOb. 

I" BASE CURRENT (mAde) 

lOa 

fiGURE 11- JUNCTION CAPACITANCE VARIATIONS 

10 

--J TYPICAL 
___ LIMIT 

1"-- C" 

~~ r- __ 
c" r'-, c,. ------ --- - --.... 

10 

REVERSE BrAS (VOLTSI 

NOTE: Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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--- Switching and General Purpose Transistors ---

2N965 (GERMANIUM) 

2N966 

For Specifications, See 2N960 Data Sheet 

2N967 (GERMANIUM) 

For Specifications, See 2N963 Data Sheet 

2N968 thru 2N97S (GERMANIUM) VCEs=7-1SV 
Ic = lOOmA 
fT= 320MHz 

\ PNP germanium mesa transistors for high-speed 

switching applications. 

CASE 22 
(TO-18) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 2N968 
2N972 

VCE 15 

VCB 15 

VEB 2.5 

PD 

PD 

TJ,Tstg 

8-59 

2N969 2N970 2N971 
Unit 2N973 2N974 2N975 

12 12 7 Vdc 

12 12 7 Vdc 

2.0 1. 25 1. 25 Vdc 

150 mW 

2 mW/oC 

300 mW 

4 mW/oC 

-65 to +100 °c 

I 



--- Switching and General Purpose Transistors --

2N968 thru 2N975 (continued) 

10 
8 
6 
4 

2.0 

l. 
O. 
o. 
o. 

o. 

0 
8 
6 

4 

2 

O. I 

NORMALIZEO D.C. CURRENT GAIN 
versus COLLECTOR CURRENT 

_ Vc~=lVdc 

+~ ~ 

+25°C 

./ 
L.--..;p--- V 

l----
V V 

0.1 0.2 0.5 1.0 2.0 10 20 50 100 
Ie. COLLECTOR CURRENT (mAde) 

COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE 

g O.31~~-~--r-"---.--c;----; 
~ 

;"" 
§;! O.2SI---l--+---+-V'=-+-If---..j 
z 
o 

~ 
~ O.21--¥-I_ 

§ 
~ O.l51---+--r~-+-I---+--I---j 

1---1--1-+- lell.:::: 10 

Ji 0.1 L---'-_I..---'-_I..---I..-'----' 
-75 -50 -25 0 +25 +50 +75 +100 

T ... , AMBIENT TEMPERATURE (OC) 

500 

~ s .. 00 
:;; 

I 300 

~ 

~ 200 

~ 
~ 
z 10 0 

~ 
.i . 0 

100 

~ 
~ 80 
~ 

~ 
~ 60 

" ;,l 
ij; 

40 

20 

CURRENT GAIN·BANDWIDTH PRODUCT (hi 
versus COLLECTOR CURRENT 

l.--- -
/ 

IT VeE:::: 1 Vdc 

TA = 25°C 

o 10 20 30 40 50 

Ie. COLI ECTOR CURRENT (mAde) 

STORAGE TIME' versus CIRCUIT CURRENT RATIO 

I---- Ie:::: 25 mAde 

TA = 25°C 

III =41n 

Rl= lOOn 
t--- Ie - 10 mAde R, IKn_ 

-
5 10 IS 20 

lellll. CIRCUIT CURRENT RATIO 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage" BVCBO Vdc 
(IC ~ 100 "Adc, IE ~ 0) 2N968,2N972 15 25 -

2N969,2N970, 2N973, 2N974 12 20 -
2N971,2N975 7 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE ~ 100 "Adc, IC ~ 0) 2N968,2N972 2.5 - -

2N969,2N973 2.0 - -
2N970,2N974 1. 25 - -
2N971,2N975 1. 25 - -

Collector Cutoff Current ICES "Adc 
(VeE ~ 15 Vdc, VBE ~ 0) 2N968,2N972 - - 100 

(VCE ~ 12 Vdc, VBE ~ 0) 2N969, 2N970,'2N973, 2N974 - - 100 

-(VCE ~7'Vdc, VBE ~O) 2N971; 2N975 - - 100 

.Collector Cutoff Current ICBO "Adc 
'WCB ~·6Vdc, IE ~O) - -

2N968, 2N969, 2N970, - - 3 
2N972 , 2N973, 2N974 - - 3 
2N971 , 2N975 - - 10 
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-- Switching and General Purpose Transistors 

2N968 thru 2N975 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 0.5 Vde) 2N968, 2N969, 2N970, 2N971 17 35 -

2N972 , 2N973, 2N974, 2N975 40 75 -
(IC = 25 mAde, VCE = 0.7 Vde) 2N968, 2N969, 2N970, 2N971 20 40 -

2N972, 2N973, 2N974, 2N975 40 85 -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(IC = 10 mAde, IB = 1 mAde) All Types - 0.19 0.25 

(IC = 25 mAde, IB = 1.5 mAde) All Types - 0.25 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 10 mAde, IB = 1 mAde) 2N968, 2N969, 2N972 , 2N973 0.30 0.39 0.55 

2N970, 2N971, 2N974, 2N975 0.30 0.43 0.65 

~ = 25 mAdc, IB = 1. 5 mAde) 2N968, 2N969, 2N972 , 2N973 - 0.45 0.80 
2N970, 2N971, 2N974, 2N975 - 0.60 1.0 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IE = 10 mAde, V CB = 1 Vde, f = MHz)All Types 250 320 -

Collector Output Capacitance Coh pF 
(VCB = 10 Vde, IE = 0, f = 1 MHz) All Types - 4.0 9.0 

Emitter Transition Capacitance CTe pF 
(VEB = 1 Vde, IC = 0) All Types - 3.5 -

Turn-On Time t ns 
(VBE(off) = 1.25 Vde, IC = 10 mAde, IBl = 1 mAl 

on 

2N968, 2N969, 2N972, 2N973 - 50 75 
2N970,2N971, 2N974, 2N975 - 65 100 

Turn-Off Time toft ns 
(IC = 10 mAde, IBI = 1 mAdc, IB2 = 0.25 mAde) 

2N968,2N969 - 70 150 
2N9 72, 2N973 - 75 175 
2N970, 2N971, 2N974, 2N975 - 100 275 

Total Control Charge ~ pC 
(IC = 10 mAde, IB = 1 mAde) 2N968, 2N969, 2N972 , 2N973 - 75 100 

2N970, 2N971 , 2N974, 2N975 - 80 150 

(IC = 25 mAde, IB = 1. 5 mAde) 2N968, 2N969, 2N972, 2N973 - 90 175 
2N970, 2N971 , 2N974, 2N975 - 175 300 

8-61 



--- Switching and General Purpose Transistors ---

2N98S (GERMANIUM) VeEO = 7V 
Ie = 200 mA 
fr = 300 Me 

" 
PNP germanium epitaxial mesa transistor for high

speed switching applications. 

CASE 22 
(TO-18) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction Temperature 

storage Temperature 

Device Dissipation 
@TC =250 C 

Derating factor above 25°C 

Device Dissipation 
@ TA = 25°C 

Derating factor above 25°C 

+1.2~V_tf __ _ 
-5.5V 

INPUT PULSE 
t,~lflsec 

t,::::: 1 nsec 
PW ==== 200 nsec 

v" 

1 Kn 

Symbol Ratings Unit 

VCBO -15 Vdc 

VCEO -7 Vdc 

VEBO -3 Vdc 

Ie -200 mAdc 

TJ 100 °c 

Tstg -65 to +100 °c 

PD 300 mW 
4 mWjOC 

PD 150 mW 
2 mWjOC 

SWITCHING TIME TEST CIRCUIT 

loon 

8-62 

Vee =:: -lO.3Y 

1-----_-----0 Your 
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OSCILLOSCOPE RISE TIME::::: 1 nsec 

_-1_ TOTAL COLLECTOR SHUNT 
.... 1"', Cr CAPACITANCE ~ 6 pf 
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Switching and General Purpose Transistors ---

2N985 (continued) 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = -100 !lAdc, IE = 0) -15 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = -5 mAdc, IB = 0) -7 -
Collector-Emitter Breakdown Voltage BVCES Vdc 

(IC = -100 !lAde, RBE = 0) -15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = -100 !lAdc, Ie = 0) -3 -
Collector Cutoff Current leBO !lAdc 

(VCB = -5 Vde, IE = 0) - -3 

Emitter Cutoff Current lEBO !lAdc 

(V EB = -3 Vde, Ie = 0) - -100 

DC Current Gain hFE -
(IC = -10 mAde, VCE = -0.25 Vde) 40 -
(IC = -100 mAde, V CE = -0.5 Vde) 60 -

Collector Saturation Voltage VCE(sat) Vdc 
(IC = -10 mAde, IB = -0.5 mAdc) - -0.15 

(IC = -100 mAde, IB = -5 mAde) - -0.30 

Base-Emitter Voltage VBE Vdc 
(IC = -10 mAde, IB = 0.5 mAde) -0.28 -0.40 

(IC = -100 mAde, IB = -5 mAde) -0.40 -0.60 

Small Signal Current Gain Ihrel -
(VCE =-2 Vde, Ie = -30 mAde, f = 100 me) 3.0 -

Collector Output Capacitance Cob pI 
(V CB = -5 Vde, IE = 0, f = 1 me) - 6 

Turn-on Time ton nsec 

(IC = -10 mAde, IB1 = -5 mAde, VBE(O) = +1.25 Vde) 
- 35 

Turn-off Time toff nsec 

(IC = -10 mAde, IBl = -5 mAde, IB2 = +1.25 rnA) - 80 

2N 995 (SILICON) 

For Specifications, See 2N869 Data Sheet 
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--- Switching and General Purpose Transistors ---

2N 1131 (SILICON) 
2N1131 USN/JAN 
2N1991 

VCEO = 20-35 V 
Ic= 600mA 

fT = 120 Me Typ 

PNP silicon annular transistors for medium -current 
switching applications. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 
2N1131 
2N1991 

Collector-Emitter Voltage 
2N113l 
2Nl991 

Emitter-Base Voltage 
2N1131, 2N1991 

Collector-Emitter Voltage 
(Rbe ;210 Q) 

2N1l31 

Collector Current 
2N1l31 

Total Device Dissipation 
@ 25°C Case Temperature Both Types 
Derating Fd.ctor Above 25°C 2N1l31 

2N1991 

Total Device Dissipation 
@ 25°C Ambient Temperature Both Types 
Derating Factor Above 25°C 2N1l31 

2N1991 

Junction Temperature 
2N1131 
2Nl991 

Storage Temperature Range 
2N1l31 
2N1991 

8-64 

Symbol Rating Unit 

VCBO Vdc 
50 
30 

VCEO Vdc 
35 
20 

VEBO Vdc 
5 

VCER Vdc 

50 

IC mAdc 
600 

PD 
2 watts 

13.3 mWjOC 
16.0 mWjOC 

P D 
0.6 Watt 
4.0 mWjOC 
4.8 mWjOC 

TJ °c 
+175 
+150 

Tstg °c 
-65 to +300 
-65 to +150 



--- Switching and General Purpose Transistors 

2N1131, 2N1991 (continued) 

ELECTRICAL CHARACTERISTICS (At 25 D C unless otherwise noted) 

Characteristic Types Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie'" 100 /lAde, IE '" O) 2N1131 50 -(Ie ' 1.0 rnA. IE 0 0) 2N1991 30 -

Emitter-Base Breakdown Voltage BVEEO Vdc 
(IE ' 100 ~Adc. Ie ' 0) 5 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(Ie '" 100 mAde pulse, IB :: 0) 2N1131 35 -

2N1991 20 -
Collector-Emitter Breakdown Voltage BVCER Vdc 

(Ie'" 100 mAde pulsed, Rbe~ IOn) 2N1l31 50 -
Collector Cutoff Current leBO jJ Adc 

(VeE = 30 Vdc, IE '" 0) 2N1!31 - I 

(VeE'" 30 Vdc, IE = 0, T A '" 150°C) 2N1l3l - 100 

(VeE'" 50 Vdc, IE :: 0) 2N1131 - 100 

(VeB '" 10 Vdc, IE '" 0) 2NI991 - 5 

(VCE '" 10 Vdc, IE :: 0, T A '" ISO°C) 2N1991 - 200 

Emitter Cutoff CUrrent lEBO J..1 Adc 
(VEE' 2 Vdc. Ie' 0) 2N1131 - 100 
(VEE' I Vdc.Ie" 0) 2N1991 - 200 

DC Forward Current Transfer Ratio hFE -
(Ie'" 5 mAde, VeE '" 10 Vdc) 2N1131 15 -
(IC-= 30 mAde, VeE = 10 Vdc) 2Nl991 15 -
(Ie:: 150 mAde, VCE == 10 Vdc) 2N1131 20 60 

2N1991 15 45 

Collector-Emitter Saturation Voltage VCE (sat) Vdc 
(Ic '" 150 mAde, IB == 15 mAde) - 1.5 

Base- Emitter Saturation Voltage VEE (sat) Vdc 
(IC " 150 mAde, IB = 15 mAde) 2N1131 - 1.3 

I 
2N1991 - 1.5 

Output Capacitance Cob pf 
(VCB '" 10 Vde, IE "" 0, f '" LOa kc) - 45 

Input Capacitance Cib pf 
(VEa = 0.5 Vde, Ie = 0, f = 100 ke) 2N1131 - 80 

AC Current Gain Ihrel -
(Ie "- 50 mAdc, VCE " 10 Vdc, f = 20 me) 2N1131 2.5 

2NL991 2.0 

Small-Signil Forward Current Transfer Ratio hfe -
(IC " 1 mAdc, VCE := 5 Vde, f = 1 ke) 2N1l31 15 50 
(IC '" 5 mAde, VeE == 10 Vde, f == 1 ke) 2N1131 20 -

Small Signal Input Resistance hib ohms 
(IC '" 1 mAde, VCB == 5 Vdc, f == 1 kc) 2N1131 25 35 
(Ie == 5 mAde, Vea == 10 Vdc, f == 1 ke) - 10 

Small Signal Output Admittance hob Jlmhos 

(Ic "" 1 mAde, V CE '" 5 Vdc, fool kc) 2N1131 - I 
(IC '" 5 mAde, VeE == 10 Vdc, f = 1 kc) - 5 

Small Signal Voltage Feedback Ratio hrb 
x 10-4 

(Ic == 1 mAdc, VCE '" 5 Vdc. f = 1 kc) 2N1131 - 8 
(Ie = 5 mAde, VeE"" 10 Vde, f:= 1 kC) - 8 

Pulse Test: Pulse width'~300 /lsec, Duty Cycle ~2% 

2N 1132,A, B (SILICON} 

For Specifications, See 2N722 Data Sheet 
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-- Switching and General Purpose Transistors ---

2N 1204, A (GERMANIUM) 
2N1494,A 
2N1495 
2N1496 

VCEO = 12-25 V 
Ic= 500mA 
fr = 200 Me Typ 

2N2096 
2N2097 
2N2099 
2N2100 

PNP germanium epitaxial mesa transistors for high
speed, high-current switching in line and core driver 
applications. 

~,,~ Collector connected to case 

(TO-5) 
2N1204,A 
2N1495 
2N2099 
2N2100 

2N1494,A 
2N1496 
2N2096 
2N2097 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 

Collector-Emitter Voltage 

2N2096, 2N2099 
2N1204, 2N1204A, 2N1494A 
2N2097, 2N2100 
2N1495, 2N1496 

Collector-Emitter Voltage 

2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TC = 25°C 

All Types 
derating factor above 25°C 

Total Device Dissipation @ T A = 25°C 

TO-5 Case 
2N1204, 2N1204A, 2N1495, 2N2099, 

. derating factor above 25°C 

Case 25 

2N2100 

2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 
derating factor above 25°C 

Operating Junction Range 
Storage Temperature Range 
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Symbol 

VCBO 

VCEO 

VCES 

VEBO 

IC 

PD 

PD 

TJ 
Tstg 

Max Unit 

Vdc 

20 
25 
40 

Vdc 

t2 
15 
20 
25 

Vdc 

20 
25 
40 

4 Vdc 

500 mAdc 

750 mW 
10 mW/oC 

300 mW 
4.0 mW/oC 

500 mW 
6.67 mW/oC 

-65 to +100 °C 



-- Switching and General Purpose Transistors 

2N 1204,A SERIES (continued) 

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

Characteristics Symbol Min Typ Max Unit 
Collector-Base Breall:down Voltage BVCBO Vdo 

(Ie = 100 !-lAde, IE = OJ 2N1204, 2Ni204A, 2N1494, 2NH94A 20 .0 
2N20fl6, 2N209[, 25 
2N149~, 2N1496, 2N209?, 2N2100 '0 

Collector-Emitter Breakdown Voltage BVCES Vdo 
(Ie = IOOjJAdc, VEIl" OJ 2N1204, 2N1204A, 2N1494, 2N149M 20 .0 

2N2096, 2N2099 25 
2N1495, 2NI49!l, 2N2097, 2N2100 '0 

Collector-Emitter Breakdown Voltage BVCEO Vdo 
(Ie =2 mAde, III" 0) 2Nl204, 2Ni204A, 2N1494. 2N1494A 15 25 

(Ie " 10 mAde, IB = 0) 2N2096, 2NZ099 12 
2N2097, 2N2101) 20 
2N1495, 2N1496 25 

Emitter-Base Breakdown Voltage BVEBO Vdo 
(IE = 1 mAde. Ie = 0) 2N1204, 2Nl2G4A, 2N1494 tbru 2N1496, 2N1494A 

(IE" 10 mAde, Ie = 0) 2N2096, 2N2097, 2N2099, 2N2100 

Collector Cutoff Current leBO "Ado 
(VCB = 5 Vde, IE ~ 0) 2N1204, 2Nl204A, 2N1494 thru 2N1496, 2N1494A 0.' 
(VCB = 12 Vde, IE = 0) 2N2096, 2N2099 12 

(VCB '" 15 Vde, IE = 0) 2N2097, 2N21OG 12 

Emitter Cutoff Current lEBO "Ado 
(VOB =0.5 Vde, IC=O) 2N1494 thru 2N1496, 2N1494A 

(VOB = 1 Vde, IC = 0) 2N2096, 2N2097, 2N2099, 2N2100 10 SO 

DC Current Gain 'FE 
(IC 7. 200 mAde, VCE =0.5 Vde) 2N1204A, 2N1494A, 2N1495, 2Nl496 2S 

(IC = 200 mAde, V CE = I Vde) 2N2097, 2N2l00 30 70 

(IC = 400 mAde, V CE = 1. 5 Vdc)* 2NI204, 2N1494, 2N2096, 2N2099 15 3S 
2N2091, 2N2100 20 SO 

Collector-Emitter Saturation Voltage VCE(sat) Vdo 
(IC = 50 mAde, Ie = 2. 5 mAdc) 2N2097, 2N2100 0.3 

(IC = 200 mAde~ Ie = 10 mAde) 2N1204, 2NIZ04A, 2NI494, 2N1494A 0.' 
2m097, 2N2100 0.5 
ZNZ096, 2N2099 0.6 

(IC = 200 mAde, In = 20 mAde) 2N1495, 2Nl496 0.3 

(IC = 400 mAde, IS = 25 mAde) .... 2N1204A, 2N1494A, 2N1495, 2NI496 0.7 

Base-Emitter Saturation Voltage VSE(sat) Vdo 
(IC = 50 mAde, ~ = 2.5 mAde) 2N2097, 2N2100 0.5 

(IC -=: 200 mAde, ~ = 10 mAde) 2N1204, 2NI204A, 2N1494 thru 2N1496, 2NI494A 0.40 0.60 0.72 
2N2097, 2N2100 o .• 
2N2096, 2N2099 0.' 

Collector Output Capacitance Cob p! 
(V CB = 10 Vde, IE = 0, f = 4 me) 2N1204, 2N1204A, 2NI494 thru 2NI496, 2N1494A 3.5 '.5 

ZN2096, 2NZ097, 2Nl099, 2N2100 3.5 20 

Input Capacitance Cfb p! 
(V OB = I Vde, IC = 0, f = 4 me) All Types SO 

AC Current Gain ',. (IC - 20 mA, V CE " 10 V, r" 100 me) 2N1204, 2NlZ04A, lNl1iH, 2Nl494A 1.1 
ZN1495, 2Nl496 1.5 

Rise Time 
" 2N20\707, 2N2100 20 

2N1204, 2N1204A, 2N1494, 2N1494A, 2N2096, 2N2099 3S 
ZN1495, 2N1496 55 

Minority Carrier Storage Time Constant T, 
2N1204, 2Nl204A, 2Nl494, 2Nl494A 30 7S 
2Nl495. ZN1496 90 

Storage Time '. 2N2097, 2NZIOO SO 
2N2096, 2N2099 70 

Fall Time " 2N2097, 2N2100 .0 
lNZOge, 2N2099 60 

·Pulse Test. Pulse width :5: I msee, Duty cycle 5; 6% 
**Pulse Test: Pulse width ::;; 5 msee, Duty cycle ~ 2% 
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--- Switching and General Purpose Transistors 

2N 1204,A SERIES (continued) 

NORMALIZED CURRENT GAIN 
CHARACTERISTICS 

CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 

0 

VeE ~ I VO~T T, = +851C 

0 -- r-

v" 1 I, = 1,= 20 mA 

T, +25°C 1.~ K 

7 

5 T, = -55"C _ -f-
INZ77 135 

3V /' 
10 

O. I 
10 

0 

\ 
0 

0 
10 

INPUT PULSE 

JL 
30 50 70 100 300 500 

---l I-- IO"sec 

Ie. COLLECTOR CURRENT (mAde) "ADD SCOPE AND PROBE 

1.0 

g 0.8 

~ 
~ 

~ 0.6 

D 

~ 0.4 

::i! 0.2 

0.1 

CAPACITANCE TO C, FOR 
CORRECT CALCULATION 
OF Ts(K's) 

COLLECTOR EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 

TJ = 25°C 

1""'-
\ "'--\ \ Ie::;: 500mA 

\ I'... 1,- ioom~+ 
'-.. 

"- - Ie = lOOmA 

Ie lOrnA -1'1 
50mAHt 

-I 1 II 
0.3 0.5 0.7 1.0 3.0 5.0 7.0 10 30 50 

I., BASE CURRENT (mAde) 

TYPICAL RISE AND FALL-TIME BEHAVIOR TOTAL CONTROL CHARGE 

Vee =lOV 
TJ =2S"C 300 0 

fJF =10 

- I-- TJ= 25°C 
lellB= 10 

0 
/ 

1\ V/ 
1\ t,ancltf 

0 

0 
~ V 
0 V 

V 
i'--

/' 
0 

,./ 

10 0 
20 30 50 70 100 200 300 500 LO 3.0 5.0 7.0 10 

Ie. COLLECTOR CURRENT (mAl 18• BASE CURRENT (mAde) 
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-- Switching and General Purpose Transistors --

2N 1204,A SERIES (continued) 

RISE TIME TEST CIRCUIT STORAGE AND FALL TIME TEST CIRCUIT 

Hg RELAY 
500 

50 

10V 

2N 1420 (SILICON) 

TEKfRONIX TYPE 517 jtl9 RELAY 
eRa OR EQUIVALENT ----. 

50 I 
250 

250 

10 V 

-5V -lOY 

= 
IOV 

NOTE 1 SCOPE IMPEDANCE SUFFIClHHlY HIGII SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CflANGE TIlE READING 

SCOPE RISE TIME rAST ENOUGH so lHAT DOUBLING OR 
ilAtVING ITS VALUE DOES NOT CHANGE TIlE READING. 

For Specifications, See 2N697 Data Sheet 

21".1 1494, A thru 2N 1496(GERMANIUM) 

For Specifications, See 2N1204 Data Sheet 

2N 1613 (SILICON) 

2Nl111 

For Specifications, See 2N718A Data Sheet 
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Switching and General Purpose Transistors --

Collector connected to case 

V CEO = 80-90 V 
Ie = 0.5-1 A 
f r = 50 MHz 

2N 1893 (SILICON) 

2N2405 J 
CASE 31 

(TO-5) 

NPN silicon annular transistors designed for medium
power amplifier and switching applications. 

MAXIMUM RATINGS (TA = 2S'C unless otherwise noted) 

Characteristic Symbol 2N1893 2N240S Unit 

Collector-Base Voltage VCBO 120 120 Vdc 

Collector-Emitter Voltage VCEO 80 90 Vdc 

Collector-Emitter Voltage VCER 100 140 Vdc 

Emitter-Base Voltage VEBO 7 7 Vdc 

Collector Current IC 0.5 1 Adc 

Total Device Dissipation @ T A ~ 250 C PD 0.8 1 Watt 

Derating Factor Above 25°C 4.57 5.71 mW;oC 

Total Device DiSSipation @ TC ~ 25°C PD 3 5 Watts 

Derating Factor Above 25°C 17.2 28.6 mW/"C 

Junction Temperature, Operating TJ 200 200 DC 

storage Temperature Range Tstg -65 to + 200 -65 to +200 DC 

Thermal Resistance: 
Junction-to-Case 8m 58.3 35 °C/W 

Junction-to-Air 8JA 219 175 °C/W 

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

2N1893 2N240S 
Characteristic Symbol Unit 

Min Max Min Max 
Collector- Emitter Sustaining Voltage- V CEO(sus) Vdc 

(Ic ~ 30 rnA, ~ ~ 0) 80 - - -
(IC ~ 100 rnA, IB ~ 0) - - 90 -
(IC ~ 100 rnA, RBE ~ 10 ohms) VCER(sus) 100 - 140 -

Collector- Base Breakdown Voltage BVCBO Vdc 
(IC ~ 100 /lA, IE ~ 0) 120 - 120 -

Emitter-Base Breakdown Voltage BV EBO Vdc 
(IE = 100/lA, IC ~ 0) 7 - 7 -

DC Forward Current Transfer Ratio* hFE -
(IC ~ O. 1 rnA, V C E ~ 10 V) 20 - - -
(IC~10mA, VCE~10V) 35 - - -
(IC ~ 150 rnA, VCE ~ 10 V) 40 120 60 200 

(IC ~ 10 rnA, VCE ~ 10 V, TA ~ _55°C) 20 - - -
Collector Saturation Voltage V CE(sat) Vdc 

(IC ~ 50 rnA, ~ ~ 5 rnA) - 1.2 - -
(Ic ~ 150 rnA, ~ ~ 15 rnA) - 5 - 0.5 
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_.- Switching and General Purpose Transistors --

2N 1893 (continued) 

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

Characteristic 
2N1893 2N240S 

Symbol 
Min Max Min 

Base- Emitter Saturation Voltage VBE(sat) 
(IC = 50 rnA, IB = 5 rnA) - 0.9 -
(IC = 150 rnA, IB = 15 rnA) - 1.3 -

Collector Cutoff Current ICBO 
(V CB ~ 90 V, IE ~ 0) - 0.01 -
(VCB ~ 90 V, IE ~ 0, TA ~ 150·C) - 15 -

Emitter Cutoff Current lEBO 
(V EB = 5 V, IC = 0) - 0.01 -

Output Capacitance Cob 
(V CB ~ 10 V, IE ~ 0) - 15 -

Input Capacitance C 
(V EB ~ O. 5 V, IC ~ 0) 

Ib - 85 -
Small Signal Current Gain hfe 

(Ic ~ 1 rnA, V CE ~ 5 V, f = 1 kHz) 30 100 -
(IC ~ 5 rnA, V CE ~ 5 V, f ~ 1 kHz) - - 50 

(IC = 5 rnA, V CE = 10 V, f = 1 kHz) 45 - -
(IC = 50 rnA, VCE ~ 10 V, f = 20 MHz) 2.5 - -

Input Resistance hib 
(IC ~ 1 rnA, V CB = 5 V, f = 1 kHz) 20 30 -
(IC = 5 rnA, V CB = 10 V, f = 1 kHz) 4 8 4 

Voltage Feedback Ratio hrb 
(IC = 1 rnA, V CB = 5 V, f = 1 kHz) - 1. 25 -
(IC = 5 rnA, V CB = 10 V, f ~ 1 kHz) - 1.5 -

Output Conductance hob 
(IC = 1 rnA, V CB = 5 V, f ~ I kHz) - 0.5 -
(IC ~ 5 rnA, V CB ~ 10 V, f = 1 kHz) - 0.5 -

'Pulse Test: PW ~ 300 )lsec, Duty Cycle ~ 2% 

2N 1991 (SILICON) 
For Specifications, See 2N1l31 Data Sheet 

2N2096 (GERMANIUM) 
2N2097 
2N2099 
2N2100 

For Specifications, See 2N1204 Data Sheet 
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Max 

-
1.1 

0.01 

10 

0.01 

15 

-

-
275 

-
-

-
8 

-
3 

-
0.5 

Unit 

Vdc 

)lAde 

)lAde 

pF 

pF 

-

ohms 

XlO-4 I 
)lmho 



--- Switching and General Purpose Transistors ---

2N2192, A, B thru 2N2195, A, B 
(SILICON) 

VCEO = 25-50 V 
Ic= lA 
fT = 250Mc 

NPN silicon annular transistors for high-current 
switching and amplifier applications. 

CASE 31 
(TO-5) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

ColJector Current IC 

Total Device Dissipation PD 
@ 25°C Ambient Temperature 

Derating Factor Above 25c C 

Total Device Diss!pation PD 
@ 25°C Case Temperature 

Derating Factor Above 25° C 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

2N2192 
2N2192A 2N2193 2N2192B 
2N2194 2N2193A 
2N2194A 2N2193B 
2N2194B 

60 80 

40 50 

5 8 

1.0 1.0 

0.8 0.8 

4.56 4.56 

- 2.8 
-16 

-65 to +200 

-65 to +200 

V"Tl 
-1 v 0----___ +-------, 

2N2192, A, B - V,.::: 7.5 V, Vb = 7.5 V 

2N2193. A, B} 
V,. ::: 15 V, Vb = 15 V 

2N2194, A, B 

o 10 

-..j "sec I-
t. :::: 20 nsec 
If::: 20 nsec 

R<;.~ :::; 50 11 
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2N2195 
2N2195A 
2N2195B 

45 

25 

5 

1.0 

0.6 

3.43 

• 
• 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

°c 

Scope Input: 
R:::. 10 Megohms 

C = 11.5 pf 



-- Switching and General Purpose Transistors 

2N2192,A,B thru 2N2195,A,B (continued) 

ELECTRICAL CHARACTERISTICS (at25"C unless otherwise specified) 

Characteristic Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 100 #Ade, IE = 0) 2N2192, A: B, 2N2194, A, B 60 -
2N2193, A, B 80 -
2N2195, A, B 45 

Collector Emitter-Open Base Sustain Voltage* VCEO(sus) * Vde 
(Ie = 25 rnA pulsed, IS = 0) 2N2192, A, B, 2N2194, A, B 40 -

2N2193, A, D 50 -
2N2195, A, B 25 -

Emitter-Base Breakdown Voltage BV EBO Vde 
(IE = 100 #Ade, IC = 0) 2N2192, A, B. 2N2194, A, B, 5 -

2N2195, A, B 
2N2193, A, B 8 -

Collector Cutoff Current ICBO J1Adc 
(VCB=30Vde,IE =0) 2N2192, A, B, 2N2194, A, B - .010 

2N2195, A, B .100 

(V CB =.30 Vdc, IE = 0, T A = 1500 C) 2N2192, A, B - 15 
2N2194, A, B - 25 
2N2195, A, B - 50 

(VCB =60 Vde, IE-O) 2N2193, A, B - .010 

(V CB "" 60 Vdc, ]E = 0, T A = ISOOC) 2N2193, A, B - 25 

Emitter Cutoff Current lEBO .uAde 
(VEB - 3 Vde, IC = 0) 2N2192, A, B, 2N2194, A, B - .050 

2N2195, A, B - .100 

(VEB - 5 Vde, IC = 0) 2N2193, A, B - .050 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(Ic = 150 mAdc 1 Is "" 15 mAde) 2N2192 thru 2N2195 - 0.35 

2N2192A furu 2N2195A - 0.25 
2N2192B furu 2N2195B - 0.18 

Base-Emitter Saturation Voltage VBE(sat) - Vde 
(IC = 150 mAdc, IB '" 15 mAde) All Types - 1.3 

DC Current Gain* hFE * -
Oc = 0.1 mAde, VCE = 10 Vde) 2N2192, A~ B, 2N2193, A, B 15 -
(IC = 10 mAde, V CE - 10 Vde) 2N2I92, A, B 75 -

2N2193, A, B 30 -
2N2194, A, B 15 -

(Ie = 10 mAde, V CE = 10 Vde, T A ""- _55°C) ~H2192, A, B 35 -
2N2193, A, B 20 -

(Ie = 150 mAde, V CE = 10 Vde) 2N2192, A, B 100 300 
2N2193, A, B 40 120 
2N2194, A, B 20 60 
2N2195, A, B 20 -

(IC '" 150 mAde, V CE = 1.0 Vde) 2N2192, A, B 70 -
2N2193, A, B 30 -
2N2194, A, B 15 -
2N2195, A, B 10 -

(IC = 500 mAde, V CE = 10 Vde) 2N2192, A, B 35 -
2N2193, A, B 20 -
2N2194. A. B 12 -

(I'c '" 1. 0 Ade, VCE :-:: 10 Vde) 2N2192, A, B, 2N2193, A, B 15 -

Output Capacitance Cob pC 
(V CB = 10 Vde, IE = 0, f = 1.0 me) All Types - 20 

Small Signal Current Gain hie -
(Ic '" 50 rnA, VCE = 10V, f = 20 me) All T,YPcs 2.5 -• 

Rise Time t r - 70 nsee 

Storage Time 2N2L92-94,2N2192A-94A, .2N2192B-94B t s - 150 nsec 

Fall Time t f - 50 nsee 

* Pulse Test: PW S. 300 psec, Duty Cycle.$.. 2% 
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--- Switching and General Purpose Transistors --- . 

2N2218 (SILICON) 

2N2219 
2N2221 
2N2222 
2N2904 thru 2N2907 

VCEO = 30V 
fr = 400 Me Typ 

ALSO AVAILABLE AS JAN AN[) HI-REL UNITS 

\ 
CASE 22 

(TO-18) 

CASE 31 
(TO-5) 

Silicon annular star transistors for high-speed 
switching and DC to UHF amplifier applications. NPN 
types 2N2218 thru 2N2222 are complementary to 
PNP types 2N2904 thru 2N2907. 

Collector connected to case 
2N2221 
2N2222 
2N2906 
2N2907 

2N2218,2N2219, 
2N2904, 2N2905 

MAXIMUM RATINGS 

Characteristic Symbol NPN PNP Unit 

Collector - Base Voltage VCBO 60 60 Vdc 

Collector - Emitter Voltage VCEO 30 40 Vdc 

Emitter - Base Voltage VEBO 5 5 Vdc 

Collector Current IC 800 600 mAdc 

Total Device Dissipation PD 
@ 25° C Case Temperature 
To - 5: 2N2218, 2N2219 3 W 

Derate Above 25° C 20 mW;oC 

2N2904, 2N2905 3 W 
Derate Above 25° C 17.2 mW;oC 

To - 18: 2N2221, 2N2222 1.8 W 
Derate Above 25° C 12 mW/oC 

2N2906, 2N2907 1.8 W 
Derate Above 25°C 10.3 mW/oC 

Total Device Dissipation P D 
@ 25 ° C Ambient Temperature 
To - 5: 2N2218, 2N2219 0.8 W 

Derate Above 25°C 5.33 mW;oC 

2N2904, 2N2905 0.6 W 
Derate Above 25 0 C 3.43 mW/oC 

To - 18: 2N2221, 2N2222 0.5 W 
Derate Above 25°C 3_ 33 mW/oC 

2N2906, 2N2907 0.4 W 
Derate Above 25°C 2.28 mW;oC 

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

Storage Temperature Tstg -65 to + 200 -65 to +200 °c 
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--- Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 

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

Static ClLar:acteristic fig. H,. Symb,1 Min Mal Unit 

Collector_Base BreakdolllJl Voltage BVCBO Vde 

(Ie ~ 10 Jl.Ade, IE = 0) All Types 60 

Collector_Emitter Breakdown Voltage· BVCEO ' Vde 
(Ie = 10 mAde, Is = 0) 2N2218-19,2N22Z1-22 30 

2N2904 thru 2N2907 " Eglitter-Base Sreakdown Voltage SVEBO Vde 
(IE " 10 t.IAdc, IC " 0) All Types 

Collector Cutoff Current ICBO /lAde 
(VCS ~ 50 Vdc, IE" 0) 2N2218_1!l,2N2221_22 .01 

21'2904 thru W2907 .02 
(VCS = 50 Vdc, IE = 0, TA = 159°C) 21-12218-19, W2221-22 10 

2N2904 thru 21\2907 

Collector Cutoff Current ICEX nAde 
(VeE = 30 Vdc, VSE "" 0,5 Vdc) ZN2904 thru2N2907 50 

Sase Cutoff Current 181. 
(VCE = 30 Vdc, VSE = 0.5 Vdc) 2N2904 thru ZN2907 50 

Collector-Emitter SaturaUo!l Voltage* 12, 1~ V CE (sat) Vdc 

(Ie' 150 mAdc, IS = 15 mAde) All Types 0.4 
(IC = 500 mAde, IS = 50 mAde) All Types 1.6 

Base_Emitter Saturation Voltage· 13,16 V BE (sat) Vde 
(Ie.: " 150 mAde, IS = 15 mAde) All Types 1.3 
(Ie " 500 mAde, IS = 50 mAde) All Types 2.6 

DC Forward Current Transfer Ratio hFE 
(Ic " 0.1 mAde, VCE " 10 Vde) 2N221S, 2N2221, 2N2904, 2N2906 10 

2N2219, 2N2222, 2:-'2905, 2NZ907 35 

(Ie ,,1.0 mAde, VCE = 10 Vde) 2NZ21S, 2N2221, 21'2904, 2N2906 25 
2N2219, ZN2222, 2N2905, 2:-<2907 50 

(IC = 10 mAde, VCE = 10 Vde) 2NZ2IS, 2N2221, 2N2904, 2N2906 35 
2N2219, 2N222Z, 2N2905, 2N2907 75 

(Ic "" 150 mAde, VCE " 10 Vdc)· 2N221S, 2N222l, 2N2904, 2N2906 40 
2NZ219, 2N2222, 2N2905, 2N2907 100 300 

(Ic = 500 mAde, VCE = 10 Vde)* 2NZ2IS, 2N2221, 2N2904, 2N2906 20 
2N2219, 2N2222, 2N2905, 2N2907 30 

Drmic ChallCt;ristic fig. H,. Symb,1 Min Iyp Max Unit 

Output Capacitance e ob pI I (VCB = 10 Vdc, IE = 0, f = 100 kc) AU Types 

Input Capacitance Cib pi 
(VBE " 0.5 Vde, IC " 0, f '" 100 ke) 2N2218_19,2N22Z1_22 30 
(V8E " 2 Vdc, Ie " 0, C ~ 100 kc) 2N2904 thru 2N2907 30 

Current Gain - Bandwidth Product I, 
(Ic " 20 mAde, VCE = 20 Vde, f = 100 me) 2N22IS_19,2NZ:?:2l_22 250 
(Ie " 50 mAde, VCE " 20 Vdc, f " 10() mc) 2N2904 thru 2N2907 200 

Delay Time 2N2904 tb.ru 2N2907 

Rise Time 2N2904 thru 2N2907 t, 20 40 

Turn-On Time 2N221S_19,2N222l_22 tpp 26 
2NZ904 thru 2N2907 26 45 

Storage Time 2N2904 thru 2N2.907 t, 50 

Fall Ttme 2N2904 thru 2NZ907 20 30 

Tum-Of! Time 2N22IS.t9,2N222!.22 totl 70 
2N2904 thru 2N2907 70 100 

Tolal Switching Time All Types 1total 12 

·Pulse Test, Pulse Width:::::;: 300 .usee, Duly Cycle == 2% 

PNP SWITCHING-TIME CIRCUITS 
For NPN Switching Tests, reverse diodes, polarities, and input pulses. 

-30V 

+50V o-O--M~-, 

1K 

lOOn 

°1J16v 

~ 500 

Pt.~Lf~~ 

~ lOOn 

°1-J30 v 

~ 
1K 

SW -1-50 V 

PW~200nsec PW ~ 200 nsec PW= 15nsec 

FIGURE 1 - SATURATED TURN·ON FIGURE 2 - SATURATED TURN·OFF FIGURE 3 - NON·SATURATED 
SWITCHING·TlME TEST CIRCUIT SWITCHING·TIME TEST CIRCUIT SWITCHING·TIME TEST CIRCUIT 
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-- Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 
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--- Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 

500 
200 

<" 100 
oS 

i 10 

~ 

~ 1.0 

~ 
..§ 0.1 

.01 

2.0 

'" ~ 1.6 

'" 
~ 1.2 
u 
~ 1.0 

~ o. 8 

~ 
.0 4 

"" 
o 

2.4 

z 2.0 
~ 

I 1.6 

u 1.2 0 
0 

1.0 
;;; 0.8 

~ 
0.4 

"" 

NPN PNP 

FIGURE 9 - COLLECTOR CURRENT versus MINIMUM COLLECTOR·EMITTER BREAKDOWN VOLTAGE 

- 2N2218, 19 ,,/'""' 
=-2N2221, 22 /' 

T. 2S·C.= 

o 10 20 30 40 50 

BVcw, COLLECTOR·EMITTER BREAKDOWN VOLTAGE 

500 
200 

<" 100 
oS 

1 

.0 1 

- 2N2904,05 
I /' 

~ 2N2906,07 T. 2S'C:~ 

10 20 30 40 50 

BVc~o, COLLECTOR-EMmER BREAKDOWN VOLTAGE 

FIGURE 10- LOW CURRENT GAIN 

I I" I VCl = IV I 
2N2218, 19 TA = + lOO'C 

- 2N2221,22 

~ 
- ~ - T: ~ 1+2SI·c · 

./ 
f--"" 

..--~ssl·c 

-- ]11 ,,- I--- --
.01 .04 0.1 0.4 1.0 10 

Ie. COLLECTOR CURRENT (rnA) 

2N2218, 19 Ve! = 3V 
r- 2N2221, 22 

fA = +lOO'C 

T.' ~ +2S'C 

............" 

J --....:::, 
TA = ~55°C 

'" 
,\ 
\ 

40 100 200 

Ic. COLLECTOR C!JRRENT (rnA) 

FIGURE 11 - HIGH CURRENT GAIN 

~ 

~ -

2.4 

z 2.0 
;§ 
~ 
z 

~ 
~ 
u 

1. 6 

(,,) 1.2 

c 1.0 

~ O.B 

~ 
j 0.4 

2N2904, 05 I 2N2906,07 

I V"r 3V 
TA = +lOO'C 

T. ~ +1s·c 
:-

f- -::::. 
L t:--,. 

TA, = -5S'C 

K-"- --

~~ 
....;: 

o 
10 20 40 60 100 

o 
200 500 

, 
10 20 40 60 100 200 500 

Ic. COLLECTOR CURRENT (rnA) Ie. COLLECTOR CURRENT (mAl 

8·77 

I 



-- Switching and General Purpose Transistors 

2N2218 SERIES, 2N2904 SERIES (continued) 
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FIGURE 14 - TEMPERATURE COEFFICIENTS 
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-- Switching and General Purpose Transistors ---

2N2218 SERIES, 2N2904 SERIES (continued) 
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FIGURE 17 - TEMPERATURE COEFFICIENTS 
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-- Switching and General Purpose Transistors --

2N2218A (SILICON) 

2N2219A 
2N2221A 
2N2222A 

VCEO =40V 
f,- = 400 Me Typ 

ALSO AVAILABLE AS JAN AND HI-REL UNITS 

" CASE 22 
(TO·18) 

2N2221A 
2N2222A 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation at 
2S"C Case Temperature 

Derating Factor Above 25"C 

Total Device Dissipation at 
2SoC Ambient Temperature 

Derating Factor Above 2S"C 

Junction Temperature Range 

Storage Temperature Range 

2.0 
T, 125°C 

II 

r- j, I 15lJ 
1.0 

0.5 

0.2 
O. 1 0.2 

T, 

0,5 1.0 

NPN silicon annular Star transistors for high- speed 
switching and DC to VHF amplifier applications. 

55° 

Collector connected to case 

2N22l8A 2N2221A 
Symbol 2N22l9A 2N2222A Unit 

(TO-S) (TO-18) 
VCBO 75 75 Vdc 

VCEO 40 40 Vdc 

VEBO 6 6 Vdc 

PD 3 1.8 Watts 
20 12 mW/"C 

PD 0.8 0.5 Watts 
5.33 3.33 mW/"C 

T;r -65 to +175 °c 

Tstg -65 to +200 ·C 

TYPICAL CURRENT GAIN CHARACTERISTICS 

-
I't'-o .... 2.0 

~~, 
1 .0 

l\' NORMALIZED TO Ie 150mA Va 1 V '\" ~~' 
Va IV 

0.5 

1111 
(rOC I 

2.0 5.0 10 20 
Ie. COLLECTOR CURRENT (mAde) 
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--- Switching and General Purpose Transistors 

2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 

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

Static Characteristics 
Collector-Base Breakdown Voltage 

(IC = 10 /JAde,IE=O) 

Co:llector:-Emitter Bre~own Voltage 
(IC = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 pAde, Ic = 0) 

Collector Cutoff Current 
(YCB = 60 Vde, IE = 0) 

(V CB = 60 Vde, IE = 0, T A = 1500 C) 

Collector Cutoff Current 
(V CE = 60 Vde, V OB = 3Vde) 

Base Cutoff Current 
(VeE = 60 Vdc, VaB = 3 Vdc) 

Emitter Cutoff Current 
(VaB = 3 Vde, IC = 0) 

Collector-Emitter Saturation Voltage'" 
(IC = 150 mAde, IB = 15 mAde) 

(IC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage'" 
(Ie = 150 mAde, IS = 15 mAde) 
Uc = 500 mAde, IB = 50 mAde) 

DC Forward Current Transfer Ratio· 
(Ie = 0.1 mAde, V CE = 10 Vdc) 

(Ie = 1.0 mAde, V CE = 10 Vdc) 

(IC = 10 mAde, V CE = 10 Vde) 

(Ie = 10 mAde. V CE = 10 Vdc, T A = -55 "e) 

Uc = 150 mAde, V CE = 10 Vde) 

(IC = 150 mAde, V CE ~ 1.0 Vde) 

(Ie = 500 mAdc, V CE = 10 Vdc) 

• Pulse Test ~300 psec, duty cycle $2% 
V DB - Base-Emitter Reverse Bias 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

All Types 

2N22I6A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2218A, 2N2221A 
2N2219A, 2N2222A 

2N2216A, 2N2221A 
2N2219A, 2N2222A 

2N221BA, 2N2221A 
2N2219A, 2N2222A 

SMALL SIGNAL CHARACTERISTICS 

Small Signal Current Gain 
(lC=1.0mA, VCE <=10V, f:::lkc) 2N2216A, 2N2221A 

2N2219A, 2N2222A 

(IC <= 10 rnA, VCE~ 10 V, f.,. 1 Ire) 2N2218A, 2N2221A 
2N2219A, 2N2222A 

Voltage Feedback Ratio 
(IC;; 1.0 rnA, VCE= 10 V, f = 1 kc) 2N2216A, 2N2221A 

2N2219A, 2N2222A 

(IC = 10 mA, VCE= 10 V, f = I kc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 

Input Impedance 
(IC = 1.0 mA, V CE = 10 V, f .. 1 kc) 2N2218A, 2N2221A 

2N2219A, 2N2222A 

(IC ""' 10 rnA, V CE = 10 V, f ;; 1 kc) 2N2216A, 2N2221A 
2N2219A, 2N2222A 

Output Admittance 
(IC = 1.0 rnA, VCE = 10 V, f = 1 kc) 2N2216A, 2N2221A 

2N2219A, 2N2222A 

(Ie = 10 rnA, VCE= 10 V, f = 1 kc) 2N2216A, 2N2221A 
2N2219A, 2N2222A 

Collector-Base Time Constant 
(IC = 20 mA, VCE = 20V, r = 31;6 me) 

Noise Figure 
Uc = lOOp A, VCE = 10V, Rg= I kll, f = Ike) 2N2219A, 2N2222A 
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Symbol Min 
BVCBO 75 

BVCEO 
qU 

BVEBO 6 

ICBO -
-

ICEX -
IBL -
lEBO -

VCE (sat) 
. 

-
-

VBE(sat)' 0.6 

-
hFE . 20 

35 

25 
50 

35 
75 

15 
35 

40 
100 

20 
50 

25 
40 

Symbol Min 
hre 

30 
50 

50 
75 

hr. -
-
--

hie 
I 
2.0 

0.2 
0.25 

hoe 
3 
5 

10 
25 

r' C 
b e -

NF 
-

Max Unit 
Vde 

-
Vde 

-
Vde -

0.01 pAde 

10 

10 
nAde 

20 nAde 

10 nAde 

0.3 Vde 

1.0 

Vde 
1.2 

2.0 

---
--
--
--
120 I 
300 

-
-
--

Max Unit 

-
150 
300 

300 
375 

XIO-4 
5 
6 

2.5 
4 

k ohms 
3.f. 
6 

1.0 
1.25 

p.rohos 
15 
35 

100 
200 

psec 
150 

db 
4 
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--- Switching and General Purpose Transistors 

2N2218A, 2N2219A, 2N2221A, 2N2222 A (continued) 

SMALL SIGNAL FORWARD CURRENT GAIN AND VOLTAGE FEEDBACK RATIO versus COLLECTOR CURRENT 

VCE = 10 V @ 1 Kc 
2N2218A, 2N2221A 2N2219A,2N2222A 
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SMALL SIGNAL INPUT IMPEDANCE AND OUTPUT CONDUCTANCE versus COllECTOR CURRENT 

VCE = 10 V @ 1 Kc 

2N2218A,2N2221A 
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-- Switching and General Purpose Transistors 

2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 
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--- Switching and General Purpose Transistors ---

2N22S6, 2N22S7 (SILICON) 

2N22S8 (GERMANIUM) 

2N222S (GERMANIUM) 

VCES = 7V 
Ic = lOOmA 
fT= 320MHz 

NPN silicon and PNP germanium mesa complemen
tary transistors for high- speed non- saturated switching 
applications. 

CASE 22 
(TO-IS) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current-Continuous IC 

Total Device Dissipation @ T A ; 25°C 

Derate above 25°C 

PD 

Total Device Dissipation @ T C ; 25°C 

Derate above 25°C 

PD 

Operating and storage Junction 
Temperature Range T J' Tstg 

TRANSISTOR SELECTION CHART 

TYPE 

TYPE NPN 

2N2256 X 

2N2257 X 

2N2258 

2N2259 

8-84 

2N2256 2N2258 
Unit 2N2257 2N2259 

7 7 Vdc 

7 7 Vdc 

1 1 Vdc 

100 100 mAdc 

300 150 mW 

2 2 mW/oC 

1000 300 mW 

6.67 4 mW/oC 

-65 to +175 -65 to +100 °c 

h" @ Ie = 25 rnA 

PNP 20 40 

X 

X 

X X 

X X 



--- Switching and General Purpose Transistors 

2N2256 thru 2N2259 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC ~ 100 IlAdc, V BE ~ 0) 7 15 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ~ 100 IlAdc, ~ ~ 0) 7 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE ~ 100 IlAdc, Ic ~ 0) 1 - -

Collector Cutoff Current ICBO IlAdc 
(V CB ~ 6 Vdc, ~ ~ 0) - 3 10 

(VCB ~ 6 Vdc, ~ ~ 0, TA ~ 650 C) - 30 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ~ 10 mAdc, V CE ~ 1 Vdc) 2N2256,2N2258 17 30 -

2N2257, 2N2259 40 50 -
(IC ~ 25 mAdc, V CE ~ 1 Vdc) 2N2256, 2N2258 20 35 -

2N2257,2N2258 40 55 -

Base-Emitter On Voltage VBE(on) Vdc 
(IC ~ 10 mAdc, V CE ~ 1 Vdc) 2N2256,2N2257 - 0.70 0.8 

2N2258,2N2259 - 0.35 0.5 

(IC ~ 25 mAdc, VCE ~ 1 Vdc) 2N2256,2N2257 - 0.8 0.9 
2N2258,2N2259 - 0.45 0.6 

Conduction Threshold Base-Emitter Voltage' VT Vdc 
(Ic ~ 200 IlAdc, V CE ~ 1 Vdc) 2N2256,2N2257 0.5 - -

2N2258,2N2259 0.1 - -

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC ~ 10 mAdc, VCE ~ 1 Vdc, f ~ 100 MHz) 2N2258,2N2259 250 320 -

(IC ~10mAdc, VCE ~ 15 Vdc,f ~ 100MHz) 2N2256,2N2257 250 320 -
Output Capacitance Cob pF 

(V CB ~ 5 Vdc, ~ ~ 0, f ~ 4 MHz) 2N2256,2N2257 - 4 5 
2N2258,2N2259 - 4 8 

Base Resistance r'b Ohms 
(IE ~ 5 mAde, V CB ~ 2 Vdc, f ~ 300 MHz) 

2N2256, 2N2257 - 50 100 
2N2258,2N2259 - 75 125 

Turn-On Time t ns 
2N2256,2N2257 on - 3 7 
See Fig. 1 
2N2258,2N2259 - 4 8 
See Fig. 2 -

Turn -Off Time toff ns 
2N2256,2N2257 - 4 7 
See Fig. 1 
2N2258,2N2259 - 3 7 
See Fig. 2 

'Base-to-emitter forward bias voltage at which transistor will be at the threshold of conduction; i. e. that 
base-to-emitter voltage at which the cOIJector cyrrent is less than or equal to the specified amount 
under a:,given collector-to-emitter voltage condition. 
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-- Switching and General Purpose Transistors 

2N2256 thru 2N2259 (continued) 

z 
il 
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--- Switching and General Purpose Transistors ---

2N2330 (SILICON) 

2N2331 
VCBO = 30V 
Veq,atl = 3 mV 

NPN silicon annular Star transistors for low-level 
Dcl AC chopper applications. 

CASE 22 
(TO-1S) 

CASE 31 
(TO-5) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A ~ 250 C PD 
Derate above 25°C 

Total Device Dissipation @ TC ~ 250 C 

Derate above 25°C 

PD 

Operating Junction Temperature Range TJ 

Storage Temperature Range Tstg 

8-87 

2N2330 2N2331 Unit (TO-5) (TO-18) 

20 20 Vdc 

30 30 Vdc 

5 5 Vdc 

500 mAdc 

0.8 0.5 Watt 

5.33 3.33 mW/oC 

3 1.8 Watts 

20 12 mW/oC 

-65 to + 175 °c 

-65 to + 200 °c 

I 



___ Switching and General Purpose Transistors 

2N2330, 2N2331 (continued) 

ELECTRICAL CHARACTERISTICS eTA = 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC : 1 mAde, IB : 0) 20 . 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC : 10 /lAde, IE : 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE: 10 /lAde, IC: 0) 5 -

Collector Cutoff Current ICBO nAdc 
(V CB : 4.5 Vdc, IE : 0) - 1.0 

Emitter Cutoff Current lEBO nAdc 
(VBE : 4.5 Vdc) - 5.0 

Oflset Current I(off) nAdc 
(V BC : 2 Vdc, V CE : 0, T A: 250 C) - 1 

I (VBC : 2 Vdc, VCE : 0, TA : 850 C) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC : 10 mAde, V CE : 1 Vdc) 50 -

Oflset Voltage V(off) mVdc 
(IB : 200 /lAde, IE : 0) - 0.75 

Inverse Saturation Voltage VEC(sat) mVdc 
(IB : 200 /lAde, IE : 50 /lAde) - 3.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT MHz 
(IC : 1 mAde, V CE : 1 Vdc, I: 100 MHz) 100 -

Output Capacitance Cob pF 
(VCB : 2 Vdc, IE: 0) - 10 

Input Capacitance Cib pF 
(VBE : 2Vdc, IC: 0) - 20 
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-- Switching and General Purpose Transistors 

2N2330, 2N2331 (continued) 
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-- Switching and General Purpose Transistors 

2N2368 (SILICON) VCEO = 15Vde 
f r = 400 Me 

ton + toff = 27 ns 

\ NPN siHcon Annular transistor designed for high
speed, low-level, saturated-switching application_ 

CASE 22 Collector connected to case 
(TO-IS) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector- Sase Voltage VCS 40 Vdc 

Emitter-Base Voltage VES 4.5 Vdc 

Total Device Dissipation@ TA ~ 25°C PD 0.36 watt 

Derate above 25°C 2.06 mW/oC 

Total Device Dissipation@ TC ~ 25°C PD 1.2 Watt 

Derate above 25°C 6.85 mW/oC 

Operating Junction and storage TJ, Tstg -65 to+ 200 °c 

Temperature Range 

FIGURE 1 - STORAGE TIME TEST CIRCUIT 

PULSE GENERATOR 
Vin RISE TIME < 1 osec 
SOURCE IMPEDANCE ~ 50n 
PW~ 300 nsec 
DUTY CYCLE < 2% 

"A" 

O.lftF 

" 

56n I 

n<'i 

SOOR .L0 
~oon 
~ 

O.OO23,J..F O.OO23ItF 

1O,tF IOfef 

-
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I 

~~ 10V 
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o 
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-- Switching and General Purpose Transistors 

2N2368 (continued) 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' BVCEO' 
(Ie = 10 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(Ic = 10 ~ Ade, VBE = 0) 

Collector-Base Breakdown Voltage BVCBO 
(Ie = 10 !lAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 /l Adc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) 
(VCB = 20 Vdc, IE = 0, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain' hFE' 
(IC = 10 mAde, VCE = 1.0 Vde) 
(IC = 10 mAde, VCE = 1.0 Vde, TA = -55°C) 
(IC = 100 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(Ic = 10 mAde, VCE = 10 Vde, f = 100 me) 

Output Capacitance Cob 
(V CB = 5.0 Vdc, IE = 0, f = 140 ke) 

storage Time (Figure 1) ts 
(IC = IB1 = 10 mAde, IB2 = -10 mAde) 

Turn-On Time (Figure 2) ton 
(IC = 10 mAde, IB1 = 3.0 mAdc, IB2 = -1.5 mAde) 

Turn-Off Time (Figure 2) toff 
(IC = 10 mAdc, IB1 = 3.0 mAde, IB2 = -1.5 mAdc) 

'Puis€' Test: Pulse Width = 300 !lsec; Duty Cycle!: 2% 

TURN-ON WAVEFORMS 

ov;.: ( j ==to 10% 

FIGURE 2 - TURN·ON AND TURN·OFF TIME 
TEST CIRCUIT 

Vou
'· 90% ... to~ .. 

PULSE GENERATOR 
Vj" RISE TIME < 1 nsee 
SOURCE IMPEDANCE = son 
PW~300nsec 
OUTY CYCLE < 2% 

13K\l ~ 

13K~ 
I 

O.OO23,uF 0.0023pf 
son " O.OO5,tf D.OOS/iF 

:: " 
v .. :9 or O.1MF O.1pf " 
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" 

son 

I 

~Vcc=3V 

Min Max Unit 

Vdc 
15 -

Vdc 
40 -

Vdc 
40 -

Vde 
4.5 -

/lAdc 
- 0.4 
- 30 

-
20 60 
10 -
10 -

Vde 

- 0.25 

Vde 
0.7 0.85 

me 
400 -

pF 

- 4 

nsec 

- 10 

nsec 

- 12 

nsec 
- 15 

Vout TO OSCILLOSCOPE 
INPUT IMPEDANCE = son 
RISE TIME";;;l nsee 

TURN-OFF WAVEFORMS 

:-T'l~---10% 

90% 

I 



--- Switching and General Purpose Transistors ---

2N2369 (SILICON) 
2N3227 

VCEO = 15-20V 
fr = 600 Me Typ 

" 
NPN silicon annular transistors for low-current, 

high-speed switching applications. 
CASE 22 

(TO-IS) Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 40 Vdc 

C oil ector-Emitter Voltage VCES 40 Vdc 

Collector-Emitter Voltage 2N2369 VCEO 15 Vdc 
2N3227 20 

Emitter-Base Voltage 2N2369 VEBO 4.5 Vdc 
2N3227 6.0 

Collector Current (10 /lsec pulse) IC(Peak) 500 rnA 

Total Device. Dissipation PD 
@ 25°C Ambient Temperature 0.36 watt 

Derating Factor Above 25°C 2.06 mW/oC 

Total Device Dissipation PD 
@ 25°C Case Temperature 1.2 watts 

Derating Factor Above 25°C 6.85 mW/oC 

Junction Temperature, Operating TJ +200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - I~ CIRCUIT - 10 mA 

+Io·:~=-n 
-15V =II L -t l- < Insec 

PULSE WIDTH (til = 300 nsec 
DUTY CYCLE = 2% 

FIGURE 2 - I~ CIRCUIT - 100 mA 

+IO.8V~ I, I- IOV ...... """-~ 

I 
_.I..-

'T' . 
_...J Cs < 4pf 

-2V~ 95 0 -~--+-.. 

PULSE WIDTH (til = 300 nsec 
DUTY CYCLE = 2% 

I. 
_l.. 
,T' 

_JCs"< 12pf 

FIGURE 3 - loll CIRCUIT - 10 mA 

::~~~)VO--"':':VOK .... !l+~"""~:-"1JP-~-"-<-4·Pf 
PULSE WIDTH (t.)= 300 nsec 

DUTY CYCLE = 2% 

FIGURE 4 - loll CIRCUIT - 100 mA 

+1I.4:fi_~ 
-8.6 v----::tf:::::{ 1 nsec 

PULSE WIDTH (til BETWEEN 10 A.ND 500 ~sec 
DUTY CYCLE,= 2% 

* Total shunt capacitance of test jig and connectors. 
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-- Switching and General Purpose Transistors 

2N2369, 2N3227 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Fig. No. Symbol Min Max Unit 

Collector Cutoff Current ICEO /lAdc 
(V CE = 20 Vdc) 2N2369 - 0.4 

2N3227 - 0.2 

(VCE = 20 Vdc, T A = 150°C) 2N2369 - 30 
2N3227 - 50 

Collector Cutoff Current Ie EX /lAdc 
(VCE = 20 Vdc, VOE = 3 Vdc) 2N3227 - 0.2 

Base Cutoff CUrrent IEL /lAdc 
(VCE = 20 Vdc, VOE = 3 Vdc) 2N3227 - 0.5 

Collector-Ease Ereakdown Voltage EVCEO Vdc 
(IC = lOll Adc, IE = 0) 40 -

Emitter-Base Breakdown Voltage EVEEO Vde 
(IE = lOll Adc, Ic = 0) 2N2369 4.5 -

2N3227 6.0 -
Collector-Emitter Breakdown Voltage of- EVCEO . Vdc 

(IC = 10 mAdc) 2N2369 15 -
2N3227 20 -

Collector-Emitter Voltage EVCES Vde 
(Ic = 10/l Adc, IE = 0) 40 -

Collector-Emitter Saturation Voltage * VCE(sat)* Vde 
(IC = 10 mAde, IE = 1 mAdc) Eoth Types 11,13 - 0.25 
(IC = 100 mAdc, IB = 10 mAde) 2N3227 - 0.45 

Base-Emitter Saturation Voltage)f. VEE(sat)* Vde 
(IC = 10 mAde, I = 1 mAde) Eoth Types 13 0.70 0.85 
(Ic = 100 mAde, ~B = 10 mAde) 2N3227 0.8 1.4 

DC Current Gain* hFE • -
(IC = 10 mAde, V CE = 1.0 Vde) 2N2369 40 120 

2N3227 12 100 300 

(Ic = 10 mAde, VCE = 1.0 Vde, TA = -55°C) 2N2369 20 -
2N3227 12 40 -

(Ic = 100 mAde, VCE = 1.0 Vdc) 2N3227 12 30 -
(IC = 100 mAde, VCE = 2 Vde) 2N2369 20 -

Small Signal Current Gain hre -
(IC = 10 mAde, VCE = 10 Vde, I = 100 me) 5 -

Output Capacitance 5 Cob pI 
(VCE = 5 Vde, IE = 0, I = 140 kc) - 4 

Input Capacitance C1b pI 
(VOE = 1 Vde, Ie = 0, I = 140 kc) 2N3227 4 

Storage Time 10 ts(TS) nsee 
(IC = IBl = IB2 = 10 rnA) - 13 

Turn-On Time 1,6 ton osee 
(IC = 10 rnA, IBI = 3 rnA, VCC = 3 V, VOE = 1.5 V) - 12 . 

Turn-Off Time 3,6 toff osee 
(IC = 10 rnA, lEI = 3 rnA, IE2 = 1.5 rnA, Vce = 3 V) - 18 

Total Control Charge 7,8 QT pC 
(IC = 10 rnA, IE = 1 rnA, VCC = 3 V) 2N3227 - 50 

Delay Time 2,6 Ict - 5 nsee 
VCC=IOV, VOB=2 V, 2N3227 

Rise Time Ie = 100 rnA, lE l=10 rnA tr - 18 osee 

Storage Time 
VCC= 10 V 4,6 ts - 13 osee 
IC = 100 rnA, lEI = IE2 = 10 rnA 

2N3227 
Fall Time It - 15 nsee 

·PuLse Test: Pulse Width = 300 /Lsec, Duty Cycle = 2% 
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--- Switching and General Purpose Transistors 

2N2369, 2N3227 (continued) 
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FIGURE 6 - TYPICAL SWITCHING TIMES 
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--- Switching and General Purpose Transistors ---

2N2369, 2N3227 (continued) 

FIGURE 11 - MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 14 - TYPICAL TEMPERATURE com ICIENTS 
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--- Switching and General Purpose Transistors 

2N2381 (GERMANIUM) 

2N2382 
VCEO = lS·20V 
Ic= SOOmA 
fr = 300 MHzmin 

PNP germanium epitaxial mesa transistors for high
speed, high-current switching applications. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector -Base Voltage 

Emitter - Base Voltage 

Collector Current-Continuous 

Total Device DisSipation @ T A = 
Derate above 25°C 

Total Device Dissipation @ T C = 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

25°C P D 

25°C PD 

TJ,Tstg 

2N2381 2N2382 Unit 

15 20 Vdc 

30 45 Vdc 

4 4 Vdc 

500 mAdc 

300 mW 

4 mW/oC 

750 mW 

10 mW/oC 

-65 to + 100 °c 

FIGURE 1 - ACTIVE REGION TIME CONSTANT FIGURE 2 - TOTAL CONTROL CHARGE 
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-- Switching and General Purpose Transistors 

2N2381, 2N2382 (Continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 10 mAdc, IE = 0) 2N2381 15 - -

2N2382 20 - -
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 100 /-LAdc, IE = 0) 2N2381 30 - -
2N2382 45 - -

Latch-Up Voltage 7 LVCEX Vdc 
2N2381 20 - -
2N2382 25 - -

Collector Cutoff Current 
ICES /-LAdc 

(VCE = 30 Vdc, VBE = 0) 2N2381 - - 100 

(VCE = 45 Vdc, VBE = 0) 2N2382 - - 100 

Collector Cutoff Current ICBO /-LAdc 
(VCB = 5 Vdc, IE = 0) - 1.0 7 

(V CB = 5 Vdc, IE = 0, T A = 850 C) - - 100 

(V CB = 20 Vdc, IE = 0) 2N2381 - - 25 
2N2382 - - 15 

Emitter Cutoff Current lEBO mAdc 
(VBE = 0.5 Vdc, IC = 0) - - 0.005 

(VBE = 4 Vdc, IC = 0) - - 1 

ON CHARACTERISTICS I 
DC Current Gain 11 hFE -

(IC = 200 mAdc, V CE = 0.5 Vdc) 40 - -
(IC = 400 mAdc, V CE = 1.0 Vdc) 25 - -

Collector-Emitter Saturation Voltage 8,10 VCE(sat) Vdc 
(IC = 200 mAdc, IB = 20 mAdc) - 0.25 0.4 

(IC = 400 mAdc, IB =40 mAdc) - 0.4 0.7 

Base-Emitter Saturation Voltage 9,10 VBE(sat) Vdc 
(IC = 200 mAdc, IB = 20 mAdc) 0.45 0.54 0.7 

(IC = 400 mAdc, ~ = 40 mAdc) - 0.71 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC = 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 300 - -

Output Capacitance 13 Cob pF 
(V CB = 10 Vdc, ~ = 0, f = 4 MHz) - 3.5 6 

Input Capacitance 13 Cib .pF 
(VBE = 1 Vdc, IC = 0, f = 4 MHz) - 8 15 

Delay Time 4 td - 4.5 7 ns 

Rise Time 4 tr - 8 15 ns 

Storage Time 3,4 ts - 20 30 ns 

Fall Time 4 tf - 8 15 ns 

Active Region Time Constant 1,4 TA - 1.6 3.0 ns 
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-- Switching and General Purpose Transistors 

2N2381, 2N2382 (Continued) 
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-- Switching and General Purpose Transistors 

2N2381, 2N2382 (Continued) 

FIGURE 8 - COLLECTOR-EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 

FIGURE 9 - BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 
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FIGURE 12 - LEAKAGE CHARACTERISTICS 
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-- Switching and General Purpose Transistors ---

2N2405 (SILICON) 

For Specifications, See 2Nl131 Data Sheet 

2N2481 (SILICON) 
2N2481 USN/JAN 
2N2481 HI-REL 

VCEO= 15V 
fT = 450 Me Typ 

" 
NPN silicon annular transistor for high-speed switch

ing applications. 

CASE 22 
(TO·IS) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation Po 0.36 Watt 
@ 25°C Ambient Temperature 
(Derate 2.06 mW/oC above 25°C) 

Total Device Dissipation Po 1.2 Watts 
@ 25°C Case Temperature 
(Derate 6.9 mW/oC above 25°C) 

Junction Temperature TJ 200 °c 

Storage Temperature Tstg -65 to+ 200 °c 
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-- Switching and General Purpose Transistors --

2N2481 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie = 10 it Adc, IE = 0) 40 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 it Adc , Ie = 0) 5 ---

Collector-Emitter Breakdown Voltage> BVCEO Vdc 
(IC = 30 mAde, IB = 0) 15 ---

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC = 1.0 itAdc, VBE = 0) 30 ---

Collector Leakage Current Ie EX itAdc 
(VCE = 20 Vdc, VBE = 3 Vdc) --- .050 
(VCE = 20 Vdc, VBE = 3Vdc,TA= 150°C) --- 15 

Base Leakage Current IBL nAdc 
(VCE = 20 Vdc, VBE = 3 Vdc) --- 50 

Emitter Cutoff Current lEBO nAdc 
(VEB = 4.0 Vdc, Ir = 0) --- 100 

DC Forward Current Transfer Ratio hFE ---
(Ic = 1.0 mAdc, V CE = 1.0 Vdc) 25 ---
(Ic = 10 mAde, V CE = 1.0 Vdc)* 40 120 
(IC = 10 mAde, V CE = 1.0 Vdc, T A = _55 0C» 20 ---
(IC = 150 mAdc, VCE = 1.0 Vdc)' 20 ---

Collector-Emitter Saturation Voltage VCE (sat) Vdc 
(IC = 10 mAdc, IB = 1.0 mAdc) --- 0.25 
(IC = 100 mAdc, IB = 10 mAdc» --- 0.40 

Base-Emitter Saturation Voltage VBE (sat) Vdc 
(IC = 10 mAdc, IB = 1.0 mAdc) 0.7 0.82 
(IC = 100 mAdc, IB = 10 mAdc» --- 1.25 

Output Capacitance Cob pf 
(VCB = 5 V, IC = 0, f = 1 Mc) --- 5 

Input Capacitance Cib pf 
(VEB = 0.5 V, f = 1 Mc) --- 7 

Small-Signal Forward Current Transfer Ratio hfe ---
(VCE = 10 V, IC = 10 mA, f = 100 Mc) 3 ---

Small-Signal, Short- Circuit, Input Impedance hie (real) ohms 
(Real part) 
(IC = 10 mA, VCE = 10 V, f = 250 Mc) --- 60 

Turn-On Time ton nsec 
(Ie = 100 mA, IBI = 10 mA, VBE (off) = -2 V) --- 40 
(Ie = 10 mA, IB1 = 1.0 mA , VBE (off) = -2 V) --- 75 

Turn-Off Time toff nsec 
(Ie = 100 mA, IBI = 1Q mA, IB2 = -5 mAl --- 55 
(IC = 10 mA, IBI = 1.0 mA, IB2 = -0.5 mAl --- 45 

Storage Time ts nsec 
(Ie = 10 mA, IBI = 10 mA, IB2 = -10 mAl --- 20 

·Pulse width ~ 300 .usee, Duty Cycle ~ 2% 
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--- Switching and General Purpose Transistors --

2N2481 (Continued) 

COLLECTOR SATURATION VOmGE CHARACTERISTICS 
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-- Switching and General Purpose Transistors --

2N2481 (Continued) 

TYPICAL SWITCHING CHARACTERISTICS 

TURN-ON TIME VARIATIONS WITH VOLTAGE 
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-- Switching and General Purpose Transistors 

2N2501 (SILICON) 

VCEO =20V 
fr =450McTyp 

~SE2~ 
(TO_18)2 \\ 

NPN silicon annular transistor for high-speed switch
ing applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ 
25°C Ambient Temperature 
(Derate 2.06 mW/·C above 25°C) 

Junction Temperature 

Storage Temperature 

Total Device Dissipation @ 
25°C Case Temperature 
(Derate 6.9 m WrC above 25°C) 

TOTAL CONTROL CHARGE 
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- j...---' 
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:i1 100 

Si 
8 
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g 
a 

0.2 I 
I,. BASE CURRENT (mAde) 

Symbol Rating Unit 

VCBO 40 Vdc 

VCEO 20 Vdc 

VEBO 6 Vdc 

P D Watts 
0.36 

TJ +200 ·C 

Tstg -65 to + 200 ·C 

PD 
1.2 

Watts 

NORMALIZED CURRENT GAIN CHARACTERISTICS 

I. 

10 

8-104 

z 

2.4 

2.2 

2.0 

~ 1.8 

~ 1.6 

~ 1.4 

g 1.2 

~ 1.0 

~ 0.8 

~ 0.6 

i 0.4 

0.2 

o 

./ 
/' 
./ 

...... 
I..- ..... 

0.1 

Vel =:: 1 volt 

III 

T,~.1lJ 
T,=+IOO I ....... -- ~ ,. TJ _ +25 -- III 

T~ I I SsoC-r-

III I 
III I 

I 10 100 
Ie. COLLECTOR CURRENT ImAde) 



--- Switching and General Purpose Transistors 

2N2501 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 10 IlAde, IE = O) 40 -

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC = 30 mAde, IB = 0, Pulsed) 20 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 IlAde , Ie = O) 6 -

Collector Leakage Current ICEX nAde 
(V CE = 20 Vde, VBE = -3 Vde) - 25 

Base Leakage Current IBL 
(V CE = 20 Vde, VBE = -3 Vde) - 25 nAde 
(V CE = 20 Vde, VBE = -3 Vde, TA = 150°C) - 50 IlAde 

DC Forward Current Transfer Ratio* hFE 
(IC = 100 IlAde, VCE = 1 Vde) 20 -
(IC = 1 mAde, VCE = 1 Vde) 30 -
(Ic = 10 mAde, VCE = 1 Vde) 50 150 
(IC = 10 mAde, VCE = 1 Vde, TA = -55°C) 20 -
(IC = 50 mAde, V CE = 1 Vde) 40 -
(Ic = 100 mAde, VCE = 1 Vde) 30 -
(Ic = 500 mAde, VCE = 5 Vde) 10 -

Collector-Emitter Saturation Vqltage* VCE(sat} Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.2 
(IC = 50 mAde, IB = 5 mAde) - 0.3 
(IC = 100 mAde, IB = 10 mAde) - 0.4 

Base-Emitter Saturation Voltage'" VBE(sat} Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.85 
(Ie = 50 mAde, IB = 5 mAde) - 1.0 
(IC = 100 mAde, IB = 10 mAde) - 1.2 

Output Capacitance Cob pi 
(VCB = 10 Vde, IE = 0, 1= 100 ke) - 4 

Input Capacitance Cib pi 
(VEB = 0.5 Vde, Ie = 0, 1= 100 ke) - 7 

Small Signal Forward Current Transfer Ratio hie -
(VCE = 20 Vde, IC = 10 mAde, 1= 100 me) 3.5 -

Current-Gain-Bandwidth Product IT me 
(VCE = 20 Vde, IC = 10 mAde) 350 -

Charge Storage Time Constant TS usec 
(IC = IBl = IB2 = 10 mAde) - 15 

Total Control Charge QT pico-
(IC = 10 mAde, IB = 1 mAde) - 60 coulombs 

Active Region Time Constant TA nsee 
(Ie = 10 mAde) - 2.5 

*Pulse Test: Pulse width:2 300 J..Lsec, duty cycle ~ 2% 

COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 
0.7 

ii: le/ l.=10 
TJ = 2S0C 

0.6 

~ 
~ 0.5 
~ 

~ 0.4 

'" 0 

§ 

~ 
0.3 

\ 
I'... Ie = 100mA 

f'-. :tt r---- Ie _ SOmA 

~ 0.2 Ie lOrnA --
0.1 

0.01 0.1 10 100 
I" BASE CURRENT (mAde) 
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--- Switching and General Purpose Transistors 

2N2501 (Continued) 

2.0 

:> 0.4 

o 1 

BASE·EMITTER VOLTAGE 
versus COLLECTOR CURRENT 

I III 
TJ = 25°C 
Ic/l.= 10 

~~ 

10 
Ie. COLLECTOR CURRENT (mAde) 

ACTIVE REGION TIME CONSTANT 

7.0 

I S.0 

~ i 5.0 

~ 4.0 

" ;:: 
i3 3.0 
Ci 
:l! 
~ 2.0 
;:: 

~ 1.0 

o 
0.1 

2.0 

1\ 
\ 
\ 
\ 
\ 

2 

1.0 
1 

I~;I~ = lis} 

1\ 
\ 

Vcc="3V 

fHll 
IIII 

1.0 10 
Ie. COLLECTOR CURRENT (mAde) 

RISE TIME FACTOR 

\ 

""-K ..... 

10 

100 

b-

100 200 

20 

TEMPERATURE COEFFICIENTS 
1.0 

1'1"/1 -10 II e ,- i 

Ovd2Ito 10doJ)' -I--
~ 0.5 
> 
.§. 

~rn e,dttol2ml 
-r-n I 11 1111 

§ 
<> 

~-O.5 

l~lltllllllllllllllllll i~~ 
10.0 I 5.0 

~ i 1.0 
_ 0.5 
w 

;:] 
~ 0.1 

~ 0.05 

.E 0.01 

0.005 

0.2 I 10 . 50 100 
Ie. COLLECTOR CURRENT (mAde) 

Veo 

! 

COMMON EMITTER DC 
LEAKAGE CHARACTERISTICS 

+20V 
TJ =11500 C 

! 
TJ 100oC_ ,. 

I-- V" THRESHOLD VDLTiGE ! 
IF 

TJ L 

f-----

+0.5 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 
Vo .. BASE-EMITTER REVERSE BIAS (VOLTS) 

1.0 

~ 
1-' 
;: 0.8 
c 
::: 
:::; 

~ 0.6 
l!; 

g 
~ 0.4 

~ 
;:: 

~ 0.2 

o 
~ ...... 

FALL TIME FACTGR 

.... 
I ..... 

r7 
I) 

) 

/ 
~ 

.02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 
flo/Pc 
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--- Switching and General Purpose Transistors ---

2N2S37 thru 2N2S40 (SILICON) 
VCEO =30V 

fT = 400 Me Typ 

CASE 22 
(TO-18) 

2N2539 
2N2540 

CASE 31 
(TO-S) 

2N2537 
2N2538 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector- Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
25 0 C Case Temperature 

Derate above 2SoC 

Total Device Dissipation 
2SoC Ambient Temperature 

Derate above 25 0 C 

Junction Temperature 

Storage Temperature 

NPN silicon annular Star transistors for high-speed 
switching. 

2N2537 2N2539 
Symbol 2N2538 2N2540 Unit 

(10-5) (10-18) 
VCBO 60 60 Vdc 

VCEO 30 30 Vdc 

VCER 40 40 Vdc 

VEBO 5 5 Vdc 

Pn Watts 
3 1.8 

17.2 10.3 mW;oC 

Pn Watts 
0.8 O. ~ 
4.57 2_£6 mW;oC 

TJ -65 to +200 °c 

Tstg -65 to +200 °c 

TOTAL CONTROL CHARGE TEST CIRCUIT ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

+8.3V 

JL 
PULSE AT "A" 

4-30pf 

100 

INPUT .. 

100 

*ADJUST INPUT FOR 0 TO +8.3V 
PULSE AT POINT "A" 
TRANSITION TIME ~ 2 nsec 

+15.2 Vde 

TO ase ILlOSCOPE 
100 RISE TIME ~ 5 nsec 

Z,o=lOMn 

~O% -tomvmax 
90% 1" 

10 nsec mal{ 

Output Waveform 

+8.3V +15.2 Vdc - - - GROUND PLANES 

JL 

INPUT TRANSITION 

INPUT 
SIGNAL , 

TIME :::= 2 nsec >-""?"--Wv--+{ 
IMPEDANCE = SOn 
OUTPUT 

8-107 

50 

1510 

I 

100 I 

I Ik 
..----vV\r--~--'O VOU1 

50 

TO OSCILLOSCOPE 
RISE TIME =:; 5 nsec 
Z,"=10Mn 

t,,:::;: TAt:1FR :::;: 10 10 90% Rise Time 
tr = TA/kF :::;: 10 to 90% Fall Time 

R ~"o 10 ( "0 ) 
j;'" (3o -O.98f 

F:::;:l!E. In(1 +!!2.) 
8e {3e 

{3o:::;: hfE at Edge of Saturation 
{3c = Ie in Saturation / hi (Base "OFF" Current) 
8f:::;: Ie in Saturation J 181 (Base "ON" Current} 
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-- Switching and General Purpose Transistors 

2N2537 thru 2N2540 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°e unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) 
(VCB = 40 Vdc, IE = 0, TA = 150"C) 

Emitter Cu off Curren 
(VEB = 3 Vde, Ie = 0) 

Collee or CUtoff Current 
(VBE = 0.2 Vde, VCE = 20 Vde) 

Base Cutoff CUrrent 
(VBE = 0.2 Vde, V CE = 20 Vde) 

(VBE = O. 2 Vde, VCE = 20 Vde, TA = 150"C) 

Collector-Base Breakdown Voltage 
(IC = 10 )lAde, IE = 0) 

Colleetor-Emitter Breakdown Voltage 
(IC = 100 mAde, pulsed, IB = 0) 

Collector-Emitter BreaKdown Voltage 
(IC = 100 mAde, pulsed, RBE ;; 10 rl) 

Emitler"Base Brea:Kdown -voIfage 
(IE = 10 )lAde, IC = 0) 

Collector Saturation Voltage * 
(IC = 150 mAde, IB = 15 mAde) 
(IC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(IC = 150 mAde, IB = 15 mAde) * 
(IC = 500 mAde, IB = 50 mAde) 

DC Forward CUrrent Transfer Ratio 
(IC = 1 mAde, V CE = 10 Vde) 2N2537, 2N2539 

2N2538, 2N2540 
(Ie = 10 mAde, VCE = 10 Vde) 2N2537, 2N2539 

2N2538, 2N2540 
(IC = 150 mAde, V CE = 10 Vde)' 2N2537, 2N2539 

2N2538, 2N2540 
(IC = 500 mAde, V CE = 10 Vde)' 2N2537, 2N2539 

2N2538, 2N2540 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 ke) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 100 ke) 

Small Signal Forward Current Transfer Ratio 
(VCE = 20 Vde, IC = 20 mAde, f = 100 me) 

'Pulse Test: Pulse width ;; 300 )lsee, duty cycle;; 2% 

SWITCHING CHARACTERISTICS 

Churacteristic Symbol 

Total Control Charge QT 

Storage Time TS 
(IC = IBI = IB2 • 20 mAde, Vec = 5 V) 

Active Region Time Constant TA 
(See Figure 2) 

Turn-on Time ton 
(IB1 = IB2 = 15 mAde, Ie = 150 mAde, 
Vee = 7 Vde, RL = 40 rl) 

Turn-off Time toff 
(IBI = IB2 = 15 mAde, IC = 150 mArle, 

Vee = 7 Vdc, RL = 40 Il) 
-~-" .. _ ........... -
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Symbol Min 

ICBO 
-
-

lEBO -
lCEX 

-
IBL 

-
-

BVCBO 
60 

BVCEO 
30 

lj' CER 
40 

BVEBO 
5 

VCE(sat) 
-
-

VBE(sat) 
-
-

hFE 
20 
35 
30 
50 
50 

100 
20 
30 

Cob 
-

Cib 
-

hfe 
2.5 

Max. 

750 

20 

2.0 

40 

40 

Max Unit 

)lAde 
0.250 

200 

0.05 
)lAde 

)lAde 
0.250 

)lAde 
0.250 

200 

Vde 
-

Vde 
-

Vde 
-

Vdc 
-

Vde 
0.45 
1.6 

Vde 
1.3 
2.6 

-
-
-
-
-

150 
300 
-
-

pf 
8 

pf 
25 

-
-

Unit 

pico-
coulombs 

nsee 

nsee 

nsee 

nsee 



--- Switching and General Purpose Transistors ---

2N2635 (GERMANIUM) 
VCEO = 15 V 
Ic = lOOmA 
fT= 150MHzmin 

iQ 

CASE22\ 
PNP germanium epitaxial mesa transistor for high

speed switching applications. 

(TO-18) 

Collector connected to case 

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

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current (Continuous) IC 

Junction Temperature T J 

Storage Temperature Tstg 

Device Dissipation @ 25°C P D 
Ambient Temperature 
(Derate 2mW/oC above 25°C) 

INPUT WAVEFORM, 
tc= t, ~ Insec 
pw~ O.5,usec 
DUTY CYCLE ~ 50% 

SWITCHING TIME TEST CIRCUIT 

8-109 

Rating 

30 

15 

2_5 

100 

+100 

-65 to + 100 

150 

Cy ~ 6pf 
(includes CII-Il 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 

SCOPE 
t, ~ 3.5nsec 
R'H ~ lOOKn 
CIN~3pf 

I 



--- Switching and General Purpose Transistors ---

2N2635 (Continued) 

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

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 

(Ie ; 100 /l Adc, IE = 0) 30 50 ---
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC ; 2 mAdc, IB = 0) 15 30 ---
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE ; 100 /l Adc, Ie ; 0) 2.5 4.5 ---
Collector-Base Cutoff Current ICBO /l Adc 

(VCB ; 25V. IE = 0) --- I 5 
(VCB ; 25V, IE = 0, T A = +55oC) --- 5 20 

Emitter-Base Cutoff Current lEBO /lAdc 
(VEB ; IV,IC = 0) --- 2 20 

static Forward Current Transfer Ratio hFE ---
(IC ; 10 rnA, VCE ; 0.5V) 30 --- ---

I 
(IC = 50 rnA, VCE = IV) 45 --- 300 
(Ic ; 50 rnA, VCE = IV, TA ; -55°C) 25 --- ---
(IC ; 100 rnA, VCE = IV) 30 --- ---

Base-Emitter Voltage VBE Vdc 
(IC = 10 rnA, IB = 0.5 rnA) --- 0.36 0.45 
(IC = 50 rnA, IB = 2.5 rnA) --- 0.47 0.70 
(IC = 50 rnA, IB = 2.5 rnA, T A ; -55°C) --- 0.56 0.85 
(IC = 100 rnA, IB ; 10 rnA) --- 0.57 0.90 

Collector-Emitter Saturation Voltage VCE (sat) Vdc 
(IC = 10 rnA, IB = 0.5 rnA) --- 0.13 0.20 
(Ie; 50 rnA, IB = 2.5 rnA) --- 0.20 0.40 
(IC; 50 rnA, IB ; 2.5 rnA, TA = +55°C) --- 0.22 0.45 
(IC; 100 rnA, IB ; 10 rnA) --- 0.23 0.75 

Small-Signal Forward Current Transfer Ratio I hfel ---
(IC = 30 rnA, VCE = 2V, f ; 100 mc) 1.5 --- ---

Collector Output Capacitance Cob pf 
(VCB = 5 V, IE ; 0, f ; 1 mc) --- 2.5 5 

Input Capacitance Cib pf 
(VEB = IV,IC ; 0, f = 1 mc) --- --- 4 

Delay Time td --- 15 20 nsec 

Rise Time tr --- 20 30 nsec 

Storage Time ts --- 100 185 nsec 

Fall Time tf --- 35 65 nsec 
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--- Switching and General Purpose Transistors 

2N2800 (SILICON) 

2N2801 
2N2837 
2N2838 

VcEo =35V 
Ic = 800mA 
fT = nOMe 

PNP silicon annular transistors for medium-speed 
switching applications. 

CASE 22 
(TO-18) 

2N2837 
2N2838 

2N2800 
2N2S01 

Collector connected to case 

MAXJMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter- Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25"C Ambient Temperature 
2N2800, 2N2BOI - TO- 5 
Derating Factor Above 25"C 

2N2B37, 2N2B38 - TO-IS 
Derating Factor Above 25"C 

Total Device Dissipation 
@ 25"C Case Temperature 
2N2800, 2N2BOI - TO-5 
Derating Factor Above 25"C 

2N2B37, 2N2838 - TO-18 
Derating Factor Above 25"C 

Junction Temperature, Operating 

Storage Temperature 

DELAY AND RISE TIME TEST CIRCUIT 

INPUT 
lo::: 50n 
PRF ::: 150 PPS 
RISE TIME 6. 2 I1sec 

_~O-~--~~--+-4-{ 

---+!2.usec\+--

-t lOY 

Symbol Max Unit 

VCBO 50 Vdc 

VCEO 35 Vdc 

VEBO 5 Vdc 

IC 800 rnA 

PD 

O. B Watt 
4.57 mWj"C 

0.5 Watt 
2.86 mWj"C 

PD 

3 Watts 
17.3 mWj"C 

1.8 Watts 
10.3 mWj"C 

TJ +200 "C 

Tstg -65 to +200 "C 

STORAGE AND FALL TIME TEST CIRCUIT 

INPUT 
lo:::: son 
PRF = 150 PPS 
RISE TIME ~ 2 nsec 

+lS.9V +lDV 

1K 

+n o-..... -'Nv-...... ~f-{ 
--.12I-'sec~ 
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--- Switching and General Purpose Transistors 

2N2800, 2N2801, 2N2837, 2N2838 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 10 ~Ade, IE = 0) 50 -
Emitter-Base Breakdown Voltage BVEBO VOe 

(IE = 100 ~Ade, IC = 0) 5 -
Collector-Emitter Breakdown Voltage BVCEO Vde 

(IC = 100 mAde, IB = 0) 35 -
Collector Cutoff Current ICEX nAde 

(V CE = 25 Vde, VBE = 0.5 Vde) - 100 

Base Cutoff Current IBL nAde 

(V CE = 25 Vde, VBE = 0_ 5 Vde) - 100 

DC Forward Current Transfer Ratio hFE -
(IC = O. I mAde, VCE = 10Vde) 

2N2800, 2N2837 20 -
2N2801 • 2N2838 30 -

(Ie = 150 mAde, V CE = 10 Vde)* 
2N2800. 2N2837 30 90 
2N280l, 2N2838 75 225 

I 
(IC = 150 mAde, VCE = I Vde)* 

2N2800, 2N2837 15 -
2N280l, 2N2838 30 -

(IC = 500 mAde, VCE = 10 Vde)* 
2N2800, 2N2837 25 -
2N280l, 2N2838 40 -

Collector Saturation Voltage VCE(sal) 
Vde 

(IC = 150 mAde, IB = 15 mAde) - 0.4 

(Ic = 500 mAde, IB = 50 mAde) - 1.2 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 150 mAde, IB = 15 mAde) - 1.3 

(IC = 500 mAde, IB = 50 mAde) - 1.8 

Output Capacitance Cob 
p[ 

(VCB = 10 Vde, [= 100ke) - 25 

Current-Gain - Bandwidth Product IT me 

(Ie = 50 mAde, VCE = 10 Vde, [= 100 me) 120 -

SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Typical Maximum Unit 

Delay Time Id 9 25 Dsee 

Rise Time r 25 45 nsec 

Storage Time t s 100 225 flsec 

Fall Time If 30 45 nsec 

< ·Pulse Test. Pulse Width", 300/lsec, duty cycle ~ 2% 
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-- Switching and General Purpose Transistors ---

2N2832 (GERMANIUM) 

2N2834 
V CEO = 50-100 V 
Ic=20A 
Po= SSW 

CASE3~ (TO-3)1~ 
PNP germanium transistors for switching and am

plifier applications. 

Collector connected to case 

MAXIMUM RATINGS 

100 

80 
z 
~ i 60 

j 40 

20 

10 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power DisSipation 

Junction Operating Temperature Range 

CURRENT GAIN VARIATIONS 

1111 
l,....---' Yel :::: 2V 

e- 25i- 1\ 
/" 

-40°C 
[:::: lODoe .'\ 

L--- '" 
0.1 

"'"" 
1.0 10 

Ie. COLLECTOR CURRENT (AMPS) 

CURRENT GAIN BANDWIDTH PRODUCT 

versus COLLECTOR CURRENT 

20 

~ 18 

i 16 

~ 14 
~ 

:; 12 

~ 10 

! 
~ 6 

~ 4 
B 2 
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Symbol 2N2832 2N2834 Unit 
VCBO 80 140 Volt.. 

VCEO 50 100 Volt.. 

VEBO 2 2 Volt.. 

IC 20 20 Amps 

IB 5 5 Amps 

Pc 85 85 Watts 

T j -65 to +1100 °c 

STORAGE TIME versus COLLECTOR CURRENT 

I.,:::: 'II:::: 0.11e 

!--1--1- t-

'\ 

0.1 0.2 0.4 0.6 4 6 8 10 20 

Ie:. COLLECTOR CURRENT (AMPS) 

Vel. - 6 VOLTS 

....... V ~ 
V 

"\. 

\ 

0.1 0.2 0.4 0.6 0.8 1 

Ie. COLLECTOR CURRENT (Ade) 

I 
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-- Switching and General Purpose Transistors 

2N2832, 2N2834 (Continued) 

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

Characteristic 

Collector-Base Cutoff Current· 
(VCB : 2V, IE : 0) All Types 
(VCB : 80V, IE : 0) 2N2832 
(VCB : 140V, IE : 0) 2N2834 

Collector-Emitter Current· 
(VCE : 100V, VBE : 0) 2N2832 
(VCE : ISOV, VBE : 0) 2N2634 

Colleetor~Emitter Cutoff Current .. 
(VCE : 50V, VBE : 0.2V, TC : +850C) 2N2832 
(VCE : 100V, VBE : 0;2V, TC : +85°(:) 2N2834 

Emitter-Base Breakdown Voltage 
(IE : 50 mAde, IC : 0) 

Collector-Emitter Breakdown Voltage" 
(IE = 100 rnA, IS : 0) 2N2832 

2N2834 

Emitter Floating Potential' 
(VCB : 80V, IE : 0) 2N2832 

(VCS : 140V, IE = 0) 2N2634 

DC Current Transfer Ratio 
(IC : 1.0 A, VCB : 2V) 
(IC : lOA, VCB : 2V) 

Collector-Emiller Saturation Voltage 
(IC : 1.0 Ade, IB : 100 mAde) 
(IC : 10 Ade, IB : 1.0 Ade) 
(IC : 20 Ade, IB : 2.0 Ade) 

Base-Emitter Saturation Voltage 
(IC : IA,IB = 100mAde) 
(IC: 10 A, IB : lAde) 
(IC : 20A,IB: 2Ade) 

Small Signal Current Gain 
(IC: LOA, VCE : 10V,f: 5me) 

Rise Time 

Storage Time 

Fall Time 

, SWEEP TEST: 1/2 Sine Wave, 60 cps min 
PULSE TEST: PW : 1 msee, 2% Duty Cycle 

Symbol Min Typ Max 

ICBO' 
--- --- 0.3 
--- --- 10 
--- --- 10 

IcES' --- --- 20 
--- --- 20 

ICEX" 
--- --- 40 
--- --- 40 

BVEBO 
2 --- ---

BVCEO(sus) " 
50 --- ---

100 --- ---
VEBF' 

--- --- 0.5 

--- --- 0.5 

hFE 
50 75 ---
25 --- 100 

VCE(sat) --- --- 0.15 
--- --- 0.30 
--- --- 0.5 

VBE(sat) --- --- O.S 
--- --- 0.75 
--- --- 1.0 

hre 
2 J.5 ---

t r --- 2 4 

t s --- 3 6 

tf --- I 2.5 

SWITCHING TIME TEST CIRCUIT 

'MERCURY SWITCH R, 

R, 

0- 20V 
R, 

Characteristic ',m Max Unit 

Rise Time t. 4 ,usee 

Storage Time t, 6 p'sec 

Fall Time t, 2.5 ,usee 

ADJUST RIt R" RI • for I .. ;;;: III = D.lIc 

PULSE CONDITIONSj Ie :;;: 5 AMP, 1" = 0.5 AMP 
Swill;hin~ times shown are for comilant current drive conditions. 

Faster times can be realized by the use of a lower source impedan!;c 
(lr a speed-up capacitor. 
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Unit 

rnA 

rnA 

rnA 

Vde 

Volts 

Volts 

---

Vde 

Vde 

---

/Jsec 

jl8eC 

/.lser. 



--- Switching and General Purpose Transistors ---

2N2837 (SILICON) 

2N2838 
For Specifications, See 2N2800 Data Sheet 

2N2904, A thru 2N2907, A (SILICON) 
2N2904 thru 2N2907 USA/JAN and 

HI-REL 
2N3485,A,2N3486,A 

V CEO = 40-60 V 
Ic = 600 mA 
fT= 200Mc 

10\ ~ PNP silicon annular Star transistors for high-speed 

~
SWitChing, complementary circuitry and DC to VHF 
amplifier applications. 

Collector connected to case 

CASE 31 CASE 22 CASE 26 \ \ 
(TO-5) (TO-1S) (TO-46) \ 

2N2904, A 2N2906, A 2N3485, A 
2N2905, A 2N2907, A 2N3486, A 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 
2N2904-2N2907, 2N3485, 2N3486 
2N2904A-2N2907 A, 2N3485A, 2N3486A 

Emitter-Base Voltage 

Collector Current 

Total Devic e Dissipation @ T C = 25 D C 

TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 

TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
DERATING FACTOR 

TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 

Total Device DiSSipation @ T A = 25°C 

TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 

TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 

Operating Junction Temperature Range 

Storage Temperature Range 

8-115 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

P D 

P D 

TJ 

Tstg 

Rating Unit 

60 Vdc 

Vdc 
40 
60 

5 Vdc 

600 mAdc 

3 W 
17_2 mW;oC 

1.8 W 
10.3 mW/'C 

2 W 
11. 43 mW/DC 

600 mW 
3.43 mWjDC 

400 mW 

2.28 mW/oC 

-65. to +200 DC 

-65 to + 200 °C 

I 



-- Switching and General Purpose Transistors ---

2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 

ELECTRICAL CHARACTERISTICS (At 2S"C unless otherwise noted) 

Characteristic Symbol 
Collector Cutoff Current leBO 

(VCB = 50 Vde, IE = 0) 2N2904 thru 2N2907, 2N348S, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 

(Vea = 50 Vdc, IE :: 0, TA = I50oC) 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 

Collector Cutoff Current ICEX 
(VCE = 30V, VBE = 0.5V) 

Base Cutoff Current IBL 
(VCE = 30V, VBE = 0.5 V) 

Collector-Base Breakdown Voltage BVeBa 
(Ic = }O Adc, IE = 0) 

Collector-Emitter Breakdo'Ml Voltage- BVCEO• 
('e = 10 mAde, IB = 0) 2N2904 thru 2N2907, 2N3485, 2N3486 

2N2904A thru 2N2907A, 2N3485A, 2N3486A 

Emitter-Base Breakdown Voltage BVEBO 
(IB = 10 Ade, 'e = 0) 

Collector Saturation Voltage- VCE(sat)· 
(Ie = 150 mAde, IS = 15 mAde) 
(Ie :. 500 mAde, IS = 50 mAde) 

Base-Emitter Saturation Voltage VBE(sat)* 

~~ : ~~~ :~~~: ~ : ~~ :~~~r 
DC Forward Current Transfer Ratio hFE 

(Ie '" 0.1 mAde, VCE '" 10 Vde) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

(IC '" 1.0 mAde. V CE '" 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

(IC '" 10 mAde, V CE '" 10 Vde) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 

(IC '" 150 mAdc, VeE'" 10 Vdc) * 2N2904,_ 2N2904A, 2N2906, 2N2906A, 2N3485, 2N3485A 
2N2905, 2N2905A, 2N2907, 2N2907A, 2N3486, 2N34B6A 

(IC '" 500 mAde, V CE '" 10 Vdc)* 2N2904, 2N2906, 2N348!> 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N348SA 
2N290SA, 2N2907A, 2N3486A 

Output Capacitance Cob 
(VeE'" 10 Vde, IE '" 0, f '" 100 ke) 

Input Capacitance C jb 
(VBE = 2 Vde, IC :: O. f := 100 kc) 

Current-Gain - Bandwidth Product IT 
(Ie = 50 mAde, VeE'" 20 Vdc,! '" 100 mc) 

SWITCH I NG CHARACTERISTICS (At 2S"C unless otherwise noted) 

Min 

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

---

---

60 

40 
60 

5 

---
---

---
---

20 
35 
40 
75 

25 
50 
40 

100 

35 
75 
40 

100 

40 
100 

20 
30 
40 
50 

---

---

200 

Characteristic Symbol Typ Max 
Delay Time Id 6 10 

Rise Time Ir 20 40 

Turn-On Time Ion 26 45 

Storage Time I. 50 80 

Fall Time It 20 30 

Turn-Off Time to!! 70 100 

Total Switching Time Itol.l 12 ---

'Pulse Test: Pulse Width = 300 /.Isec; Duty Cycle ~ 2% 
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Max Unit 
liMe 

,020 
.010 

20 
10 

nAde 
50 

nAde 
50 

Vde 
---

Vde 
---
---

Vde 
---

Vde 
0.4 
1.6 

Vde 
1.3 
2.6 

---
---
---
---
---
---
---
---
---
---
------
---
120 
300 

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

pf 
8 

pf 
30 

me 
---

Unit 
nsec 

nsec 

ns~e 

hsec 

nsee 

nsec 

nsec 



--- Switching and General Purpose Transistors ---

2N2904, A·2N2907, A and 2N3485, A, 2N3486, A (Continued) 

SATURATED TURN·ON SATURATED TURN·OFF 
SWITCHING·TlME TEST CIRCUIT SWITCHING·TIME TEST CIRCUIT 

NON·SATURATED SWITCHING·TlME 
TEST CIRCUIT 

°LJ3IJV 

~ 
PW£ZOClnsec 

CAPACITANCE VARIATIONS versus VOLTAGE 

40 II 
C,bl'llt 

~ t'----
20 

0 
COb/Vel ............ 

2 
0.1 0.2 0.4 0.6 1.0 4 6 10 20 40 

~ 6.0 

~ 4.0 

is 
~ 2.0 
~ 
~ 1.0 

5 
.... 0.6 
~ 
~ 0.4 
8 

" ~ 0.2 

do. I 

REVERSE BIAS (VOLTS) 

TOTAL CONTROL CHARGE versus BASE CURRENT 

I-- p,=IO -TJ ;::: 25°C [// 

V 1:7 

7' 

/' 
!7 

20 

~ 15 

§ 
~ 10 

~ 

40 0 

30 0 

\ 
r--

-JOV 

PI.~1.:.:f~: 
T lOOn 

f'W= 15nsec 

IK 60" 

01 .. 1 

loau 

ACTIVE REGION TIME CONSTANT 
versus COLLECTOR CURRENT 

1\ 
'\ "- I'-.... 

t-....Voc 'l30V 

vc~F+:r-
10 20 40 60 100 200 

Ie. COLLECTOR CURRENT (mAde) 

IK 

5W +50V 

.J!!! 

400 

CURRENT GAIN·BANDWIDTH PROOUCT versus 
COLLECTOR CURRENT 

'-vc =...2!!.. 
Vc- 5V 

~ V L.---
/ """ o V:: V 

t/" TTiT 
20 

10 0 
10 20 40 60 4 6 10 20 40 60 100 200 

I •• BASE CURRENT (mAde) Ie. COLLECTOR CURRENT (mAdel 

CURRENT GAIN versus COLLECTOR CURRENT 
2.0 ~~~~~~~~~~~~~~~~~-~~~~-~~~~~~~~~~-r-

~~~~l~lll\o~J~~nmmHTffi 
~ 10 j:::j::~L-~l--:::I=mtt=~+~+=~+l--Hl~Jl1~]oc#=l=RRtI:It$~ut#1~~ 
z _I-

~ 
u 
g 

I III 
I III 

o 
Tj ;::: -55°C 

~ 0.5 tn~lliljjEfflI1Urttt!!:mr1EITnm~~ID ~ 

0.2 L-..L...L.....L....LLl..l.J.J.l.-....L....J.........l.-L..LJ..J..J.lL.....l......l.---.JL...J-L.LJ..J.l.1._L..JL-.l.-W..LJ..l.l.J_..L..l.-...L..JIJj 
,01 .02 .05 0.1 0.2 0.5 1.0 2.0 

Ie. COLLECTOR CURRENT (rnA) 
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--- Switching and General Purpose Transistors --

2N2904, A·2N2907, A and 2N3485, A, 2N3486, A (Continued) 

~ 
1.0 

"-

~ 0.8 

!' 
15 

~ 0.6 

~ 

~ 0.4 
i 

~ 
~ 0.2 

~ 0 
.06 

g 1.0 

~ 

; 0.8 

z 
0 
0= 

0.6 
~ 
~ 

!:' 0.4 
i 

! 0.2 

! 
~ 0 

.06 

g 
2.0 

COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 

\ \ \ \ 2N2904, 2N2906, 2N3485 
AND A VERSIONS 

le=\omA 

\ \ 
T,,=2SoC _ I-

\ 
le= rmA \ le=I\.A Ie = 200mA 

Ic=50mA 
........ 

i'-.... 
\ \ "'-

...... 
'-.... -

"- i'.. t-- r---............. :--- - r-r-t--

0.1 1.0 10 100 
I •• BASE CURRENT (mAde) 

\ \ \ 2N2905, 2N2907, 2N3486 
AND A VERSIONS 

\ .\ \ 
T,=25'C- -

\ lc=50mA 

1\ Ic::;:2\mA \ le=I\A Ie = 200mA 

Ic=10mA \ ',-

\ ~ I"-r--... 
",,--r--

'-.... r-- -
0.1 1.0 10 100 

1" BASE CURRENT (mAde) 

BASE SATURATION VOLTAGE 
versus BASE CURRENT TEMPERATURE COEFFICIENTS 

3.0 
lE 1.-. - 2S"C I L!L7 ~ 
!' 
15 1.5 

Ie:::; SOOy 2.0 

~ 
~ 
~ 1.0 

'" :l: 
~ 

1/ I 
le=200mA ~~I 

~I:::t: le= IOOmA 

Ie 20 rnA :::::: F-r-:: -50 mA I I I 
Ie II~ mt II II 

1.0 

(J.,c for Vetllo') ~ 
I 55to25'C)-

I I II 
tho. for VII 1 .. '1 -ttl 

-1.0 

~ .j 0.5 

0.1 

-2.0 

1.0 10 100 4 6 10 20 40 60 100 200 

I •• BASE CURRENT (mAde) 1<:, COLLECTOR CURRENT (mAde) 
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-- Switching and General Purpose Transistors ---

2N2955 (GERMANIUM) 
2N2956 

VCEO = 18-25 V 
Ic= 100mA 

2N2957 f1 = 350-400 MHz (Iyp) 

iQ 

" 
. PNP germanium epitaxial mesa transistors for high

speed switching applications. 

CASE 22 
(TO-18) 

Collector connected to case 

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

Cha racteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 40 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

2N2955 25 
Collector-Emitter Voltage 2N2956 VCEO 20 Vdc 

2N2957 18 

Collector Current IC 100 mAdc 

Junction Temperature T J 100 °c 

Storage Temperature TSTG -65 to +100 °c 

Total Device Dissipation at 25°C 
Case Temperature PD 300 mW 
(Derate 4 mW/oC above 25°C) 

Total Device DisSipation at 25°C 
Ambient Teq)perature P D 150 mW 
(Derate 2 mW/oC above 25°C) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ M_ax Unit 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC ~ 100 /lAde, IE~ 0) 40 60 ---

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 100 /LAde, Ie ~ 0) 3.5 5 ---

Collector-Emitter Breakdown Voltage 8 BVCEO Vde 
(IC = 10 mAde, Emitter-Base 2N2955 25 35 ---
Termination - Open) 2N2956 20 28 ---

2N2957 18 25 ---
Collector-Emitter Reverse Current ICEX /LAde 

(VCE ~ 25 Vde, VEB = 0.5 Vdc) --- --- 10 

Base Leakage Current 9 IBL /LAde 
(V CE = 25 Vde, V EB ~ 0.5 Vde) --- --- lD 
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-- Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued). 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

On Characteristics 
Forward CUrrent Transfer Ratio 

(Ie = 10 mAde, VCE = 1 Vde) 2N2955 1 
2N2956 2 
2N2957 3 

(IC = 50 mAde, VCE = 1 Vde) 2N2955 
2N2956 
2N2957 

(IC = 100 mAde, VCE = 1 Vde) 2N2956 
2N2957 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1 mAde) 2N2955 5 

2N2956 6 
2N2957 7 

(IC = 50 mAde, IB = 5 mAde) .2N2955 
2N2956 
2N2957 

(Ie = 100 mAde, IB = 10 mAde) 2N2956 
2N2957 

Base-Emitter Voltage 4 
(IC = 10 mAde, IB = 1 mAde) 2N2955 

2N2956 
2N2957 

(IC = 50 mAde, IB = 5 mAde) 2N2955 
2N2956 
2N2957 

(IC = 100 mAde, IB = 10 mAde) 2N2956 
2N2957 

.. TranSient CharacterIStics 
output Capacitance 10 

(VCR = 5 Vde, IE = 0, f = 1 me) 

Input Capacitance 10 
(V EB = 1 Vde, IC = 0, f = 1 me) 

Small Signal Forward CUrrent 
Transfer Ratio (VCE = 5 Vde, 2N2955 

IC = 10 mAde, f = 100 me) 2N2956 
2N2957 

Delay Time 12 
(VCC = 12 Vde, les = 50 mAde, 

IBI = 5 mAde, V BE (Off) = 2.2 Vdc) 

Rise Time 12,13 
(same conditions as tct) 2N2955 

2N2956 
2N2957 

Storage Time 12,16 
(V CC = 12 Vde, les = 50 mAde, 2N2955 
IBI = 5 mAde, IB2 = 5 mAde) 2N2956 

2N2957 
Fall Time 12,15 

(same conditions as ts ) 2N2955 
2N2956 
2N2957 

Total Control Charge 17 
(IC = 10 mAde, IB = 1 mAde) 2N2955 

2N2956 
2N2957 

Active Region Time Constant 14 
(IC = 10 mAde) 

8-120 

hFE 

VCE(sat) 

VBE 

Cob 

Cib 

I hre I 

td 

tr 

ts 

tf 

Q,-

TA 

---
20 43 ---
30 64 ---
60 105 ---
20 43 60 
40 76 120 
100 130 ---
30 69 ---
60 115 ---

Vde --- 0.12 0.20 
--- 0.12 0.18 
--- 0.09 0.15 

--- 0.20 0.30 
--- 0.16 0.25 
--- 0.13 0.20 

--- 0.23 0.34 
--- 0.18 0.26 

Vde 
--- 0.38 0.50 --- 0.37 0.47 
--- 0.36 0.44 

--- 0.51 0.65 
--- 0.48 0.60 
--- 0.45 0.55 

--- 0.56 0.70 
--- 0.52 0.65 

pf 
--- 2.5 4 

pf 
--- 3.3 ---

---
2 3.5 ---
2.5 3.75 ---
3 4.0 ---

nsec 
--- 7 15 

usee 

--- 25 40 

--- 18 30 

--- 15 25 

usee 

--- 28 40 

--- 37 55 

--- 42 60 

usee 

--- 25 40 

--- 18 35 

--- 18 35 

pc 
--- 84 ---
--- 88 ---
--- 88 ---

nsee 

--- 2.9 ---



-- Switching and General Purpose Transistors --

2N2955, 2N2956, 2N2957 (Continued) 

100 

80 

60 

50 
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0 

0 

0 
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~ 
r 

~ 60 
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2 0 

FIGURE 1 - CURRENT GAIN CHARACTERISTICS 
2N2955 
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....... 1--- ~ , j ~::... 

....... 1.-- ~ \ I.--

1---"1--- n r\\ \ 
I\~ I~ 
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r-- TJ =OOC 

T'I=iTI 

5 6 8 10 20 40 60 80 100 

I" COLLECTOR CURRENT (mAde) 

FIGURE 3 - CURRENT GAIN CHARACTERISTICS 
2N2957 
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FIGURE 2 - CURRENT GAIN CHARACTERISTICS 
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FIGURE 4 - BASE EMITTER VOLTAGE versus COLLECTOR CURRENT 
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--- Switching and General Purpose Transistors ---

2N2955, 2N2956, 2N2957 (Continued) 

1.0 

c;:;;- 0.8 
~ 

~ 

'" ~ 0.6 

~ 
o ;04 
j 0.2 

o 
0.1 

1.0 

'" 0.8 
~ 
~ 

~ 
~ 

I 
} 

1.0 

_ 0.8 

~ 
~ 
~ 0.6 

g 
~ 
o 

r.4 

Jl 0.2 

0.6 

0.4 

0.2 

o 
0.1 

0.1 

0.2 

lOrnA 

"'" 
0.2 

lOrnA 20mA 

"-

0.2 

COLLECTOR·EMITTER SATURATION VOLTAGE versus BASE CURRENT 

FIGURE 5 -2N2955 
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-- Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 

FIGURE 8 - OPEN BASE LOAD LINE RATING" TEST CIRCUIT 

~ 80~~~~--4-----~---+----+----4 

i 
is 
~ 60 

~ 40~----1-----~~--;~~~-+-----+----~ 
~ 
.2 
20~---+----4---~~--~----+----4 

°0~--~~--~1~0----~~~~--~~--~30· 

V ... COLLECTOR.fMITTERVOLTAGE (Vde) 

Vee At 
2N2955, - 25V 2450 
2N2956, - 20V 1970 
2N2957, -IBV 1770 

FIGURE 9 - COMMON EMITTER DC LEAKAGE CHARACTERISTICS 
10 0 
~ ~ V" - THRESHOLD Of EMITTER INJECTION ~~ 
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TJ 15Soc V 

0 

TJ=~ 
.., 

0 
, 
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Vo •• BASE-EMITTER REVERSE BIAS (VOLTS) 

BASE LEAKAGE CURRENT TEST CIRCUIT 

+0.5Vde 

Bile Leabll Cune"t. IlL is defined as 
base leakage current with both junctions 
reverse biased. Ie is always less than I'L 
for VOl> Yy. (VOl is off condition base 
bias. Yr is base voltage at threshold of 
condition.) 

- 25Vde 

FIGURE 10 - JUNCTION CAPACITANCE versus REVERSE BIAS FIGURE 11 - TEMPER"ATURE COEFFICIENTS 
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-- Switching and General Purpose Transistors 

2N2955, 2N2956, 2N2957 (Continued) 

FIGURE 12 - SWITCHING TIME TEST CIRCUIT 

GENERATOR 
louT = son 
INPUT PULSE, 
t,=t,~l nsec 

INPUT PULSE WIDTH, 
100 nsec (50% DUTY CYCLE) 

°LI 
-IOV 

Vee = - 12V 

2350 

IKn 

sIn 

VII = +4.4V 

les = - 50 mAde 
III = - 5 mAde 
III = - 5 mAde 
VUIOffl ::::: +2.2 Vdc 

SCOPE 
Ill .. ~ 1 MEGn 
CIN ~ 20 pf 
t,~lnsec 

FIGURE 14 - ACTIVE REGION TIME CONSTANT 
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FIGURE 16 - STORAGE TIME 
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FIGURE 13 - RISE TIME FACTOR 
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FIGURE 15 - FALL TIME FACTOR 
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FIGURE 17 - TOTAL' CONTROL CHARGE 
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-- Switching and General Purpose Transistors --

2N2958 (SILICON) 

2N2959 
2N3115 
2N3116 

VCEO =20V 
Ie = 600mA 
fT = 400 Me lyp 

NPN silicon annular Star transistors for high-speed 
"SWitching ""d amplifie< applicillo",. 

2N2958 
2N2959 

CASE 22 
(TO-18) 

2N3115 
2N3116 

Collector connected to case 

MAXIMUM RATINGS 

CharacteristiC 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current 

Total Device Dissipation 
25°C Case Temperature 

Derate above 25°C 

Total Device Dissipation 
25°C Ambient Temperature 

Derate above 25°C 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

PD 

PD 

TJ 

Tstg 

8-125 

2N2958 2N3115 
2N2959 2N3116 Unit (TO-5) (TO-18) 

60 60 Vdc 

20 20 Vdc 

5 5 Vdc 

600 600 mAde 

3 1.8 Watts 
20 12 mW/oC 

0.6 0.4 Watts 
4.00 2.67· mW/oC 

-65 to +175 °c 

-65 to +200 °c 



-- Switching and General Purpose Transistors ---

2N2958, 2N2959, 2N3115, 2N3116 (Continued) 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICBO u Adc 
(VCB = 50 Vdc, IE = 0) --- 0.025 
(VCB = 50 Vdc, IE = 0, T A = 150oC) --- 15 

Collector Cutoff Current ICEX u Adc 

(VCE = 30 Vdc, VBE = -0,5 Vdc) --- .050 

Base Cutoff Current IBL u Adc 
(VCE = 30 Vdc, VBE = -0.5 Vdc) --- ,050 

Collector-Base Breakdown Voltage BVCBO Vdc 

(Ic = 10 ~AdC, IE = 0) 60 ---
Collector-Emitter Sreakdown Voltage-

SVCEO_ 
Vdc 

(IC = 10 mAdc, pulsed, IS = 0) 20 ---
Emitter-Sase Sreakdown Voltage SVESO Vdc 

(IE = 10 ~Adc, lc = 0) 5 ---
Collector Saturation Voltage" VCE (sat)- Vdc 

(IC = 150 mAdc, IS = 15 mAdc) --- 0.5 

Base-Emitter Saturation Voltage- VBE (sat)- Vdc 

(Ic = 150 mAdc, IS = 15 mAdc) --- 1.3 

DC Forward Current Transfer Ratio hFE ---
(Ie = 150 mAdc, 2N2958, 2N3115 40 120 
VCE = 10 Vdc) 2N2959, 2N3116 100 300 

Common-Base Open Circuit Output Capacitance Cob pf 
(VCB = 10 V, IE = 0, f = 100 kc) --- 8 

Delay Time td nsec 
(VCC = 30 V, ICS = 150 rnA, lSI = 15 rnA) --- 20 

Rise Time tr nsec 
(VCC = 30 V, ICS = 150 rnA, IB1 = 15 rnA) -- - 75 

Storage Time ts nsec 
(VCC = 6 V, Ies = 150 rnA, lSI = +15 rnA, --- 300 

IS2 = -15 rnA) 

Fall Time tr nsec 
(VCC = 6 V, Ies = 150 rnA, lSI = +15 rnA, --- 200 

IS2 = -15 rnA) 

Current Gain-Bandwidth Product fT mc 
(IC = 20 rnA, VCE = 20 V, f = 100 mc) 250 ---

·PULSE TEST: Pulse WIdth ~ 300 p.sec. duty cycle ~ 2% 
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--- Switching and General Purpose Transistors ---

2N3019 (SILICON) 
2N3020 

VeEo = BOV 
Ie = 1 A 
Po= SW 

NPN silicon annular transistors designed for high
current, high-frequency amplifier applications. 

CASE 31 
(TO-5) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter- Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Total Device Dissipation @ T C = 25°C 
Derate above 25°C ' 

Operating Junction Temperature Range 

Storage Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

8-127 

Rating Unit 

80 Vdc 

140 Vdc 

7 Vdc 

1 Adc 

0.8 W 
4.6 mW;oC 

5 W 
28.6 mW;oC 

-65 to +200 °c 

-65 to + 200 °c 



-- Switching and General Purpose Transistors 

2N3019, 2N3020 (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Min' Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage· BVCEO . Vde 
(Ic = 30 mAde, Is = 0) 80 -

Collector-Base Breakdown Voltage SVCBO Vde 
(Ic = 100 "Ade, IE = 0) 140 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 "Ade, IC = 0) 7 -

Collector Cutoff Current 'CBO /.lAde 
(VCS = 90 Vde, 'E = 0) - 0.010 

(Ves'" 90 Vdc, IE'" 0, TA = 150"C) - 10 

Emitter Cutoff Current lEBO IlAde 
(VBE = 5 Vde, IC = 0) - 0.010 

ON CHARACTERISTICS 

DC Current Gain- hFE 
. -

(Ie::= 0.1 mAde, VeE = 10 Vdc) 2N3019 50 -
2N3020 30 100 

(Ic = 10 mAc, VeE = 10 Vdc) 2N3019 90 -
2N3020 40 120 

(Ie '" 150 mAde, VCE = 10 Vde') 2N3019 100 300 
2N3020 40 120 

(Ie ::0 150 mAde, VeE = 10 Vde, TC = -55"C) 2N3019 40 -
(Ie = 500 mAde, VeE = 10 Vde) 2N3019 50 -

2N3020 30 100 

(Ie = 1 Adc, VeE = 10 Vdc) Both Types 15 -
Collector-Emitter Saturation Voltage- VCE(sat) 

. Vde 
(Ie = 150 mAc, 18 = 15 mA.c) - 0.2 

(Ie = 500 mAc I IS = 50 mAc) - 0.5 

Base-Emitter Saturation Voltage· VBE(sat)* Vde 
(Ie'" 150 mAc, IS'" 15 mAc) - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product rT MHz 
(Ie = 50 mAde, VeE = 10 Vdc, f = 20 MHz) 2N3019 100 -

2N3020 80 

Output Capacitance Cob pF 
(Ves = 10 Vde, IE ~ 0, r ~ I MHz) - 12 

Input Capacitance Cib pF 
(V BE '" 0.5 Vdc, IC ::::. 0, r::::. 1 MHz) - 60 

Small-Signal Current Gain h re -
(Ie := 1 mAc, VeE" 5 Vdc, r = 1 kHz) 2N3019 80 400 

2N3020 30 200 

Collector- Base Time Constant r'C 
(Ie = 10 mAdc, V CE = 10 Vdc, f = 4 MHz) 

b e - 400 ps 

Noise Figure NF dB 
(IC = 100 /lAde, VCE = 10 Vdc, f::::. 1 kHz, RS =lkohm) 2N3019 - 4 

*Pulse Test: Pulse Width ~ 300 ps, duty cycle ~ 1% 
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-- Switching and General Purpose Transistors --

2N3114 (SILICON) 
VCEO = 150V 

Ic = 200 mAde 
Po = 5W 

NPN silicon annular transistor designed for high
voltage, low-power video amplifier applications. 

CASE 31 
(TO-S) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage'" 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating Factor Above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

"'Between 0 and 30 mAo 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

8-129 

Rating Unit 
150 Vdc 

150* Vdc 

5 Vdc 

200 mAdc 

0.8 Watt 

4.57 mW/oC 

5 Watts 

28.6 mW;oC 

200 °c 

-65 to +200 °c 



-- Switching and General Purpose Transistors 

2N3114 (continued) 

ELECTRICAL CHARACTERISTICS (TA:;: 25°C unless otherwise noted) 

Characteristic 
Collector-Base Breakdown Voltage 

(Ie'" 100 JlAdc, IE = 0) 

Collector-Emitter Breakdown Voltage. 
(Ie '" 30 mAde, IS = 0) 

Emitter-Base Bre.akdown Voltage 
(IE ::= 100 #lAde, Ie = 0) 

Collector Saturation Voltage. 
(Ie = 50 mAde, IS = 5 mAde) 

Base-Emitter Saturation Voltage* 
(Ie ::= 50 mAde, Is = 5 mAde) 

DC Current Gain· 
(Ie '" D. 1 mAde, V CE = 10 Vdc) 

(Ie = 30 mAde, V CE "" 10 Vdc) 

(Ie = 30 mAde, V CE = 10 Vdc, T A '" -55"C) 

Collector Cutoff Current 
(V CB = 100 Vdc, IE = 0) 

(V CB = 100 Vdc, IE = 0, T A = 150°C) 

Emitter Cutoff Current 
(VES '" 4 Vdc. Ie'" 0) 

Small Signal Current Gain 
(V CE = 10 Vdc, Ie = 30 mAde, r '" 20 me) 

~ut l:apacitance 
(VCB '" 20 Vdc, IE = 0,1 = 140 kc) 

Input Capacltance 
(VEB = O. 5 Vdc, IC = 0, f '" 140 kc) 

Small Signal Current Gain 
(IC = 1. a mA, V CE '" 5 V, 1 = 1 kc) 

Real Part 01 Input Impedance 
(IC'" 10 rnA, VCE::Z 10 V, f'" 100 mc) 

*PW ~ 300 11 sec, Duty Cycle.~ 1% 

2N3115 (SILICON) 

2N3116 

Symbol Min 
BVCBO 

150 

BVeEO . 
150 

BVEBO 
5 

VCE{sat)· -

VSE(sat) 
. 

-

hFE . 
15 

30 

12 

leBO -
-

lEBO -
Ihfel 

2,0 

Cob 
-

C 1b 
-

hIe 
25 

Re(h ie) 
-

For Specifications, See 2N2958 Data Sheet 

8-130 

Max Unit 
Vdc 

-
Vdc 

-
Vdc 

-
Vdc 

1 

Vdc 
0,9 

-
-

120 

-
J..l.Adc 

0.010 

10 

p.Adc 
0.10 

-
-

pf 
9 

pf 
80 

-
-

ohms 
30 



-- Switching and General Purpose Transistors --

2N3133 thru 2N 3136(SILICON) VCEO = 3SV 
Ic =600mA 
fT= 200 Me 

~ PNP silicon annular Star transistors for high-speed 
'\ \ switching and DC to UHF amplifier applications. 

2N3133 
2N3134 

CASE 22 
(TO-IS) 

2N3135 
2N3136 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@250C Case Temperature 

Derate Above 25°C 

Total Device Dissipation 
@ 25°C Ambient Temperature 

Derate Above 25°C 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCEO 

VEBO 

Ie 
PD 

PD 

TJ 

Tstg 

2N3133 ~~~{~~ 2N3134 
(10-5) CTO-18) 
50 50 

35 35 

4 4 

6.00 600 

3 1.8 
17.3 10.3 

0.6 0.4 
3.43 2.28 

-65 to +200 

-65 to +200 

SWITCHING CHARACTERISTICS (At 2S"C unless otherwise noted) 

Characteristic Symbol Typ 

Turn-On Time ton 
(Vee = -30 V, Ies = 150 rnA, IBI = 15 rnA) 26 

Turn-Off Time toff 
(Vee = -6V, Ics = 150 rnA, IBI = IB2 = 15 rnA) 70 

8-131 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

Watts 
mW/oC 

Watts 
mW/oe 

°e 

°e 

Max Unit 

nsee 
75 

nsee 
150 



-- Switching and General Purpose Transistors --

2N3133 thru 2N3136 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current leBO IlAd( 
(VCB = 30 Vdc, IE = 0) --- 0.05 
(VCB =30 Vdc, IE = 0, TA = 150°C) --- 30 

Collector Cutoff Current IcEX IlAd( 
(VCE = 30 V, VBE = 0.5 V) --- 0.1 

Base Cutoff Current IBL IlAdc 
(VeE = 30 V, VBE = 0.5 V) --- 0.1 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie = 10 IlAdc, IE = 0) 50 ---

Collector-Emitter Breakdown Voltage- BVCEO- Vdc 
(IC = 10 mAdc, IB = 0) 35 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 IlAdc, Ie = 0) 4 ---

Collector saturation Voltage- VCE (sat)- Vdc 
(Ie = 150 mAdc, IB = 15 mAdc) --- 0.6 

Base-Emitter Saturation Voltage- VBE (sat)- Vdc 
(Ie = 150 mAdc, IB = 15 mAdc) --- 1.5 

DC Forward Current Transfer Ratio hFE ---
(Ic = 1.0 mAdc, VCE = 10 Vdc) 2N3133, 2N3135 25 ---

2N3134, 2N3136 50 ---
(Ie = 150 mAdc, VCE = 10 Vdc)- 2N3l33, 2N3135 40 120 

2N3134, 2N3136 100 300 

Output Capacitance Cob pf 
(VeB = 10 Vdc, IE = 0, f = 100 kc) --- 10 

Input Capacitance Cib pf 
(VBE = 2 Vdc, Ie = 0, f = 100 kc) --- 40 

Current-Gain - Bandwidth Product fT mc 
(Ie = 50 mAdc, VCE = 20 Vdc, f = 100 mc) 200 ---

-Pulse Test: Pulse Width :s 300 /Iosec, duty cycle :s 2% 
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-- Switching and General Purpose Transistors 

2N3227 (SILICON) 

For SpeCifications, See 2N2369 Data Sheet 

2N3244 (SILICON) 

2N3245 

V CEO = 40-50 V 
Ic= 1 A 
fT = 150-175 Me 

PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collee tor Current 

Total Device Dissipation 
@ 25 0 C Ambient Temperature 

Deratillj?; Factor Above 25° C 

Total Device Dissipation 
@ 25 0 C Case Temperature 

Derating Factor Above 2S"C 

Junction Temperature, Operating 

Storage Temperature Range 

Thermal ResIstance 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

PD 

P D 

TJ 

Tstg 

°JA 
8JC 

8-133 

2N 2N Unit 3244 3245 
40 50 Vdc 

40 50 Vdc 

5 Vdc 

1 Adc 

1.0 Watt 
5.71 mW;oC 

5 Watts 
28.6 mW;oC 

+200 'c 

-65 to +200 'c 

0_175 DC/mW 

35 °C/W 



-- Switching and General Purpose Transistors 

2N3244, 2N3245 (Continued) 

ELECTRICAL CHARACTERISTICS (at TA = 25'C unless otherwise specified) 

Characteristic Fig. No. Symbol Min Max Unit 
Collector Cutoff Current 'eBO "Me 

(VCB = 30Vde, 'E = 0) - .050 

(V CB = 30 Vde, 'E = 0, T A = 100'C) - 10 

Collector Cutoff Current 'eEX nAde 
(VCE = 30Vde, VOB = 3 Vde) - 50 

Emitter-Base Leakage Current 'EBO nAde 
(VEB = 3 Vde, IC = 0) - 30 

Base Cutoff Current IsL nAde 
(VCE = 30 Vde, VOB = 3 Vde) - 80 

Collector-Base Breakdown Voltage BVCBO Vde 
(lC= 10 " Ade, 'E=O) 2N3244 40 -

2N3245 50 -
Collector-Emitter Breakdown VoUage* BVCEO Yde 

('e = 10 mAde, IB = 0) 2N3244 40 -
2N3245 50 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10" Adc, IC = 0) 5 -

Collector Saturation Voltage" 2,3 VCE(sal) 
. Vde 

('e = 150 mAde, Is = 15 mAde) 2N3244 - 0.3 
2N3245 - 0.35 

('e = 500·mAde, Is = 50 mAde) 2N3244 - 0.5 
2N3245 - 0.6 

(IC = I Ade, Is = 100 mAde) 2N3244 - 1.0 
·2N3245 - 1.2 

Base-Emitter Saturation Voltage· 3 VBE(sat) 
. Vde 

('e = 150 mAde, Is = 15 mAde) - 1.1 

(IC = 500 mAde, Is = 50 mAde) 0.75 1.5 

(lc = 1 Ade, Is = lOa mAde) - 2.0 

DC Forward Current Transfer Ratio· I hFE -
(lc = 150 mAde, V CE = 1.0 Vde) 2N3244 60 -

2N3245 35 -
(Ie ::: 500 mAde, V CE = 1.0 Vde) 2N3244 50 150 

2N3245 30 90 

('e = lAde, VCE = 5 Vde) 2N3244 25 -
2N3245 20 -

Output Capacitance 5 Cob pf 
(VCB = 10 Vde, IE = 0, I = lOa ke) - 25 

Input Capacitance 5 Clb pf 
(VOB = 0.5 Vde, IC = 0, I = lOa ke) - lOa 

Current-Gain - Bandwidth Product IT me 
(IC = 50 mAde, V CE = IO Vde, I = lOa me) 2N3244 175 -

2N3245 150 -
Delay Time Id 

15 
osee 

('e = 500 mA, lsi = 50 mA 6,8 -
Rise Time VOB =2V, VCC =30V) 

Ir osee 
2N3244 - 35 
2N3245 - 40 

Storage Time I s osee 

('e = 500 mA,VCC = 30 V 
2N3244 6,9 - 140 
2N3245 120 

Fall Time lsi = 1s2 = 50 mAl II osee - 45 

Total Control Charge 7,10 ~ nC 
(IC = 500 mA, Is = 50 mA, VCC = 30 V) 2N3244 -- 14 

2N3245 - 12 

• Pulse Test: PW ~ 300 psee, Dlty Cycle:;: 2% 
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-- SWitching and General Purpose Transistors 

2N3244, 2N3245 (Continued) 
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-- Switching and General Purpose Transistors 

2N3244, 2N3245 (Continued) 
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-- Switching and General Purpose Transistors --,-

2N3248 (SILICON) 
2N3249 

rTIFniIil V CEO = 12 V LI.J f, = 25"300 M< 

\ 
PNP silicon annular transistors for low-level, high

speed switching applications. 

CASE 22 
(TO·IS) Collector connected to case 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@ 25°C Ambient Temperature 

Derate above 25°C 

Total Device Dissipation 
@ 25°C Case Temperature 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

FIGURE 1 - t~ CIRCUIT 

VOl I ;tree - ----0 

VI --I l+- 300 nsec 
DUTY CYCLE = 2% 

FIGURE 2 - toll CIRCUIT 

;¥C<l"" v" v, 
o 

v, >--,vvv~H 
-t t, I--

Symbol 

VCBO 

VCEO 

VEBO 

P D 

P D 

TJ 

Tstg 

200 

~ 
lOa 

50 

20 

10 

2 
1 

8-137 

Rating Unit 

15 Vdc 

12 Vdc 

5 Vdc 

0.36 watt 
2.06 mW/oC 

1.2 watts 
6.9 mW/oC 

200 °c 

-65 to +200 °c 

FIGURE 3 - TYPICAL SWITCHING TIMES 
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--- Switching and General Purpose Transistors 

2N3248, 2N3249 (Continued) 

Characteristic Fig.No. Symbol Min Max Unit 

Collector-Cutoff Current IeEX "Ade 
(VCE = 10 Vde, VOB = 1 Vde) - .05 
(VCE = 10 Vde, VOB = 1 Vde, TA = 100oC) - 5 

Base Cutoff Current IBL nAde 
(VCE = 10 Vde, VOB = 1 Vde) - 50 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 10 "Ade, IE = 0) 15 -

C611eetor-Emitter Breakdown Voltage· BVCEO • Vde 
(Ie = 10 mAde, IB = 0) Ii -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, IC= 0) 5 -

Collector Saturation Voltage. 7,8 VCE(sat)* Vde 
(Ie = 10 mAde, IB = 1 mAde) - 0.125 
(Ie = 50 mAde, IB = 5 mAde) - 0.25 
(Ie = 100 mAde, IB = 10 mAde) 2N3248 - 0.4 

2N32,49 - 0.45 

Base-Emitter Saturation Voltage * 8 VBE(sat)* Vde 
(Ie = 10 mAde, IB = 1 mAde) 0.6 0.9 
(Ie = 50 mAde, I~ = 5 mAde) - 1.1 
(Ie = 100 mAde, IB = 10 mAde) 0.7 1.3 

DC Current Gain * 4 hFE* -
(IC = 0.1 mAde, VCE = 1 Vde) 2N3248 50 -

2N3249 100 -
(Ie = 1.0 mAde, VCE = 1 Vdc) 2N3248 50 -

2N3249 100 -
(IC = 10 mAde, V CE = 1 Vdc) 2N3248 50 150 

2N3249 100 300 

(IC = 50 mAde, VCE = 1 Vdc) 2N3248 35 -
2N3249 75 -

(Ie = 100 mAde, VCE = 1 Vde) , 2N3248 25 -
2N3249 35 -

Output Capacitance 6 Cob pf 
(VCB = 10 Vdc, IE = 0, f = 100 kc) - 8 

Input Capacitance 6 Cib pf 
(VBE = 1 Vde, Ie '" 0, f = 100 kc) - 8 

Current-Gain - Bandwidth Product fT me 
(Ie = 20 mAde, VCE = 10 Vde, f = 100 me) 2N3248 250 -

2N3249 300 -
Total Control Charge 5,10 Qor pC 

(Ie = 10 mA, IB = 0.25 rnA, VCC = 3 V) - 150 

Delay Time Ie = 100 mA, IS = 10 mA, td - 5 nsec 

Rise Time VOB = 0.5 V, VCC = 10 V 1,3 
tr - 15 nsec 

Storage Time ~ = 100 mA, IBI = IB2 = 10 mA, 2,3 ts - 60 nsee 

Fall Time CC = 10 V it - 20 nsee 

Turn-On Time IC = 10 mA, IBI = 1 mA, 1,3 ton - 90 nsec 
VOB = 0.5 V,VCC = 3 V 

Turn-Off Time Ie = 10 mA, IBI = IB2 =1 mA, 2,3 toff - 100 nsee 

VCC = 3V 

*Pulse Test: PW = 300 "sec, Duty Cycle ~ 2% 

8-138 



--- Switching and General Purpose Transistors ---

2N3248, 2N3249 (Continued) 

FIGURE 4 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 5 - MAXIMUM CHARGE DATA 
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-- Switching and General Purpose Transistors 

2N3248,2N3249 (Continued) 
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FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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-- Switching and General Purpose Transistors --

2N3250, A (SILICON) 
2N3251, A 
2N3250A, 2N3251 A JAN 
2N3250,A, 2N3251,A HI·REL 

V CEO = 40·60 V 
Ie = 200mA 
fT = 250·300 Me 

\ 
PNP silicon annular transistors for high-speed 

switching and amplifier applications. 

Collector connected to case 

CASE 22 
(TO-18) 

MAXIMUM RATINGS 

Characteristic Symbol 2N3250 2N3250A Unit 2N3251 2N3251A 

Collector·Base Voltage VCBO 50 60 Vdc 

Collector-Emitter Voltage VCEO 40 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ie 200 mAdc 

Total Device Dissipation 1.2 Watts 
@ 25°C Case Temperature PD 6.9 mW/"C Derating Factor Above 25°C 

Total Device Dissipation 
0.36 Watts 

@ 25°C Ambient Temperature PD mW/oC 
Derating Factor Above 25°C 2.06 

Junction Operating Temperature TJ 200 °C 

Storage Temperature Range Tstg -65 to +200 °c 

Thermal Resistance °JA 0.49 °C/mW 
°JC 0.15 °C/mW 
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-- Switching and General Purpose Transistors ---

2N3250, A, 2N3251, A (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Cha racteristic Symbol Min Max Unit 

Collector Cutoff Current 
ICEX 20 (VCE = 40 Vde, VOB = 3 Vde) -- nAde 

Base Cutoff Current 
IaL nAde (VCE = 40 Vde, VOB = 3 Vde) -- 50 

Collector-Base Breakdown Voltage 2N3250, 2N3251 BVCBO 50 -- Vde (IC = 10pAde) 2N3250A, 2N3251A 60 
Collector-Emitter Breakdown Voltage * . 2N3250, 2N3251 BVCEO * 40 -- Vde (Ic = 10 mAde) 2N3250A, 2N3251A 60 

Emitter-Base Breakdown Voltage 
BVEBO (IE = 10pAde) 5 -- Vde 

Collector Saturation Voltage * --(IC = 10 mAde, Ia = I mAde) 
V CE(sat) * 0.25 

Vde 
(Ic = 50 mAde, IB = 5 mAde) -- 0.5 

Base-Emitter Saturation Voltage * 
(lC = 10 mAde, Ia = I mAde) 

VBE(sat) * 0.6 0.9 
Vde 

(IC = 50 mAde, IB = 5 mAde) -- 1.2 

DC Forward Current Transfer Ratio * 

I 
(lc = 0.1 mAde, V CE = I Vde) 2N3250,2N3250A 40 --

2N3251,2N3251A 80 --
(IC = I mAde, V CE = I Vde) 2N3250,2N3250A 45 --

2N3251,2N3251A 
hFE * 90 --

(IC = 10 mAde, VCE = I Vde) 2N3250,2N3250A 50 150 --
2N3251,2N3251A 100 300 

(IC = 50 mAde, VCE = I Vde) 2N3250, 2N3250A 15 --
2N3251,2N3251A 30 --

Output CapaCitance 
Cob -- 6 pf (VCB = 10 Vde, IE = 0, f = 100 ke) 

Input Capacitance 
Clb -- 6 pf (VOB = I Vde, Ic = 0, f = 100 ke) 

Current-Gain - Bandwidth Product 2N3250,2N3250A f.,. 250 --
(Ic = 10 mAde, V CE = 20 Vde, f = 100 me) 2N3251,2N3251A 300 -- me 

SMALL SIGNAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 
Small Signal Current Gain 2N3250,2N3250A 

hfe 50 200 --(IC = 1. 0 mA, VCE = 10 V, f = Ike) 2N3251,2N325IA 100 400 
Voltage Feedback Ratio 2N3250,2N3250A h -- 10 XIO-4 (IC = 1. 0 mA, VCE = 10 V, f = Ike) 2N3251,2N3251A re -- 20 
Input Impedance 2N3250,2N3250A h. I. 6 

kohms (IC = 1. 0 mA, VCE = 10 V, f = 1 ke) 2N3251,2N3251A Ie 2 12 

Output Admittance 2N3250,2N3250A h 4 40 pmhos (Ic = 1. 0 mA, VCE = 10 V, f = Ike) 2N3251,2N3251A oe 10 60 

Collector-Base Time Constant 
r'bCC (IC = 10 mA, VCE = 20 V) -- 250 psec 

Noise Figure 
NF 6 db (IC = IUO pA, V CE = 5 V, Rg = I k.o. f = 100 cps) --

.Pulse Test: PW = 300 "sec, Duty Cycle = 2% V OB = Base Emitter Reverse Bias 
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-- Switching and General Purpose Transistors ---

2N3250, A, 2N3251, A (Continued) 

SWITCHING CHARACTERISTICS (At 25"C unless otherwise noted) 

Characteristic Symbol Max Unit 

Delay Time Id 35 nsec 
(Vee = 3 Vde, V OB = O. 5 Vde 

Ie = 10 mAde, lsi = I rnA) 
Rise Time Ir 35 nsee 

Storage Time 
(lsi = 1s2 = I mAde I 2N3250, 2N3250A 

Is 
175 

nsec 
2N3251,2N3251A 200 

Vee = 3V) 
Fall Time If 50 nsec 

SWITCHING TIME CHARACTERISTICS I 
FIGURE 1 - DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 
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--- Switching and General Purpose Transistors 

2N3250, A, 2N3251, A (Continued) 
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--- Switching and General Purpose Transistors 

2N3250, A, 2N3251, A (Continued) 

FIGURE 9 - NORMALIZED CURRENT GAIN CHARACTERISTICS 
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Observe that at Ie = 10 rnA an overdrive factor 'of at least 2.5 is required to 
drive the transistor well into the saturation re~ion. from figure 9, it is seen that 
hFE@ 1 volt is typically 167 (guaranteed limits from the Table 01 Characteristics 
can be used for "worst·case" design) •. 
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--- Switching and General Purpose Transistors --

2N3250, A, 2N3251, A (Continued) 

FIGURE 13 - f, AND r.'Ce versus Ie 
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Switching and General Purpose Transistors ---

2N3252 
2N3253 
2N3444 

(SILICON) V CEO = 30-50 V 
Ic= 1 A 
fr = 175-200 Me 

\ NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 

CASE 31 Collector connected to case 
(TO-5) 

MAXIMUM RATINGS 

Characteristic Symbol 2N3252 2N3253 2N3444 Unit 

Collector-Base Voltage VCBO 60 75 80 Vde 

Collector-Emitter Voltage VCEO 30 40 50 Vde 

Emitter-Base Voltage VEBO 5 I Vde 

Total Device Dissipation PD 
2SoC Case Temperature • 5 , watts 

Derate above 2SoC · 28.6 , mW/oC 

Total Device DisSipation PD 
2SoC Ambient Temperature · 1.0 , watt 

Derate above 2SoC · 5.71 I mW/oC 

Junction Operating Temperature Range TJ -4-- -65 to +200 ~ °c 

Storage Temperature Range T.tg ~ -65 to +200-----+- °c 

{/JC 35 °e/w 
Thermal Resistance: 

{/JA 0.175 °C/mW 

SWITCHING CHARACTERISTICS 

Characteristic Symbol Min Max Unit 
Output CapaCitance Cob pi 

(VCB = 10 Vde, IE = 0, i = 100 ke) - 12 

Input Capacitance Cib p! 
(V EB = 0.5 Vde, Ie = 0, f = 100 ke) - 80 

Current Gain-Bandwidth Product !T me 
(IC = 50 mAde, V CE = 10 Vde, f = 100 me) 2N3252 200 -

2N3253, 2N3444 175 -

Total Control Charge QT nC 
(Ie = 500 mAde, IBI = 50 mAde, V CC = 30 V) - 5 

Delay Time Ie- 500 mAde, ~1 - 50 mAde td 15 nsec 

Rise Time VCC = 30 V, VOB = 2 V 2N3252 tr - 30 naec 
2N3253, 2N3444 - 35 

Storage Time IC = 500 mAde, IBI = IB2 = 50 mAde t. - 40 nsec 

Fall Time Vec = 30V tr - 30 n3ec 
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--- Switching and General Purpose Transistors 

2N3252, 2N3253, 2N3444 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff CUrrent ICBO /lAde 
(VCB = 40 Vde, IE = 0) 2N3252 - 0.50 

(VCB = 40 Vde, IE = 0, TA = lOOoC) 2N3252 75.0 

(VCB = 60 Vde, IE = 0) 2N3253, 2N3444 0.50 

(VCB = 60 Vde, IE = 0, TA = lOOOC) 2N3253, 2N3444 75.0 

Emitter Cutoff CUrrent lEBO /lAde 
(VCB = 4 Vde, IC = 0) - 0.05 

Collector Cutoff Current ICEX /lAde 
(VCE = 40 Vde, VOB = 4 Vde) 2N3252 - 0.5 

(VCE = 60 Vde, VOB = 4 Vde) 2N3253, 2N3444, - 0.5 

Base Cutoff Current IBL /lAde 
(VCE = 40 Vde, VOB = 4 Vde) 2N3252 - 0.50 

(VCE = 60 Vdc, VOB = 4 Vde) 2N3253, 2N3444 - 0.50 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 /lAde, IE = 0) 2N3252 60 -

2N3253 75 -
2N3444 80 -

I 
Collector-Emitter Breakdown Voltage'" BVCEO . Vde 

(IC = 10 mAde, pulsed, IB = 0) 2N3252 30 -
2N3253 40 -
2N3444 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 pAde, Ie = 0) 5 -

C oHector Saturation Voltage ... VCE (sat)' Vde 
(IC = 150 mAde, IB = 15 mAde) 2N3252 - 0.3 

2N3253, 2N3444 - 0.35 

(IC 0 500 mAde, IB = 50 mAde) 2N3252 - 0.5 
2N3253, 2N3444 - 0.60 

(IC = 1.0 Ade, IB = 100 mAde) 2N3252 - 1.0 
2N3253, 2N3444 - 1.2 

Base-Emitter Saturation Voltage'" VBE (sat)' Vde 
(IC = 150 mAde, IB = 15 mAde) - 1.0 

(IC = 500 mAde, IS = 50 mAde) 0.7 1.3 

(IC = 1.0 Ade, IB = 100 mAde) - 1.8 

DC Forward Current Transfer Ratio'" hFE ' -
(IC = 150 mAde, V CE = 1 Vde) 2N3252 30 -

2N3253 25 -
2N3444 20 -

(IC = 500 mAde, VCE = 1 Vde) 2N3252 30 90 
2N3253 25 75 
2N3444 20 60 

(IC = 1 Ade, VCE = 5 Vde) 2N3252 25 -
2N3253 20 -
2N3444 15 -

• Pulse Test: Pulse width = 300 /lsee, duty cycle = 2% 
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-- Switching and General Purpose Transistors 

2N3252, 2N3253, 2N3444 (Continued) 
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-- Switching and General Purpose Transistors 

2N3252, 2N3253, 2N3444 (Continued) 
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--- Switching and General Purpose Transistors ---

2N3252, 2N3253, 2N3444 (Continued) 
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-- Switching and General Purpose Transistors 

2N3303 (SILICON) VCEO = 12V 
Ie = 1 A 

fT =450 MHz 

NPN silicon annular transistor designed for high
speed, high-current switching and driving applica
tions. 

CASE 94 Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCB 25 Vdc 

Emitter-Base Voltage VEB 4 Vdc 

Collector Current-Continuous IC 1.0 Adc 

Total Device Dissipation @ T A = 25°C PD 0.6 Watt 
Derate above 25°C 3.43 mWrC 

Total Device Dissipation @ TC = 25°C Pn 3 Watts 
Derate above 25°C 17.2 mWrC 

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

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted), 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Voltage'" BVCEO 
. Vde 

(IC = 30 mAde, IB = 0) 12 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 0.5 mAde, IE = 0) 25 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = O. 1 mAde, IC = 0) 4 -

Collector Cutoff Current ICES IlAde 
(VCE = 15 Vde, VBE = 0) - 100 

Base Current IB IlAde 
(VCE = 15 Vde, VBE = 0) - 100 
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Switching and General Purpose Transistors ---

2N3303 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 
ON CHARACTERISTICS 

DC Current Gain 
(Ie = 10 mAde, VeE = 0.5 Vde) 

(IC = 100 mAde, V CE = 0.5 Vde)' 

(Ie = 300 mAde, VeE = 0.5 Vde)' 

(IC = 300 mAde, VeE = 0.5 Vde, TA = _55°e)' 

Collector-Emitter Saturation Voltage 
(Ie = 10 mAde, IB = 1 mAde) 

(Ie = 100 mAde, IB = 10 mAde)' 

(Ie = 300 mAde, IB = 30 mAde)' 

(Ie = 300 mAde, IB = 30 mAde, TA = 125°e)' 

(Ie = 1 Ade, IB = 100 mAde)' 

Base-Emitter Saturation Voltage 
(Ie = 10 mAde, IB = 1 mAde) 

(Ie = 100 mAde, IB = 10 mAde)' 

(Ie = 300 mAde, IB = 30 mA.de)· 

(Ie = 1 Ade, IB = 100 mAde)' 

DYNAMIC CHARACTERISTICS 
Current-Gain - BandwIdth Product 

(Ie = 100 mAde, VeE = 5 Vde, f = 100 MHz) 

Output Capacitance 
(VeB = 5 Vde, IE = 0, f = 140 kHz) 

Input Capacitance 
(VBE = 0.5 Vde, Ie = 0, f = 140 kHz) 

Turn-On Time (Figure 1) 
(VEB(of!) ~ 4 Vde, IC ~ 1 Ade, IBl ~ 100 mAde) 

Turn-Off Time (Figure 1) 
(IC ~ 1 Ade, IB1 ~ -IB2 ~ 100 mA.de) 

Storage Time (Figure 2) 
(Ie ~ 100 mAde, IB1 ~ -IB2 ~ 100 mAde) 

*Pulse Test: Pulse Width::: 300 jJ.s, Duty Cycle ~ 2% 

FIGURE 1-TURN·ON AND TURN·OFF TlMETEST CIRCUIT 
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FIGURE 2 - STORAGE TIME TEST CIRCUIT 
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--- Switching and General Purpose Transistors ---

2N3444 (SILICON) 
For Specifications, See 2N3252 Data Sheet 

2N3467 (SILICON) 

2N3468 
V CEO = 40-50 V 
Ic= 1 A 
fT = 150-175 Me 

PNP silicon annular transistors for high-speed 
switching and driver applications. 

CASE 31 
(TO-5) Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Device Dissipation @ T A = 25°C PD 
Derating Factor Above 25°C 

Total Device Dissipation @ T C = 25°C PD 
Derating Factor Above 25°C 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

2N3467 2N3468 Unit 

40 50 Vdc 

40 50 Vdc 

5 Vdc 

1 Adc 

1.0 Watt 
5.71 mW/oC 

5 Watts 
28.6 mW/oC 

+200 °c 

-65 to +200 °c 

THERMAL RESISTANCE ().JA (air) = O.175°C/mW 

()JC (case) = 35°C/ W 

200 
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E 
,,: 
;:: 70 
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,.; 
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20 
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I I;~lkl~\ol" 
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-- #.I~ \0 

~ 
~.'~ [0 

t',,,,~tl- Vat. J I 
I I 

1.6 

1.4 

~ 1.0 

~ 
~ 0.8 

S 
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;:!i 

J 0.4 

0.2 

50 70 100 200 300 500 700 1000 
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LIMITS OF SATURATION VOLTAGE 
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--- Switching and General Purpose Transistors --

2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current leBO /LAdc 
(VCB : 30 Vdc, IE : 0) - 0.10 
(VCB : 30 Vdc, IE: 0, TA : lOOoC) - 15 

Collector Cutoff Current ICEX nAdc 
(VeE: 30 Vdc, VOB : 3 Vdc) - 100 

Base Cutoff Current IBL nAdc 
(V CE : 30 Vdc, VOB : 3 Vdc) - 120 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie = 10 /LAdc, IE : 0) 2N3467 40 -

2N3468 50 -
Collector-Emitter Breakdown Voltage" BVCEO• Vdc 

(Ie : 10 mAdc, IB: 0) 2N3467 40 -
2N3468 50 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE: 10 /LAdc, Ie : 0) 5 -

Collector Saturation Voltage. VCE(sat)* Vdc 
(IC = 150 mAdc, IB = 15 mAdc) 2N3467 - 0.3 

2N3468 - 0.35 

(Ie : 500 mAdc, IB : 50 mAdc) 2N3467 - 0.5 
I 

2N3468 - 0.6 

(Ie : 1 Adc, IB = 100 mAdc) 2N3467 - 1.0 
2N3468 - 1.2 

Base-Emitter Saturation Voltage" VBE(sat)· Vdc 
(Ie : 150mAdc,IB : 15 mAde) - 1.0 

(Ie : 500 mAdc, IB : 50 mAdc) 0.8 1.2 

(Ie : 1 Adc, IB : 100 mAdc) - 1.6 

DC Forward Current Transfer Ratio. hFE· -
(Ie: 150 mAdc, VCE : 1.0 Vdc) 2N3467 40 -

2N3468 25 -
(Ie : 500 mAdc, VCE = 1.0 Vdc) 2N3467 40 120 

2N3468 25 75 

(IC : 1 Adc, VCE : 5 Vdc) 2N3467 40 -
2N3468 25 -

Output Capacitance Cob pf 
(VCB: 10 Vdc, IE = 0, f : 100 kc) - 25 

Input Capacitance Cib pf 
(VOB : 0.5 Vdc, Ie : 0, f: 100 kc) - 100 

Current-Gain - Bandwidth Product fT mc 
(Ie : 50 mAde, VCE = 10 Vdc, f = 100 mc) 2N3467 175 -

2N3468 150 -
'Pulse Test: PW ~ 300 J-Lsec, Duty Cycle ~ 2% 
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-- Switching and General Purpose Transistors --

2N3467, 2N3468 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max' Unit 

Delay ,Time td - 10 nsec 

Rlae Time 
(Ie = 500 mA, IB1 = 50 mA, VOB = 

tr 30 2 V, VCC= 30 V) - nsec 

Storage Time ts - 80 nsec 

Fall Time 
<Ie = 500 mA, IBl = IB2 '" 50 mA, VCC =30 V) 

t, 30 - nsec 

Total Control Charge Q.r nC 
(Ie = 500 mA, IB = 50 mA, VCC = 30 V) - 8 

MINIMUM CURRENT GAIN CHARACTERISTICS 

70 
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-- Switching and General Purpose Transistors --

2N3485, A (SILICON) 

2N3486, A 
For Specifications, See 2N2904 Data Sheet 

2N3493 (SILICON) VcEo =8V 
Cob =O.7pF 
Clb=O.7pF 

NPN silicon annular transistor for high- speed micro
power lOgic switching. 

CASE 20 
(10·72) 

Collector connected to case 

MAXIMUM RATINGS 

Cha racteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Total Device Dissipation @ TC = 25·C Po 
Oerate above 25·C 

Total Device Dissipation @ T A = 25· C Po 
Derate above 25·C 

Junction Operating Temperature Range TJ 

storage Temperature Range Tstg 

Rating 

12 

8 

5 

250 

1. 43 

150 

0.86 

-65 to +200 

-65 to +200 

THERMAL RESISTANCE 8u = 1.16°C/mW 8JC = O.70°C/mW 

MINIMUM CURRENT GAIN CHARACTERISTICS 

70 

T!~ '}5'C 
a - -----

..- TJ'" 25"C ........ 

.,..- ..----- T~ -_Iwc ---/' ..-
o~ -- --I--" - TJ=-55°C 

V a 

/"" -t--1--" .... -I---" 

V V 
0/ 

Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/·C 

mW 

mW;aC 

·C 

·C 

VCE=O.5V 

........ 
................ - ........ :::::. -- -...... 

r- t--
1 
0.01 0.02 O.OJ . .0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

Ie. COllECTOR CURRENT (mAl 
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-- Switching and Genera' Purpose Transistors --

2N3493 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICEX nAdc 

(V CE = 6 V, V EB = 2 V) -- 5 

Base Cutoff Current IBL nAdc 
(VCE =6V, VEB =2V) -- 5 

(VCE = 6 V, VEB = 2 V, TA = 150 DC) -- 500 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 MA, IE = 0) 12 --

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IE = 1 rnA, IB = 0) 8 --

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 MA, IC = 0) 5 --

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 10 MAdc, IB = l/LAdC) -- 0.15 

(IC = 100/J.A, IB = 10 MA) -- 0.13 

(IC = 5 rnA, IB = O. 5 rnA) -- 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 100/J.A, IB = 10 /J.A) 0.60 0.75 

(IC = 5 rnA, IB = 0.5 rnA) -- 0.95 

DC Forward Current Gain hFE --
(IC = 10 MA, V CE = 0.5 V) 25 --
(IC = 100 /J.A, V CE = O. 5 V) 40 --
(IC = 100 MA, V CE = 0.5 V (_55DC» 20 --
(IC = 500 /l-A, V CE = 0.5 V) 40 120 

(IC = .5 rnA, V CE = 0.5 V) 25 --
High Frequency Current Gain hfe --

(IC = 1 rnA, V CE = 3 V, f = 100 me) 4.0 --
Output CapaCitance Cob pF 

(V CB = 3 V, IE = 0, f = 100 kc - -- 0.7 
Includes O. 3 pF Can Capacitance) 

Input CapaCitance Cib 0.7 
pF 

(VOB = 0.5 V, IC" 0, f = 100 kc) --
LIMITS OF SATURATION VOLTAGES 

CAPACITANCE VARIATIONS, ZERO BIAS REGION 

3. 0 -- LIMIT 0.90 
--TYPICAL 

- ~ 
TJ = 25°C !S 

~ 0.80 
MAXVUI.etl 

0 

"" " C.b 

" 
0,--- C~ -..;: 

§. 2. 

~ 
u .1. 

~ 0.10 

~ 
~ 0.60 

~ 

MINVIEI ... tl 

-" 
I-- COb -

0 
0.5 0.4 0.3 0.2 0.1 

FORWARD BIAS IV(lLTSI 

0.1 0.2 OJ 0.4 0.5 

REVERSE BIAS !VOLTS! 

lo.so 

~:::l 
0.10_ 

0.01 
111I111111 +tal'~lll OOI4Pt~ 

0.02 0.05 0.1 0.2 O~ U 2.0 5.0 

Ie:. COlLECTOR CURRENT ImAl 
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-- Switching and General Purpose Transistors --

2N3494 thru 2N3497 (SILICON) VCEO = 80-120 V 
Ic= 100mA 
fT = 150-200 Me 

PNP silicon annular Star transistors for high voltage 
switching and DC to VHF amplifier applications. 

2N3494 
2N3495 

CASE 22 
(TO·18) 

2N3496 
2N3497 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 
2N 2N 2N 2N 

3494 3495 3496 3497 
(TO-5) (TO-5) (TO-1S) (TO-1S) 

Collector-Base Voltage VCBO 80 120 80 120 

Collector-Emitter Voltage VCEO 80 120 80 120 

Emitter-Base Voltage VEBO 4.5 4.5 

Collector Current Ie 100 100 

Total Device DiSSipation PD 
@TC = 25°C 3 1.8 
Derate Above 25°C 17.2 10.3 

Total Device Dissipation PD 
@ TA = 25°C 600 400 
Derate Above 25°C 3.43 2.28 

JWlCtiOn Temperature TJ -65 to +200 

Storage Temperature Tstg -65 to +200 

SWITCHING CHARACTERISTICS (TA = 25"C unless otherwise specified) 

ChI! rllcteristic Symbol Min 

Turn-On Time Ion 
(Vee' 30 V, Ie = 10 mA, IBI = 1 mA, VOB = 0) -

Turn-Oft Time tau 
(Vee = 30 V,le • 10 mA, IBI = 's2 = 1 mAl -

S-159 

Unit 

Vdc 

Vdc 

Vdc 

mA 

watts 
mW/oC 

mW 
mW/oC 

°c 

°c 

Max Unit 
naee 

300 

Mec 
450 
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--- Switching and General Purpose Transistors 

2N3494 thru 2N3497 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ic : 10 ,..Ade, IE : 0) 2N3494, 2N3496 80 -

2N3495, 2N3497 120 -
Collector-Emitter Breakdown Voltage· BVCEO' Vde 

(Ie : 10 mAde, IB : 0) 2N3494, 2N3496 80 -
2N3495, 2N3497 120 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE: 10,..Ade, Ie: 0) All Types 4.5 -

Collector Cutoff Current leBO nAde 
(VeB : 50 Vde, IE: 0) 2N3494, 2N3496 - 100 

(VeB : 90 Vde, IE : 0) 2N3495, 2N3497 - 100 

Emitter-Base Leakage CUrrent lEBO nAde 
(VeB : 3 Vde) All Types - 25 

DC Forward CUrrent Transfer Ratio hFE -
(Ie : 100 ,..Ade, VCE : 10 Vde) All Types 35 -
(Ie : I mAde, VCE : 10 Vde) All Types 40 -
(Ie : 10 mAde, V CE : 10 Vde) All Types 40 -
(Ie : 50 mAde, VCE : 10 Vde) All Types 40 -
(Ie : lOa mAde, V CE : 10 Vde) 2N3494, 2N3496 35 -

I 
Collector Saturation Voltage VCE(sat) Vde 

(Ie = 10 mAde, IB : I mAde) 2N3494, 2N3496 - 0.3 
2N3495. 2N3497 - 0.35 

Base-Emitter- Saturation Voltage VBE(sat) Vde 
(Ie : 10 mAde, IB : I mAde) All Types 0.6 0.9 

Output Capacitance Coh pi 
(VeB : 10 Vde, IE : 0, I : lOa ke) 2N3494, 2N3496 - 7 

2N3495, 2N3497 - 6 

Input Capacitance Clb pi 
(VOB : 2 Vde, Ie : 0, I : lOa ke) All Types - 30 

Current-Gain - Bandwidth Product IT me 
(Ie: 20 mAde, VCE : 10 Vde, I : lOa me) 2N3494, 2N3496 200 -

2N3495, 2N3497 150 -
Srnall Signal Current Gain 

hre -
(VCE : 10 V, Ie : 10 mA, r : Ike) All Types 40 300 

Inpu: Impedance hie kohms 
(VCE : 10 V, Ie : 10 mA, I : Ike) All Types 0.1 1.2 

Voltage Feedback Ratio hre XIo- 4 
(VeE: 10V,Ie: 10mA,I: Ike) All Types - 2.0 

OUtput Admittance hoe Il mhos 
(VeE: 10 V, Ie : 10 mA, f : Ike) All Types - 300 

Extrinsic Base Resistance rb Ohms 
(VeE: 10 V,Ie : 20 mA, r: 300 me) All Types - 30 

• Pulse Width < 300 ,..sec, -Duty Cycle: 2% 
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-- Switching and General Purpose Transistors 

2N3498 thru 2N3S01 (SILICON) VeEo = 100·150V 
Ie = 300·500 mA 
Cob = 8·10 pf 

CASE 31 
(TO-S) 

NPN silicon annular transistors for high voltage 
switching and low-power amplifier applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N3498 2N3500 Unit 
2N3499 2N3501 

Collector-Base Voltage VCBO 100 150 Vdc 

··Collector-Emitter Voltage VCEO 100 150 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

Collector Current IC 500 300 mAdc 

Total Device DiSSipation @ T A" 25 DC Po 1.0 Watt 

Derating Factor Above 25'C 5.71 mW/DC 

Total Device Dissipation @ TC = 25°C Po 5 Watt 

Derating Factor Above 25°C 28.6 mW/DC 

Junction Temperature, Operating TJ +200 DC 

Storage Temperature Range Tstg -65 to +200 C 

Thermal Resistance 6JA 0.175 °C/mW 
6JC 35 °C/W 

TEMPERATURE COEFFICIENTS JUNCTION CAPACITANCE VARIATIONS 
+1. 0 

.1 1 ~IOI125DC) 
~ ~ svCforVCE/M'1 ~ I I 5 

J., """'" 
(25°C to -55°C) 

+0. 

10 0 

0 

" C ....... 

0 
~ 

5 l- f-.. .... 2N3498. 2N3499 
II". for VIEI .. II L--

0 

0 

""""' (25D,:P~ 

5 ~C I! (25DC) 

0 -2. 

C •• 

.0 I'" 
I'" 

,2,~3500. 2N3501 
.0 

III I 

5 -2. 
100 200 300 400 

.0 III T 
500 

I 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Ie. COllECTOR CURRENT (mA) REVERSE BIAS (VOLTS) 
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--- Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Currellt ICBO /JAdc 
(VeB ~ 50 Vdc. IE ~ 0) 2N3498, 2N3499 - 0.050 

(VCB = 50 Vdc, IE ~ O. TA = 150·C) - 50 

(V eB ~ 75 Vdc. IE ~ 0) 2N3500, 2N3501 - 0.050 

(VeB = 75 Vdt. IE=O. TA ~ 150·C) - 50 

Emitter Cutoff Current lEBO nAdl' 
(VOB ~ 4 Vdt, Ie ~ 0) All Types - 25 

Collectol'-Base Breakdown Volta~c 2N3498, 2N3499 BVCBO 100 - Vdc 
(IC = 10 /JAde, IE ~ 0) 2N3500. 2N350I 150 -

Collcl'tor-Emitter Breakdown VoHage* 2N3498, 2N3499 BVCEO . 100 - Vdc 
(Ie ~ 10 mAdc, IB ~ 0) 2N3500, 2N3501 150 -

Emittel·-8a.sc Breakdown Vo1ta~c BVEBO Vdc 
(IE ~ 10 /JAde, IC ~ 0) All Types 6 -

Collector Saturation Voltar;e V ' Vdc 
(Ie = 10 mAde, IB ~ I mAde) All Types CE(sat) - 0.2 

(Ie = 50 mAde, 16 ~ 5 mAde) All Types - 0.25 

(IC = 150 mAdc, 16 ~ 1'5 mAde) 2N3500, 2N3501 - 0.4 

(IC = 300 mAde, IB ~ 30 mAde) 2N3498, 2N3499 - 0.6 

Base- Emitter Saturation Volta~e· V ' Vde 
(Ie = 10 mAdc, IB ~ I mAde) All Types BE(sat) - 0.8 

(Ie = 50 mAde, IB ~ 5 mAde) All Types - 0.9 

(Ie = 150 mAde. IB ~ 15 mAde) 21"3500, 2N3501 - 1.2 

(Ie = 300 mAde. IB ~ 30 mAde) 2N3498. 2N3499 - 1.4 

DC Forward Current Transfer Ratio· hFE' --
(Ie= 0.1 mAde, VeE = 10 Vdc) 2N3498, 2N3500 20 -

2N3499, 2N3501 35 -
(Ie z 1.0 mAdt', VeE = 10 Vdc) 2N3498. 2N3500 25 -

2N3499. 2N3501 50 --

(Ie = 10 mAde, V CE = 10 Vde) 2N3498. 2N3500 35 _. 

2N3499. 2N3501 75 -

(Ie = 150 mAde, VCE = 10 Vdc) 2N3498, 2N3500 40 120 
2N3499, 2N3501 100 300 

(Ie = 300 mAde, VCE = 10 Vdt) 2N3500 15 -
2N3501 20 -

(Ie = 500 mAde, VeE ",10 Vde) 2N3498 15 -
2N3499 20 -

Small Sih'llal Current Gain 2N3498. 2N3500 
hIe· 

50 300 -
(lC ~ 10 mA, V CE ~ 10 V. I ~ Ike) 2N3499, 2N3501 75 375 

Voltage Feedback Ratio 2N3498, 2N3500 h -- 2.5 XIO-4 
(IC = 10 mA, V CE ~ 10 V. I ~ Ike) 2N3499.· 2N3501 ro - 4 

Input Impedance 2N3498. 2N3500 h. 0.2 1.0 k ohms 
(Ie ~ 10 mA, V CE ~ 10 V. I ~ I kc) 2N3499. 2N3501 Ie 0.25 1. 25 

Output Admittance 2N3498. 2N3500 h 10 100 pmhos 
(Ie ~ 10 rnA. V eE ~ 10 V. I ~ I kc) 2N3499, 2N3501 oe 20 200 

Output Capac Halle e 2N3498, 2N3499 
Cob 

- 10 pF 
(VCB ~ 10 Vde, IE = 0, 1= 100 ke) 2N3500, 2N3501 - 8 

·Pulse Test: PW ~ 300 lIsee, duty cycle ~ 2% VOH - Base-Emitter, off bias 
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-- Switching and General Purpose Transistors 

2N34981hru 2N3501 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Input Capacitance 
e ib - 80 pF (VOD ,0.5 Vde, Ie' O. 1,100 ke) All Types 

Small Sih.,lal Current Gain 
Ihlel (VeE' 20 Vde, Ie' 20 mAde, I' 100 me) All Types 1.5 - -

Typ 

Delay Time 
td 20 nsec 

(Ie:' 150 mA, IBI ,15 mAo Vee' laO V, VOB ' 2.0 V) 

Rise Time t 35 nsec 
(Ie' 150 mA, IBI ' 15 mAo Vee' lOa V. VOB ' 2. a V) r 

Storage Timc 
(Ie" 150 mA, 1m; 102 ~ 15 mA. Vec= lOa V) Is 300 nsec 

Fall Time 2N3498, 

(Ie ' 150 mA. IBI ' IB2 ' 15 rnA, Vee' 100 V) 2N3499 I[ 80 nsec 

SATURATION VOLTAGES 

2 

I I 
SWITCHING TIMES 

I 50 0 

1. 

~,_IO ..I J TJ :::: 25°C 
0 

All TYPEsj 

V 

r'\. r---... 

~ 
I,"""" 
~ \. 0 

'\ ~ 
20 

8 

V" J..,.o 
I-"" 

~ l'. ~ r\. 0 ./ 10 

6 .... ~ 

j'DS011 ..... II 
4 

2N35001 V' -.. 
~N;4:81 ~ t;J~ 

2 v" , - 2N3499 

a 

~ O. 

I 

O. 

t, 

"" 0 
\ 
\ / 

Vcc~100V ~ ......... 
VOl:::: 2 V 

~ Ic = 10 Itl 
rIO:::: lu 

0 

,'\, 

'" 0 0 

1.0 2.0 5.0 10 20 50 100 200 500 10 20 50 100 200 300 

Ie. COllECTOR CURRErH (mAtlc) Ie. COLLECTOR CURRENT (mAde) 
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-- Switching and General Purpose Transistors --

2N3498 thru 2N3501 (continued) 
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T, 25°C 

~ 
T,_ 55°C ~ 

~ - ~ 
~ 

~ 
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i'. Va 2V-

T, 25°C 

" ""'" T, !55°C 

" ~ ~ 
,,~ 

~ 
~ 
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Ie. COlLECTOR CURRENT (mAl 

CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMlnER VOLTAGE 
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...... "' I\. 
'\ \ 

VCf=l~ ,,,\,,=2V 

....... r\. 
I" t\. 
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Ie. COLLECTOR CURRENT (mAl 
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-- Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 
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--- Switching and General Purpose Transistors 

2N3498 thru 2N3501 (continued) 

40 0 

20 0 

~ 10 
.c: 

0 

'" ~ 
~ -. 

0 

......-

2 0 
01 

0 

01\ 

5. 0 

.£ 2. 0 

1. 0 

o. 7 

O. 5 

4 o. 
0.1 

SMALL SIGNAL h PARAMETER CHARACTERISTICS 

(Vel = lOY, T" = 25°C. f = ike) 

CURRENT GAIN 
0 

0 

2Nl499, 2N3501~ I--'f-' 
,,-1--' 

...... .... -2N3498.1N3500 

.... ,..... 

0.2 0.5 1.0 2.0 

Ie. COLLECTOR CURRENT (mAde) 

INPUT IMPEDANCE 

1\ 

\. 

" \ 1\ 2N3499, 2Nl50 1 
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1\'\ 
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o 
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-- Switching and General Purpose Transistors --

2N3506(SILICON) 

2N3501 liB Vc~=40.50V Ic- 3A 
fr =100Mc Typ 

NPN silicon annular transistors for high-current, 
high-speed, saturated switching and core driver appli
cations. 

Collector connected to case 
CASE 31 

(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector- Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25'C Case Temperature 
Derating Factor Above 25'C 

Total Device Dissipation 
@ 25'C Ambient Temperature 
Derating Factor Above 25'C 

Junction Operating Temperature 

Storage Temperature Range 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

PD 

PD 

TJ 

Tstg 

THERMAL RESISTANCE 0JA = O.175'C/mW 
f).le = 35'C/W 

SATURATION VOLTAGES 

4 
I--PF~ 10 

10 

2 i--- TJ = 25°C 
./ 

VBElu~ 
0 

O. 8 -
.6 VeE ,.:, 7 ~ 
.4 

./ 

.2 
L-

2N3506 2N3507 Unit 

60 80 Vdc 

40 50 Vdc 

5 Vdc 

3 Adc 

5 Watts 
28.6 mW/"C 

1.0 Watts 
5.71 mW/"C 

200 'c 

-65 to +200 'c 

SWITCHING TIMES 

Ok-- f--:;t.. Vee ;0/ : 
VOl 

0 ~ Ie 1011,-

.r iII:\o.. 1 .. =lu 

o I, ~I "I TJ = 25°C 

1--1. 
I-~ t.-~-\i" t-

O - 1'0.. ........ " 0 ~ 
~ t. 

t. 
0 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 

0 1 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

Ie. COLLECTOR CURRENT IAdel Ie. COllECTOR CURRENT (Adcl 
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-- Switching and General Purpose Transistors --

2N3506, 2N3507 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector Culoff Current leEX /lAde 

(VeE = 40 Vde, VOS = 4 Vde) 2N3506 -- 1.0 

(VeE = 40 Vde, VOS = 4 Vde, T A = 100"e) -- 150 

(VeE = 60 Vde, VOS =4Vde) 2N3507 -- 1.0 

(V CE = 60 Vde, VOS = 4 Vde, T A = 100"e) -- 150 

Base Cutoff Current ISL /lAde 
(VCE = 40 Vde, VOS = 4 Vde) 2N3506 -- 1.0 

(VCE ' 60 Vde, VOS = 4 Vde) 2N3507 -- 1.0 

Collector-Base Breakdown Voltage 2N3506 SVCSO 60 -- Vde 
(Ie = 100 /lAde, IE = 0) 2N3507 80 --

Collector-Emitter Breakdown Voltage· 2N3506 SVCEO . 40 -- Vde 
(Ie = 10 mAde, pulsed, IS = 0) 2N3507 50 --

Emitter-Base Breakdown Voltage SVESO Vde 
(IE = 10/lAde, Ie = 0) 5 --

Collector Saturation Voltage· VeE(sat)· Vde 
(Ie = 500 mAde, IS = 50 mAde) -- 0.5 

(Ie = I. 5 Ade, IS = 150 mAde) -- 1.0 

(Ie = 2.5 Ade, IS = 250 mAde) -- 1.5 

Base-Emitter Saturation Voltage· VSE(sat) 
. 

Vde 
(Ie = 500 mAde, IS = 50 mAde) -- 1.0 

(Ie = I. 5 Ade, IB = 150 mAde) 0.9 1.4 

(Ie = 2.5 Ade, IS = 250 mAde) -- 2.0 

DC Current Gain· hFE 
. --

(Ie = 500 mAde, VeE = 1 Vde) 2N3506 50 --
2N3507 35 --

(Ie = 1. 5 Ade, VeE = 2 Vde) 2N3506 40 200 
2N3507 30 150 

(Ie = 2.5 Ade, VCE =3Vde) 2N3506 30 --
2N3507 25 --

(Ie = 3.0 Ade, VCE = 5 Vde) 2N3506 25 --
2N3507 20 --

Output Capacitance Cob pI 
(Ves = 10 Vde, IE = 0, 1= 100 ke) -- 40 

Input Capacitance Cib pI 
(Vos = 3 Vde, Ie = 0, 1= 100 ke) -- 300 

Current Gain-Bandwidth Product IT me 
(IC = 100 mAde, V CE = 5 Vde, 1= 20 me) 60 --

Delay Time IC = 1. 5 Ade, lSI - 150 mAde td -- 15 Dsec 

Rise Time Vee =30V, Vos=OV tr -- 30 hsec 

Storage Time Ie = 1. 5 Ade, lSI - IS2 - 150 mAde t. -- 55 Dsec 

Fall Time Vec=30V t f -- 35 Dsec 

·Pulse Test: Pulse width = 300 llsec, duty cycle = 2% 
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--- Switching and General Purpose Transistors ---

2N3506, 2N3507 (continued) 
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::.~ "-
"-~ ~ 
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Ie. COLLECTOR CURRENT (Add Ie. COLLECTOR CURRENT lAde) 

2N3S08 (SILICON) 

2N3509 
VCEO= 20V 
Ic=500mA 
fr = 500 Me 

NPN silicon annular transistor for high-speed, low
current switching applications. 

CASE 26 
(ro·46) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current (10 /Jsec pulse) Ic(Peak) 

Total Device Dissipation 
@ 25°C Ambient Temperature 

PD 

Derating Factor Above 25°C 

Total Device Dissipation PD 
@ 25°C Case Temperature 

Derating Factor Above 25°C 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

Thermal Resistance IIJC 
9JA 

8-169 

Rating Unit 

40 Vdc 

40 Vdc 

20 Vdc 

6.0 Vdc 

500 mA 

0.40 Watt 
2.29 mW/oC 

2.0 watts 
11.43 mW/oC 

+200 °c 

-65 to +200 °c 

0.438 °C/mW 

0.0875 °C/mW 
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-- Switching and General Purpose Transistors 

2N350B, 2N3509 (continued) 

ELECTRICAL CHARACTERISTICS (at 2S0C unless otherwise specified) 

Cha racteristic Symbol Min Max Unit 
Collector Culo!! Current 

'cBO "Ade 
(V CB : 20 Vde) Both Type. - 0.2 
(VCB : 20 Vde, TA : 1500C) 2N330& - 30 

2N3309 50 

Collector Cutoff Current leEX j.IAde 
(VCE : 20 Vde, VOB : 3 Vde) - 0.2 

Base Cutoff CUrrent IBL "Ade 
(VCE : 20 Vde, VOB : 3 Vde) - 0.5 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie : 10 !lAde, IB : 0) 40 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE : 10 !lAde, Ie: 0) 6.0 -

Collector-Emitter Breakdown Voltage- BVCEO' Vde 
(Ie : 10 mAde) 20 -

Collector-Emitter Voltage BVCEB Vde 
(IC : 10 "Ade, IB : 0) 40 -

Collector-Emitter Saturation Voltage- VCE( •• t) • Vde 
(IC : 10 mAde, IB: I mAde) - 0.25 
(Ie : 100 mAde, IB : 10 mAde) - 0.45 

I 
Base-Emitter Saturation Voltage- VBE(s.t)· Vde 

(Ie : 10 mAde, Ii : I mAde) 0.70 0.B5 
(IC : 100 mAde, B : 10 mAde) 0.& 1.4 

DC Current Gain· hFE' -
(Ie : 10 mAde, VCE : 1.0 Vde) 2N350& 40 120 

2N3509 100 300 
(Ie : 10mAde,VCE : I.OVde,TA :_550 C) 2N350& 20 -

2N3509 40 -(Ie : 100 mAde;VCE = 1.0 Vde) 2N350& 20 -
2N3509 30 -

Small-Signal Current Galn 
"te -

(IC: 10 mAde, VCE : 10 Vdc, f :100me) 5 -
Output Capacitance Cob pf 

(VCB: 5 Vdc, IE : 0, f : 140 ke) - 4 

Input Capacitance Clb pf 
(VOB: 1 Vde, Ie : 0, f : 140 ke) - 4 

storage Time t.(T.} osec 
(Ie : 181 : IB2 : 10 rnA) - 13 

Turn-On Time ton nsec 
(Ic : 10 rnA, IB1 = 3 rnA, Vce : 3 V, VOB : 1.5 V) - 12 

Turn-Off Time Ion noee 
(Ic : 10 rnA, IBI : 3 rnA, IB2 : 1.5 mA, VCC : 3 V) - 1& 

Total Control Charge Qor pC 
(Ie : .10 rnA, IB : 1 rnA, VCC : 3 V) - 50 

Delay Time t.! - 5 noec 
VCC : 10 V, VOB : 2 V, 

Rise Time 
'c : 100 mA, IB1 : 10 rnA 

t,. - 1& osec 

Storage Time t. - 13 osec 
VCC: IOV 
'c : 100 mA, 181 : IB2 : 10 mA 

Fall Time It - 15 osec 

.Pulse Test: PW = 300J,lsec, Duty Cycle:: 2% 
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-- Switching and General Purpose Transistors ---

2N3508, 2N3509 (continued) 
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-- Switching and General Purpose Transistors --

2N3510 (SILICON) 

2N3511 
VCEO = 10·15 V 
Ic =500mA 
fT = 350·450 Me 

2N3647 

2N3648 NPN silicon annular transistors for high-speed satu
rated switching applications to 500 rnA. 

CASE2~ 
(10.52/ \\ 

Collector connected to case 

CASE 26 
(10-46) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25°C 
Derating Factor Above 25°C 

Total Device Dissipation@TC = 250e 
Derating Factor Above 250e 

Junction Temperature, Operating 

storage Temperature Range 

STORAGE TIME VARIATION 
20 

-- -JO 

H, 10 

L p,~20 ~ 

t:~t \I~ 
111= In 

--TJ=25°C 

1/ 
-lifTJ= 125°C 1111 Vee=6V 

Symbol 

VCBO 

VCEO 

VEBO 

Ie 

PD 

PD 

TJ 

Tstg 

J.4 

~ 
~ 1.2 

~ 
§:! 1.0 

I 0.8 

~ 0.6 
;: 

0.4 

0.2 
2 3 5 7 10 20 30 50 70 100 200 300 500 

Ie, COLLECTOR CURRENT (mAl 
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2N3510 2N3511 Unit 2N3647 2N3648 

40 40 Vdc 

10 15 Vdc 

6 Vdc 

500 mAdc 

TO-46 TO-52 
2N3647 2N3510 
2N3648. 2N3511 

400 360 mW 
2.28 2.06 mW/oC 

2.0 1.2 watts 
11.43 6.9 mW/oC 

+200 °c 

-65 to +200 °c 

LIMITS OF SATURATION VOLTAGE 

Tll 
r- ~J~f==2~~C 

MAX VaE!oo11 
j...- ....-

MIN Vnl •• tl 

MAX VeEI •• /1 ..... 

1.0 2,0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

Ie. COLLECTOR CURRENT (rnA) 



-- Switching and General Purpose Transistors 

2N3510, 2N3511, 2N3647, 2N3648 (continued) 

ELECTRICAL CHARACTERISTICS ( TA = 25"C unless otherwise specified) 

Characteristic 
Collector Cutofi Current 

(VeE: 10 Vde, VOS t: I Vde) 
(VeE: 10 Vde, VOS : I Vde, TA : 1500 C) 

Base CutcH Current 
(VeE = 10 Vdc, VOS : I Vde) 

Collector-Base Breakdown Voltage 
(Ie : 10 .Ade, IE: 0) 

Collector-Emitter Breakdown Voltage-
(Ie : 10 mAde, IB : 0) 2N3510, 2N3647 

2N3511,2N3648 

Emitter-Base Breakdown Voltage 
(IE: 10 .Ade, Ie : 0) 

Collector Saturation Voltage-
(Ie : io mAde, Iv. : I mAde) AU Types 
(Ie : ISO mAde, B: IS mAde) All Types 
(Ie : 300 mAde, IS: 30 mAde) 2N3510, 2N3647 
(Ie : 500 mAde, IS: 50 mAde) 2N3511,2N3648 

Base-Emitter Saturation Voltage-
(Ie : 10 mAde, IS : I mAde) All Types 
(Ie : 150 mAde, IS : 15 mAde) All Types 
(Ie ... 300 mAde, Ie = 30 mAde) 2N3510. 2N3647 
(Ie '" 500 mAde, lR = 50 mAde) 2N3511,2N364B 

DC Current Gain· 
(Ie: 1.0 mAde, V CE : I Vde) 2N3510, 2N3647 

2N3511,2N364B 
(Ie : 10 mAde, V CE : I Vde) 2N3510, 2N3647 

2N3511, 2N3648 
(Ie : ISO mAde, VCE: I Vde) 2N3510, 2N3647 

2N3511,2N3648 
(Ie = 150 mAde, VeE:::: 1 Vdc. TA= _55°C) 2N3511,2N3648 
(Ie : 300 mAde, VCE : I Vde) 
(Ie : 500 mAde, VCE: I Vde) 

Output Capacitance 
(Ves: 10 Vde, IE : 0, I : 100 ke) 

Input Capacitance 
(VOB = 0.5 Vde, Ie: 0, I : 100 ke) 

Small Signal Current Gain 
(Ie = 15 mAde. VeE = 10 Vdc. f ::: 100 me) 

Delay Time 
(IC : ISO mA, 
lSI = 15 rnA, Rise Time 
VOS = 0.5 V, 
VCC: 6V) 

Turn-On Time 

Storage Time 
(Ie: 150 mA, 
IBl = -182 = 15 mAo Fall Time 
Vee: 6 V) 

Turn-Off Time 

Total Control Charge 
(Ie: ISO mA, IB : IS mA, VCC: 6 VI 

Small SIgnal Current Gain 
(lC: I mA, VCE : 10 V,I : I kc) 

Voltage Feedback Ratio 
(Ie: ImA,VCE : 10V,I: 1 kc) 

lnput Impedance 
(Ie: lmA,VCE: IOV,I: Ikc) 

Output Admittance 
(Ie: lmA,VCE :IOV,f: Ikc) 

• Pulse Test: PW s 300 J,lsec, Duty Cycle .:s 2% 

VOB = Base-Emitter Reverse Bias 

2N3510, 2N3647 
2N351l. 2N3648 

2N3510, 2N3647 
2N3511. 2N364B 

2N3510, 2N3647 
2N3511,2N364B 

2N3510, 2N3647 
2N3511, 2N3648 

2N3510, 2N3647 
2N3511, 2N364B 

2N3510. 2N3647 
2N351l, 2N364B 

2N3510, 2N3647 
2N3511,2N3648 

2N3510, 2N3647 
2N351l. 2N3648 
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Symbol Min Max 

'eEll - .025 - 50 

IBL - .025 

BVCBO 
40 -

BVCEO• 
10 -
IS -

BVESO 
6 -

V CE(sat)· - 0.25 
- 0.4 

- 0.6 
- 0.6 

VSE(sat)· - O.B 
O.B 1.0 
- 1.15 
- 1.5 

hFE• 
12 -
15 -
20 -
25 -
25 150 
30 120 
12 -
IS -
12 -

Cob - 4 

Cib - B 

hre 
3.5 -
4.5 -

t". - 10 
- B 

- 12 
Ir - 10 

- 20 
Ion - 16 

I. - 16 
- 12 

- 12 
~ - 8 

loll 
- 25 
- 18 

QT - 300 

"te 
20 ISO 

hr. 
- 25 

hie 
0.6 4.5 

hoe 
10 100 

Unit 
.Ade 

.Ade 

Vde 

Vde 

Vde 

Vde 

Vde 

-

I 
pi 

pi 

me 

osee 

osee 

osec 

osec 

nsec 

osec 

pC 

XlO-4 

kohms 

• mho. 



--- Switching and General Purpose Transistors --

2N3510, 2N3511, 2N3647, 2N3648 (continued) 
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MINIMUM CURRENT GAIN CHARACTERISTICS 
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-- Switching and General Purpose Transistors --

2N3546 (SILICON) VeEO = 12V 
ts = 20nsec 

CME~ (TO.lf,2 \\ 

PNP silicon annular transistor for low-level, high
speed switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Cha racteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 15 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Total Device Dissipation @ TA = 25·C PD 0.36 Watt 
Derate above 25°C 2.06 mW/"C 

Total Device Dissipation @ TC = 25°C PD 1.2 Watts 
Derate above 25·C 6.9 mW/"C 

Operating Junction Temperature TJ 200 °c 

storage Temperature Range Tstg -65 to +200 ·C 

Thermal Resistance (JJA 0.49 °C/mW 

(JJC 0.15 °C/mW 

8·175 
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-- Switching and General Purpose Transistors 

2N3546 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise notedY 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICBO "Ade 

(V CB = 10 Vde) -- 0.010 

(V CB = 10 Vde, T A ~ 150"C) -- 10 

Collector Cutoff Current ICEK "Ade 
(VCB = 10 Vde, VOB = 3 Vde) -- 0.010 

Base Cutoff Current IsL "Ade 
(V CB = 10 Vde, VOB = 3 Vde) -- 0.10 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 "Ade, IE = 0) 15 --

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, IC = 0) 4.5 --

Collector-Emitter Breakdown Voltage' BVCEO 
, Vde 

(IC = 10 mAde, IB = 0) 12 --

Collector Saturation Voltage' VCE(sat) 
. Vde 

(IC = 10 mAde, Is = 1 mAde) -- 0.15 

(IC = 50 mAde, Is = 5 mAde) -- 0.25 

(IC = 100 mAde, Is = 10 mAde) -- 0.50 

Base-Emitter Saturation Voltage· VBE(sat) 
. Vde 

(IC = 10 mAde, IB = 1 mAde) 0.7 0.9 

(IC = 50 mAde, IB = 5 mAde) O. B 1.3 

(IC = 100 mAde, IB = 10 mAde) -- 1.6 

DC Current Gain· hFE 
. --

(IC = 1.0 mAde, VCE = 1 Vde) 20 --
(IC = 10 mAde, V CE = I Vde) 30 120 

(Ic = 10 mAde, V CE = I Vde, T A = -55 "C) 15 --
(IC = 50 mAde, V CE = I Vde) 25 --
(IC = 100 mAde, VCE = IVde) 15 --

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, I = I me) -- 6 

Input Capacitance Clb pF 
(V OB = O. 5 Vde, IC = 0, I = I me) -- 5 

Current-Gain - Bandwidth Product IT me 
(IC = 10 mAde, V CE = 10 Vde, I = 100 me) 700 --

Total Control Charge QT pC 
(IC = 50 mA, IB = 5 rnA, VCC = 3 V) -- 400 

Delay Time IC = 50 rnA, IBl = ~mA, td -- 10 neee 

Rise Time VOB =2V, VCC=3V tr -- 15 neee 

storage Time IC = 50 rnA, lsi = 1s2 = 5 rnA, ta -- 20 neee 

Fall Time VCC = 3 V tl -- 15 naoe 

Turn-On Time ton -- 40 naoe 
Refer to Page 8-177 for 

Turn-OIl Time Test Circuit toff -- 30 naec 

'Pulse Test: PW = 300 "see, Duty Cycle ~ 2% 
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-- Switching and General Purpose Transistors --

2N3546 (continued) 

LIMITS OF SATURATION VOLTAGES 
1.6 

~ 
~ 

~ 
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-- Switching and General Purpose Transistors --

2N3634 thru 2N3637 (SILICON) r:DJ VCEO = 140·175 V LUJ fT = 150 ·200 Me 

PNP silicon annular transistor for high -voltage 
switching and low-power amplifier applications. 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Collector connected to case 

Max 
Cha racteristic Symbol 2N3634 2N3636 Unit 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating Factor Above 25°C 

Junction Temperature, Operating 

storage Temperature Range 

FIGURE 1 - JUNCTION CAPACITANCE VARIATIONS 
10 0 

0_ 

0 

0 ..... 
Cib 

0 
...... 

r'-.. 
Cob 

0 

7 

5 
0.1 0.2 0.3 0.50.7 1.0 2.0 3.0 5.07.0 10 20 30 50 70100 

REVERSE BIAS (VOLTS) 
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2N3635 2N3637 

VCBO 140 175 Vdc 

VCEO 140 175 Vdc 

VEBO 5 Vdc 

IC 1 Adc 

PD 1.0 Watt 

5.71 mW/oC 

PD 5 Watts 

28.6 mW/oC 

TJ +200 °C 

Tstg -65 to +200 °c 

FIGURE 2 - GAIN-BANDWIDTH PRODUCT 
50 0 

30 0 
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0 5 
1.0 
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vc~ ~ ~ov 
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".'" 

)./ 
/' 

/' 
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IE, EMlnER CURRENT (rnA) 



-- Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Cha racteristic Fig. No. Symbol Min Max Unit 
Collector-Base Breakdown Voltage 2N3634, 2N3635 - BVCBO 140 - Vde 

(IC = 100 gAde, IE = 0) 2N3636, 2N3637 175 -
Collector-Emitter Breakdown Voltage" 2N3634, 2N3635 BVCEO * 140 Vde 

(Ic = 10 mAde, IB = 0) 2N3636, 2N3637 175 -
Emitter-Base Breakdown Voltage HVEBO Vde 

(IE = 10 gAde, Ic = 0) All Types 5 -
Collector Saturation Voltage· 11. 12 VCE(sat) * Vde 

(Ie = 10 mAde, IS = 1 mAde) All Types - 0.3 

(Ie = 50 mAde, ~ = 5 mAde) All Types - 0.5 

Base-Emitter Saturation Voltage* 11, 12 VBE(sat) * Vde 
(Ie = 10 mAde, IS = 1 mAde) All Types - 0.8 

(Ie '" 50 mAde, IS = 5 mAde) All Types 0.65 0.9 

DC Current Gain 3, 4, 5, 6 hFE * 
(Ie = O. 1 mAde, V CE = 10 Vdc) 

2N3634, 2N3636 40 -
2N3635, 2N3637 80 -

(IC = 1. 0 mAde, V CE = 10 Vde) 
2N3634, 2N3636 45 -
2N3635, 2N3637 90 -

(Ie '" 10 mAde, V CE = 10 Vdc) 
2N3634, 2N3636 50 -
2N3635, 2N3637 100 -

(Ie = 50 mAde, V CE = 10 Vdc) 
2N3634, 2N3636 50 150 
2N3635, 2N3637 100 300 

(Ie = 150 mAde, V CE = 10 Vdc) 2N3634, 2N3636 25 -
2N3635, 2N3637 50 -

I 
Small Signal Current Gain 2N3634, 2N3636 2 Ihlel 1.5 - -

(V CE = 30 Vdc, Ie = 30 mAde, f = 100 me) 2N3635, 2N3637 2.0 -
Output Capacitance I Cob pf 

(VCB = 20 Vde, IE = 0, 1= 100 ke) All Types - 10 

Input Capacitance 1 Cib pI 
(V DB = 1.0 Vde, IC = 0, I = 100 ke) All Types - 75 

Collector Cutoff Current ICBO nAde 
(V CB "" 100 Vdc, IE '" 0) All Types - 100 

Emitter Cutoff Current lEBO nAde 
(V DB = 3 Vde, .Ic = 0) All Types - 50 

Small Signal Current Gain 2N3634, 2N3636 9 hIe 40 160 
(Ie = 10 rnA, V (OR = 10 V, I = Ike) 2N3635, 2N3637 80 320 

Voltage Feedback Ratio 10 h 
re 

XlO-4 
(IC = 10 rnA, V CE = 10 V. I = Ike) All Types - 3 

Input Impedance 2N3634, 2N3636 7 h. 100 600 ohms 
(Ie;::: 10 rnA, V CE = 10 V, f '" 1 kc) 2N3635, 2N3637 

,e 
200 1200 

Output Admittance 8 h 
oe J.Lffihos 

(Ie =: 10 rnA, V CE = 10 V, f;::: 1 kc) All Types - 200 

Noise Figure NF db 
(Ie = 0, 5 rnA, V CE = 10 V, f = 1 kc, Rg = 1 kn) All Types - 3 

Turn-On Time I Vee - lOOV, Ie - 50 rnA, I All Types 13, 14 t on 400 osee 

Turn-Off Time I IBI '" IB2 -= 5 rnA, V OB == 4 V I All Types 13, 15 toff 600 nsee 

"'Pulse Width ~ 300 ).lsec, duty cycle :§ 2% V DB - Base-Emitter Off Bias 
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-- Switching and General Purpose Transistors --

2N3634 thru 2N3637 (continued) 
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FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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-- Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 

FIGURE 5 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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-- Switching and General Purpose Transistors 

2N3634 thru 2N3637 (continued) 

FIGURE 7 - INPUT IMPEDANCE 
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FIGURE 9 - CURRENT GAIN 
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FIGURE 8 - OUTPUT IMPEDANCE 
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FIGURE 10 - VOLTAGE FEEDBACK RATIO 
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-- Switching and General Purpose Transistors --

2N3634 thru 2N3637 (continued) 

FIGURE 11 - SATURATION YOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 
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--- Switching and General Purpose Transistors --

2N3712 (SILICON) VCEO = lS0V 
Ic = 200 mAde 
Po = SW 

CASE 31 
(TO-S) 

NPN silicon annular transistor designed for high
voltage DC to VHF amplifier applications. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 150 Vdc 

Collector-Emitter Voltage VCEO 150 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current IC 200 mAdc 

Total Device Dissipation @TA = 25'C P D 1.0 Watt 

Derating Factor Above 25'C 5.71 mW/"C 

Total Device Dissipation @ TC = 25'C P D 5 Watts 

Derating Factor Above 25'C 28.6 mW/"C 

Operating Junction Temperature TJ +200 'C 

Storage Temperature Range Tstg -65 to +200 'c 
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--- Switching and General Purpose Transistors 

2N3712 (continued) 

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

Characteristic 
Collector-Base Breakdown Voltage 

(Ie = 100 $..lAde, IE" 0) 

Collector-Emitter Breakdown Voltage" 

(Ie :: 30 mAde, IS '" 0) 

Emitter-Base Breakdown Voltage 

(IE = 100 J..l.Adc, Ie = 0) 

Collector Saturation Voltage"· 

(Ie = 50 mAde, IS = 5 mAde) 

Base-Emitter Saturation Voltage"· 

(Ie '" 50 rnA, Is " 5 rnA) 

DC Current Gain" 

(Ie = 10 mMe, V CE = 10 Vdc) 

(Ie = 30 mAde, V CE = 10 Vdc) 

Collector Cutoff Current 

(Ves = 75 Vdc, IE = 0) 

(V CB = 75 Vdc, IE = 0, T A = 150°C) 

Emitter CutofflCurrent 

(VES = 4 Vdc, Ie = 0) 

Small-Signal Current Gain 

(V CE = 10 Vdc, Ie" 30 mAde, f '" 20 me) 

Output Capacitance 

(V CB = 20 Vdc, IE '" 0, ('" 1 mc) 

Input Capacitance 

(V EB '" 0.5 Vdc, Ie '" 0, ( '" 1 mc) 

Small-Signal Current Gain 

(IC = 30 rnA, V CE :0 10 V, f = I kc) 

Collector-Base Time Constant 

tv CB :< 10 V, IE = 30 rnA, f = 31, 9 me) 

.PW ~ 30 jJ.Sec, Duty Cycle ~1% 
··PW ~ 300 jJ.sec, Duty Cycle :!i 2% 

Symbol 
BVCBO 

BVCEO 
. 

BVEBO 

V •• 
CE(sat) 

VSE(sat) 
.. 

hFE 
.. 

leBO 

lEBO 

Ihrel 

Cob 

Cib 

hre 

rb'CC 
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Min Max 

150 -

150 -

5 -

- 2 

- 0,9 

25 -
30 150 

- 0.010 

- 50 

- 0.010 

2 12 

1 9 

- 80 

25 -

- 100 

Unit 
Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

~Adc I 
J..LAdc 

pr 

pr 

psec 
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-- Switching and General Purpose Transistors --

2N 3 719 (SILICON) 

2N3720 
V CEO = 40-60 V 
Ic =3A 
fT = 60 Me 

CASE 3' ... (10-5) I \\ 

PNP silicon annular transistors for high-speed, high
current switching in core and driver applications and 
Class C power amplifiers_ 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 2N3719 2N3720 
Collector-Base Voltage VCBO 40 60 

Collector- Emitter Voltage VCEO 40 60 

Emitter-Base Voltage VEBO 4 4 

Collector Current-Continuous IC 3 3 
Collector Current-Peak 10 10 

Base Current IB 0.5 0.5 

Total Device Dissipation @ T A = 25°C PD 1.0 
Derate above 25°C 5.72 

Total Device Dissipation @ T C = 25°C PD 6 
Derate above 25°C 34.3 

Operating Junction and Storage TJ and -65 to +200 . 
Temperature Range Tstg 
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'\ 
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1-_ 
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Amp 
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1--
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operation below the maximum junction temperature. 
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-- Switching and General Purpose Transistors ---

2N3719, 2N3720 (continued) 

ELECTRICAL CHARACTERISTICS(Tc = 2S0C unless otherwise noted) 

Characteristic 

Collector Leakage Current 
(VCE = 40 Vdc, VBE = 2 Vdc) 

(VCE = 60 Vdc, VBE = 2 Vdc) 

Collector-Base Cutoff Cuqent 
(VCB = 40 Vdc, IE = 0, TA = 25°C) 

(VCB = 40 Vdc, IE = G, TA = 150°C) 

(VCB = 60 Vdc, IE = 0, T A = 250 C) 

(VCB = 60 Vdc, IE = 0, T A = 150°C) 

Emitter-Base Cutoff Current 
(VBE = 4 Vdc, IC = 0) 

DC Current Gain* 
(IC = 500 rnA, VCE = 1.5 V, T A = 25°C) 

(IC = 1 A, VCE = 1.5 V, TA = 25°C) 

(IC = 1 A, VCE = 1.5 V, TA = -40°C) 

Collector-Emitter Saturation Voltage' 
(IC = 1 A, IB = 100 rnA, T A = -40 to + 100°C) 

(IC = 3 A, IB = 300 rnA, TA = 25°C) 

Base-Emitter Saturation Voltage' 
(IC = 1 A, IB = 100 rnA) 

(IC = 3 A, IB = 300 rnA) 

Collector-Emitter Breakdown Voltage* 
(IC = 20 rnA, IB = 0) 

Collector Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kc) 

Input Capacitance 
(V BE = 0.5 'ydc, IC = 0, f = 100 kc) 

Current-Gain - Bandwidth Product 
(VCE = 10 Vdc, IC = 500 mAdc, f = 

Delay Plus Rise Time 
(IC = 1 Adc, IB1 = 100 rnA) 

Storage Time 
(IC = 1 Adc, IBI = IB2 = 100 rnA) 

Fall Time 
(IC = 1 Adc, IB1 = IB2 = 100 rnA) 

*Pulse Test: 
Pulse Width s 300 /.L sec 
Duty Cycle s 2% 

30 mc) 

2N3719 

2N3720 

2N3719 

2N3719 

2N3720 

2N3720 

2N3719 

2N3720 
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Symbol Min 

ICEX 
-
-

ICBO 
-
-
-
-

lEBO -
hFE* 

20 

25 

15 

VCE(sat)* -
-

VBE(sat)* -
-

BVCEO * 
40 

60 

COb 
-

Cib 
-

fT 
60 

ton 
-

ts 
-

~ -

Max 

10 

10 

.010 

1 

.010 

1 

1 

-
180 

-

0.75 

1.5 

1.5 

2.3 

-
-

120 

1000 

-

75 

150 

75 

Unit 

/.L Adc 

mAdc 

mAdc 

-

Volts 

I 
Volts 

Volts 

pf 

pf 

mc 

nsec 

nsec 

nsec 
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-- Switching and General Purpose Transistors 

2N3719, 2N3720 (continued) 
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-- Switching and General Purpose Transistors ---

2N3734 (SILICON) 
2N3735 
2N3736 
2N3737 

V CEO = 30· 50 V 
Ic = 1.5 A 
Cob = 9 pf (max) 

Medium current NPN silicon annular transistor, de
signed for high-speed switching and driver applications. 

Collector connected to case 

CASE 26 CASE 31 
(TO-46) (TO-S) 

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

Characteristic Symbol 2N3734 2N373S Unit 
2N3736 2N3737 

Collector-Base Voltage VCBO 50 75 Vdc 

Collector-Emitter Voltage VCEO 30 50 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ie 1.5 Adc 

TO-S TO-46 
2N3734 2N3736 
2N373S 2N3737 

Total Device Dissipation @ TA = 25°C PD 1.0 0.5 watt 
Derating Factor Above 25°C 5.71 2.86 mW/oC 

Total Device Dissipation @ TC = 25°C PD 4.0 2.0 watts 
Derating Factor Above 25°C 22.8 11.4 mW/oC 

Thermal Resistance °C/mW 
Junction to Air OJA 0.175 0.35 
Junction to Case o JC 0.044 0.088 

Junction Temperature, Operating TJ +200 °c 

storage Temperature Range Tstg -65 to +200 °c 
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--- Switching and General Purpose Transistors ---

2N3734, 2N3735, 2N3736, 2N3737 (continued) 
ELECTRICAL CHARACTERISTICS (T ... = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min IMaxl unitl 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 "Ade, IE = 0) 2N3734,2N3736 50 -

2N3735, 2N3737 75 -
Collector-Emitter Breakdown Voltage" BVCEO" Vde 

(Ie = 10 mAde, IB = 0) 2N3734, 2N3736 30 -
2N3735, 2N3737 50 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 "Ade, Ie = 0) 5 -

Collector Cutoff Current Ie EX /LAde 
(VCE = 25 Vde, VEB = 2 Vde) 2N3734, 2N3736 - 0.20 
(VCE = 25 Vde, VEB = 2Vde, TA = 100DC) - 20 
(VCE = 40 Vde, VEB = 2 Vde) 2N3735, 2N3737 - 0.20 
(VCE = 40 Vde, VEB = 2 Vde, TA = 100oC) - 20 

Base Cutoff Current IBL /LAde 
(VCE = 25 Vde, VEB = 2 Vde) 2N3734, 2N3736 - 0.3 
(VCE = 40 Vde, VEB = 2 Vde) 2N3735, 2N3737 - 0.3 

ON CHARACTERISTICS 

I 

DC Current Gain" hFE" -
(IC = 10 mAde, V CE = 1 Vde) 35 -
(IC = 150 mAde, VCE = 1 Vde) 40 -
(Ie = 500 mAde, V CEJ. = 1 Vde) 35 -
(IC = 1 Ade, VCE = .5 Vde) 2N3 734, 2N3736 30 120 

2N3735, 2N3737 20 80 

(Ic = 1.5 Ade, V CE = 5 Vde) 2N3734, 2N3736 30 -
2N3735, 2N3737 20 -

Collector Saturation Voltage" VCE(sat)" vae 
(Ie = 10 mAde, IB = I mAde) - 0.2 
(IC = 150 mAde, IB = 15 mAde) - 0.3 
(Ie = 500 mAde, IB = 50 mAde) - 0.5 
(IC = 1 Acje, IB = 100 mAde) - 0.9 

Base-Emitter Saturation Voltage* VBE(sat)" Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.8 
(IC = 150 mAde, IB = 15 mAde) - 1.0 
(IC = 500 mAde, IB = 50 mAde) - 1.2 
(Ie = 1 Ade, IB = 100 mAde) 0.9 1.4 

TRANSIENT CHARACTERISTICS 

Output Capacitance Cob pf 
(VCE = 10 Vde, IE = 0, f = 100 ke) - 9 

Input Capacitance Cib pf 
(VEB = 0.5 Vde, IC = 0, f = 100 ke) - 80 

High-Frequency Current Gain hre -
(IC = 50 mAde, VCE = 10 Vde, f = 100 me) 2.5 -

Delay Time (VCC = 30 V, V BE(off) = 2 V, td - 8 nsec 

Rise Time Ie = ,1 Amp, IBI = 100 mAl \ - 40 nsec 

Storage Time 
(VCC" 30 V, IC = 1 Amp, 

tg - 30 nsec 

Fall Time IBI = -IB2 = 100 mAl tr - 30 nsec 

Total Control Charge QT nC 

(IC = 1 Amp, IB = 100 mA, VCC = 30 V) - 10 

"Pulse Test: PW ;;; 300 "sec, Duty Cycle'; 2% 
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-- Switching and General Purpose Transistors --

2N3734, 2N3735, 2N3736, 2N3737 (continued) 
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-- Switching and General Purpose Transistors ---

2N3734, 2N3735, 2N3736, 2N3737 (continued) 

LARGE SIGNAL CHARACTERISTICS 
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--- Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 

SWITCHING CHARACTERISTICS 
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--- Switching and General Purpose Transistors 

2N3734, 2N3735, 2N3736, 2N3737 (continued) 
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-- Switching and General Purpose Transistors ---

2N3742 (SILICON) 
VcEo =300V 
Ic=50mA 
fr =30Mc 

CASE 31 
(TO-5) 

NPN silicon annular transistor for high voltage am
pJifier applications from DC to VHF. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating F dctor Above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

70 

50 

30 

20 

10 

5.0 

3.0 

2.0 

1.0 

JUNCTION CAPACITANCE 

-

0.1 0.2 0.3 0.5 

~ 

I I" TJ = 25°C 

C,' 

23510203050100 

REVERSE BIAS (VOLTS) 

Symbol 

VCB 

VCEO 

VEB 

Ie 
PD 

PD 

TJ 

Tstg 
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50 

40 

30 

20 

15 

0 

Rating Unit 

300 Vdc 

300 Vdc 

7 Vdc 

50 mAdc 

1.0 Watt 

5.71 mW/oC 

5 Watts 

28.6 mW/oC 

+200 °c 

-65 to+200 °c 

GAIN·BANDWIDTH PRODUCT 

I 
TJ = 25°C VeE 29V 
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--- Switching and General Purpose Transistors --

2N3742 (continued) 

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

Characteristic 

Collector-Base Breakdown Voltage 
(Ie = 100 j.I Adc, IE = 0) 

Collector-Emitter Breakdown Voltage" 
(Ie = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100j.lAde, Ie = 0) 

Collector Saturation Voltage •• 
(IC = 10 mAde, IB = 1 mAde) 

(IC = 30 mAde, IB = 3 mAde) 

Base-Emitter Saturation Voltage •• 
(Ie = 10mAde, IB = 1 mAde) 

(IC = 30 mAde, IB = 3 mAde) 

DC Current Gain •• 
(IC = 3 mAde, VCE = 10 Vde) 

(IC = 10 mAdc, VCE = 10 Vde) 

(Ie = 30 mAde, VCE = 10 Vde) 

(Ie = 50 mAde, VCE = 20 Vde) 

Collector Cutoff Current 
(V CB = 200 Vde, IE = 0) 

(VCB=200 Vde, IE = 0, TA = 100°C) 

Emitter Cutoff Current 
VEB = 6 Vde, Ie = 0) 

Small Signal Current Gain 
(VCE = 20 Vdc, IC = 10 mAde, f = 20 me) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kc) 

Input Capacitance 
(VEB = 0.5 Vde, Ie = 0, f = 100 ke) 

Small Signal Current Gain 
(IC = 10 rnA, VCE = 10 V, f = 1 kc) 

Voltage Feedback Ratio 
(Ie = 10 rnA, VCE = 10 V, f = 1 kc) 

Input Impedance 
(Ie = 10 rnA, VCE = 10V, f= 1 kc) 

Output Admittance 
(Ie = 10mA, VCE = 10V,f= 1 ke) 

Real Part of Input Impedance 
(Ie = 10 mA, VCE = 10 V, f = 5 mc) 

·PW S 30 j.lsec, Duty Cycle S 1% 

··PW S 300 /Lsec, Duty Cycle ~ 2% 

Symbol Min Max 

BVCBO 
300 -

BVCEO' 
300 -

BVEBO 
7 -

VCE(satl*' - 1 

- 5 

VBE(sat)" - 1.0 

- 1.2 

hFE •• 
10 -
15 -
20 200 

20 -
leBO - 0.2 

- 20 

lEBO - 0.2 

I hrel ,1.5 -

Cob - 6 

Cib 
- 80 

hfe 
20 200 

h re 
- 1.0 

hie 
- 0.5 

hoe 
5 50 

Re(hie) - 40 

8-196 

Unit 

Vdc 

Vdc 

Vde 

Vde 

Vde 

-

j.lAde 

j.lAde 

-

pf 

pf 

-

XlO-4 

Kohms 

limhos 

ohms 



-- Switching and General Purpose Transistors 

2N3742 (continued) 
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-- Switching and General Pllrpose Transistors ---

2N3742 (continued) 
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-- Switching and General Purpose Transistors ---

2N3743 (SILICON) 
VCEO=300V 
Ic= SOmA 
fT = 30Me 

PNP silicon annular transistor for high voltage am
plifier applications from DC to VHF. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate Above 250C 

Total Device Dissipation@ T C = 25°C 

Derate Above 25°C 

Operating Junction Temperature 

storage Temperature Range 

JUNCTION CAPACITANCE 

500 

300 I I I I I I 
200 

...... c~ TJ = 25°C 

~ 
100 

~ 70 

§ 50 
u 

30 r-
20 

10 Yt 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

70 

so 

10 

7 
0.1 0.2 O.S 1.0 2.0 S.O 10 20 SO 100 

REVERSE BIAS IVOLTSl 
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~ 

V 
1 

Rating Unit 

300 Vdc 

300 Vdc 

5 Vdc 

50 mAdc 

1.0 Watt 
5.7 mW/oC 

Watts 
5.0 mW 
28.6 mW/oC 

+200 °c 

-65 to +200 °c 

GAIN·BANDWIDTH PRODUCT 

I T 
I VeE =20V 

./ "-
TA =2S"C /'" 

\ 
\ 

I~ VeE = IOV 

~ \ 
1# \ 

S 7 10 20 30 SO 

I. EMITTER CURRENT ImAl 

I 



--- Switching and General Purpose Transistors 

2N3743 (continued) 

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

Characteristic 

Colleetor-Baae Breakdown Voltage 
(Ie = 100 ~Ade, IE = 0) 

Collector-Emitter Breakdown Voltage'" 
(Ie = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, Ie = 0) 

Collector Saturation Voltage·· 
(Ie = 10 mAde, IB = 1 mAde) 

(I" = 30 mAde, IB = 3 mAde) 

Base-Emitter Saturation Voltage·· 
(Ie = 10 mAde, IE = 1 mAde) 

(Ie = 30 mAde, IE = 3 mAde) 

DC Forward Current Gain·· 
(Ie = 100 ~Ade, VCE = 10 Vde) 

(IC = 1 mAde, VCE = 10 Vde) 

(IC = 10 mAde, VCE = 10 Vde) 

(IC = 30 mAde, V CE = 10 Vdc) 

(IC = 50 mAde, V CE = 20 Vde) 

Collector Cutoff Current 
(VCE = 200 Vde, IE = 0) 

(V CE = 200 Vde, IE = 0, T A = 1000 C) 

Emitter-Base Leakage Current 
(VEE = 3 Vde, Ie = 0) 

Small-Sigoal Current Gain 
(IC • 10 mAde, VCE = 20·Vde, f = 20 mc) 

Output Capacitanee 
(VCB = 20 Vde, IE = 0, f = 100 ke) 

Input Capacitance 
(VEB = 1 Vde, Ie = 0, f • 100 ke) 

Small Signal Current Gain 
(V CE = 10 V, Ie = 10 mA, f = 1 ke) 

Voltage Feedbaek Ratio 
(V CE = 10 V, Ie • 10 mA, f = 1 ke) 

Input Impedance 
(VCE = 10 V, Ie = 10 rnA, f = 1 ke) 

Output Admittanee 
(VCE = 10 V, Ie = 10 rnA, f = 1 ke) 

Real Part of Input Impedance 
(Ie = 10 mAde, V CE = 10 Vde, f = 

'PW:: 30 /lsee, Duty Cycle:S 1% 

•• PW ~ 300 IlSec, Duty Cycle ~ 2% 

5 me) 

Symbol Min Max 

BVCBO 
300 -

BVCEO' 
300 -

BVEBO 
5 -

VCE'(sat)" - 5 

- 8 

VBE(sat)** 
- 1.0 

- 1.2 

hFE•• 
20 -
25 -
25 -
25 250 

25 -

leEO 
- 0.3 

- 30 

lEBO - 0.1 

Ihfel 
1.5 -

Cob 
- 15 

Cib 
- 400 

hre 
30 300 

hre 
- 4.0 

hie 
- 1.0 

hoe - 200 

Re(hie) - 40 

8-200 

Unit 

Vde 

Vde 

Vde 

Vde 

Vde 

-

/lAde 

~Ade 

-

pf 

pf 

-

XIO-4 

kohms 

iJmhos 

ohms 



--- Switching and General Purpose Transistors ---

2N3743 (continued) 
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--- Switching and General Purpose Transistors ---

2N3743 (continued) 
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--- Switching and General Purpose Transistors ---

2N3762 (SILICON) 
2N3763 
2N3764 
2N3765 

VeBO = 40·60 V 
Ie = 1.5 A 
Cob = 15.0 pf (max) 

Medium-current PNP silicon annular transistor, de
signed for high-speed switching and driver applications. 

CASE 31 
(TO-5) 

2N3762 
2N3763 

Collector connected to case 

CASE 26 
(TO-46) 
2N3764 
2N3765 

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

Characteristic Symbol 2N3762 2N3763 
2N3764 2N3765 

Collector-Base Voltage VCBO 40 60 

Collector-Emitter Voltage VCEO 40 60 

Emitter-Base Voltage VEBO 5 

Collector Current Ie; 1.5 

TO·S TO-46 
2N3762 2N3764 
2N3763 2N3765 

Total Device Dissipation @ T A = 25°C PD 1.0 0.5 
Derating Factor Above 25°C 5.71 2.86 

Total Device Dissipation @ TC = 25°C PD 4.0 2.0 
Derating Factor Abovd 25°C 22.8 11.4 

Thermal Resistance 
Junction to Air (}JA 0.175 0.35 
Junction to Case (}JC 0.044 0.088 

Junction Temperature, Operating TJ +200 

Storage Temperature Range Tstg -65 to +200 

8-203 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

watt 
mW/oC 

watts 
mw/oC 

°C/mW 

°c 

°c 

I 



-- Switching and General Purpose Transistors ---

2N3762, 2N3763, 2N3764, 2N3765 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol IMinlMaxl Unit I 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 10 IIAde, IE = 0) 2N3762, 2N3764 40 -

2N3763, 2N3765 60 -
Collector-Emitter Breakdown Voltage' BVCEO' Vde 

(Ie = 10 mAde, IB = 0) 2N3762, 2N3764 40 -
2N3763, 2N3765 60 -

Emitter-Base Breakdown Voltage BVEBO Vctc 
(IE = 10 IIAde, Ie = 0) 5 -

Collector Cutoff Current ICEX jiAde 
(VCE = 20 Vde, VEB = 2 Vde) 2N3762, 2N3764 - 0.10 
(VCE = 20 Vde; VEB = 2 Vde, TA = 1Q0OC) - 10 
(VCE = 30 Vde, VEB = 2 Vde) 2N3763, 2N3765 - 0.10 
(VCE = 30 Vde, VEB = 2 Vde, TA = 100°C) - 10 

Base Cutoff Current IBL jiAde 
(VCE = 20 Vde, VEB = 2 Vde) 2N3 762, 2N3764 - 0.2 
(VCE = 30 Vde, VEB = 2 Vde) 2N3763, 2N3765 - 0.2 

ON CHARACTERISTICS 

DC Current Gain' hFE' -
(Ie = 10 mAde, V CE = 1 Vde) 35 -
(Ie = 150 mAde, VCE = 1 Vde) 40 -
(IC = 500 mAde, V CE = 1 Vde) 35 -
(Ie = 1 Ade, VCE = 1.5 Vde) 2N3762, 2N3764 30 120 

2N3763, 2N3765 20 80 
(Ie = 1.5 Adc, VCE = 5 Vdc) 2N3762, 2N3764 30 -

2N3763, 2N3765 20 -
Collector Saturation Voltage' VCE(sat)' Vde 

(Ie = 10 mAde, IB = 1 mAde) - 0.1 
(IC = 150 mAde, IB = 15 mAde) - 0.22 
(Ie = 500 mAde, IB = 50 mAde) - 0.5 
(IC = 1 Ade, IB = 100 mAde) - 0.9 

Base-Emitter Saturation Voltage' VBE(sat)' Vde 
(Ie = 10 mAde, IB = 1 mAde) - 0.8 
(Ie = 150 mAde, IB = 15 mAde) - 1.0 
(IC = 500 mAde, IB = 50 mAde) - 1.2 
(IC = 1 Ade, IB = 100 mAde) 0.9 1.4 

TRANSIENT CHARACTERISTICS 

Output Capacitance Cob pt 
(VCB = 10 Vde, IE = 0, f = 100 ke) - 15 

Input CapaCitance Cib pf 
(VEB = 0.5 Vde, Ie = 0, f = 100 ke) - 80 

High Frequency Current Gain I hre I -
(IC = 50 mAde, V CE = 10 Vde, f = 100 me) 2N3762, 2N3764 1.8 -

2N3763, 2N3765 1.5 -
Delay Time 

(VCC = 30 Y, VBE(Off) = 2 V, 
~ - 8 nsec 

Rise Time Ie = 1 Amp, IBI = 100 rnA) tr - 35 nsec 

Storage Time 
(VCC = 30 V, 1<;; = 1 Amp, ts - 80 nsec 

Fall Time IBI = -IB2 = lOrnA) 
tr - 35 nsee 

Totai Control Charge QT nC 
(IC = 1 Amp, IB = 100 mA, Vce = 30 V) - 30 

'Pulse Test: PW ~ 300 lisee, Duty Cycle ~ 2% 
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-- Switching and General Purpose Transistors 

2N3762, 2N3763, 2N3764, 2N3765 (continued) 
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Ie. COLLECTOR CURRENT lmAl 

TURN·ON TIME SWITCHING TIME EQUIVALENT TEST CIRCUITS TURN·OFF TIME 

+2V]J 
o ---

~1L1V 100!) 

SCOPE 

10 < tl < 500,usee 
~2 < 10nsec 
t3>I,usec 

DUTY CYCLE ~ 2% 

100!) 

-30V 

3D!) 

SCOPE 

PW = 200nsec 
RISE TIME ~ 2 nsec 
DUTY-CYCLE ~ 2% 
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--- Switching and General Purpose Transistors ---

2N3762, 2N3763, 2N3764, 2N3765 (continued) 

LARGE SIGNAL CHARACTERISTICS "OFF" CONDITION CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 

1000 10' 

700 - VeE lOY = VeE 30V 

500 

400 / I I I 
10' 

TJ ~ 175'C J II 
300 

i 
200 

I 
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100 

~ 70 

.§ 
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I I I 

!I I I 
]. 

I 10 

~ 
~ 
.§ 1.0 

loO°C ....- / / 

25'C
l
t -

/ 
50 I--- TJ= 175° 
40 100'C 

25'C 
30 55'C ..... REVERSE FORWARO ---
20 I 

I 
10-1 

10 J I 10-1 
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.1 0.1 0.2 0.3 0.4 0.5 

V", BASE·EMITTER VOLTAGE (VOLTSI VB. BASE·EMITTER VOLTAGE WOLTSI 

INPUT ADMITTANCE EFFECT OF BASE-EMITTER RESISTANCE 

10 10' 

5.0 r--- VeE IOV 
/ . :~ ~ .~75:C. 111111 

3.0 I 
10' 

V, ,~30V 

2.0 

1.0 / f I 

~ 0.5 
10 

I 0.3 

~ 0.2 . 
0.1 

r-- TJ = 175°C 
fOO'C! I 

25'C 
'f- 55'C 

J~ 

1.0 

0.05 

0.03 I 10-, 

0.02 
,~ 

0.01 :J lO-z 

0.2 0.4 0.6 0.8 1.0 1.2 10' 111- 10' Iii' 10-

V", BASE·EMITTER VOLTAGE WOLTSI R", EXTERNAl BASE·EMITTER RESISTANCE (ohms! 

8-206 



-- Switching and General Purpose Transistors ---

2N3762, 2N3763, 2N3764, 2N3765 (continued) 

-TJ =25"C SWITCHING CHARACTERISTICS -- TJ= 150·C 

TURN-ON TIME RISE AND FALL TIME 

300 '\. 300 ~~ 

200 200 
I\' Vee = 30Y 

1\ Icll.= 10 " Icll, = 10 

~ 1\ 
\ 

100 ~I\. 100 

"' '\. 
~ " 

50 

" 
50 

\. ~ '-" Vee~30V 
30 ~ .. 

30 
Kee~IOV 

f---- _ 'd "- ........ V 
V.b~O ... i'. '" I--
Vib~y ['\.1'-.. 

20 

10 
10 50 100 200 500 1000 

-"- ~ 
" 

~ 

-It :'1 I 
20 
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10 20 30 50 100 200 300 500 1000 

Ie, COLlECTOR CURRENT (mAl Ie. COmCTOR CURRENT (mAl 

STORAGE TIME FALL TIME 
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200 
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"" TTTTTT II T 
i'\ l' .. 11 IIr I,.=-In 
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Vee -IOV 

Ie/I, =20 

200 
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~ "" '," " ..... 
50 r-.. I'... I-

.:: 30 
Icll.=IO ...... ~J".. 

I'. 30 

20 20 !-.... 
r-

10 10 

10 20 30 50 lOll 200 300 500 1000 10 20 30 50 100 200 300 500 1000 

Ie. COllECTOR CURRENT !mAl Ie. COllECTOR CURRENT (mAl 
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-- Switching and General Purpose Transistors --

ITII VCEo=60V 
Ic =50mA D hFE = 150 and 300 Min @ 100 /LA 

NF = 1.5-2.5 db @ 10 kc 

PNP silicon annular transistors for low-level, low
noise amplifier applications_ 

Collector connected to case 

CASE 22 
(TO-IS) 

MAXIMUM RATINGS 

Characteristics 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T C = 
Derating Factor Above 250 C 

Total Device Dissipation @ T A = 
Derating Factor Above 250 C 

Junction Operating Temperature 

Storage Temperature Range 

Symbol 
VCBO 

VCEO 

VEBO 

Ie 
250 C PD 

250 C PD 

TJ 

Tstg 

8-208 

Rating Unit 
60 Vdc 

60 Vdc 

5 Vdc 

50 mAdc 

1.2 watts 
6.9 mW/oC 

0.36 Watt 
2.06 mW/oC 

200 °c 

-65 to +200 °c 



-- Switching and General Purpose Transistors 

2N3798, 2N3799 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector-Base Breakdown Voltage EVCEO Vde 

(Ie = 10 ~Ade,IE = 0) 60 - -
Collector-Emitter Breakdown Voltage EVCEO Vde 

(lc = 10 mAde, IE = 0) 60 90 -
Emitter-Base Breakdown Voltage EVEEO Vde 

(IE = 10 ~Ade, Ie = 0) 5 - -
Collector Cutoff Current leBO /.lAde 

(VCE = 50 Vde, IE = 0) - - .010 
(V CE = 50 Vde, IE = 0, T A = 150oC) 10 

Emider Cutoff Current IEEO' nAde 
(VOE = 4 Vde, Ie = 0) - - 20 

Collector-Emitter Saturation Voltage· VCE(sat)* Vde 
(IC = 100 ~Ade, IE = 10 ~Ade) - - 0.2 

(IC = I mAde, IE = 100 ~Ade) - - 0.25 

Base-Emitter Saturation Voltage· VBE(sat)* Vde 
(IC = 100 ~Ade, IE = 10 ~Ade) - - 0.7 

(IC '" 1 mAde, IE '" 100 /JAde) - - 0.6 

DC Forward Current Transfer Ratio· hFE* -
(IC = I ~Ade, VCE = 5 Vde) 2N3799 75 - -
(IC = 10 ~Ade, VCE = 5 VdC) 2N3796 100 - -

2N3799 225 - -
(IC = 100 ~Ade, VCE = 5 Vde) 2N3796 150 - 450 

2N3799 300 - 900 

(IC = 100 ~"dc, VCE = 5 Vde, TA = _550C) 2N3796 75 - -
2N3799 150 - -

(Ie = 500 ~Adc, VCE = 5 Vdc) 2N3796 150 - 450 
2N3799 300 - 900 I 

(IC = 1 mAde, VeE == 5 Vdc) 2N3796 150 - 450 
2N3799 300 - 900 

(IC = 10 mAdc, VCE = 5 Vde) 2N3796 125 - -
2N3799 250 - -

Base Emitter "ON" Voltage VEE (ON) Vdc 
(IC = 100 ~Adc, V CE = 5 V) - - 0.7 

Output Capacitance CDb pI 
(VCE = 5 Vde, IE = 0, 1= 100 kc) - - 4 

Input Capacitance Cib pI 
(VOE = 0.5 Vdc, Ie = 0, I = 100 kc) - - 6 

Small Signal Current Gain hre -
(IC = 500~A, VCE = 5V,f= 30 me) 1.0 - -
(IC = ImA, VeE'" 5V,f= IODme) 1.0 - 5.0 

(IC = 1 rnA, VeE == 10 V, f == 1 kc) 2N3798 150 - 600 
2N3799 300 - 900 

Voltage Feedback Ratio hre XlO-4 

(IC = 1.0 rnA, VCE = 10 V, I = I kc) - - 25 

Input Impedance hie kohms 
(IC = 1.0 rnA, V CE '" 10 V J f = I kc) 2N3796 3 - 15 

2N3799 10 - 40 

Output Admittance hoe f,Lmhos 
(Ie :: 1.0 rnA, VeE ~ 10 V, I = I kc) 5 - 60 

Noise Figure NF db 
(IC = 100 ~A, VCE = 10 V, RG = 3 K(l) 

f = 100 cps 2N3796 - 4 7 
2N3799 - 2.5 4 

f = 1 kc 2N3796 - 1.5 3 
2N3799 - 0.6 1.5 

I = 10 kc 2N3796 - 1.0 2.5 
2N3799 - 0.6 1.5 

Noise Bandwidth 10 cps to 15.7 kc 2N3796 - 2.5 3.5 
2N3799 - 1.5 2.5 

• Pulse Test .5 300 ~sec, dUty cycle ~ 2% VOB - Base-Emitter Reverse Bias 
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-- Switching and General Purpose Transistors ---

2N3798, 2N3799 (continued) 
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NOISE FIGURE versus FREQUENCY AND SOURCE RESISTANCE 
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--- Switching and General Purpose Transistors 

2N3798, 2N3799 (continued) 
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-- Switching and General Purpose Transistors ---

2N3883(GERMANIUM) fr = 300 Me (typ) 
Ie = 300 mA 
Po = 750 mW @ 25°C Case 

Medium-current, germanium PNPhigh-speed switch
ing transistor. 

CASE 31 
(TO-S) 

Collector connected to case 

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

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current (Continuous) IC 

Junction Temperature TJ 

Rating 

25 

15 

3 

300 

100 

Storage Temperature 
Tst" 

-65 to +100 

Device Dissipation @ 25°C Case Temperature PD 
(Derate 10 mW/oC above 25°C) 

Device Dissipation @ 25°C Ambient PD 
(Derate 4 mW/oC) 

COLLECTOR LATCH·UP VOLTAGE AND TEST CIRCUIT 

250 

1\ 
200 

0 
1\ 

'\ 
1\ LATCH·UP TEST 

LOAD LINE 

\ 
0 

"\ 0 
10 15 20 

Ve" COLLECTOR·EMITTER VOLTAGE (VOLTS) 

25 

ADJUST VII for +0.5 V at point A 

ADJUST base pulse for 5 .usee width 

ADJUST collector poise for duty cycle ~ 5% 

VII 

POWER SUPPLY 
5101l 

HP721A IOOIl 

-5~ 
t,,14 < 20nsec 

511l 

30 

8-212 

750 

300 

BOil 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 

mW 

TO OSCILLOSCOPE 



--- Switching and General Purpose Transistors ---

2N3883 (continued) 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = -100jU\dc, IE = 0) - - -25 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = -10rnAdc, ~ = 0) - - -15 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = -100j.lAdc, IC = 0) - - -3 

Latch-Up Voltage LVCEX - - -20 Vdc 

Collector-Emitter Leakage Current ICES j.lAde 
(V CE = -15 Vde, V EB = 0) -100 - -

Base Cutoff Current ~ j.lAde 
(V CE = -15 Vde, VEB = 0) -100 - -

DC Current Gain hFE -
(IC = -20C mAde, VCE = -1.0 Vde) - - 30 

Collector-Emitter Saturation Voltage V CE(sat) 
Vde 

(IC = -200 mAde, IB = -40 mAde -0.5 -0.35 -

Base-Emitter Voltage VBE Vde 
(IC = -200 mAde, IB = -40 mAde) -0.9 -0.65 -0.4 

Output Capacitance Cob pf 
(V CB = -10 Vde, IE = 0, f = 100 ke) 8 4.5 -

Input CapaCitance Cib pI 
(VEB = 1 Vde, IC = 0, 1= 100 ke) 25 10 -

Current-Gain - Bandwidth Product I me 
(V CE = -10 Vde, IC = -40 mAde, f = 100 me) 

T 300 100 -

Delay Time 'd 15 8 - nsee 

Rise Time t 40 r 
28 - nsee 

Storage Time ts 70 40 - nsee 

Fall Time tf 40 28 - nsee 

STORAGE TIME VARIATIONS 

2.5 

I 
'11=111 

Ic/{3o«laz 

0 

~ 

5 

r--.., 

~ 

,/ 
V ..... 

V 

,,/ 
,,/v 

1/ 
V 

i"--I'--
0 I. 5 10 20 50 10 

' •• BASE CURRENT (mAde) '.d'u. CIRCUIT DRIVE RATIO 
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-- Switching and General Purpose Transistors ---

2N3883 (continued) 

200nsec 
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--- Switching and General Purpose Transistors 

2N3883 (continued) 

.TEMPERATURE COEFFICIENTS 

+2.0 

r- f.~10 
I (+250~ TO +lIOOOC) 
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I I -
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--- Switching and General Purpose Transistors ---

2N3903 (SILICON) 

2N3904 
Vca = 60V 
Ic = 200 mA 
Cob = 4.0 pf (max) 

CASE 29 
(10-92) 

NPN silicon annular transistors, designed for gen
eral purpose switching and amplifier applications, 
features one-piece, injection-molded plastic package 
for high reliability. The 2N3903 and 2N3904 are com
plementary with types 2N3905 and 2N3906, respectively. 

MAXIMUM RATINGS (TA = 2S0C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-BaSl! Voltage VCB 60 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 6 Vdc 

Collector Current Ie 200 mAdc 

1'otal Device Dissipation @ T A = 60°C PD 210 mW 

Total Device DisSipation @ T A = 25°C PD 310 roW 
Derate above 25°C 2.81 mW/oC 

Thermal Resistance, Junction to Ambient 9JA 0.357 °C/roW 

Junction Operating Temperature TJ 135 °c 

Storage Temperature Range Tstg -55 to +135 °c 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise notedl 

Characteristic I Symbol I Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Base Brea1<down Voltage BVCBO Vdc 
(IC = 10 /lAdc, IE = 0) 60 -

Collecto'r-Emitter Breakdown Voltage" BVCEO" Vdc 
(Ie = I mAdc) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 /lAdc, Ie = 0) 6 -

Collector Cutoff Current ICEX nAdc 
(VCE = 40 Vdc, VOB = 3 Vdc) - 50 

Base Cutoff Current IBL nAde 
(VCE = 40 Vdc, VOB = 3 Vdc) - 50 

"Pulse Test: Pulse Width = 300 J.I sec, Duty Cycle = 2%, V 08 = Base Emitter Reverse Bias 
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-- Switching and General Purpose Transistors 

2N3903, 2N3904 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol I Min I Max I Unit 
ON CHARACTERISTICS 

DC CUrrent Gain * hFE* -
(Ie = 0.1 mAde, VCE = 1 Vde) 2N3903 20 -

2N3904 40 -
(Ie' = 1.0 mAde, VCE - 1 Vde) 2N3903 35 -

2N3904 70 -
(Ie ~ 10 mAde, VCE = 1 Vde) 2N3903 50 150 

2N3904 100 300 

(Ie = 50 mAde, VCE = 1 Vde) 2N3903 30 -
2N3904 60 -

(Ie = 100 mAde, VCE = 1 Vde) 2N3903 15 -
2N3904 30 -

Collector-Emitter Saturation Voltage· VCE(sat)· Vde 
(Ie = 10 mAde, IB - 1 mAde) - 0.2 

(Ie = 50 mAde, IB = 5 mAde) - 0.3 

Base-Emitter Saturation Voltage" VBE(sat)" Vde 
(Ie = 10 mAde, IB = 1 mAde) 0.65 0.85 

(Ie = 50 mAde, IB = 5 mAde) - 0.95 

SMALL SIGNAL CHARACTERISTICS I High Frequency Current Gain 2N3903 I hre I 2.5 - -
(Ie = 10 mA, VCE = 20 V, f = 100 me) 2N3904 3.0 -

Current-Gain-Bandwidth Product 2N3903 iT 250 - me 
(Ic = 10 rnA, VCE = 20 V, f = 100 me) 2N3904 300 -

Output Capacitance Cob 
/ pf 

(VCB = 5 Vde, IE = 0, f = 100 ke) - 4 

Input Capacitance Cib pf 
(VOB = 0.5 Vde, Ie = 0, f = 100 ke) - 8 

Small Signal Current Gain 2N3903 hfe 50 200 -
(Ie = LOrnA, VCE = 10V,f= Ike) 2N3904 100 400 

Voltage Feedback Ratio 2N3903 hre 0.1 5.0 XlO-T 
(Ie = 1.0mA, VCE = 10V,f= 1 ke) 2N3904 0.5 8.0 

Input Impedance 2N3903 hte 0.5 8 Kohms 
(IC = 1.0 rnA, VCE = 10 V, f= 1 ke) 2N3904 1.0 10 

Output Admittance hoe /Lmhos 
(IC = 1.0 mA, V CE = 10 V, f = 1 ke) Both Types 1.0 40 

Noise Figure NF db 
(Ie = 100 /LA, V CE = 5 V, RIl = 1 Kohms, 2N3903 - 6 
Noise Bandwidth = 10 cps to 5.7 ke) 2N3904 - 5 

SWITCHING CHARACTERISTICS 

Delay Time td - 35 nsee 
VCC = 3 Vde, VOB = 0.5 Vde, 

Rise Time Ie = 10 mAde, IBI = 1 mA tr - 35 nsee 

Storage Time 2N3903 is - 175 nsee 
VCC = 3 Vde, Ie = 10 mAde, 2N3904 - 200 
IB1 = IB2 = 1 mAde 

Fall Time tr - 50 nsec 

·Puise Test: Pulse Width = 300 /Lsee, Duty Cycle = 2% V OB = Base Emitter Reverse Bias 
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--- Switching and General Purpose Transistors ---

2N3903, 2N3904 (continued) 

TRANSIENT CHARACTERISTICS 
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--- Switching and General Purpose Transistors 

2N3903, 2N3904 (continued) 
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-- Switching and General Purpose Transistors --

2N3903, 2N3904 (continued) 

STATIC CHARACTERISTICS 
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-- Switching and General Purpose Transistors ---

2N390S (SILICON) 
2N3906 

VcB =40V 
Ic = 200mA 
Cob = 4.5 pf (max) 

CASE 29 
(TO-92) 

\ , PNP silicon annular transistor, designed for gen
eral purpose switching and amplifier applications, 
features one-piece, injection-molded plastic package 
for high reliability. The 2N3905 and 2N3906 are com
plementary with types 2N3903 and 2N3904, respectively_ 

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

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current IC 200 mAdc 

Total Device Dissipation @ T A = 60°C PD 210 mW 

Total Device Dissipation @ T A = 250 C PD 310 mW 
Derate above 25°C 2.81 mW/oC 

Thermal Resistance, Junction to Ambient GJA 0.357 °C/mW 

Junction Operating Temperature TJ 135 °c 

Storage Temperature Range Tstg -55 to +135 °c 

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

Characteristic I Symbol I Min I Max I Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 ILAdc, IE = 0) 40 -

Collector-Emitter Breakdown Voltage' BVCEO 
, 

Vdc 
(Ie = 1 mAdc) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 ILAdc, Ie = 0) 5 -

Collector Cutoff Current IcEX nAdc 
(VCE = 40 Vdc, VOB = 3 Vdc) - 50 

Base Cutoff Current IBL nAde 
(VCE = 40 Vdc, VOB = 3 Vdc) - 50 

'Pulse Test: Pulse Width = 300 ILsec, Duty Cycle = 2% V OB = Base Emitter Reverse Bias 
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--- Switching and General Purpose Transistors ---

2N3905, 2N3906 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol I Min I Max I Unit 

ON CHARACTERISTICS 

DC Current Gain' hFE' -
(Ie = 0.1 mAde, VCE = 1 Vde) 2N3905 30 -

2N3906 60 -
(IC = 1.0 mAde, VCE = 1 Vde) 2N3905 40 -

2N3906 80 -
(Ie = 10 mAde, VCE = 1 Vde) 2N3905 50 150 

2N3906 100 300 

(Ie = 50 mAde, VCE = 1 Vde) 2N3905 30 -
2N3906 60 -

(IC = 100 mAde, VCE = 1 Vde) 2N3905 15 -
2N3906 30 -

Collector-Emitter Saturation Voltage' VCE(sat)· Vde 

(Ie = 10 mAde, IB = 1 mAde) - 0.25 

(Ie = 50 mAde, IB = 5 mAde) - 0.4 

Base-Emitter Saturation Voltage' VBE(sat( Vde 
(Ie = 10 mAde, IB = I mAde) 0.65 0.85 

(Ie = 50 mAde, IB = 5 mAde) - 0.95 

SMALL SIGNAL CHARACTERISTICS 

I High-Frequency Current Gain 2N3905 Ihre I 2.0 - -
(Ie = 10 mAde, V CE = 20 Vde, f = 100 me) 2N3906 2.5 -

Current-Gain-Bandwidth Product 2N3905 fT 200 - me 
(IC = 10 mAde, VCE = 20 Vde, f = 100 me) 2N3906 250 -

Output Capacitance Cob pf 
(VCB = 5 Vde, IE = 0, f = 100 ke) - 4.5 

Input Capacitance Clb pf 
(VOB = 0.5 Vde,le = 0, f = 100 ke) - 10 

Small Signal Current Gain 2N3905 hfe 50 200 -
(IC = 1.0 rnA, VCE = 10 V, f = 1 ke) 2N3906 100 400 

Voltage Feedback Ratio 2N3905 hre 0.1 5 XIO- 4 

(IC = 1.0 rnA, V CE = 10 V, f = Ike) 2N3906 1.0 10 

Input Impedance 2N3905 hie 0.5 8 Kohms 
(Ie = 1.0 rnA, VCE = 10 V, f = 1 ke) 2N3906 2.0 12 

Output Admittance 2N3905 hoe 1.0 40 /lmhos 
(Ie = 1.0 rnA, VCE = 10 V, f = 1 ke) 2N3906 3.0 60 

Noise Figure NF db 
(IC = 100 /lA, VCE = 5 V, Rg = 1 Kohms, 2N3905 - 5.0 
Noise Bandwidth = 10 cps to 15.7 ke) 2N3906 - 4.0 

SWITCHING CHARACTERISTICS 

Delay Time 
VCC = 3 Vde, VOB = 0.5 Vde, td - 35 nsee 

Rise Time Ie = 10 mAde, IBI = 1 rnA 
tr - 35 nsee 

Storage Time 2N3905 ts - 200 nsee 
VCC = 3 Vde, Ie = 10 mAde, 2N3906 - 225 

Fall Time 
IBI = IB2 = 1 mAde 

2N3905 tr - 60 nsee 
2N3906 - 75 

'Pulse Test: PW = 300 /lsee, Duty Cycle = 2% VOB = Base-Emitter Reverse Bias 
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--- Switching and General Purpose Transistors 

2N3905, 2N3906 (continued) 
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--- Switching and General Purpose Transistors 

2N390S, 2N3906 (continued) 
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--- Switching and General Purpose Transistors ---

2N390S, 2N3906 (continued) 
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--- Switching and General Purpose Transistors ---

2N3946 (SILICON) 
2N3941 

VCEO = 40 V (min) 
Ic = 200 mA 
fT = 250-300 Me (min) 

CASE 22 
(TO-1S) 

NPN silicon annular transistors, designed for gen
eral purpose switching and amplifier applications, 
The 2N3946 and 2N3947 are complementary with types 
2N3250 and 2N3251, respectively. 
Colledor connected to case 

MAXIMUM RATINGS (TA - 25°C unless otherwise noted) -
Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

Collector Current IC 200 mAdc 

Total Device Dissipation @ T C = 25°C PD 1.2 watts 

Derating Factor Above 25°C 6.9 mW/oC 

Total Device Dissipation @ T A = 25°C PD 0.36 watt 

Derating Factor Above 25°C· 2.06 mW/oC 

Thermal Resistance 
Junction to Air (}JA 0.49 °C/mW 

Junction to Case (}JC 0.15 °C/mW 

Junction Operating Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

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

Characteristic I Symbol I Min IMaxl Unit I 
OFF CHARACTERISTICS .-

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 /lAde, IE = 0) 60 -

Collector-Emitter Breakdown Voltage* BVCEO* Vde 
(Ic = 10 mAde) 40 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IR = 10 /lAde, IC = 0) 6 -

Collector-Cutot! Current ICEX /lAde 
(VC E = 40 Vde, VOB = 3 Vde) - .010 
(VCE = 40 Vde, VOB = 3 Vdc, TA = 150°C) - 15 

Base Cutoff Current IBL /lAde 
(VCE = 40 Vde, VOB = 3 Vde) - .025 

'Pulse Test: PW ~ 300 /lsee, Duty Cycle ~ 2% VOB ::: Base-Emitter Reverse Bias 
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-- Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 
(TA == 25'C unless otherwise noted) 

I Characteristic Symbol I Min IMaxl Unit 
ON CHARACTERISTICS 

DC CUrrent Gain* hFE* -
(IC = 0.1 mAde, VCE = I Vde) 2N3946 30 -

2N3947 60 -
(Ic = 1. 0 mAde, VCE = I Vde) 2N3946 45 -

2N3947 90 -
(IC = 10 mAde, VCE = I Vde) 2N3946 50 150 

2N3947 100 300 

(Ic = 50 mAde, VCE = I Vde) 2N3946 20 -
2N3947 40 -

Collector Saturation Voltage* VCE(sal)' Vde 
(IC = 10 mAde, IB = I mAde) - 0.2 
(Ie = 50 mAde, IB = 5 mAde) - 0.3 

Base-Emitter Saturation Voltage* VBE(sal)' Vde 
(IC = 10 mAde, IB = I mAde) 0.6 0.9 
(IC = 50 mAde, IB = 5 mAde) - 1.0 

TRANSIENT CHARACTERISTICS 

Output Capacitance Cob pi 
(VCB = 10 Vde, IE = 0, I = lao ke) - 4 

Input Capacitance C ib pi 
(VEB = I Vde, Ie = 0, I = lOa ke) - B 

Current-Gain - Bandwidth Product IT me 
(IC = 10 mAde, V CE = 20 Vde, I = lOa me) 2N3946 250 -

2N3947 300 -

Delay Time 
Vec = 3 Vde, V OB = 0.5 Vde Id - 35 nsec 

Rise Time IC = 10 mAde, IB! = I rnA Ir - 35 nsec 

storage Time V CC = 3 V, IC = 10 rnA, 
2N3946 Is - 300 
2N3947 - 375 nsec 

Fall Time IB! = -IB2 = I mAde 
4 - 75 nsec 

SMALL SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hre -
(Ie = l.OmA,VCE= 10V,f= I kc) 2N3946 50 250 

2N3947 lao 700 

Voltage Feedback Ratio hre XIO-4 

(Ie = l.0 rnA, VCE = 10 V, f = 1 ke) 2N3946 - 10 
2N3947 - 20 

Input Impedance hie kohms 
(Ic = 1.0 rnA, VCE = 10 V, f = Ike) 2N3946 0.5 6 

2N3947 2 12 

Output Admittance hoe Jlmhos 
(IC = 1.0 rnA, VCE = 10 V, f = 1 ke) 2N3946 I 30 

2N3947 5 50 

Collector-Base Time Constant r bc C psec 
(Ie = 10 rnA, VCE = 20 V, f = 31.8 me) - 200 

Wide Band Noise Figure NF db 
(Ie = 100 )lA, VCE = 5 V, Rg = 1 kll , f = 10 cps 1015.7 ke) - 5 

'Pulse Tesl: PW f 300 )lsee, Duly Cycle", 2% V 08 = Bas£'- Emater Reverse Bias 
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--- Switching and General Purpose Transistors ---

2N3946, 2N3947 (continued) 
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--- Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 
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-- Switching and General Purpose Transistors ---

2N3946, 2N3947 (continued) 

CURRENT GAIN CHARACTERISTICS 
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-- Switching and General Purpose Transistors 

2N3946, 2N3947 (continued) 
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--- Switching and General Purpose Transistors --

2N3959 (SILICON) 

2N3960 

fr = 1800 Me (typ) @ 10 mA and 10V 
Cob and C ib = 2.5 pf (max) 
tr = 1.7 nsee (typ) @ 30 mA 

CASE 22 
(TO-IS) 

NPN silicon annular transistor particularly well 
suited for high-speed current-mode logic sWitchingap
plications. 

Collector connected to case 

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

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 20 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 
(1 to 30 rnA) 

Emitter-Base Voltage VEBO 4.5 Vdc 

Total Device Dissipation @ TC = 250 C PD 750 mW 
Derate above 25°C 4_3 mW/oC 

Total Device Dissipation @ T A = 25°C PD 400 mW 
Derate above 25°C 2_3 mW/oC 

Thermal Resistance 
Junction to Case eJC 0_233 °C/mW 
Junction to Ambient eJA 0-436 

Junction Operating Temperature Range TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ic " 10 /lAde. IE " 0) 20 -

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC " 10 mAde. IB " 0) 12 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE" 10 /lAde. IC" 0) 4.5 -

Collector Reverse Current 9 ICEX /lAde 
(VCE" 10 Vde. VEB " 2 Vde) - .005 
(VCE = 10 Vde. VEB " 2 Vde. T A = 150'C) - 5 

Base Cutoff Current 9 IBL /lAde 
(VCE " 10 Vde. VEB " 2 Vde) - .005 

Collector Forward CUrrent 9 ICEX /lAde 
(VCE " 5 Vdc. VBE " 0.4 Vdc) - 0.10 
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--- Switching and General Purpose Transistors 

2N3959, 2N3960 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 1 hFE -
(IC = 1.0 mAde, V CE = 1 Vde) 25 -
(Ic = 10 mAde, VCE = 1 Vde) 40 200 
(Ie = 30 mAde, VCE = 1 Vde) 25 -

Collector-Emitter Saturation Voltage 2,3,4 VCE(sat) Vde 
(Ie = 1.0 mAde, IB = 0.1 mAde) - 0.2 
(Ic = 30 mAde, IB = 3 mAde) - 0.3 

Base-Emitter "ON" Voltage 3,4 VBE(ON) Vde 
(Ic = 1.0 mAde, VCE = 1.0 Vde) - 0.8 
(IC = 30 mAde, V CE = 1.0 Vde) - 1.0 

TRANSIENT CHARACTERISTICS 

Output Capacitance 8 Cob pI 
(VCB = 4 Vde, IE = 0, I = 1 ke) - 2.5 

Input Capacitance 8 Cib pI 
(V EB = 0.5 Vde, Ie = 0, I = 100 ke) - 2.5 

High- Frequency Current Gain I hIe I -
(Ie = 10 mAde, VCE = 10 Vde, I = 100 me) 2N3959 13 -

2N3960 16 - I 
Current-Gain - Bandwidth Product 5 IT me 

(IC = 5 mAde, V CE = 4 Vde, I = 100 me) 2N3959 1000 -
2N3960 1300 -

(IC = 10 mAde, V CE = 10 Vdc, I = 100 me) 2N3959 1300 -
2N3960 1600 -

(IC = 30 mAde, VCE = 4Vdc,f= 100 me) 2N3959 1000 -
2N3960 1200 -

Collector-Base Time Constant 6 rb Cc psec 
(IC = 5 mAde, VCE = 4 Vde) 2N3959 - 30 

2N3960 - 50 

(IC = 10 mAde, V CE = 10 Vde) 2N3959 - 25 
2N3960 - 40 

(IC = 30 mAde, V CE = 4 Vde) 2N3959 - 30 
2N3960 - 50 

Typical Performance 
(v • = 1 V) 

au' 
TYPICAL SWITCHING TIMES 

@ 10 rnA @ 30 rnA 

Turn-On Delay Time 7 ton(de1ay) 2.4 2 nsee 

Rise Time 2N3959 tr 3 2.2 nsee 
2N3960 3 1.7 nsee 

Turn-Off Delay Time 7 tOff (de1ay) 1.6 1.6 nsee 

Fall-Time 2N3959 If 3.3 2.3 nsee 
2N3960 3.3 1.9 nsee 
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--- Switching and General Purpose Transistors 

2N3959, 2N3960 (continued) 
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--- Switching and General Purpose Transistors 

2N3959, 2N3960 (continued) 

FIGURE 7 
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--- Switching and General Purpose Transistors ---

2N4123 (SILICON) 
2N4124 

VCEO to 30V 

Ic = 200 mAde 

\ 
CASE 29 

(TO-92) 

NPN silicon transistors designed for general purpose 
switching and amplifier applications andfor comple
mentary circuitry With PNP types .2N4125 and 2N4126_ 
Features one -piece, injection - molded plastic package 
for high reliability. 

MAXIMUM RATINGS 

Characteristic Symbol 2N4123 2N4124 Unit 

Collector-Emitter Voltage VCEO 30 25 Vdc 

Collector-Base Voltage VCB 40 30 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current IC 200 mAdc 

Total Device Dissipation @ T A = 60°C PD 210 mW 

Total Device Dissipation @ T A = 25°C PD 310 mW 

Derate above 25°C 2.81 mW;oC 

Operating and Storage Junction Temperature Range TJ,T stg -55 to + 135 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient 8 JA 0.357 °C!mW 

FIGURE 1 - CAPACITANCE FIGURE 2 - SWITCHING TIMES 
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--- Switching and General Purpose Transistors 

2N4123, 2N4124 (continued) 

ELECTRICAL CHARACTERISTICS CTA = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage- BVCEO . Vdc 
(Ie'" 1 mAde, ~ '" 0) 2N4123 30 

2N4124 25 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie := 10 /lAde, IE '" 0) 2N4123 40 

2N4124 30 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 j1.Adc, Ie = 0) 

Collector Cutoff Current leBO nAdc 
(Ves '" 20 Vdc, ~ ,,0) 50 

Emitter Cutoff Current lEBO nAdc 
(VBE := 3 Vdc, Ie" 0) 50 

ON CHARACTERISTICS 

DC Current Gain· hFE 
. 

(Ie'" 2 mAde, VeE = 1 Vdc) 2N4123 50 150 
2N4124 120 360 

(Ie '" 50 mAde, VeE'" 1 Vdc) 2N4123 25 
2N4124 60 

Collector-Emitter Saturalion Voltage* 10. 11 VCE(sat) Vdc 

(Ie := 50 mAde, In'" 5 mAde) 0.3 

I Base-Emitter Saturation Voltage" 11 VBE(sat) Vdc 

(Ie:= 50 mAde, IS = 5 mAde) 0.95 

SMALL SIGNAL CHARACTERISTICS 

High- Frequency Current Gain 
2N4123 

I hI' I 2.5 (IC '" 10 mAde, V CE '" 20 Vde, f '" 100 MHz) 
2N4124 3.0 

Current-Gain - Bandwidth Product IT MHz 

(Ie'" 10 mAde, VeE"" 20 Vdc, r = 100 MHz) 2N4123 250 
2N4124 300 

OUtput Capacitance Cob pF 

(VCB "" 5 Vdc, IE = 0, f", 100 kHz) 

Input Capacitance Cib pF 

(VBE '" 0.5 Vdc, IC '" 0, f '" 100 kHz) 

Small-Signal Current Gain 
2N4123 

hI' 
50 200 (Ic '" 2 mAde, VCE '" 1 Vdc, f", 1 kHz) 

2N4124 120 480 

Noise Figure 3. 4 NF dB 

(Ic '" 100 /.lAde, V CE '" 5 Vde, RS'" 1 kohm, 

Noise Bandwidth", 10 Hz to 15.7 kHz) 2N4123 
2N4124 

SWITCHING CHARACTERISTICS 

Characteristic Fig. No. Symbol Typ Unit 
Delay Time V cC '" 3 Vde, VEB{off) '" O. '5 Vde, 2 td 24 n' 
Rise Time IC'" 10 mAde, IBI = 1 mAde 2 tr 13 n' . 

Storage Time V CC '" 3 Vdc, IC - 10 mAde, 2 I , 125 n' 
Fall Time IBI '" IB2 = 1 mAde 2 II 11 n, 

*Pulse Test: Pulse Width", 300 /.lS, Duty Cycle'" 2% 
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-- Switching and General Purpose Transistors 

2N4123, 2N4124 (continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE fiGURE 

fiGURE 3 - fREQUENCY VARIATIONS fiGURE 4 - SOURCE RESISTANCE 
s.or---.--,-,--,rr-,------,-.-TT--.--.--r-n 

1.0 

iii 8. 

'" 

2 

0 

0 

'" 6.0 

t- f ,11kHz 

" 
0"- "-

'" 
~ 
~ 4. 

2.0 " 
0 

./ 
1'-v ./ 
::.,1> 

/ 1 

I V 1 
le- 1mA \-I / 

/Ie ' 100"" 

/ / 
J I 1/ 

V / 1/ / 
./ / ./ 
Ie = O.SmA V/ ""-le'SO,,-, 

1.1::: I I 
I I 
1 

0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 

f. FREaUENCYCkHll 

h PARAMETERS 
VeE:;;; 10 V. f:;;; 1 kHz, TAo = 25-C 

fiGURE 5 - CURRENT GAIN 

200 t---+--+--J-J--++++++---+-+--IH:-++lC+t1 

300.L.1 --'--'0.:-2 --'-I.--'OL.S.L.L.LLIL.0--'-2.LO ---1--'-s.i..O...Ll...LLJIO 

20 

10 

g 5. 0 

I 
~ 2. 0 .. 
~. 1.0 
..! 

O. 5 

O. 2 
0.1 

""'-

0.2 

Ie. COLLECTOR CURREtiT (mAde) 

fiGURE 7 -INPUT IMPEDANCE 

~ 

""-

" ""- 1""-

0.5 1.0 2.0 5.0 10 

Ie. COLLECTOR CURRENT ImAdel 

100 

70 

1l 50 

~ 

8-238 

0 

0 

7.0 

5.0 
0.1 

10 

0 

0 

0 

0 

O. 7 

O. 5 
0.1 

0.2 

0.2 

Rs. SOURCE RESISTANCE {kQI 

fiGURE 6 - OUTPUT ADMITTANCE 

/ 

./ 

05 1.0 2.0 5.0 10 

Ie. COllECTOR CURRENT (mAde) 

fiGURE 8 - VOLTAGE FEEDBACK RATID 

" 

'" l""- t-- vV 

0.5 1.0 20 5.0 10 
Ie. COLLECTOR CURRENT (mAde) 



-- Switching and General Purpose Transistors ---

2N4123, 2N4124 (continued) 
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FIGURE 9 - NORMAlIZEO CURRENT GAIN 
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--- Switching and General Purpose Transistors ---

2N412S (SILICON) 
2N4126 

VCEO to 30V 

Ic = 200 mAde 

\ PNP silicon transistors designed for general purpose 
switching and amplifier applications and for comple
mentary circuitry with NPN types 2N4123 and 2N4124. 
Features Qne-piece, injection-molded plastic package 
for high reliability 0 

CASE 29 
(TO·92) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 60°C 

Total Device DissipatLon @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

FIGURE 1 - CAPACITANCE 
10 
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Symbol 2N4125 2N4126 Unit 

VCEO 30 25 Vdc 

VCB 30 25 Vdc 

VEB 4 Vdc 

IC 200 mAdc 

P D 210 mW 

P D 310 mW 

2.81 mW/"C 

TJ.Tstg -55 to +135 °c 

Symbol Max Unit 

°JA 0.357 °C/mW 

FIGURE 2 - SWITCHING TIMES 
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-- Switching and General Purpose Transistors 

2N412S, 2N4126 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage- BVCEO• Vdc 

(Ie '" 1 mAde. IE " 0) 2N4125 '0 -
2N4126 25 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie " 10 /lAde, IE '" 0) 2N4125 '0 -

2N4126 25 -
Emitter-Base Breakdown Voltage BVEBO Vdc 

<I,; = 10 "Adc, IC = 0) 4 -
Collector Cutoff Current leBO nAdc 

(Ves " 20 Vdc, IE" 0) - 50 

Emitter Cutoff Current lEBO nAdc 
(VSE = 3 Vdc, Ie = 0) - 50 

ON CHARACTERISTICS 

DC Current Gain" hFE* 
(Ie = 2 mAde, VeE'" 1 Vdc) 2N4125 50 150 

2N4126 120 '60 

(Ie = 50 mAde, V CE = 1 Vdc) 2N4125 25 
2N4126 60 

Collector-Emitter Saturation Voltage· 10. 11 VCE(sat)* Vdc 
(Ie = 50 mAde, IS = 5 mAde) 0.4 

Base-Emitter Saturation Voltage· 11 VBE(sat) Vdc I (Ie = 50 mAde, IS = 5 mAde) 0.95 

SMALL SIGNAL CHARACTERISTICS 
High- Frequency Current Gain I hC• I 

(Ie'" 10 mAde, V CE '" 20 Vdc, ! '" tOO MHz) 2N4125 2.0 
2N4126 2.5 

Current-Gain Bandwidth Product CT MHz 
(Ic", 10 mAdc, VCE '" 20 Vdc, f", 100 MHz) 2N4125 200 

2N4126 250 

Output Capacitance Cob pF 
(VCB = 5 Vdc, IE = 0, f'" 100 kHz) 4.5 

Input Capacitance Cib pF 
(VBE = 0.5 Vdc. Ie = 0, f", 100 kHz) 10 

Small-Signal Current Gain hC• 
{IC = 2 mAde. VCE '" 1 Vdc, f = 1 kHz} 2N4125 50 200 

2N4126 120 480 

Noise Figure " 4 
NF dB 

(Ie '" 100 I1.Adc. VeE" 5 Vdc, RS'" 1 kohm, 

Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4125 5.0 
2N4126 4.0 

SWITCHING CHARACTERISTICS 

Characteristic Fig. No. Symbol Typ Unit 
Delay Time V cc = 3 Vde, VBE(off) = 0.5 Vde, 2 'd 25 n, 
Rise Time Ie '" 10 mAde. lSI = I mAde Z , , 18 n, 

storage Time Vee - 3 Vdc, Ie - 10 mAde, 2 " 140 n, 
Fall Time 1m = IS2 '" 1 mAde 2 'C 15 n, 

-·Pulse Test. Pulse WIdth = 300 j.lsec, Duty Cycle _ 2% 
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-- Switching and General Purpose Transistors 

2N4125, 2N4126 (continued) 
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-- Switching and General Purpose Transistors 

2N4125, 2N4126 (continued) 
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STATIC CHARACTERISTICS 
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-- Switching and General Purpose Transistors --

2N4260 (SILICON) 

2N4261 

Vco= 15V 

Ic=30mA 

Po=200mW 

PNP silicon annular transistors, designed for high
speed current-mode logic switching applications and for 
complementary circuitry with NPN types 2N3959 and 
2N3960. 

CA~E 20 
(TO-72) 

MAXIMUM RATINGS (TA = 25"C unles~ otherwise noted) 

Characteristic Symbol 

Collector-Emitter Voltage VCEO 

Collector- Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation@ TA = 25°C P D 

Derate above 25°C 

Operating and Storage Junction Temperature Range TJ , Tstg 

8-244 

Rating Unit 

15 Vdc 

15 Vdc 

4.5 Vdc 

30 mAdc 

200 mW 

1.14 mW;oC 

-65 to +200 °c 



--- Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 

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

Characteristic I Fig. No·1 Symbol I Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown VoLtage BVCEO Vd, 
(Ie'" 10 mAde, IE == 0) 15 

Collqctor-Base Breakdown Voltage BVCBO Vd, 
(Ie'" 10 JjAde, IE = 0) 15 

Emitter-Base Breakdown Voltage BVEBO Vd, 
(IE'" 10 /lAde, Ie = 0) 4.5 

Collector Cutoff Current ICEX /.lAde 
(VCE '" 10 Vde, VDE(Off)" 2 Vde) O. 005 

('ICE'" 10 Vde, VBE(oIl) '" 2 Vde, T A=: 150"C) 5 .• 

(VCE '" 10 Vde, VEE(on) =: 0.4 'Ide) O. 05 

Base Cutoff Current InL IlAdc 
(VCE =: 10 Vde, VBE(off) =: 2 Vde) 0.005 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ie = 1 mAde, VCE = 1 Vde) 25 

(Ie = 10 mAde, VCE = 1 'Ide) 3. 15. I (Ie =: 30 mAde, VCE = 2 'Ide) 2. 

Collector-Emitter Saturation Voltage 2, 3, 4 VCE(sat) Vd, 
(Ie'" 1 mAde, In =: O. 1 Adc) 0.15 

(Ie = 10 mAde, In = 1 mAde) 0.35 

Base-Emitter On Voltage 3, 4 VBE(on) Vd, 
(IC'" 1 mAde, VCE "" 1 Vde) •. 6 

(Ie'" 10 mAde, VeE:: 1 Vde) 1.. 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 'T MH, 
(Ie '" 5 mAdc, VCE '" 4 Vde, f"" 100 MHz) 2N4260 1200 

2N4261 1500 

(Ie'" 10 mAdc, VeE'" 10 Vdc, f", 100 MHz) 2N4260 1600 
2N4261 2000 

High-Frequency Current Gain 
Ih"1 (IC "" 10 mAdc, VCE "" 10 Vdc, f = 100 MHz) '2N4260 16 

2N4261 2. 

Output Capacitance Cob pF 
(VCB '" 4 Vdc, IE'" 0, f '" 100 kHz) 2.5 

Input Capacitance Cib pF 
(VBE '" O. 5 Vdc, IC :: 0, f'" 100 kHz) 2.5 

Collector-Base Time Constant r'C p' 
(IC = 5 mAde, VeE = 4 Vde, f'" 31.8 MHz) 2N4280 

b , 
35 

2N4261 6. 
(IC = 10 mAde, V CE '" 10 Vdc, f "" 31. 8 MHz) 2N4260 3. 

2N4261 5. 

Typical Performance 
(Vout '" 1 V) 

TYPICAL SWITCHING TIMES @10mA @30mA 

Turn-On Delay Time Test t on(delay) 
I.. 1.2 

Circuit 
Rise Time Figure 7 t, •. 5 •. 9 

Turn-Off Delay Time Test tOff(delay) 1.. 1.2 
Circuit 

Fall-Time Figure 7 tf I.. 1.2 
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-- Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 

FIGURE 1 - DC CURRENT GAIN 
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--- Switching and General Purpose Transistors 

2N4260, 2N4261 (continued) 

FIGURE 7 - SWITCHING TIMES 
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FIGURE 8 - CAPACITANCE 
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-- Switching and General Purpose Transistors ---

VcB =30V 

Ic= 200mA 

2N4264 (SILICON) 

2N4265 
Po = 310mW @ 25°C 

\ NPN silicon annular transistors, designed for low
level, saturated logic applications featuring one-piece, 
injection-molded plastic package for high reliability. 

CASE 29 
(TO-92) 

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

Characteristic Symbol 2N4264 2N4265 
Collector-Emitter Voltage VCEO 15 12 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 6 

Collector Current IC 200 

Total Device Dissipation @ TA = 60°C PD 210 

Total Device Dissipation @ T A = 25°C P D 310 

Derate above 25° C 2.81 

Operating and Storage Junction 
Temperature Range TJ~ Tstg -55 to +135 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient 
°JA 0.357 

FIGURE 1 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

£S 
CONDITION Ie Vee R, Re Csr.., •• 1 YE!!~fll V, V, V, 

rnA V II II pF V V V V 
A 10 3 3300 270 4 1.5 10.55 4.15 10.70 
B 10 10 560 960 4 4.65 6.55 
C 100 10 560 96 12 2.0 6.35 4.65 6.55 

Vee 

if I I~I 
o-Rt---- ~'Rcj--

VEB(ofll I V2 I 
---l <2 liS t-<2 ns 

PULSE WIDTH (I,) = 300 ns DUTY CYCLE = 2% 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 

mW 
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·C 

Unit 

·C/mW 



-- Switching and General Purpose Transistors 

2N4264, 2N4265 (continued) 

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

Cha racteristic I Fig. No·1 Symbol I Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVeEO Yd, 
(Ie '" 1 mAde, IE '" 0) 2N4264 15 

2N4265 12 

Collector-Base Breakdown Voltage BVCBO Yd, 
(Ie '" 10 J..I.Ack. IE '" 0) 30 

Emitter-Base Breakdown Voltage BVEBO Yd, 
(IE" 10 IlAde, Ie '" 0) 

Collector Cutoff Current ICEX nAd, 
(V CE '" 12 Vdc, V EB(of! '" 0.25 Vdc) 100 

Base Cutof[ Current 'aL "Ad, 
(VCE '" 12 Vdc, VEB(off) =0.25 Vdc) 0.1 

(VCE " 12 Vdc, VEB(OH)" 0.25 Vdc, TA = lOOQCj 10 

ON CHARACTERISTICS 
DC Current Gain hFE 

(Ie'" 1 mAde, VCE = 1 Vdc) 2N4264 25 
2N4265 50 

I (Ie = 10 mAde, VCE " 1 Vdc) 2N4264 40 160 
2N4265 100 400 

(Ie'" 10 mAde, VCE " 1 Vdc, TA '" _55°C) 2N4264 20 
2N4265 45 

(Ie = 30 mAde, V CE '" 1 Vdc) 2N4264 40 
2N4265 90 

(Ie'" 100 mAde, V CE = 1 Vde) 2N4264 30 
2N4265 55 

(Ie = 200 mAde, V CE '" 1 Vdc) 2N4264 20 
2N4265 35 

Collector-Emitter Saturation Voltage 5, 6, 7 VCE(sat) Yd, 
(IC '" 10 mAde, IB '" 1 mAde) 0.22 

(IC '" 100 mAde, IB '" 10 mAde) 0.35 

Base-Emitter Saturation Voltage 6, 7 VBE(sat) Yd, 
(IC '" 10 mAde, IB '" 1 mAde) 0.65 0.80 

(IC := 100 mAde, IB'" 10 mAdc) 0.75 0.95 

SMALL SIGNAL CHARACTERISTICS 
Current-Gain Bandwidth Product 'T MHz 

(Ie'" 10 mAde, V CE := 10 Vdc, f := 100 MHz) 300 

Output Capacitance 12 Cob pF 
(V CB := 5 Vdc, IE '" 0, f :: 100 kHz) 

Input Capacitance 12 Cib pF 
(VBE := O. 5 Vdc, Ie := 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Turn-On Time Figure 1, Test Condition A 'on 

V ce :: 3 Vdc, V EB(off) := 1. 5 Vde, 

Ie :: 10 mAde, IB1 :: 3 mAde 25 

Turn-Off Time Figure I, Test Condition A tou 
V ce := 3 Vde, IC := 10 mAde, 

IBI := 3 mAde, IB2 '" 1. 5 mAde 35 

Storage Time Figure I, Test Condition 8 's 
V CC '" 10 Vdc, IC := 10 mAde, 

1Bl '" Ia2 '" 10 mAde 20 

Delay. Time Figure 1, Test Condition e 
I, 8 'd V CC '" 10 Vde, V EB(off) '" 2 Vdc, 

Rise Time IC '" 100 mAde, IBI '" 10 mAde I, 9 , , 15 

Storage Time 
Figure I, Test Condition C 

I, 10 , 20 Vec'" 10 Vde, IC = 100 mAde, s 

Fall Time 1m := IB2 '" 10 mAde 1, 11 " 15 

Total Control Charge V CC ::: 3 Vde, IC - 10 mAde, IB - mAde 3, 13 'IT 80 pC 
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--- Switching and General Purpose Transistors 

2N4264, 2N4265 (continued) 

CURRENT GAIN CHARACTERISTICS 

FIGURE 2 - MINIMUM CURRENT GAIN 
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FIGURE 3 - QT TEST CIRCU IT 
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FIGURE 4 - TURN·OFF WAVEFORM 

C- COPT ~ 
TIME --

NOTE 1 
When a transistor is held in a conductive state by a base current. 

I •• a charge. Qs. is developed or "stored" in the transistor. Qs may be 
written: Qs ::;:: QI + Q ... + Qx. 

Q, is the charge required to develop the required collector current. 
This charge is primarily a function of aJpha cutoff frequency. Qv is 
the charge required to charge the colle!.1:or-base feedback capacity. 
Qx is excess charge resuiting from overdrive, Le., operation in 
saturation. 

The charge required to turn a transistor "on" to the edge of sat· 
uration is the sum of QI and Qv which is defined as the active region 
charge, Q". Q" = l'lt, when the transistor is driven by a constant cur· 

rent step (III) and III < <~. 

If I. were suddenly removed, the transistor would continue to can· 
duct until Qs is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina· 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Qro of oppOSite polarity, equal in magnitude, can be stored on 
an external capacitor. C, to neutralize the internal charge and con· 
siderably reduce the turn·off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn·off waveform. Gi\len Q, from 
Figure 13, the external C for worst·case turn-off in any circuit is: 
C =: Q,I 6. V, where 6. V is defined in Figure 3. 
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-- Switching and General Purpose Transistors ---

2N4264, 2N4265 (continued) 

"ON" CONDITION CHARACTERISTICS 

FIGURE 5 - COLLECTOR SATURATION REGION 
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-- Switching and General Purpose Transistors --

2N4264, 2N4265 (continued) 

DYNAMIC CHARACTERISTICS 
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FIGURE 13 - MAXIMUM·CHARGE DATA 
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--- Switching and General Purpose Transistors ---

Mcs2135 Mcs2136 (SILICON) 
I 

VcEo =60V 
Ic =50mA 
Cob = 3 pf 
NF = 3-4 db @ 15.7 kc 

NPN silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 

CASE 37 

MAXIMUM RATINGS 

Characteristic Symbol Max Unit 

Collector-Base Voltage VCBO 75 Vdc 

Collector-Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

Collector Current IC 50 mAdc 

Total Device Dissipation @ T A = 25' C PD 150 mW 

Derating Factor Above 25' C 1.5 mW/'C 

Junction Temperature, Operating TJ +125 'c 

Storage Temperature Range Tstg -65 to +125 'c 

8-253 

I 



--- Switching and General Purpose Transistors 

MCS2135, MCS2136 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 10/lAde, IE = 0) 75 -

Collector-Emitter Breakdown Voltage' BVCEO 
, Vde 

(IC = 10 mAde, IB = 0) 60 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10/lAde, IC = 0) 6 -

Collector Cutoff Current ICBO /lAde 
(VCB = 50 Vde, IE = 0) - .010 

(V CB = 50 Vde, IE = 0, T A = 100"C) - 2.0 

Emitter Cutoff Current lEBO nAde 
(VEB = 5 Vde, IC = 0) - 20 

DC Current Gain* hFE 
, -

(IC = I/lAde, V CE = 5 Vde) MCS2136 30 -
(IC = 10/lAde, V C~ = 5 Vde) MCS2135 40 -

MCS2136 100 -
(IC = 10/lAde, V CE = 5 Vde) MCS2135 100 300 

MCS2136 250 750 
(IC = 10/lAde, VCE = 5 Vde, TA = -55"C) MCS2135 50 -

MCS2136 125 -
(IC = 1. 0 mAde, V CE = 5 Vde) MCS2135 150 -

MCS2136 250 -
(IC = 10 mAde, V CE = 5 Vde) MCS2135 150 -

MCS2136 250 -
Collector-Emitter Saturation Voltage' V CE(sat) 

, Vde 
(IC = 10/lAde, IB = 10/lAde) - 0.3 

(IC = 1. 0 mAde, IB = 100/lAde) - 0.5 

Base-Emitter Saturation Voltage' VBE(sat) 
, Vde 

(IC = 100/lAde, IB = 10 /lAde) - 0.7 

(IC = 1. 0 mAde, IB = 100/lAde) - 1.0 

Base-Emitter On Voltage VBE(on) Vde 
(IC = 1O"0/lAde, V CE = 5.0 Vde) - 0.7 

High-Frequency Current Gain hfe -
(IC = 500/lAde, V CE = 5 Vde, f = 30 me) 1.0 -
(IC = I. 0 mAde, V CE = 5 Vde, f = 100 me) 1.0 -

Output Capacitance COb pf 
(V CB = 5.0 Vde, IE = 0, f = 100 ke) - 3.0 

Input Capacitance Cib pf 
(V EB = 0.5 Vde, IC = 0, f = 100 ke) - 8.0 

Small Signal Current Gain hfe -
(IC = 1.0 mAde, VCE =.5.0 Vde, f = Ike) MCS2135 80 450 

MCS2136 150 900 

Input Impedance h. kohms 
(IC = 1.0 mAde, VCE = 5.0 Vdc, f = Ike) MCS2135 Ie 3 20 

MCS2136 5 25 

Voltage Feedback Ratio h re 
XIO-4 

(IC = 1.0 mAde, V CE = 5.0 Vdc, f = Ike) - 25 

Output Admittance h /lmhos 
(IC = 1. 0 mAde, V CE = 5.0 Vdc, f = 1 ke) 

oe - 50 

Noise Figure (Power Bandwidth = 15.7 ke) NF db 
(IC = 10 /lAde, V CE = 5 Vde, Rg = 10 kohms) MCS2135 - 4 

MCS2136 - 3 

*Pulse Test: PW ::i 300 Ilsec, Duty Cycle::; 2% 
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-- Switching and General Purpose Transistors ---

Mcs213 7, Mcs2138 (SILICON) 
VcEo =60V 
Ic= SOmA 

Cob = 3 pf 
NF = 3-4 db @ 15.7 kc 

PNP silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 

CASE 37 

MAXIMUM RATINGS 

Characteristic Symbol Max Unit 

Collector-Base Voltage VCBO 6,0 Vdc 

Collector-Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 50 mAdc 

Total Device Dissipation @ T A = 25" C PD 150 mW 

Derating Factor Above 25' C 1.5 mW!'C 

Junction Temperature, Operating TJ +125 'c 

Storage Temperature Range Tstg -65 to +125 'c 
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--- Switching and General Purpose Transistors ---

MCS2137, MCS2138 (continued) 

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

Characteristic Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = IO/lAdc, IE = 0) 60 -

Collector-Emitter Breakdown Voltage' BVCEO • Vdc 
(IC = 10 mAdc, IB = 0) 60 -

Emitter-Base .Breakdown Voltage BVEBO Vdc 
(IE = ':O/lXdC, IC = 0) 5 -

Collector Cutoff Current ICBO /lAdc 
(V CB = 50 Vdc, IE = 0) - .020 

(V CB = 50 Vdc, IE = 0, T A = IOO'C) - 2.0 

Emitter Cutoff Current lEBO nAdc 
(VEB = 5 Vdc, IC = 0) - 20 

DC Current Gain* hFE • -
(IC = l/lAdc, V CE = 5 Vdc) MCS2138 50 -
(IC = 10/lAdc, V CE = 5 Vdc) MCS2137 75 -

MCS2138 200 -
(IC = 10/lAdc, V CE = 5 Vdc) MCS2137 100 300 

MCS2138 250 750 
(IC = 10/lAdc, V CE = 5 Vdc, TA = -55'C) MCS2137 50 -

MCS2138 125 -
(IC = 1. 0 mAdc, V CE = 5 Vdc) MCS2137 100 -

MCS2138 250 -
(IC = 10 mAde, V CE = 5 Vdc) MCS2137 100 -

MCS2138 250 -
Collector-Emitter Saturation Voltage' V • 

Vdc 
(IC = 10/lAde, IB = 10 /lAde) 

CE(sat) - 0.20 

(IC = 1. 0 mAde, IB = 100/lAde) - 0.25 

Base-Emitter Saturation Voltage' VBE(sat) • Vdc 
(IC = 100/lAde, IB = 10 /lAde) - 0.7 

(IC = 1. 0 mAde, IB = 100/lAde) - 0.8 

Base-Emitter On Voltage VBE(on) Vdc 
(IC = 100/lAde, V CE = 5.0 Vde) - 0.7 

High-Frequency Current Gain hie -
(IC = 500/lAde, V CE = 5 Vde, 1= 30 mc) 1.0 -
(IC = 1. 0 mAdc, V CE = 5 Vde, 1= 100 me) 1.0 -

Output Capacitance Cob pi 
(V CB = 5.0 Vdc, IE = 0, I = 100 ke) - 3.0 

Input Capacitance Cib pi 
(V EB = 0.5 Vdc, IC = 0, 1= 100 ke) - 8.0 

Small Signal Current Gain hie -
(IC = 1.0 mAdc, VCE = 5.0 Vde, 1= 1 ke) MCS2137 100 450 

MCS2138 300 900 

Input Impedance h. kohms 
(IC = 1.0 mAde, VCE = 5.0 Vde, 1= 1 ke) MCS2137 le 3 15 

MCS2138 10 40 

Voltage Feedback Ratio h XlO-4 
(IC = 1.0 mAdc, VCE = 5.0 Vde, 1= 1 ke) re - 25 

Output Admittance MCS2137 h 60 Jlmhos 
(IC = 1.0 mAac, V CE = 5.0 Vdc, I = 1 kc) oe 

MCS2138 - 60 

Noise Figure (Power Bandwidth = 15.7 ke) NF db 
(IC = 10 /lAdc, V CE = 5 Vde, R = 10 kohms)MCS2137 - 4 

g MCS2138 - 3 

'Pulse Test: PW;; 300 Ilsec, Duty Cycle ;; 2% 
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MF3304 

-- Switching and General Purpose Transistors 

VCEO = 12 V 
Po = 300mW 

PNP silicon epitaxial transistor designed for low
level, high-speed switching applications. 

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

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 18 Vdc 

Collector- Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Total Device Dissipation @ 25°C Ambient Temperature PD 200 mW 

Derate above 25°C 1.14 mW/'C 

Total Device Dissipation @ 25°C Case Temperature PD 300 rnW 

Derate above 25°C 1.71 mW/'C 

Operating Junction Temperature TJ 200 'c 

Storage Temperature Range Tstg -65 to +200 'c 

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

Characteristic Symbol Min Typ Max Unit 

Collector- Base Breakdown Voltage BVCBO Vdc 
(IC = 100 /lA, IB = 0) -18 - -

Collector- Emitter Breakdown Voltage BVCES Vdc 
(,IC = 100 /lA, IB = 0) -12 - -

Collector- Emitter Sustaining VoItage* V .. Vdc 
(IC = 10 rnA, [B = 0) 

CEO(sus) -12 - -
F.lllitter~Base Breakdown Voltage BVEBO Vdc 

(IE = 100 /lA, IC = 0) -5 - -
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-- Switching and General Purpose Transistors ---

MF3304 (continued) 

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

Characteristic Symbol Min Typ Max Unit 
Collector Cutoff Current ICBO nA 

(V CB = -9 V, IE = 0) - - 10 

Collector Reverse Current ICES 
(VCE = -6 V, VEB = 0) - - 10 IIA 

(VCE = -6 V, VEB = 0, 150·C) - - 10 /LA 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 1.0 rnA, IB = 0.1 rnA) - - -0.15 

(IC = 10 rnA, ~ = 1.0 rnA) - - -0.16 

(IC = 10 rnA, ~ = 1. 0 rnA, 125·C) - - -0.23 

(IC = 50 rnA, ~ = 5.0 rnA) - - -0.50 

Base- Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 1.0 rnA, IE = 0.1 rnA) -0.7 - -0. B 

(IC = 10 rnA, ~ = 1.0 rnA) -0. B - -0.9 

(IC = 50 rnA, ~ = 5.0 rnA) - - -I. 2 

DC Current Gain hFE 
(IC =1.0 rnA, VCE =-0.3V) 20 - -
(IC = 10 rnA, V CE = -0.3 V) 30 - 120 

(IC = 10 rnA, V CE = -0.3 V, -55·C) 15 - -
(IC = 50 rnA, VCE = -1.0 V) 20 - -

High-Frequency Current Gain hfe -
(IC = 10 rnA, VCE = -5.0 V, f = 100 MHz) 6.0 - -

Output Capacitance" Cob •• pF 
(V CB = -5.0 V, IE = 0, f = 140 kHz) - - 2.5 

Emitter Transition Capacitance CTE pF 
(VEB = -0.5 V, IC = 0, f = 140 kHz) - - 2.5 

Collector..:.Base Time Constant r 'c psee 
(V CB = 10 V, IC = 10 rnA, f = 31. 8 MHz) 

b c - - 40 

Charge Storage Time T s nsec 
(IC ~ ~1 ~ ~2 ~ -10 rnA) - - 30 

Turn-On Time ton nsec 
(IC ~ 10 rnA, ~1 ~ O. 5 rnA) - - 60 

Turn-Off Time toff nsee 
(IC ~ 10 rnA, ~1 ~ IB2 ~ -0.5 rnA) - - 60 

TYPICAL AMPLIFIER PERFORMANCE 

Noise Figure NF dE 
(V CE = 10 V, IC = 2 rnA, f = 60 MHz, - 2.7 -
RS = 200 ohms) 

AC Current Gain hfe -
(V CE = 10 V, IC = 2 rnA, f = 1 kHz) - 70 -

Current Gain - Bandwidth Product fT MHz 
(VCE = 10 V, IC = 2 rnA, f = 100 MHz) - 700 -

Collector-Base Time Constant r ·C psee 
(V CB = 10 V, IC = 2 rnA) 

b c - 15 -
"Measured in guarded circuit 
'Pulse Conditions: Length = 300/Lsec, Duty Cycle", 2% 
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--- Switching and General Purpose Transistors ---

MM109 (SILICON) 

Collector connected to case 

VCEO = 8V 
Ic= 100mAdc 
PD =400mW 

\ 
CASE 27 

(TO-52) 

NPN silicon annular transistor designed for ultra
high speed switching and amplifier application. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage (1 to 30 rnA) VCEO 8 Vdc 

Collector-Base Voltage VCB 15 Vdc 

Emitter-Base Voltage VEB 4 Vdc 

Collector Current IC 100 mAdc 

Total Device Dissipation @ T A = 25°C P D 400 mW 

Derate above 25°C 2.3 mW/oc 

Total Device Dissipation @ T C = 25°C P D 750 mW 

Derate above 25°C 4.3 mW/oc 

Operating Junction Temperature Range TJ 200 °c 

storage Temperature Range Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Rating Unit 

Thermal Resistance, Junction to Case °JC 
0.233 °C/W 

Thermal Resistance, Junction to Ambient °JA 0.436 °C/W 

FIGURE 1 - CHARGE STORAGE TIME 
CONSTANT TEST CIRCUIT 

+5.2 +3 

FIGURE 2 - too & toff TEST CIRCUIT 
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-- Switching and General Purpose Transistors ---

MM709 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 /lAde, JE = 0) 15 

Collector-Emitter Breakdown Voltage' BVCEO * 
(IC = 10 mAde, IB = 0) 8 

Emitter-Base Breakdown Voltage BVEBO (JE = 10 /lAde, IC = 0) 4 

Collector Cutoff Current I CBO 
(VCB = 5 Vde) -
(V CB = 5 Vde, T A = 1250 C) -

DC Forward Current Transfer Ratio* hFE * 
(IC = 10 mAde, V CE = 0.5 V) 15 

(IC = 30 mAde, V CE = 1 V) 12 

(IC = 10 mAde, V CE = 0.5 V, T A = _55°C) 8 

Collector Saturation Voltage' 
V CE(sat) 

. 
(IC = 3 mAde, IB = 0.15 mAde) -

Base-Emitter Saturation Voltage' 
VBE(sat) 

. 
(IC = 3 mAde, IB = 0.15 mAde) 0.70 

Current Gain BandwidthProduet fT 
(IC = 5 mAde, V CE = 4 Vde) 300 

Oltput Capacitance Cob 
(V CB = 5 Vde, JE = 0, f = 100 kHz) -

Input Capacitance Cib 
(V OB = 0.5 Vde, JE = 0, f = 100 kHz) -

SWITCHING CHARACTERISTICS 

Charge storage Time - See Figure 1 ts 
(IC = IBI = -IB2 = 5.0 mAde) -

Turn-On Time - See Figure 2 ton 
(IC = 10 mAde, IB = 2.0 mAde, IB2 = 1. 0 mAde) -

Turn -Off Time - See Figure 2 
toff 

(Ic = 10 mAde, IBI = -IB2 = 1.0 mAde) -

'Pulse Test: PW < 300/lsec, Duty Cycle < 2% 

INPUT & OUTPUT PULSE WAVEFORMS V;, RISE TIME ~ 1 nsec 

o 

t 
on 

VBB = -1.0 V 

VIN = +6.0 V 

-4.0 Vde 
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-- Switching and General Purpose Transistors 

MM 1812 SILICON VCEO = 175 V 
Ic = 100mA 
Po = 1 W 

NPN silicon transistor designed for audio power amp
lifier applications up to 1 watt output, 

CASE 31 
(TO-5) Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Co llector - Current 

Total Device Dissipation @ T A = 25 ° C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

FIGURE 1 - CURRENT GAIN CHARACTERISTICS 
versus JUNCTION TEMPERATURE 
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Symbol Rating Unit 

VCB 175 Vdc 

VCEO 175 Vdc 

VEB 4 Vdc 

IC 100 mAdc 

P D LO Watt 

5_ 'l1 mW/"C 

P D 5 Watts 

28_6 mW/"C 

TJ +200 °c 

Tstg -65 to +200 °c 

FIGURE 2 - 750 mW CLASS A AUDIO AMPLIFIER 
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l.SK 

+90 V 

+ 
2S0p.f 

, 3.212 

110rJ 

ISO\) 

'TRANSFORMER EFFICIENCY - 7S% 

I 



--- Switching and General Purpose Transistors 

MM 1812 (continued) 

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

Characteristic Symbol Min Max Unit 
Collector Cutoff Current leBO "Ade 

(Ves = 50 Vdc, IE = 0) 0,1 

(V CB = 50 Vdc, IE :: 0, T A = ISOac) 100 

Emitter Cutoff Current lEBO !LAde 
(VES = 3 Vdc, Ie = 0) 0.025 

Collector-Base Breakdown Voltage BVCBO Yde 
(Ie'" 10 Mdc, IE = 0) 175 

Collector-Emitter Breakdown Voltage· BVeEO . Yde 
(Ie'" 10 mAde, IS = 0) 175 

Emitter-Base Breakdown Voltage BVEBO Yde 
(IE"" 10 ,.u\dc, Ie :: 0) 

Collector Saturation Voltage* V CE(sat) 
. Yde 

(Ie '" 10 mAde, Is = 1 mAde) 0,3 

(Ie = 100 mAde, IS :: 10 mAde) 0,6 

DC Current Gain * hFE . 
(Ie = 1.0 mAde, VeE = 10 Vdc) 25 

(Ie '" 10 mAde, V CE = 10 Vdc) 35 200 

(Ie'" 100 mAde, V CE = 10 Vdc) 40 300 

Small Signal Current Gain hfo 
(Ie = 10 mAde, VCE '" 10 Vdc, f = Ike) 50 200 

Voltage Feedback Ratio h 
re 

XlO- 4 

(Ie'" 10 mAde, VCE '" IO Vdc, f '" 1 kc) 

Input Impedance hie k ohms 
(IC '" 10 mAdc, VeE'" 10 Vdc, f '" 1 kc) 0,2 1. 25 

Output Admittance hoe J.Lmhos 
(Ie'" 10 mAdc, VCE '" 10 Vdc, f '" 1 kc) 10 200 

Output Capacitance Cob pf 
(VCB '" 10 Vdc, IE'" 0, f '" 100 kc) 10 

Input Capacitance Cib pf 
(V EB = 0.5 Vdc, IC = 0, f = 100 kc) 100 

Min Typ Max 
Power Gain G db 

(Pout = 1 W, V CE '" 85 \"dc, Ie '" 30 mAdc, f '" 1 kc, 
po 

36 44 

RS = 400 ohms, RL '" 2.9 k ohms) 

"'Pulse Test £ 300 Jlsec, duty cycle £ 2% 
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-- Switching and General Purpose Transistors --

MM2258 SILICON 

MM2259 
MM2260 

VCEO = 120-175 V 
Ic = 300-500 rnA 
Po= 1 W 

NPN silicon transistors designed for video output cir
cuitry in transistorized television receivers. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristics 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating Factor Above 25°C 

Junction Temperature, Operating 

storage Temperature Range 

THERMAL RESISTANCE 

OJAI';"= 175°C/W 
OJC(cm, = 35°C/W 

Symbol 

VCS 

VCEO 

VES 

IC 

P D 

P D 

TJ 

Tstg 
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Rating 

MM2259 Unit 
MM2258 MM2260 

120 175 Vdc 

120 175 Vdc 

5 Vdc 

500 300 mAdc 

LO Watt 

5.71 mW/oC 

5 Watt 

28.6 mW/oC 

+200 °c 

-65 to +200 °c 

I 



-- Switching and General Purpose Transistors 

MM2258, MM2259, MM2260 (continued) 

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

Characteristics Symbol Min Typ Max Unit 

Collector Cutoff Current leBO J-LAdc 
(Ves '" 75 Vdc, IE = 0) - - 0.050 

(Yes'" 75 Vdc, IE = 0, T A'" 150°C) - - 50 

Emitter Cutoff Current lEBO nAde 
(VEE = 4 Vdc, Ie = 0) - - 25 

Collector-Base Breakdown Voltage avCBO Vd, 
(Ie = 10 /-LAde, IE = 0) MM2258 120 - -

MM2259, MM2260 175 - -
Collector-Emitter Breakdown Voltage'" BYCEO . Vd, 

(Ie '" 10 mAde. IS := 0) MM2258 120 - -
MM2259, MM2260 175 - -

Emitter-Base Breakdown Voltage BV EBO Vd, 
(IE '" 10 /lAde, Ie = 0) 5 - -

Collector-Emitter Saturation Voltage 
VCE(sa.t) 

Vd, 
(Ie = 25 mAde, IS = 2, 5 mAde) - - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vd, 
(Ie = 25 mAde, In = 2.5 mAde) - - 1.0 

DC Current Gain'" hFE -
(Ie = 1,0 mAde, V CE = 10 Vdc) MM2259 25 - -

MM2258, MM2260 50 - -
(Ie = 10 mAde, VeE = 10 Vdc) MM2259 35 - -

MM2258, MM2260 50 - --
(IC == 50 mAde, VCE '" 10 Vde) MM2259 35 - -

MM2258, MM2260 50 - -

Output Capacitance MM2258 Cob - - 9 pi 
(VCB '" 10 Vdc, IE" 0, f '" 100 kc) MM2259, MM2260 - - 8 

Input Capacitance Cib pi 
(VEB " 0.5 Vdc, IC '" 0, f '" 100 kc) - - 80 

Feedback (Miller) Capacitance Cob pi 
(V CB '" 25 Vdc, IC '" 10 mAdc) MM2258 - 4.2 5.0 

MM2259, MM2260 - 3.0 4.5 

Small Signal Current Gain Ihlel -
(V CE '" 25 Vdc, IC = 20 mAde, f :: 100 me) 1.5 - --

*Pu!se Test: PW ~ 300 p.sec, duty cycle ~ 2% 

FIGURE 1 - DC CURRENT GAIN CHARACTERISTICS 
versus JUNCTION TEMPERATURE 

FIGURE 2 - JUNCTION CAPACITANCE VARIATIONS 
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0 
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T, 25°C 0 

~ 

I 
50 
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-- Switching and General Purpose Transistors ---

MM2258, MM2259, MM2260 (continued) 

'" ~ 
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SMALL SIGNAL h PARAMETER CHARACTERISTICS 
(VCE = 10 V. TA = 25°C. f = 1 kc) 

FIGURE 3 - CURRENT GAIN 

MM2258. MM226~ ~ 

V~ 

...... 
I--" ... 

-'""" 
i-'" MM2259 

~ ....... 

0.2 0.5 1.0 2.0 5.0 10 

Ie. COLLECTOR CURRENT (mAde) 
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-- Swi.tching and General Purpose Transistors ---

MM2483 SILICON 

MM2484 
VCEO = 60V 
Ic =50mA 
Po=360mW 

" 
NPN silicon epitaxial transistors designed for low

level, low-noise amplifier applications. 

CASE 22 Collector connected to case 

(TO·1S) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
Collector-Base Voltage VCBO 60 Vdc 

Collector- Emitter Voltage VCEO 60 Vdc 

Emitter-Base Voltage VEBO 6 Vdc 

Collector Current IC 50 mAdc 

Tota] Device Dissipation @ T A ~ 25°C P D 360 mW 

Derating Factor above 25'C 2.1 mW;oC 

Tota] Device Dissipation @ TC ~ 25'C P D 1.2 Watts 

Derating Factor above 25' C 6.9 mW/'C 

Junction Temperature, Operating T,T +200 'c 

storage Temperature Range Tstg - 65 to +200 'c 

Thermal Resistance: 
Junction-to-Air 9JA 486 'C/W 

Junction-ta-Case 9JC 146 'C/W 

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

Characteristic Symbol Min Max Unit 
Collector-Base Breakdown Voltage BVCBO V 

(IC ~ 10 /lA, IE ~ 0) 60 -

Collector- Emitter Sustaining Voltage * 
V CEO(sus) V 

(IC ~ 10 rnA, IB ~ 0) 60 -
Emitter-Base Breakdown Voltage BVEBO V 

(IE ~ 10 /lA, IC ~ 0) 6 -
Collector Cutoff Current ICBO /lA 

(V CB ~ 45 V, IE ~ 0) - 0.010 

(V CB ~ 45 V, IE ~ 0, T A ~ 150' C) - 10 

Emitter Cutoff Current lEBO /lA 
(VEB ~ 5.0 V, IC ~ 0) - 0.010 

Collector-Emitter Saturation Voltage V CE(sat) V 
(IC ~ 1. 0 rnA, IB ~ O. 1 rnA) - 0.35 
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--- Switching and General Purpose Transistors --

MM2483, MM2484 (continued) 

ELECTRICAL CHARACTERISTICS eTA = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

DC Current Gain hFE -
(IC ~ 1.0 iJ-A, VCE ~ 5.0 V) MM2484 30 -
(IC ~ 10iJ-A, VCE ~ 5.0 V) MM2483 40 120 

MM2484 100 500 

(Ic ~ 10 iJ-A, VCE ~ 5.0 V, -55 "C) MM2483 10 -
MM2484 20 -

(Ic ~ 100 iJ- A, VCE ~ 5.0 V) MM2483 75 -
MM2484 175 -

(IC ~ 500 iJ-A, VCE ~ 5.0 V) MM2483 100 -
MM2484 200 -

(Ic ~ 1. 0 rnA, V C E ~ 5.0 V) MM2483 175 -
MM2484 250 -

(Ic ~ 10 rnA, VCE ~ 5.0 V)* MM2483 - 500 
MM2484 - 800 

Emitter-Base On Voltage VBE(on) V 
(IC ~ 100 IlA, V C E ~ 5. 0 V) 0.5 0.7 

High-Frequency Current Gain hfe -
(IC ~ 50 Il A, V CE ~ 5.0 V, f ~ 5.0 MHz) MM2483 2.4 -

MM2484 3.0 

(IC = 500IlA, V CE ~ 5.0 V, f ~ 30 MHz) 2.0 -
Output Capacitance Cob pF 

(VCB ~ 5.0 V, IE ~ 0) - 6.0 

Emitter Transition Capacitance CTE pF 
(V EB ~ 0.5 V, IC ~ 0) - 6.0 I 

Small Signal Current Gain hfe -
(IC ~ 1. 0 rnA, V C E ~ 5. 0 V, f ~ 1 kHz) MM2483 80 450 

MM2484 150 900 

Input Impedance h. kohrns 
(IC ~ 1.0 rnA, VCE ~ 5.0 V, f ~ 1 kHz) 

,e 
3.5 24 

Output Conductance h Ilmhos 
(lC ~ 1.0 rnA, VCE ~ 5.0 V, f ~ 1 kHz) oe - 50 

Voltage Feedback Ratio h XlO- 6 
(IC ~ I. 0 mA, V CE = 5.0 V, f ~ 1 kHz) re - 2500 

Common Base Input Impedance hib ohms 
(lC ~ 1.0 rnA, VCE = 5.0 V, f ~ 1 kHz) 25 32 

Wide Ba nd Noise Figure NF dB 
(IC ~ 10 IlA, VCE ~ 5.0 V, RS ~ 10 kohrns MM2483 - 4 

MM2484 - 3 

Power Bandwidth of 15.7 kHz (3 dB 
points at 10 Hz and 10 kHz) 

Narrow Band Noise Figure NF dB 
(Ic ~ 101lA, VCE ~ 5.0 V, f ~ 1 kHz MM2483 - 4 

RS ~ 10 kohrns (Power Bandwidth ~ 200 Hz) MM2484 - 3 

(IC ~ 10 /lA, VCE ~ 5.0 V, f ~ 10 kHz, MM2483 - 3 

RS ~ 10 kohrns (Power Bandwidth ~ 2 kHz) MM2484 - 2 

( lC ~ 10 /lA, V CE ~ 5 V, f ~10 kHz MM2483 - 15 

RS ~ 10 kohms (Power Bandwidth ~ 20 Hz) MM2484 - 10 

*Pulse Conditions: Length S 300/lsec, Duty Cycle S. 2% 
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-- Switching and General Purpose Transistors --

MM2SS0(GERMANIUM) VCEO = 10V 
Ic= 100mA 
fT = 1000 Mdmin) 
toff = 2.5 nsec 

CAS"\ 
PNP germanium epitaxial mesa transistor for high

speed, low-power, current-mode switching applica
tions. 

(TO-IS) 
Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -20 Vdc 

Collector-Emitter Voltage VCEO -10 Vdc 

Emitter-Base Voltage VEBO -0_ 5 Vdc 

Collector Current IC -100 mAdc 

Junction Tempera lure TJ 100 °c 

Storage Temperature T stg -65 to °c 
+100 

Device Dissipation 
@ TC = 25°C PD 300 mW 

Derating factor above 25°C 4 mW/oC 

Device Dissipation 
@ TA = 25°C PD 150 mW 

Derating factor above 25°C 2 mW/oC 

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

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ic = -100 IlAdc, IE = 0) -20 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = -10mAdc, IB = 0) -10 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = -100 IlAdc, IC = 0) -0.5 -

Collector Cutoff Current ICBO IlAdc 
(VCB = -10 Vdc, IE = 0) - -10 

DC Current Gain hFE -
(IC = -10 mAde, VCE = -5 Vdc) 20 -

Collector Saturation Voltage V CE(sat) Vdc 
(IC = -10 mAdc, IB = -1. a mAdc) - -0.2 

Base-Emitter Saluration Voltage VBE(sat) Vdc 
(IC = -10 mAdc, IB = -1. a mAdc) -0.3 -0.7 
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-- Switching and General Purpose Transistors ---

MM2550 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Cha racteristic Symbol Min 

CUrrent Gain-Bandwidth Product fT 
(IC " -5 mAde, V CE " -10 Vde, f " 100 me) 1000 

(IC " -10 mAde, V CE " -5 Vde, f " 100 me) 1000 

(IC " -15 mAde, V CE " -2 Vde, f " 100 me) 1000 

Collector Output Capacitance Cob 
Min Typ 

(VCB " -5 Vde, IE " 0, f " 100 ke) -
Collector-Base Time Constant r 'C - 50 

(IE "' +10 mAde, V CB " -5 Vde, f " 31. 8 me) 
b e 

Turn-on Time t on 
(IC " -10 mAde, V CE(on) " -5V) - 1.8 

Turn-off Time toff 
(IC " -10 mAde, V CE(on) " -5V) - 1.8 

CURRENT MDDE SWITCHING TIME CIRCUIT 

tr' tf < 1nsec 

R = 50Q 
s 

/10nsec 

I--l-l 

V~ 

Resistors 
In Parallel 

SHIELD 

50Q 

VI~~: 
I I 
I I 
I I 

: : ------5 
I 
I 
I 
I 
I 

-l 
I 

t on 

V CC=-7V 

VEE = 25. 5V 
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C1 = 150 pf 

C2 =0.01I'f 

C3 = 0.1 I'f 

Max Unit 

me 

me 

me 

Max pf 
3 

- psec 

nsee 
2,5 

usee 
2.5 

IC= -25mA 

V CE(ont -5V 

I 



-- Switching and General Purpose Transistors --

MM2552 (GERMANIUM) VCEO = 10V 
Ic= 100 mA 
fT = 1000 Me (min) 
toff = 2.5 nsec 

PNP germanium epitaxial mesa transistor for high
speed, low-power, current-mode switching applica
tions. 

CASE 31 
(TO-S) Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector- Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Junction Temperature TJ 

Storage Temperature Tstg 

Device Dissipation 
@TC =25°C P D 

Derating factor above 25·C 

Device Dissipation 
@ TC = 25°C PD 

Derating factor above 25°C 

Rating 

-20 

-10 

-0.5 

-100 

100 

-65 to 
+100 

600 

8 

300 

4 

ELECTRICAL CHARACTERISTICS (Tc = 2S'C unless otherwise noted) 

Characteristic Symbol Min 

Collector- Base Breakdown Voltage BV CBO 
(IC = -100 I'Adc, IE = 0) -20 

Collector- Emitter Breakdown Voltage BV CEO 
(IC = -10 mAde, IB = 0) -10 

Emitter-Base Breakdown Voltage BV EBO 
(IE = -100 I'Ade, IC = 0) -0.5 

Collector Cutoff Current ICBO 
(V CB = -10 Vde, IE = D) -

DC Current Gain hFE 
(IC = -25 mAde, V CE = -5 Vde) 30 

Collector Saturation Voltage VCE(sat) 
(IC = -25 mAde, IB = -2.5 mAde) -

Base- Emitter Saturation Voltage V BE(sat) 
(IC = -25 mAde, IB = -2.5 mAde) -0.3 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

·C 

·C 

mW 

mW/·C 

mW 

mW/·C 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

I'Ade 
-10 

-
-

Vde 
-0.2 

Vde 
-0.7 



--- Switching and General Purpose Transistors ---

MM2552 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Current-Gain. Bandwidth Product fT 
(IC = -30 mAde, V CE = -2 Vde, f = 100 me) 1000 me 

(I C = -25 mAde, V CE = -5 Vde, f = 100 me) 1000 me 

(IC = -20 mAde, V CE = -10 Vde, f = 100 me) 1000 me 

Collector Output Capacitance Cob pf 
(V CB = -5 Vde, IE = 0, f = 100 ke) - 3 

Colleetor- Base Time Constant r 'C Min Typ Max 
psec 

(IE = +25 mA, V CB = -5V, ! = 31. 8 me) 
b e - 50 -

Turn-on Time ton nsee 
(IC = -25 mAde, V CE(on) = -5 Vde) - 2.2 3.5 

Turn-off Time toff nsee 
(IC = -25 mAde, V CE(on) = -5 Vde) - 1.8 2.5 

CURRENT MODE SWITCHING TIME CIRCUIT 

tr• tf < 1nsec 

R = 500 s 
/10nsec 

I--l-l 

V~ 

Resistors -
In Parallel 

SHIELD 

500 

VIN~~: 
I I 

l :------5 
I 
I 
I 
I 
I 

-l 
I 

ton 

IC= -25mA 

VCE(ont -5V 

e--.~"""""'--it------o -1.5V 

VEE = 25.5V 
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-=C-=C-=-C 
1 2 3 

C1 = 150pf 

C2 = 0.01 Ilf 

C3 = 0.1 Ilf 

I 



-- Switching and General Purpose Transistors ---

MM2554 (GERMANIUM) VCEO= 10V 
Ic= 200 rnA 
fT = 1000 Me (min) 
tofl = 2.5 nsee 

CASE 31 
(TO-5) 

PNP germanium epitaxial mesa transistor for high
speed, low-power, current-mode switching applica
tions. 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO -20 Vde 

Collector.- Emitter Voltage VCEO -10 Vde 

Emitter-Base Voltage VEBO -0_ 5 Vdc 

Collector Current IC -200 mAde 

Junction Temperature T J 100 "C 

Storage Temperature Tstg -65 to "C 
+100 

Device Dissipation 
@TC = 25"C PD 750 mW 

Derating factor above 25°C 10 mW/"C 

Device Dissipation 
@ T A = 25"C PD 300 mW 

Derating factor above 25° C 4 mW/"C 

ELECTRICAL CHARACTERISTICS (Tc == 25'C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO -20 Vde 
(IC = -100 /-lAde, IE = 0) 

Collector-Emitter Breakdown Voltage BVCEO -10 Vdc 
(IC = -IOmAde, IB = 0) 

Emitter-Base Breakdown Volta~e BVEBO -0_ 5 Vdc 
(IE = -I00/-lAde, IC = 0) 

Collector Cutoff Current ICBO -10 /-lAde 
(V CB = -IOVdc, IE = 0) 

DC Current Gain hFE 20 
(IC = -40mAde, V CE = -5 Vdc) 

Collector Saturation Voltage V CE(sal) -0_ 25 Vdc 
(IC = -40mAde, IB = -4mAdc) 

Base-Emitter Saturation Voltage VBE(sat) -0_ 4 -0_ 8 Vdc 
(Ic = -40mAdc, IB = -4mAdc) 
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-- Switching and General Purpose Transistors 

MM2554 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min 

Current-Gain, Bandwidth Product [T 
(IC = -35mAdc, VCE = -IOVde, f = 100MC) 1000 

(IC = -40mAdc, VCE = -5Vde, [ = 100MC) 1000 

(IC = -45mAdc, VCE = -2Vdc, [ = 100MC) 1000 

Collector Output Cap~citance Cob 
(VCB = -5Vde, IE ; 0, [ = 100KC) 

Collector-Base Time Constant r 'C Min 
(IE ;:: +40mAdc, VCB = -5Vde, f = 31. 8MC) 

b c 

Turn-on Time t on 
(IC = -40mAdc, V CE(on) = -5Vde) 

Turn-off Time (0[[ 
(IC = -40 mAde, V CE(on) = -5Vde) 

CURRENT MDDE SWITCHING TIME CIRCUIT 

t r , tf < 1nsec 

R = 500 
s 

/lOnsec 

I--l-I 
I I 

VI~ 

V CC=-7V 

SHillLD 

Max Unit 

me 

me 

me 

4 p[ 

Typ Max psec 

50 

2.4 3.5 nsee 

1.6 2.5 nsec 

IC= -25mA 

V CE(ont -5V 

500 ...--__ 01-..--..-.... ----{) -1.5V 

Resistors 
In Parallel 

VI~~: 
I I 
I I 
I I 
I I 
I I ------5 
I 
I 
I 
I 
I 

-l 
I 

t 
on 

VEE = 25. 5V 
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C1 = 150 pf 

C2 = 0.01 jJ.f 

C3 = 0.1 jJ.f 

I 



--- Switching and General Purpose Transistors ---

MM2894 (SILICON) VCEO = 12V 
Ic= 100 rnA 
hFE = 70 
tOFF = 60 nsec 

PNP silicon annular transistors for low-level, high
speed switching applications. 

CASE 22 
(TO-IS) Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collecto -Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Total D~vice Dissipation PD 
@ 250 C Ambient Temperature 
Derate above 25° C 

Total Device Dissipation PD 
@ 250 C Case Temperature 
Derate above 250 C 

Operating Junction Temperature T.T 

Rating Unit 

15 Vdc 

12 Vdc 

4_ 5 Vdc 

0.36 Watt 
2.06 mW/oC 

1.2 Watts 
6.9 mW/oC 

200 °C 

Storage Temperature T stg -65 to 200 °C 

SWITCHING TIME TEST CIRCUIT 

0.1 V'T III 

IOOs.? 

Pulse Source 
Rise Time < Ins 
P. W _ > 200ns -= 

I DOs.? 

2KQ 

Zin 0 50s.? Ton Vbb +3V V. -7V 
1Il 

V. +6V 
III 
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-2V 

62Q 

+----oVout 

To Sampling 
Scope 
Rise Time < 1115 
Input Z = lOOK 



-- Switching and General Purpose Transistors 

MM2894 (continued) 

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

Characteristic 

Collector Cutoff Current 
VCB =-6V, IE = 0 

V CB = -6V, IE = 0, T A = 125" e 

Collector-Base Breakdown Voltage 
Ie = 10J!A, IE = 0 

Collector -Emitter Sustaining V oltage * 
Ie = 10mA, IB = 0 

Emitter-Base Breakdown Voltage 
IE = 10OJ!A, Ie = 0 

Collector-Emitter Saturation Voltage 

Ie = lOrnA, IB = 1. OmA 

IC = 30mA, IB = 3. OmA 

Ie = 100mA, IB = lOrnA 

Base -Emitter Saturation Voltage 

Ie = lOrnA, IB = 1. OmA 

Ie = 30mA, IB = 3. OmA 

IC = 100mA, IB = 10mA 

DC Pulse Current Gain* 
IC = lmA V CE = O. 3v 

IC = lOrnA V CE = O. 3v 

IC = 30mA, V CE = O. 5v 

IC = 30mA, V CE = O. 5v (-55' C) 

IC = 100mA, V CE = 1. OV 

High Frequency Current Gain (f = IODme) 
VCE = 100 IC = 30mA 

Output Capacitance 
VCB =-5.0V, IE = 0, ! = l40Ke 

Emitter Transition Capacitance 
VEB = -0.5V, IC = 0, I = l40KC 

Turn On Time 
Ie = 30mA, IBI = 1. 5mA 

Turn Off Time 
Ie = 30mA, IBl = IB2 = 1. 5mA 

* Pulse Conditions; length:::: 300 jJ.sec 
duty cycle 5. 2% 

Symbol Min Typ 

ICBO 

BVCBO -15 

V CEO(sust) 
-12 

BVEBO -4.5 

VeE(sat) 

-0.1 

V BE(sat) 
-0.68 

-0.74 

h FE * 
25 

30 

40 70 

17 

25 

hie 4.0 

Cob 

CTE 

ton 23 

toff 34 
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Max Unit 

Il A 
.08 

10 

Vdc 

Vdc 

Vdc 

Vdc 
-0.15 

-0.2 

-0.5. 

Vdc 

-0.83 

-0.89 I 
-1. 7 

150 

6.0 pi 

6.0 pi 

60 nsee 

60 nsee 
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-- Switching and General Purpose Transistors 

MM2894 (continued) 

10 

i-- TYPICAL JUNCTION CAPACITANCE 
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-- Switching and General Purpose Transistors 

MPs706 (SILICON) Vceo= 15V 
hFE =20 
ts = 60 nsec 

NPN silicon annular, plastic encapsulated transistor 
designed for low-cost, high-speed switching applica
tions. For typical curves, see 2N706 data sheeL 

CASE 29 
(TO·92) 

MAXIMUM RATINGS 

Characteristic 

Collector- Base Voltage 

Collector- Emitter Voltage 

Emitter-Base Voltage 

Junction Temperature 

Storage- Temperature 

Total Device Dissipation 
@ 25°C Case Temperature 

(Derate 5 mW/"C above 25"C) 

Total Device Dissipation 
@ 25°C Ambient Temperature 

(Derate 3 mW j"C above 25 "C) 

Symbol 

VCBO 

VCER 

VEBO 

TJ 

Tstg 

PD 

PD 

8-277 

Rating Unit 

25 Vdc 

20 Vdc 

3 Vdc 

125 "C 

-55 to +125 "C 

500 mW 

300 mW 

I 



-- Switching and General Purpose Transistors --

MPS706 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol 

Collector Cutoff Current ICBO 
V CB = 15 V, IE = 0 

Emitter Cutoff Current lEBO 
VEB = 3 V, IC = 0 

Collector-Emitter Breakdown Voltage* BV CEO" 
IC = 10 mA, IB = 0 

Collector-Emitter Breakdown Voltage" BVCER* 
IC = 10 mA, R = 10Q 

Forward-Current Transfer Ratio' hFE " 
IC = 10 mA, V CE = 1 V 

Base-Emitter Voltage" V BE(sat). 
IC = 10 mA, IB = 1 mA 

Collector Saturation Voltage" V CE(sat)" 
IC = 10 mA, IB = 1 mA 

Collector Capacitance Cob 
V CB = 10 V, IE = 0 

Small-Signal Forward Current Transfer hfe 
Ratio 

V CE = 15 Vdc, IE = 10 mAdc, f = 100mc 

Base Resistance r' 
V CE = 15 Vdc, IE = 10 mAdc, f = 100mc 

b 

Charge Storage Time Constant t •• • 
Turn- on Time ton .. 
Turn-off Time toff** 

* Pulse Test: PW'; 12 nsec, Duty Cycle'; 2% 
**Switching Times Measured with Tektronix Type R 

Plug-In (50 Q Internal Impedance) and Circuits Shown 

Min Typ 

- .005 

- -

15 24 

20 -

20 -

- -

- -

- -

2 4 

- -

- -

- -

- -

Max 

0.5 

10 

-

-

-

0.9 

0.6 

6 

-

50 

60 

40 

75 

Unit 

IJ.A 

IJ.A 

Vdc 

Vdc 

-

Vdc 

Vdc 

pf 

-

ohms 

nsee 

nsee 

nsee 

SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 

Type R Sampling Resistor "'--""""""""'-0 
Pulse Volts 

Internal Resistance 

20p. 

::n20~ 1.8K 
_2V 

Vee = 3Vde 
(adjust for lOrnA) 

Pulse Volts 
Inlernal Resistance 

+5Vn50~ 350p' 
OV - - - - - 0..;;"",,,-,,,,,,,-/-1 
_4V 
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Vee = IOVdc 
(adjust for lOrnA) 



--- Switching and General Purpose Transistors 

MPs834 (SILICON) VCEO = 30V 
Ic = 200 rnA 
toft = 30 nsec 

NPN silicon annular, plastic encapsulated transistor 
for low-cost, high-speed switching applications. For 
typical curves, see 2N834 dala sheet. 

CASE 29 
(TO·92) 

MAXIMUM RATINGS 

v" 

Characteristic 

Collector- Base Voltage 

Collector-Emitter Voltage 

Emitter- Base Voltage 

D. C. Collector Current 

Junction Temperature 

Storage Temperature Range 

Total Device Dissipation 
@ 25 'c Case Temperature 

(Derate 5.0 mWrC above 25'C) 

Total Device Dissipation 
@ 25 'c Ambient Temperature 

(Derate 3.0 mWrC above 25'C) 

TURN-ON AND TURN-OFF 
TIME MEASUREMENT CIRCUIT 

'80 
(l.l~d 

/7"Y-~vvv--l f--,O 
UK v •• , 

t •• , Vu::: -4Vdc r--r I.", v .. ::: +16Vdc v,.::: _}9Vdc 

ov~ ov---'-----t-
'1,.= +21Vdc 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

TJ 

Tstg 

PD 

P D 

Rating Unit 

40 Vdc 

30 Vdc 

5 Vde 

200 mAde 

+125 'c 

-55 to +125 'c 

500 mW 

300 mW 

CHARGE STORAGE TIME 
CONSTANT MEASUREMENT CIRCUIT 

+lOV(lc 

160 

~ 
v.~v r 

+llV 

NOTE: All SWITCH triG TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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-- Switching and General Purpose Transistors --

MPS834 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage BVCBO 40 - - Vde 
IE = 0, IC = 10 /l Adc 

Emitter-Base Breakdown Voltage BVEBO 5 - - Vdc 
IC = 0, IE = 10/lAdc 

Collector Cutoff Current ICES - - 10 /lAde 
VBE = 0, VCE = 30Vde 

Collector Cutoff Current ICBO - - 0.5 /lAde 
IE = 0, V CB = 20 Vde 

Forward Current Transfer Ratio* hFE * 25 - - -
IC = 10 mAde, VCE = I Vdc 

Collector Saturation Voltage* V * - - 0.25 Vdc 
IC = 10 rnA, IB = I rnA 

CE(sat) 

Collector Saturation Voltage* V CE(sat) * - - 0.4 Vde 
IC = 50 rnA, IB = 5 rnA 

Base-Emitter saturation Voltage* VBE(sat)* - - 0.9 Vde 
IC = 10 mAde, IB = 1..0 mAde 

Collector Capacitance Cob - - 4 pf 
IE = 0, VCB = 10 Vdc, I = 100 ke 

Small·:.Signal Forward Current Transfer hie 3.5 - - -
Ratio 
IC = 10 mAde, V CE = 20 Vde, f = 100me 

Current Gain Bandwidth Product 1,- 350 - - me 
lC = 10 mAde, V CE = 20 Vde, f = 100me 

Charge storage Time Constant '-s - - 25 osee 

IC = 10 rnA, lBI = IB2 = 10 rnA 

Turn-on Time ton - - 16 usee 
IC = 10 rnA, IBI = 3 rnA, IB2 = I rnA 

Turn-off Time toff - - 30 nsee 
IC = 10 rnA, lBI = 3 rnA, lB2 = I rnA 

* Pulse Test: PW:S 12 nsee, Duty Cycle ~ 2% 
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--- Switching and General Purpose Transistors 

MPs2711 (SILICON) 

MPs2712 
MPS2715 

MPS 2716 

VCEO = 18V 
Ic = 25-100 rnA 
PD = 300rnW 

\ NPN silicon epitaxial plastic encapsulated transistor 
designed for low-power, small-signal audio applications. 

CASE 29 
(TO-92) 

MAXIMUM RATINGS 

Cha racteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 
MPS2711, 
MPS2715, 

Total Device Dissipation @ T A = 25°C 

Total Device Dissipation @ TC = 60°C 

Operating Junction Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

12 
16 

8-281 

Symbol 

VCEO 

VCB 

VEB 

Ie 

P D 

P D 

TJ 

Tstg 

Symbol 

°JA 

Rating Unit 

18 Vdc 

18 Vdc 

5 Vdc 

mAdc 
100 
25 

310 mW 

210 mW 

135 °c 

-55 to +135 °e 

Rating Unit 

0.357 °e/w 

I 



--- Switching and General Purpose Transistors --

MPS2711, MPS2712, MPS2715, MPS2716 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICBO ~Adc 

(VCB " 18 Vdc, IE = 0) - 0.5 

(VCB = 18 VdclE = 0, TA = 100oC) - 1.5 

Emitter-Base Cutoff Current lEBO /lAde 

(VEB = 5 Vde, IC = 0) - 0.5 

DC Current Gain hFE -
(V CE = 4. 5 Vdc, IC = 2 mAde) MPS2711j15 30 90 

MPS2712j16 75 225 

Output Capacitance Cob pF 
(V CB = 10 V, IE "0, f = 1 MHz) MPS2711j12 - 4.0 

MPS2715!16 - 3.5 

Small Signal Current Gain hfe -
(V CE = 10 Vdc, IC = 2 mAde, f = 1 kHz) MPS2711j15 30 120 

MPS2712j16 80 200 
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-- Switching and General Purpose Transistors 

MPs2713 (SILICON) 

MPs2714 
VCE = 18 V 

Ic = 200 mAde 
Cob = 2.5 pF 

CASE 29 
(TO'92) 

N P N Silicon annular transistor, designed for gen
eral purpose low-level switching applications. Fea
tures one-piece, injection-molded plastic package 
for high reliability. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 18 Vdc 

Collector-Emitter Voltage VeE 18 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current 1c 200 mAdc 

'I'otalDevice Dissipation @ T A = 60°C PD 210 mW 

Total Device Dissipation @ T A = 25°C PD 310 mW 
Derate above 25°C 2.81 mW/oC 

Thermal ReSistance, Junction to Ambient BJA 0.357 °C/mW 

Junction Operating Temperature TJ 135 °c 

storage Temperature Range Tstg -55 to +135 °c 

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

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current leBO .Ade 
(Ves = 18'Vdc, IE '" 0) - - 0.5 

(VeB = 18 Vdc, IE '" 0; T A = lOOOC) - - 15 

Emitter Cutoff Current lEBO .Ade 
(VEB = 5 Vde, Ie = 0) - - 0.5 
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--- Switching and General Purpose Transistors ---

MPS2713, MPS2714 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTiCS 

DC Current Gain 
(Ie • 2 mAde. VCE • 4.5 Vde) MPS2713 

MPS2714 

Collector-Emitter Saturation Voltage 
(Ie '" 50 mAde. IS = 3 mAde) 

Base-Emitter Saturation Voltage 
(Ie '" 50 mAde, IS = 3 mAdr.) 

SMALL SIGNAL CHARACTERISTICS 

Small Signal Current Gain 
(Ie ::: 2 mAde, VeE = 4.5 Vdc, t = 1 kc) MPS2713 

MPS2714 

Current-Gain- Bandwidth Product 
(Ie '" 10 mAde, V CE = 10 Vdc, f = 100 me) 

Output Capacitance 
(Vea = 10 Vdc, IE = 0, f "" 100 kc) 

Input Impedance 
(Ie • 0.5 mAde, VeE'" 1 Vdc, f '" 1 kc) 

SWITCHING CHARACTERISTICS 

Delay Time 
I------i Ie = 10 rnA, ]Bl = 3 rnA, Vee = 10 V 

Rise Time 

storage Time 

Fall Time 

Ie = 10.rnA, IBI = 3 rnA, ]B2 = 1 mA, 

Vee"'" 10 v 

MPs271S (SILICON) 

MPs2716 

hFE 

VCE(sat) 

VBE(sat) 

h'e 

'T 

Cob 

,,_ 

Is 

30 60 

75 150 

- 0.16 

0.6 0;75 

30 -
80 -
- 250 

- 2.5 

- 3000 

12 

For Specifications, See MPS 2711 Data Sheet 
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-
90 

225 

Vde 
0.3 

Vde 
1.3 

-
120 

300 

me 
-

p' -
ohms 

-

nsee 



-- Switching and General Purpose Transistors ---

MPs2894 (SILICON) VCEO = 12V 
hFE =40 
tOFF =90 nsec 

CASE 29 
(TO-92) 

, PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica
tions. 

MAXIMUM RATINGS 

CharacteriSfic Symbol Rating Unit 

Collector-Base Voltage VCBO 12 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEBO 4 Vdc 

Total Device Dissipation PD Watt 
@ 25"C Ambient Temperature 0.3 
Derate above 25"C 3 mWrC 

Total Device Dissipation PD Watt 
@ 25"C Case Temperature 1.0 
Derate above 25°C 10 mW/"C 

Operating Junction Temperature TJ 125 "C 

storage Temperature Range Tstg -55 to +125 "C 

-2 V 
SWITCHING TIME TEST CIRCUIT 

~----------~Vout 

2K 

Ton; Vbb = +3, Vin = -7 V 

Toff ; Vbb = -4 V, Vin = +6 V 
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To Sampling Scope 

Rise Time < 1 ns 

Z_ - 100 K 
l.n 

I 



-- Switching and General Purpose Transistors --

MPS2894 (continued) 

ELECTRICAL CHARACTERISTICS erc = 25"C unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
V CB = -6 V, IE = 0 

VCB = -6 V, IE = 0, TA = 125°C 

Collector-Base Breakdown Voltage 
IC = 10 /lA, ~ = 0 

Collector-Emitter Sustaining Voltage' 
Ie = 10 rnA, IB = 0 

Emitter-Base Breakdown Voltage 
IE = 100 /lA, IC = 0 

Collector-Emitter Saturation Voltage 
Ie = 10 rnA, IB = 1. 0 rnA 

IC = 3? rnA, IB = 3.0 rnA 

IC = 100 rnA, Ia = 10 rnA 

Base.-Ernitter Saturation Voltage 
IC = 10 rnA, IB = 1.0 rnA 

IC = 30 rnA, IB = 3.0 rnA 

Ie = 100 rnA, IB = 10 rnA 

DC Pulse Current Gain. 
IC = 1 rnA, VCE '= 0.3 V 

IC = 10 rnA, V CE = O. 3 V 

Ie = 30 rnA, V CE = O. 5 V 

IC = 30 rnA, V CE = O. 5 V (_55°q 

IC =100rnA, VCE =1.0V 

High Frequency Current Gain (f = 100 rnc) 
VCE =10V, IC= 30 rnA 

Output Capacitance 
V CB = -5.0 V, ~ = 0, f = 140 kc 

Emitter Transition Capacitance 
VEB = -0.5 V, IC = 0, f = 140 kc 

Turn -On Time 
IC = 30 rnA, IB1 = 1.5 rnA 

Turn-Off Time 
Ie = 30 rnA, IB1 = IB2 = 1. 5 rnA 

• Pulse Conditions: Length = 300 /lsec 
Duty Cycle S 2% 

Symbol Min Typ 

ICBO 

BVCBO -12 

V CEO'(sust) -12 

BVEBO -4.0 

VCE(sat) 

-0.1 

VBE(sat) 
-0.78 

-0.85 

hFE • 
25 

30 

40 70 

17 

25 

hfe 4.0 

Cob 

CTE 

ton 23 

toff 34 
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Max 

.08 

-0.15 

-0.2 

-0.5 

-0.98 

-1.20 

-1. 7 

150 

6.0 

6.0 

60 

90 

Unit 

/lA 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

-

-

pf 

pf 

nsec 

nsee 



-- Switching and General Purpose Transistors ---

MPs2923 thru MPs2925 (SILICON) VeEo =25V 
Ie = 100 mA 
Po= 200 mW \\ 

CASE 29 
(10·92) 

NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium-speed, general-purpose ampli
fier and oscillator applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 25 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector de Current IC 100 mAde 

Total Device Dissipation PD 200 mW 
@ 25°C Ambient Temperature 
Derating Factor above 25°C 2.67 mWj"C 

Total Device Dissipation PD 120 mW 
@ 55°C Ambient Temperature 
Derating Factor above 25 °C 2.67 mWj"C 

Junction Temperature-Operating TJ 100 °c 

Storage Temperature Range Tstg -30 to +125 °c 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICBO /loA 
V CB = 25 V, IE = 0 - 0.5 

V CB = 25 V, ~ = 0, T A = 100°C - 15 /loA 

Emitter Cutoff Current ~BO - 0.5 /loA 
VEB = 5 V 

Small Signal Current Gain (f = 1 kc) hfe -
V CE = 10 V, IC = 2 rnA 

MPS2923 90 180 
MPS2924 150 300 
MPS2925 235 470 

Collector Capacitance Cob - 12 pI 
V CB = 10 V, IE = 0, I = 1 me 
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--- Switching and General Purpose Transistors 

MPs2926 (SILICON) 
MPS3721 

VCEO= laV 
Ic=lOOmA 
Po =3l0mW \\ 

NPN silicon epitaxial plastic encapsulated transistors 
designed for general-purpose applications. 

CASE 29 
(TO-92) 

MAXIMUM RATINGS 

Characteristics 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage . 
Collector Current 

Total Device DisSipation @ 25·C Ambient Temperature 

Total Device DisSipation @ 60·C Ambient Temperature 

Thermal Resistance, Junction to Ambient 

JUnction Temperature, Operating 

storage Temperature Range 

Symbol 
VCEO 

. VCB 

VEB 

IC 

P D 

P D 

9JA 

T.r 

Tsb< 

Ratings Unit 
18 Vdc 

18 Vdc 

5 Vdc 

100 mAdc 

310 mW 

210 mW 

0_357 ·C/mW 

135 ·C 

-55 to +135 ·C 

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

Characteristics Symbol Min Typ Max Unit 
Collector Cutoff Current ICBO /lA 

(VCB ~ 18 Vdc, IE ~ 0) - - 0.5 

(V CB ~ 18 Vdc, IE ~ 0, T A ~ 100·C) - - 15 

Emitter Cutoff Current lEBO jJ.A 
(VEB ~ 5 Vdc, IC ~ 0) - - 0.5 

Current Gain -. Bandwidth Product fT MHz 
(IC ~ 4 rnA, V CE ~ 5 V) MPS2926 - 300 -

Output Capacitance Cob pF 
(V CB ~ 10 V, IE " 0, f ~ 1 MHz) - - 3.5 

Small Signal Current Gain hfe -
(V CE ~ 10 V, IC " 2 rnA, f ~ 1 kHz) 

MPS2926 35 - 470 
MPS3721 60 - 660 

Each unit will be branded with the MPS2926 type and also. by color code to identify the different A-C beta 
categories. A-C beta is broken down into five groups, thougb it is not a requirement of the JEDEC regis
tration, and typical values of DC beta are listed for guidance only. 

hfe hFE 
MPS2926 (VeE = 10 V, le=2 rnA, f= 1 kcl (VeE = 4.5 V, le=2mAl 
Color Code 

Min Typ Max 

Brown 35 70 36 
Red 55 110 62 
Orange 90 180 115 
Yellow 150 300 155 
Green 235 470 215 
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-- Switching and General Purpose Transistors _._-

MPs3392 thru MPs3398 (SILICON) VCEO= 25V 
Ic= lOOmA 
Po =3l0mW 

NPN silicon annular plastic encapsulated transistors 
designed for small-signal, low-power audio applications. 

CASE 29 
(10-92) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA ; 250 C 

Total Device Dissipation @ TC ; 600 C 

Operating Junction Temperature Range 

storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Symbol 

VCEO 

VCB 

VEB 

IC 

P D 

PD 

TJ 

Tstg 

Symbol 

(lJA 

8-289 

Rating Unit 

25 Vdc 

25 Vdc 

5 Vdc 

100 mAdc 

310 mW 

210 mW 

135 °c 

-55 to +135 °c 

Rating Unit 

0.357 °C/mW 
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-- Switching and General Purpose Transistors --

MPS3392 thru MPS3398 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1 mAde, ~ = 0) 25 -

Collector Cutoff Current leBO -"Adc 
(V CB = 18 Vdc, ~ = 0) - 0.1 

Emitter Cutoff Current ~BO ,<lAde 
(VEB = 5 Vdc, IC = 0) - 0.1 

DC Current Gain hFE -
(VCE =4.5 Vdc, IC = 2 mAde) MPS3392 150 300 

MPS3393 90 180 
MPS3394 55 110 
MPS3395 150 500 
MPS3396 90 500 
MPS3397 55 500 
MPS3398 55 800 

Output Capacitance Cob pF 
(V CB = 10 V, ~ = 0, f = 1 MHz) - 3.5 

Small Signal Current Gain hfe -
(VCE =4.5V, IC =2mA, f= 1kHz) MPS3392 150 500 

MPS3393 90 400 
MPS3394 55 300 
MPS3395 150 800 
MPS3396 90 800 
MPS3397 55 800 
MPS3398 55 1250 
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-- Switching and General Purpose Transistors --

MPs3638 (SILICON) 
MPS3638A 

VCE = 25 V 
Ic = 500 mA 
ton = 75 ns 
toff = 175 ns 

CA"\ PNP silicon epitaxial transistor designed for high
current digital applications. Features one-piece, in
jection-molded plastic package for high reliability. 

(10·92) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ TA = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

FIGURE 1 

looon 

V =_9V~ in 

50n 

1.0 
170n 

PW = 500 ns 

tr = tf < 6.0 ns 
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Symbol Rating 

VCEO 25 

VCES 25 

VCB 25 

VEB 4 

IC 500 

PD 310 

2.81 

T J' Tstg -55 to +135 

Symbol Max 

°JA 0.357 

Vee = -10 V 

30n 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW;oC 

°c 

Unit 

°C/mW 

To Sampling Scope 

Rise Time < I ns 

Zin ~ lOOK 

I 
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--- Switching and General Purpose Transistors 

MPS3638, MPS3638A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* BVCEO 
(Ie = 10 mAde, IS := 0) 25 

Collector-Emitter Breakdown Voltage BVCES 
(Ie:= 100 !lAde, VBE " 0) 25 

Collector-Base Breakdown Voltag:e BVCBO 
(Ie = 100 p.Ade, IE '" 0) 25 

Emitter-Base Breakdown Voltage BVEBO 
(IE " 100,u:Adc, Ie = 0) 

Collector Reverse Current ICES 
(VeE = 15 Vdc, VBE '" 0) 

(V CE = 1,5 Vdc, VBE = 0, T A'" -t65 ftc) 

Base Current IB 
(VeE'" 15 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain· hFE* 
(Ie :: I mAde, V CE = 10 Vdc) MPS3638A 80 

(Ie :: 10 mAde, V CE " 10 Vdc) MPS3638 20 
MPS3638A 100 

(Ie " 50 mAde, VeE'" 1 Vdc) MPS3638 30 
MPS3638A 100 

(Ie = 300 mAde; VeE = 2 Vdc) MPS3638 20 
MPS3638A 20 

Collector-Emitter Saturation Voltage· VCE(sat)* 
(IC '" 50 mAde, IB '" 2. 5 mAde) 

(Ic", 300 mAdc, IB '" 30 mAde) 

Base-Emitter Saturation Voltage. V • 
(IC'" 50 mAdc, IB '" 2. 5 mAde) BE(sat) 

(IC '" 300 mAdc, IB'" 30 mAde) 0.80 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T 
(VCE ,,3 Vdc, IC'" 50 mAdc, f:= 100 MHz) MPS3638 100 

MPS3638A 150 

Output Capacitance Cob 
(V CB :: 10 Vdc, IE '" 0, f '" 140 KHz) MPS3638 

MPS3638A 

Input Capacitance e ib 
(V BE '" O. 5 Vdc, IC:::: 0, f:::: 140 KHz) MPS3638 

MPS3638A 

Small-Signal Current Gain 
hf' (IC'" 10 mAdc, VCE '" 10 Vdc, r:= 1.0 kHz) MPS3638 25 

MPS3638A 100 
Output Conductance ho, 

(IC = 10 mAdc, VeE'" 10 Vde, r", 1. 0 kHz) 

Input Resistance 
\e (IC" 10 mAdc, VCE '" 10 Vdc, f::: 1. 0 kHz) MPS3638 

MPS3638A 

Voltage Feedback Ratio hre 
(Ie:= 10 mAdc, VCE := 10 Vdc, f", 1.0 kHz) MPS3638 

MPS3638A 

SWITCHING CHARACTERISTICS 

Delay Time V CC := 10 Vde, IC '" 300 mAde, td 

Rise Time lSI'" 30 mAde. VBE(off):= 3.1 Vdc tr 

Storage Time V CC '" 10 Vdc, IC:= 300 mAde, t s 

Fall Time lSI:: 30 mAde·, IB2 '" 30 mAde tf 

Turn-On Time Ie '" 300 mAde, lEI := 30 mAde t on 

Turn-Off Time Ie"'" 300 mAde,- lSi'" 30 mAde. IB2 "" 30 mAde torr 

*Pulse Test: Pulse Width:= 300 Jl.S; Duty Cycle:: 1% 
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Max Unit 

Vdo 

Vdo 

Vdo 

Vdo 

j,lAdc 
0.035 

fiAdc 
0.035 

Vdo 
0.25 

1.0 

Vdo 
I.I 

2.0 

MHz 

pF 
20 
10 

pF 
65 
25 

180 

mmh.os 
1.2 

Ohms 
1500 
2000 

Xl0- 4 

26 
15 

20 

70 

140 

70 

75 

170 



-- Switching and General Purpose Transistors 

MPs3639 (SILICON) 
VCEO =6V 
Ic=BO rnA 
ts = 20 nsec 

~E2\ PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica
tions. 

(TO-92) 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

D.C_ Collector Current IC 80 mAdc 

Collector- Base Voltage VCBO -6 Vdc 

Collector-Emitter Voltage VCE -6 Vdc 

Emitter-Base Voltage VEBO -4 Vdc 

Total Device Dissipation PD 0.2 Watts 
@ 25° Ambient Temperature 

De rate above 25° C 2.0 mWrC 

Total Device Dissipation PD 0.5 Watts 
11! 25° C Case Temperature 

Derate above 25°C 5.0 mW/oC 

Operating Junction Temperature TJ 125 °c 

Storage Temperature Range Tstg -55 to +125 °c 

SWITCHING TIME TEST CIRCUITS 

0.1 

Vin11l1 

51 

pULSE SOURCE 
Rise time ~ 1 osee 
PW~100 nsee 
Z. ; 50n 

m 
Fall time < 1 nsee 

V ; 
cc 
-6 

Vout 
To sampling scope 

Input Z ~100 K 
. Rise time ~ 1 osee 

NOTES: (1) Collector Current; 50 rnA 

(2) Turn-On and Turn-Oil Base 
Currents = 5 rnA 
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PULSE SOURCE 
Rise time s 1 osee 
PW", 200 nsec 
Zin ; 50n 

Fall time d sec 

0.1 

V ; 
cc 

-5 V 

130 

Vout 
To sampling scope 

Input Z ~ 100 K 
Rise time,; 1 osee 

NOTES: (1) Collector Current; 10 rnA 
(2) Turn-On and Turn-OIl Base 

Currents; 0_ 5 rnA 

I 



--- Switching and General Purpose Transistors 

MPS3639 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICES /lA 
V CE " 3 V, V EB " 0 - .01 

VCE "3V, VEB"O, TA " +65"C - 1 

Base Current IB - 10 nA 
VCE "3V, VEB"O 

Collector-Emitter Breakdown Voltage BVCES 6 - V 
IC " 100 /lA, V BE " 0 

Collector- Base Breakdown Voltage BVCBO 6 - V 
IC " 100 /lA, IE" 0 

Emitter-Base Breakdown Voltage BVEBO 4 - V 
IE " 100 /lA, IC" 0 

Collector-Emitter Sustaining Voltage V CEO(sus) 6 - V 
IB" 0, IC" 10 rnA, P. W. " 300 /lsec 

D.C. "1% 

Collector-Emitter Saturation Voltage V CE(sat) 
IC " 10 rnA, IB " 1 rnA - 0.16 V 

IC " 50 rnA, IB" 5 rnA, P. W. " 300 /lsec 

D.C. "1% - 0.5 
IC'" 10 rnA, IB" 1 rnA - 0.23 

Base- Emitter Saturation Voltage VBE(sat) V 
IC" 10 rnA, IB" 0.5 rnA 0.75 0.95 

IC" 10 rnA" IB " 1 rnA 0.8 1 

IC" 50 rnA, IB" 5 rnA, P.W. " 300 /lsec, 

D.C. "1% - 1.5 

Forward Current Transfer Ratio hFE -
V CE" 0.3 V, IC" 10,mA, p, W. " 300 /lsec, 

D.C. "1% 30 120 
V CE" 1. 0 V, IC" 50 rnA, P,W. " 300 /lsec, 

D.C. "1% 20 -
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-- Switching and General Purpose Transistors 

MPS3639 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Small-Signal Current Transfer Ratio hfe -
V CE 0 5 V, IC 0 10 rnA, f 0 100 me 5 -

V CB 0 0, IC 0 10 rnA, j 0 100 me 3 -

Output Capacitance Cob - 3.5 pf 
IE 0 0, VeB 0 5 V, f 0 140 ke 

Input Capacitance e ib - 3.5 pf 
V EB 0 0.5 V, IC 0 0, f 0 140 ke 

Delay Time td - 10 nsee 
Vee" 6 V, IC 0 50 rnA, IBI 0 5 rnA 

V OB 0 1. 9 V 

Rise Time t - 30 osee 
Vee 0 6 V, Ie 0 50 rnA, IBlo 5 rnA, 

r 

V OB 0 1. 9 V 
I 

Storage Time t - 20 nsee 
V ce 0 6 V, Ie 0 50 rnA, IBI 0 IB2 0 5 rnA 

s 

Fall Time tf - 12 usee 
Vee 0 6 V, Ie 0 50 rnA, IBI 0 IB2 0 5 rnA 

Turn-On Time t nsee 
Ie 0 50 rnA, IBlo 5 rnA, V OB 0 1. 9 V 

on - 25 

Ie 0 10 rnA, IBI 0 0.5 rnA - 60 

Turn-Off Time toff nsee 
Ie 0 50 rnA, V OB 0 1. 9 V, IBI 0 IB2 0 5 rnA 

- 25 
Ie 0 10 rnA, IB 1 0 IB2 0 O. 5 rnA - 60 
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-- Switching and General Purpose Transistors 

MPs3640 (SILICON) VCEO = 12V 
Ic= SOmA 
ts = 20 nsec 

\ PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica
tions. 

CASE 29 
(TO·92' 

MAXIMUM RATINGS 

Characterlst!c 

D.C. Collector Current 

Collector-Base Voltage 

Collector- Emitter Voltage 

Emitter-Base Voltage 

Total Device DisSipation 
@ 25°C Ambient Temperature 

Derate above 25 °c 

Total Device DisSipation 
@ 25 Q Case Temperature 

Derate above 25 ° C 

Operating Junction Temperature 

Storage Temperature Range 

Symbol Rating 

IC 80 

VCBO 12 

VCEO 12 

VEBO 4 

PD 0.2 

2.0 

PD 0.5 

5.0 

TJ 125 

Tstg -55 to +125 

ELECTRICAL CHARACTERISTICS (At 2S"C unless otherwise noted) 

Characteristic Symbol Min 

Collector Cuto[( Current ICES 
VCE =6V, VEB=O -
VCE =6V, VEB=O, TA=+65°C -

Base Current IB -
V CE = 6 V, V EB = 0 

Collector-Emitter Breakdown Voltage BVCES 12 
IC = 100 J.1-A, V BE ~ 0 

Collector-Base Breakdown Voltage BVCBO 12 
IC = 100 /l-A, IE = 0 

Emitter-Base Breakdown Voltage BVEBO 4 
IE = 100 J.1-A, IC = 0 

Collector-Emitter Sustaining Voltage V CEO(sus) 12 
IB = 0, IC = 10 mA, P. W. = 300 J.1-sec, 

D.C. =1% 
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Unit 

mAdc 

Vdc 

Vdc 

Vdc 

Watts 

mW/"C 

Watts 

mW/"C 

°c 

°c 

Max Unit 

/l-A 
.01 

1 

10 nA 

- V 

- V 

- V 

- V 



--- Switching and General Purpose Transistors ---

MPS3640 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage V CE(sat) V 
IC ; 10 rnA, IB ; 1 rnA - 0.2 

IC ; 50 rnA, IB ; 5 rnA, P.W. = 300 J,lsec, 

D.C. ; 1% - 0.6 

IC ; 10 rnA, IB ; 1 rnA, TA ; +65"C 

Base-Emitter Saturation Voltage VBE(sat) V 
IC ; 10 rnA, IB ; o. 5 rnA 0.75 0.95 

IC ; 10 rnA, IB~ 1 rnA 0.8 1 

IC ; 50 rnA, IB ; 5 rnA, P. W. ; 300 J1.sec, 

D.C. d% - 1.5 

Forward Current Transfer Ratio hFE -
VCE ;0.3V, IC ;·10 rnA, P.W. ; 300J1.sec, 

D.C. d% 30 120 

VCE ;1.0V, IC; 50 rnA, P. W.; 300 J1.sec, 

D.C. d% 20 -
Small-Signal Current Transfer Ratio hIe -

V CE ; 5 V, IC " 10 rnA, I ; 100 mc 5 -
V CB ; 0, IC ; 10 rnA, I ; 100 mc 3 - I 

Output Capacitiance Cob pI 
IE ; 0, V CB ; 5 V, I ; 140 kc - 3.5 

Input Capacitance Cib pI 
VEB ; 0, 5 V, IC ; 0, I ; 140 kc - 3.5 

Delay Time td - 10 nsee 
VCC; 6 V, IC; 50 rnA, IBI ; 5 rnA, 

VOB ; 1.9 V 

Rise Time tr - 30 nsee 
VCC; 6 V, IC; 50 rnA, IBI ; 5 rnA, 

VOB ;1.9V 

storage Time t s - 20 nsee 
VCC = 6 V, IC; 50 rnA, IBI ; IB2 ; 5 rnA 

Fall Time tf - 12 nsee 
VCC = 6 V, IC; 50 rnA, IBI ; ~2 = 5 rnA 

Turn-On Time t nsee 
IC = 50 rnA, IBI = 5 rnA, V OB = 1. 9 V 

on - 25 

IC = 10 rnA, IBI = 0.5 rnA - 60 

Turn -Off Tim e tofl nsee 
IC = 50 rnA, V OB = 1. 9 V, IBI = IB2 ; 5 rnA - 35 

IC = 10 rnA, IBI = IB2 = O. 5 rnA - 75 
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--- Switching and General Purpose Transistors 

MPs3646 (SILICON) VeES = 40V 
Ie = 200mA 

CASE\ 
(TO-92) 

N P N silicon annular -transistor designed for high
speed saturated switching applications. Features 
one - piece, injection - molded plastic package for 
high reliability. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
Applicable 0.01-200 rnA 

Emitter-Base Voltage 

DC Collector Current 

Collector Current (10 jisec pulse) 

Total Device Dissipation @ T A = 25° C 
Derate above 25°C 

Total Device DisSipation @ TC = 25°C 
Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

fiGURE 1 - to. and tolf TEST CIRCUIT 

OJ! 

JL6V 
Pulse Width 2 240 nsec 
1',.,4< l.Onsec 
l;.~ 50 

V .. =-3.0V 

IK!! 

120!! 

OJ 

son 

Vcc=+10Y 

To Sampling Scope 
Rise Time < 1.0 nsec 
I,pull-IOOK!! 

Symbol Rating Unit 

VCB 40 Vdc 

VCES 40 Vdc 

VCEO 15 Vdc 

VEB 5.0 Vdc 

IC 200 rnA 

IC 500 rnA 

Po 200 mW 
2.0 mW/oC 

Po 500 mW 
5.0 mW/oC 

TJ 125 °c 

Tstlt -55 to +125 °c 

fiGURE 2 - CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

0=s=L v;. 
-10--- I 

Pulse Generator 
Vin Rise Time < losec 
Source Impedance = 50 D 
PW~'300nsec 
Duty Cycle < 2% "A" 

V;. 

56!! 

+ 
IlV 
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+6V 
o 

-4 v-t'-"~===:::;::= 

To Sampling Oscilloscope 
l;.-IIlOK!! 
RiseTime~ 1 osee 

91 !! 

+ 
10V 



--- Switching and General Purpose Transistors 

MPS3646 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise specified.) 

Characteristic Conditions Symbol Min Max Unit 
Collector-Base Breakdown Voltage Ie ;:; 100 pAde, IE = 0 BVCBO 40 - Vde 

Collector-Emitter Breakdown Voltage Ie ;:; 100 p.Adc. VSE = 0 BVCES 40 - Vde 

Collector-Emitter Sustaining Voltage* Ie = 10 mAde V CEOlsus) 15 - Vde 

Emitter-Base Breakdown Voltage IE = 100 ",Adc, IC = 0 BVEBO 5.0 - Vde 

Collector-Emitter Saturation Voltage· Ie :0 30 mAde, IS = 3.0 mAde V CEIsat) - 0.2 Vde 

Ie = 30 mAde, IS = 3,0 mAde, T A ;= +65 C - 0.3 

Ie ;:; 100 mAde, IB = 10 mAde - 0.28 

Ie ;:; 300 mAde, IS = 30 mAde - 0.5 

Base-Emitter Saturation Voltage· Ie ;:; 30 mAde, IS = 3,0 mAde VSE(sat) 0.75 0.95 Vde 

Ie = 100 mAde, IB = 10 mAde - 1.2 

I" = 300 mAde, IR = 30 mAde - 1.7 

DC Current Gain. Ie;:; 30 mAde, VeE = 0.4 Vdc hFE 
. 30 120 -

Ie = 100 mAde, V CE = 0, 5 Vdc 25 -
Ie = 300 mAde, VeE = 1.0 Vdc 15 -

Collector Reve?se Current V CE = 20 Vdc. VEB = 0 ICES - 0.5 ,:.lAde 

VCE = 20 Vdc, V EB = 0, T A = +65' e - 3.0 

Base Current V CE = 20 Vde, VEB = 0 IB - 0.5 ",Adr 

Output Capacitance V CB ~ 5.0 V, IE = 0, 1=140ke Cob - 5.0 pI 

Input Capacitance V EB = O. 5 V, Ie = 0, ( ,: 140 kc Cib - 8.0 pI 

Small-Signal Current Gain IC = 30 rnA, V CE ::; 10 V, f = 100 me hIe 3.5 - -
Turn-On Delay Time (Figure 1) Vee = +10 V, ICS 300 rnA, 181 30 rnA, Id - 10 nsee 

V BEloff) = -3.0 V 

Rise Time (Fibrure I) Vec = +10 V, ICS 300 rnA, IBI 30 rnA, t -r 
15 nsee 

V BElolf) = -3.0 V 

Turn-On Time (Figure 1) IC 300 rnA, IBI 30 rnA, VBEloffl -3.0 V t -on 
18 nsee 

Storage Time (Figure 1) Vee = +10 V, ICS 300 rnA, IBI 30 rnA, t -s 
20 nsee 

IB2 -30 rnA 

Fall Time (Figure 1) Vee = +10 V, les 300 rnA, lSI 30 rnA, 'I - 15 nsee 

IB2 -30 rnA 

Turn-Of! Time (Figure 1) IC 300 rnA, IBI 30 rnA, IB2 -30 rnA toff - 28 nsee 

Charge Storage Time Constant (Figure 2) IC 10 rnA, IBI 10 rnA, IB2 -10 rnA TS - 18 nsee 

*Pulse Conditions: PW ~ 300 sec: Duty Cycle ,,£1% 
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-- Switching and General Purpose Transistors --

MPs3707 (SILICON) 

MPs3708 
MPs3709 
MPs3710 
MPs3711 

VeEO= 30V 
Ie = 30 mAde 

\ 
CASE 29 

(TO-92l 

NPN silicon epitaxial plastic encapsulated transistor 
designed for general-purpose low-level amplifier ap
plications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector -Base Voltage VCB 30 Vdc 

Emitter-Base Voltage VEB 6 Vdc 

Collector Current IC 30 mAdc 

Total Device Dissipation @ T A = 250 C P D 310 mW 

Total Device Dissipation @ TC = 600 C P D 210 mW 

Operating Junction Temperature Range TJ 135 °c 

storage Temperature Range Tstg -55 to +135 °c 

THERMAL CHARACTERISTICS 

Characteristic, Symbol Rating Unit 

Thermal Resistance, Junction to Ambient fiJA 0_357 °C/W 
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--- Switching and General Purpose Transistors ---

MPS3707, MPS3708, MPS3709, MPS3710, MPS3711 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1 mAde, IB = 0) 30 -

Collector Cutoff Current I CBO nAdc 
(VCB = 20 Vde, ~ = 0) - 100 

Emitter Cutoff Current ~BO nAdc 
(VEB = 6 Vde, IC = 0) - 100 

DC Current Gain hFE -
(IC = 100 /lAde, V CE = 5 Vde) MPS3707 100 400 

(IC = 1 mAde, V CE = 5 Vde) MPS3708 45 660 
MPS3709 45 165 
MPS3710 90 330 
MPS3711 180 660 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 0.5 mAde) - 1.0 

Base-Emitter Voltage VBE Vde 
(Ic = 1 mAde, V CE= 5 Vde) 0.5 1.0 

Small Signal Current Gain hFE -
(IC = 100 /lAde, V CE = 5 Vde, f = 1kHz) MPS3707 100 550 

(IC = 1 mAde, VCE = 5 Vdc, f = 1 kHz) Ml;'S3708 45 800 
MPS3709 45 250 
MPS3710 90 450 
MPS3711 180 800 

Noise Figure NF dB 
(V CE = 5 V, IC = 100 /lA, MPS3707 - 5 

RG = 5 kn, Noise Bandwidth = 15.7 kHz) 

Note 1 

Note 1 Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 Hz. 

MPs3721 (SILICON) 

For Specifications, See MPS2926 Data Sheet 
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-- Switching and General Purpose Transistors --

MPs6512 thru MPs65 1 oS (SILICON) 
MPS6520 
MPS6521 

V CEO = 25·30 V 
Ic= 100 rnA 
Po =310rnW 

CASE'. , 

NPN silicon transistors designed for use in general 
purpose audio and low-frequency amplifier applications. 
Types MPS6520 and MPS6521 are particularly suited 
for low-noise applications. 

(TO·92) 

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

MPS6514 

Characteristic Symbol MPS6512 MPS6515 Unit MPS6513 MPS6520 
MPS6521 

Collector-Base Voltage VCB 40 40 Volts 

Collector-Emitter Voltage VCEO 30 25 Volts 

Emitter-Base Voltage VEB 4 Volts 

Collector Current IC 100 rnA 

Total Device Dissipation @ T A = 60°C P D 210 mW 

@TA =25°C 310 

Junction Temperature T.T 135 °c 

THERMAL RESISTANCE liJA(.;'1 = O.357°C/mW 
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-- Switching and General Purpose Transistors 

MPS6512 thru MPS6515, MPS6520, MPS6521 (continued) 

ELECTRICAL CHARACTERISTICS eTA = 25·C unless otherwise noted) 

~ 
!!5 
Ii! 

i 
II! 

Characteristic Symbol Min Typ Max Unit 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(Ie'" 0, 5 mAde, Is '" 0) MPS6512, MPS6513 30 - -
MPS6514, MPS6515 25 - -
MPS6520, MPS6521 25 - -

Emitter-Sase Breakdown Voltage BYEBO Vdc 
(Is = 10 /-LAde, Ie = 0) 4 - -

Collector Cutoff Current ICBO /lAde 
(Ves = 30 Vdc, IE = 0) - - 0.05 

(Ves = 30 Vdc, IE = 0, TA = 60~C) - - 1.0 

DC Current Gain hFE -
(Ie = 100 JlAdc, V CE = 10 Vdc) MPS652D 100 - -

MPS6521 150 - -
(Ie = 2 mAde, V CE = 10 Vdc) MPS6512 50 - 100 

MPS6513 90 - 180 
MPS6514 150 - 300 
MPS6515 250 - 500 
MPS6520 200 - 400 
MPS6521 300 - 600 

(Ie = ]00 mAde, V CE = 10 Vdc)* MPS6512 30 - -
MPS6513 60 - -
MPS6514 90 - -
MPSG515 150 - -

Collector-Emitter Saturation Voltage 
VCE(sat) Vdc 

(Ie = 50 mAde, 18 = 5 mAde) - - 0.5 

Output Capacitance Cob pi 
(Ve8 = 10 Vdc, IE = 0, f =: 100 kc) - - 3.5 

Current Gain - Bandwidth Product [T mc 
(Ie'" 2 mAde, V CE '" 10 Vde) MPS6512, MPS6513 - 250 -

MPS6514, MPS6515 - 390 -
MPS6520, MPS6521 - 390 -

(IC '" 10 mAde, V CE = 10 Vde) MPS6512, MPS6513 - 330 -
MPS6514, MPS6515. - 480 -
MPS6520, MPS6521 - 480 -

Wideband Noise Figure NF db 
(V CE '" 5 Vdc, Ie = 10 /.LAde, RG'" 10 k ohms, 

Power Bandwidth = 15.7 kc, 3 db points @ 

10 cps and 10 kc) MPS6520, MPS6521 - 1.8 3.0 

·Pulse Test: PW ~ 30 Ilsec, duty cycle ~ 2% 

WIDEBAND NOISE FIGURE versus SOURCE IMPEDANCE 

FIGURE 1 - MPS6512 thru MPS6515 
20 

II -3~POINTS,IOdps.101~ I 

16 II EQUIVAlENT IWIDWIOTH, IS.7 I<c 
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-- Switching and General Purpose Transistors -

MPS6512 thru MPS6515, MPS 6520, MPS 6521(continued) 

COLLECTOR CHARACTERISTICS - COMMON EMITTER 

FIGURE 3 - MPS6512 
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-- Switching and General Purpose Transistors --

MPS6512 thru MPS6515, MPS6520, MPS6521 (continued) 

h PARAMETER VARIATIONS 
(f= 1 kc, TA = 2S0C) 

FIGURE 9 - INPUT IMPEDANCE versus 
COLLECTOR CURRENT 

FIGURE 10 - REVERSE VOLTAGE TRANSFER 
RATID versus COLLECTOR CURRENT 
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-- Switching and General Purpose Transistors --

MPs6516 thru MPs6519 (SILICON) 
MPS6522 
MPS6523 

VCEO = 40V 
fr = 200 to 420 MHz 
NF = 3.0 dB 

CASE2' 
PNP silicon transistors designed for use in general 

purpose audio and low-frequency amplifier applications. 
Types MPS6522 and MPS6523 are particularly suited 
for low-noise applications. 

(TO-92) 

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

MPS6516 MPS6519 
Characteristic Symbol MPS6517 MPS6522 Unit 

MPS6518 MPS6523 
Collector- Emitter Voltage VCEO 40 25 Volts 

Collector-Base Voltage VCB 40 25 Volts 

Emitter Base Voltage VEB 4 Volts 

Collector Current IC 100 mA 

Total Device Dissipation @ T A ~ 60·C Po 210 mW 

@TA =25·C 310 

Junction Temperature T.J 135 ·C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal ReSistance, Junctionto Ambient 8JA 0.357 ·C/mW 
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--- Switching and General Purpose Transistors 

MPS6516 thru MPS6519, MPS6522, MPS6523 (continued) 

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

1ii 
:s 

is 
'" ::l 
lil 
:i 

Characteristic Symbol Min Typ Max Unit 

Collector- Emitter Breakdown Voltage MPS65t6 thru MPS6518 BYCEO -40 Vd, 
(Ie = -0.5 mAde, 18 -= 0) MI'S6519, MPS6522. MPS6523 -25 

Emitter-Base Breakdown Voltage BVEBO Vd, 
(IS = -10 jJ.Adc, Ie -= 0) -4 

Collector Cutoff Current leBO /lAde 
(V CB -= -30 Vdc, IE =: 0) MPS65t6 t~ur MPS6518 -0,05 

(V CB =: -20 Vdc, IE " 0) MPS6519, MPS6522, MPS6523 -0,05 

(V CB " -30 Vdc, IE ,,0, T A '" 60°C) MPS6516 thru MPS 6518 -1.0 

(YCB =-20Vdc, IE=O, TA =60"C) MPS$519, ldPS6522, MPS6523 -I,D 

DC Current Gain hFE 
(Ie" -100 /lAde, VeE" -10 Vdc) MPS6522 100 

MPS6523 150 

(Ie"" -2 mAde, VeE" -10 Vdc) MPS6516 50 100 
1.11'56517 90 180 
MPS651B 150 300 
MPs6519 250 500 
MPS6522 200 400 
MPS6523 300 600 

(Ie =- -100 mAde, VeE'" -10 Vdc) MPS6516 30 
MPS65L7 60 
MPS8518 90 
MPS6519 150 

Collector-Emitter Saturation Voltage VCE(sat) Vd, 
(IC = -50 mAde, IS'" -5 mAde) -0.5 

Current Gain - Bandwidth Product 'T MHz 
(IC = -2 mAde, V CE = -10 Vdc) MPS65L6, MPS6517 200 

MPS65L8, MPS6519 340 
MPS6522, MPS6523 340 

(IC =: -LO mAde, VCE = -LO Vde) MPS6516, MPS65L7 270 
MPS6518, MPS65L9 420 
MPS6522, MPS6523 420 

Output Capacitance Cob pF 
(Vcs = -10 Vdc, IE = 0, f = 100 kHz) MPS6516 thru MPS6519 4.0 

MPS6522, MPS6523 4.0 

Wideband Noise Figure NF dB 
(V CE = -5 Vdc, IC = -10 /lAdc, RS = 10 kohms. MPS6522, MPS6523 1.8 3.0 

Power Bandwidth = 15.7 kHz, 3 dB paints @ 10 Hz and 10 kHz) 

·Pulsc Test: Pulse Width ~ 30 IlS, duty cycle ~ 2% 

WIDEBAND NOISE FIGURE versus SOURCE IMPEDANCE 
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-- Switching and General Purpose Transistors --

MPS6516 thru MPS6519, MPS6522, MPS6523 (continued) 

COLLECTOR CHARACTERISTICS - COMMON EMITTER 

FIGURE 3 - MPS6516 
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--- Switching and General Purpose Transistors ---

MPS6516 thru MPS6519, MPS6522, MPS6523 (continued) 

h PARAMETER VARIATIONS 
(f = 1 kHz, TA = 2S"C) 
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-- Switching and General Purpose Transistors --

MPs6530 
MPs6531 
MPs6S32 
MPs6533 
MPs6534 
MPs6535 

I NPN (SILICON) 

I PNP 

V CEO = 30-40 V 
Ic = 600 mA 
PD = 310 mW 

\ Silicon annular transistors designed for use in com
plementary amplifier circuits. 

CASE 29 
(TO-92) 

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

Characteristic Symbol 

Collector-Base Voltage VCB 
MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 
MPS6535 

Collector-Emitter Voltage VCEO 
MPS6530, MPS6531 
MPS6532 

MPS6533, MPS6534 
MPS6535 

Emitter-Base Voltage VEB 

Collector Current Ie 

Total Device Dissipation @ T A = 60· e P D 

@ T A = 25·C 

Thermal Resistance, Junction to Ambient 8JA 

Junction Temperature T J 

8-310 

NPN PNP Unit 

Vdc 

60 
50 

40 
30 

Vdc 

40 
30 

40 
30 

5 4 Vdc 

600 600 mAdc 

210 210 mW 

310 310 

0_357 0_357 ·C/mW 

135 135 ·C 



-- Switching and General Purpose Transistors 

MPS6530 thru MPS6535 (continued) 

MPS6530 thru MPS6532 (NPN) 

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

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage MPS6530, MPS6531 BVCBO 60 - Vdc 
(Ie .. 10 JlAdc, IE .. 0) MPS6532 50 

Collector-Emitter Breakdown Voltage MPS6530, MPSS531 BVCEO 40 - Vdc 
(Ie"" 10 mAde, IS = 0) MPS6532 30 - -

Emitter-Base Breakdown Voltage 
(In" 10 ",Adc, Ie "" 0) 

All Types BVEBO 5 - - Vdc 

Collector Cutoff Current leBO J.LAdc 

~~g~ ~ ~g ~~~: ~~ : g~ MPS6530, MPS6531 - 0.05 
MPS6532 - - 0.1 

~~g: : ~g ~~~: ~~ ~ g: ~! : ~g: g~ MPS6530, MPS6531 - 2,0 
MPS6532 - 5.0 

DC Current Gain hFE -
(Ie" 10 mAde, V CE ::; 1 Vdc) MPS6530 30 75 -

MPS6531 60 120 -
(Ie = 100 mAde, V CE = 1 Vdc) MPS653D 40 85 120 

MPS6531 90 150 270 
MPS6532 30 

(Ie = 500 mAde, V CE '" 10 Vdc) MPS6530 25 60 
MPS6531 50 80 

Collector-Emitter Saturation Voltage MPS6530, MPS6532 VCE(sat) - 0.2 0.5 Vdc 
(IC = 100 mAde, IB = 10 mAde) MPS6531 - 0.13 0.3 

Base-Emitter Saturation Voltage MPS6530, MPS6531 VBElsat) - - 0.82 1.0 Vdc 
(IC = 100 mAde, IB '" 10 mAde) MPS6532 - 0.85 1.2 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 ke) 

All Types Cob - 3.5 5.0 pf 

Current-Gain-Bandwidth Product 
(IC = 50 mAde, V CE = 10 Vde) 

All Types fT - 390 mc I 
MPS6533 thru MPS6535 (PNP) 

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

Characteristic Symbol Min Typ Max Unit 

Collector - Base Breakdown Voltage MPS6533, MPS6534 BVCBO 40 - - Vde 
(IC = 10 .Adc, IE = 0) MPS6535 30 -

Collector-Emitter Breakdown Voltage MPS6533, MPS6534 BVCEO 40 - Vdc 
(Ie = 10 mAde, IB '" 0) MPS6535 30 -

Emitter-Base Breakdown Voltage All Types BVEBO 4 - Vdc 
(IB = LO ~Ade, Ie '" 0) 

Collector Cutoff Current [CBO ~Adc 

~~g: ~ ~g ~~~; f~ ~ g~ MPS6533, MPS6534 - - 0.05 
MPS6535 - 0.1 

(V = 30 Vdc I = 0 T = 60'Cl MPS6533, MPS6534 - - 2.0 
(VCB = 20 Vde' IE = 0' TA = 60·C MPS6535 - 5.0 CB 'E' A 

DC Current Gain hFE 
(IC = 10 mAde, VCE = 1 Vde) MPS6533 30 70 

MPS6534 60 110 -
(IC '" 100 mAdc, VCE = 1 Vde) MPS6533 40 85 120 

MPS6534 90 140 270 
MPS6535 30 -

(Ie'" 500 mAde, V CE = 10 Vde) MPS6533 25 55 
MPS6534 50 70 

Collector-Emitter Saturation Voltage MPS6533, MPS6535 VCE(sat) - 0.2 0.5 Vdc 
(lC = 100 mAde, [B = 10 mAde) MPS6534 - 0.13 0.3 

Base-Emitter Saturation Voltage MPS6533, MPS6534 VBElsat) - 0.84 1.0 Vdc 
(lC '" 100 mAde, IB '" 10 mAdc) MPS6535 0.87 1.2 

Output Capacitance All Types Cob - 4.8 6.0 pf 
(VCB = 10 Vdc, IE'" 0, f = 100 ke) 

Current-Gain-Bandwidth Product All Types fT - 260 - me 
(IC = 50 mAde, V CE = 10 Vdc) 
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-- Switching and General Purpose Transistors -

ADDITIONS AND MODIFICATIONS 
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-- Switching and Genera/Purpose Transistors -

ADDITIONS AND MODIFICATIONS 
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-- Switching and General Purpose Transistors -

ADDITIONS AND MODIFICATIONS 

8-314 



Rf iRANS~STORS 
I 

9-1 



-- RF Transistors ---
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-- RF Transistors--

RF TRANSISTORS 

Transistors in this section are designed specifically for RF applica
tions in VHF/UHF receivers and transmitters. Both silicon and germanium 
devices are included, and the accompanying selection guides permit a rapid 
pin-pointing of devices for specific circuit functions. 

The following table lists a number of semiconductor devices that comply with the terms of military 
specifications, the applicable military specifications and the appropriate page in the data sections of 
this manual. For additional information, military-type data sheets are available. 

USA 2N700A 
JAN 2N918 
USN 2N1142 
USN 2N1195 
JAN 2N2273 

MIL-S-19500/123 
MIL-S-19500/301 
MIL-S-19500/87 
MIL-S-19500/71C 
MIL-S-19500/244B 

For case outline dimensions, see page 1-186. 

9-3 

9-9 
9-15 
9-16 
9-16 
9-24 

I 



I -- RF Transistors--

RF TRANSISTOR SELECTOR GUIDE 

These tables and graphs are intended to permit rapid comparison and se
lection of transistors for transmitter and receiver designs. The devices in
cluded are suitable for application as RF and IF amplifiers, oscillators, mixers, 
multipliers, power oscillators, drivers, output and harmonic generator stages. 

SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE 

RF and IF High-Level 

Polarity Amplifiers, Low-Level Oscillators Low-Level Oscillators Frequency and Mixers and P 0< 100 mW .IW<Po < 2W Wide-Band 
Range Material Converters Amplifiers 

2N700 2N700 2N1l41 2N700 
2N700A 2N700A 2N1l42 2N700A 
2N1l41 2N1l41 2N1l43 2N1l41 
2N1l42 2N1l42 2N1l95 2N1l42 
2N1143 2N1l43 2N1561 2N1143 
2N1l95 2N1195 2N1562 2N1195 
2N2273 2N2273 2N1692 2N2273 
2N2929 2N2929 2N1693 2N2929 
2N3279 2N3127 2N2929 2N3127 

PNP 2N3280 2N3279 2N3279 
Ge 2N3281 2N3280 2N3280 

2N3282 2N3281 2N3281 
2N3283 2N3282 2N3282 
2N3284 2N3285 2N3283 
2N3285 2N3323 2N3284 
2N3286 2N3324 2N3285 
2N3323 2N3325 2N3286 

2 Me 2N3324 2N3323 
to 2N3325 2N3324 

70 Me 2N3325 

2N918 2N918 2N2949 2N918 
2N3287 2N3287 2N2951 2N3287 

NPN 2N3288 2N3288 2N2952 2N3288 
Si 2N3289 2N3289 2N3309A 2N3289 

2N3290 2N3290 2N3290 
2N3291 2N3293 2N3291 
2N3292 2N3298 2N3292 
2N3293 2N3293 
2N3294 2N3294 

2N3250 2N3250 2N3307 
PNP 2N3251 2N3251 2N3308 

Si 2N3307 2N3307 -
2N3308 2N3308 
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-- RF Transistors -- I 
SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE (continued) 

RF and IF 
Low-Level High-Level 

Polarity Amplifiers, Oscillators Low-Level 
Frequency and Mixers and Oscillators Wide-Band 

Range Material Converters P 0< 100 mW .IW<Po < 2W Amplifiers 

2N1141 2N700 2N1141 2N1141 
2N1142 2N700A 2N1142 2N1142 
2N1143 2N1141 2N1143 2N1143 
2N1195 2N1142 2N1195 2N1195 
2N2273 2N1143 2N1561 2N2929 
2N2929 2N1195 2N1562 2N3127 

PNP 2N3279 2N2929 2N1692 2N3279 
Ge 2N3280 2N3127 2N1693 2N3280 

2N3281 2N3279 2N2929 2N3281 
2N3282 2N3280 2N3282 
2N3283 2N3281 2N3783 
2N3284 2N3282 2N3784 
2N3285 2N3285 2N3785 
2N3286 2N3323 MM2503 
2N3323 2N3783 

70 Me 2N3783 2N3784 
to 2N3784 2N3785 

400 Me 2N3785 MM2503 
MM2503 

2N918 2N918 2N2949 2N918 
2N3287 2N3287 2N2951 2N3287 
2N3288 2N3288 2N3137 2N3288 

NPN 2N3289 2N3289 2N3309A 2N3289 
Si 2N3290 2N3290 2N3290 

2N3291 2N3293 
2N3292 2N3298 
2N3293 
2N3294 

PNP 2N3307 2N3307 -- 2N3307 
Si 2N3308 2N3308 2N3308 

2N918 2N918 2N3309A 2N918 
2N3287 2NJ287 
2N3288 2N3288 

NPN 2N3289 2N3289 
Si 2N3290 2N3290 

2N3291 2N3293 
2N3292 2N3544 
2N3293 

400 Me 2N3294 
to 2N3544 

1 Ge 
PNP 2N3307 2N3307 - 2N3307 
Si 2N3308 2N3308 2N3308 

2N3783 2N3783 - 2N3783 
2N3784 2N3784 2N3784 

PNP 2N3785 2N3785 2N3785 
Ge MM2503 MM2503 MM2503 

NPN - -- 2N3309A --
Si 2N3664 

1 Ge PNP 2N3783 2N3783 -- 2N3783 Up Ge 2N3784 2N3784 2N3784 
2N3785 2N3785 2N3785 

MM2503 
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I -- RF Transistors --

LARGE SIGNAL RF APPLICATIONS SELECTOR GUIDE 

Power Amplifier Transistors 

Frequency Polarity 
and P < 1W 1W< P < 5W 5W <P < 15W 15W< P 0< 50W Range 

Material 
0 0 0 

30 Mc NPN 2N2949 2N2947 2N2947 
to 2N2949 2N2950 2N2948 2N3632 
100 Mc Si 2N2951 2N3296 2N3297 2N3927 

2N3295 2N3309A 2N3961 
2N3298 2N3664 2N3632 
2N3309A 2N3553 2N3925 

2N3927 
2N3375 

100 Mc NPN 2N3309A 2N3375 2N3632 
to 2N3137 2N3553 2N3632 2N3927 
400 Mc Si 2N3866 2N3664 2N3926 

2N3309A 2N3961 2N3927 
2N40n 2N3375 
2N4073 2N3924 

2N3925 
2N3866 

400 Mc NPN 2N3309A 2N3632 
Up 2N3309A 2N3664 2N3927 

Si 2N3866 2N3866 
2N4072 2N3961 
2N4073 2N3375 

2N4012 

Varactors 

Frequency 
2W< P < 20W 20W< P < lOOW Range 0 0 

50 Mc 1N4386 1N4386 
to 1N4387 1N4387 
300 Mc 1N4388 

300 Mc 1N4387 
to 1N4388 1N5150 
1000 Mc 1N5149 

1000 Mc 1N5149 1N5150 
to 1N4388 
2000 Mc 1N5151 

1N5152 
1N5153 

2 Gc Up 1N5151 
1N5152 
1N5153 
1N5154 
1N5155 
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-- RF Transistors -- I 
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I -- RF Transistors --
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-- RF Transistors--

2N100~ A (GERMANIUM) 

2N700A USA/JAN 

VCBO = 25 V 
Go = 20 db @ 70 Me 
NF= 10db @70Me 

CASE 21 
(TO-17) 

PNP germanium mesa transistors for oscillator, 
frequency multiplier, wide- band mixer and wide- band 
amplifier applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 
2N700 
2N700A 

Emitter-Base Voltage 

Collector DC Current 

Junction Temperature 

Storage Temperature 

Total Device Dissipation 
at 25°C Ambient 

(Derate 1 mW/oC above 25°C) 

POWER GAIN, CURRENT GAIN, 
& NOISE FIGURE versus FREQUENCY 

40 

r-- powt GAIN 30 

J '" h" " 1 Vet::: -6 Vdc 

'" "'" _;1 =2 mAde 

~ ID 

NOISE FIGURE .> ~ I ~ o 
2 ID 20 50 100 200 500 1000 

f. FREQUENCY (me) 

Symbol 

VCBO 

VCEO 

VEB 

Ie 
TJ 

Tstg 

PD 

I 1000 

u 
~ 

o 800 
~ 

I 600 

400 

200 

o 

9-9 

I 
I' 

o 

Rating Unit 

25 Vdc 

Vdc 
20 
25 

0.2 Vdc 

50 mAdc 

100 °c 

-65 to +100 °c 

75 mW 

CURRENT-GAIN-BANOWIDTH PRODUCT 
versus CURRENT AND VOLTAGE 

II III 
IE @ Vel::: - 6 Vdc 

"",'" 
.....- n 

/ 
I .- Vc• @ IE = 2 mAde 

ID 12 14 

1(0 EMITTER CURRENT (mAde) 

Vel> COLLECTOR - BASE IlOLTAGE (VOLTS) 

16 



-- RF Transistors --

2N700,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) 

Characteristic Sym Test Conditions Types Min Typ Max Unit 

Collector-Base BVCBO IC = 100 /lAdc, IE = 0 All Types 25 32 - Vdc 
Breakdown Voltage 

Collector-Emitter BVCEO IC = 100 /lAdc, IB = 0 2N700 20 - - Vde 
Breakdown Voltage 2N700A 25 - -
Emitter-Base BVEBO IE = 100 "Adc, IC = 0 All Types 0.2 0.5 - Vde 
Breakdown Voltage 

Collector Cutoff ICBO VCB = 6 Vde, IE = 0 All Types - 0.4 2 /lAde 
Current 

VCB = 6 Vde, IE = 0, T A = 850C 2N700 60 150 -
2N700A - - 50 

Small Signal hfe IE = 2 mAde, VCE = 6 Vde, f = 1 ke All Types 4 10 - -
Forward Current 

IE = 5 mAde, VCE = 6 Vde, f = 1 ke 2N700A 50 Transfer Ratio - - -
IE = 2 mAde, VCE = 6 Vde, f = 290 me 2N700 2.5 7 - db 

2N700A 5 - - db 

Input Impedance hib IE = 2 mAdc, VCB = 6 Vde, f = 1 kc All Types - 17 30 Ohms 

Base Resistance 
I 

IE = 2 mAde, VCB = 6 Vde, f = 300 mc All Types - 55 100 Ohms rb 

I 
Collector-Base Cob V CB = 6 Vdc, IE = 0, f = 100 ke 2N700 - 1.1 1.5 pf 
Output Capacitance 2N700A - - 1.4 

(case grounded) 
Power Gain Ge IE - 2 mAde, VCB - 6 Vdc, f = 70 me 

2N700 20 23 - db 

(neutralized) 2N700A 22 - -
Noise Figure rF All Types - 6 10 db 

Power Gain Ge IE = 2 mAdc, VCB = 6 Vdc, f = 30 mc 

(neutralized) 2N700A 26 - -
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-- RF Transistors--

2N701, A (SILICON) 
fm•x = 600 Me 
Po = 200-400 mW Min @ 100 Me 

CASE~ NPN silicon epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications_ 

Collector connected to case 
(TO-IS) 

MAXIMUM RATINGS 

Cha racteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(RBE $ 10 ohms) 

Collector - Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A ~ 25°C 

Derate above 25°C 

Total Device Dissipation @ TC ~ 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

50 n 
Input 180 pf 2N707 ( ) 2N707A Note 1 

500 

0_ 0 1 510 n 
2 W 1. 5 K 

= - 25 Vdc 

5 turns 4114 wire wound on 
1/2" diameter. 

2 turns 1114 wire wound on L1' 

Symbol 

VCEO 

VCER 

VCB 

VEB 

PD 

PD 

TJ,Tstg 

0_001 I1f 

2N707 2N707A 

- 40 

28 -

56 70 

4 5 

0_3 0_ 5 

2 3_33 

LO L2 

6_ 67 8 

-65 to + 175 

3: 1 
Air 
Core 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Watt 

mW/oC 

Watts 

mW/oC 

°c 

50 !l 
Output 

4-30 
pf 

+VCC 

Note 1 
Note 2 
Note 3 

Note 4 

= 

Heat sink is required. 
Adjust for Class C operation. 
Very High conductance silicon 
diode. 

Adjust VCC for proper VCE 

FIGURE 1 - 100 MC, CLASS C, COMMON BASE AMPLIFIER 
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-- RF Transistors --

2N707,A (continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise specified) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage" BVCEO " Vdc 

(lC = 20 mAdc, IB = 0) 2N707A 40 - -
Collector-Emitter Breakdown Voltage BVCER Vdc 

(lC = 10 mAdc, RBE = 10 ohms) 2N707 28 - -
Collector-Base Breakdown Voltage BVCBO Vdc 

(lC = 10 /lAdc, IE- = 0) 2N707 56 - -
2N707A 70 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100/lAdc, IC = 0) 2N707A 5 - -

Collector Cutoff Current ICBO "Adc 
(VCB = 15 Vdc, IE = 0) 2N707 - 0.005 5.0 

(V CB = 15 Vdc, IE = 0, T A = 150oC) 2N707 - 3.0 -
(VCB = 30 Vdc, IE = 0) 2N707A - 0.01 1.0 

(V CB = 30 Vtlc, IE = 0, T A = 150oC) 2N707A - 5.0 100 

Emitter Cutoff Current lEBO "Adc 
(VBE = 4 Vdc, IC = 0) 2N707 - - 10 

(VBE = 5 Vdc, IC =0) 2N707A - - 100 

ON CHARACTERISTICS 
DC Current Gain hFE -

(lC = 10 mAdc, VCE = 1 Vdc) 2N707 9 12 -
2N707A 9 - 50 

Collector Saturation Voltage VCE(sat) Vdc 
(lc = 10 mAdc, IB = 1 mAdc) - 0.18 0.6 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 10 mAdc, IB = 1 mAdc) - 0.75 0.9 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IE = 15 mAdc, VCE = 10 Vdc) 70 350 -
Maximum Frequency of Oscillation f -max 600 - MHz 

Output Capacitance Cob pF 
(VCB = 1.0 Vdc, IE = 0) 2N707 - 4.0 10.0 

(VCB = 5 Vdc, IE = 0) 2N707A - 4.0 6.0 

Collector-Base Time Constant r' C ps 
(lC = 10 mAdc, VCB = 10 Vdc, f = 4 MHz) b c - 80 -

FUNCTIONAL TEST 
Power Output (Figure 1) Pout mW 

(VCE = 20 Vdc, Pin = 50 mW) All Types 200 300 -
(VCE = 40 Vdc, Pin = 175 mW) 2N707A 400 - -

100-MHz Oscillator Efficiency 
~ 

% 
(V CE = 28 Vdc, IC = 40 mAdc) - 38 -

"Pulse Test 300 JlS, 2% duty cycle 
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-- RF Transistors--

2N7 41, A (GERMANIUM) VCBO = 15-20 V 
G. = 16 db @ 30 Me 
NF = 7 db @ 30 Me 

\ 
PNP germanium mesa transistors for oscillator, 

frequency multiplier and amplifier applications. 

CASE 22 
Collector connected to case 

(TO-IS) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 250 C 

Total Device Dissipation@ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

500 

400 

300 

POWER OUTPUT versus FREQUENCY, 
CLASS C AMPLIFIER 

II LIMITED DUTY CYCLE 

---- NOTE: DC power input - is 800 10 1000 Milliwatts -, , --
, 

200 - HIGH RELIABILITY MAX , 

100 

o 
10 

I "-

20 30 40 50 60 80 100 

FREQUENCY (MEGACYCLES) 

, , , 

~ 
200 300 

Symbol 2N741 2N741A Unit 

VCE 15 20 Vdc 

VCB 15 20 Vdc 

VEB 1.0 Vdc 

IC 100 mAdc 

PD 150 mW 

2 mW;oC 

PD 300 mW 

4 mW;oC 

TJ,Tstg -65 to +100 °c 

POWER GAIN AND COMMON EMITTER CURRENT GAIN 
versus FREQUENCY 

9-13 

28 

24 

20 

16 

12 

o 
I 

......... I I 
~OWER AIN 

h,.~ 

Vt'l~ = -6Vdc 

~ IF. = 5 mAde 

I I ~ 

I I I~ 
4 6 10 20 40 60 10D 200 400 1000 

FREQUENCY (MEGACYCLES) 
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-- RF Transistors--

2N741 fA (continued) 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 100 I'Adc, IE = 0) 2N741 15 - -
2N741A 20 - -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 j<Adc, IC = 0) 1.0 - -

Collector Cutoff Current ICES pAde 
(VCE = 15 Vde, VBE = 0) 2N741 - - 100 

(VCE = 20 Vde, VBE = 0) 2N741A - - 100 

Collector Cutoff Current ICBO /lAde 
(V CB = 6 Vdc, IE = 0) - 0.2 3 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 5 mAdc, VCE = 6 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IE = 5 mAdc, V CB = 6 Vdc, f = 100 MHz) 2N741 - 360 -

2N741A 300 360 -

Output Capacitance Cob pF 
(VCB = 6 Vdc, IE = 0, f = 100 kHz) - 6 10 

Collector Capacitance C pF 
(VCB = 6 Vdc, IE = 0, f = 100 kHz) 

c - 3 -
Small-Signal Current Gain hfe -

(IC = 5 mAde, VCE = 6 Vdc, f = 1 kHz) 20 - -

Output Admittance hob pmhos 
(IE = 5 mAdc, VCB = 6 Vdc, f = 1 kHz) - 45 -

Input Impedance hlb Ohms 
(IE = 5 mAde, VCB = 6 Vdc, f = 1 kHz) - 8 15 

Base Resistance r' Ohms 
(IE = 5 mAde, V CB = 6 Vdc, f = 300 MHz) 2N741 b - 75 -

2N741A - 65 -
Noise Figure NF dB 

(IE = 5 mAde, VCB = 6 Vdc, f = 30 MHz) - 7 -

Power Gain; Matched, Neutrallzed Gpe dB 
(VCB = 6 Vdc, IE = 5 mAde, f = 30 MHz) 16 22 -

Power Output Pout mW 
(IC = 60 mAde, VCB = 6 Vdc, - 200 -
Gpe= 8 dB, f = 30 MHz) - 250 -

Power Output P out mW 
(I = 60 mAde, VCB = 6 Vde, - 200 -C 
Gpe= 5 dB, f = 70 MHz) 
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-- RF Transistors--

2N918 (SILICON) G. = 15 db @ 200 Me 
NF = 6 db @ 60 Me max 
Po =30mW @ 500 Me min 

CASE 20 
(TO·72) \ NPN silicon annular transistor for ultra-high fre

quency oscillator and amplifier applications. 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 
Collector-Base Voltage CBO 30 

Volts 

Collector-Emitter Voltage VeEO 15 Yo ts 

Emitter-Base Voltage VEBO 3.0 Volts 

Total Dissipation at 25°C Case Temperature PD 0.3 Watt 
at 25 Q C Ambient Temperature 0.2 Watt 

Operating Junction Temperature T J +200 'e 

Storage Tt!mperature Tstg ·65 to +300 'e 

ELECTRICAL CHARACTERISTICS (at 25'C unless otherwise specified) 

Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector Cutoff Current leBO VCS =15V,IE 00 10 nA 

Ves'" 15V, 150 C, IE 00 1.0 "A 

Collector-Base Breakdown Voltage, SVCBO Ie " I. a J,lA, IE = 0 30 · Volts 

Emitter-Base Breakdown Voltage BVEBO Ie =- 10 jJ.A, Ie = 0 3 Volts 

Collector-Emitter Voltage BVCEO .c= 3 rnA IS Volts 

DC Current Gain hFE VCE =1.0V,IC ': 3.0 rnA 20 50 

Collector-Emitter Saturation Voltage VCE{sat) IC'" lOmA,Is '" l.OmA 0.4 Volt 

Base-Emitter Saturation Voltage VSE{sat) IC",IOmA,Is =1.0mA 1.0 Volt 

OJtput Capacitance Cob Yca=lOY 1.7 pf 

IE ",O,f=140kc 

Yca= O,f.140kc . · 3.0 pf 

IE 00 

Input Capacitance Cib VEa ", 0.5 V 2.0 pf 

lC 00 

Small Signal Current Gain hfe IC = 4.0 mA 6.0 9.0 

VCE ° 10 V 
r:; 100 mc 

Amplifier Power Gain Ge lC 06.0 rnA IS · · db 

VCSo l2V 

{=200mc 
RG ° RL 050 n 

Power OJtput Pout IC = B.O rnA 30 · · mW 

Ves 015 V 

[=500rnc 

Collector EHiciency eff VCB =15V 25 · · '!. 
f=500mc 

Ie ° B.O rnA 

Noise Figure NF IC = 1.0 rnA - 3 6 db 

VCE o6.0V 

f = 60 mc 
RG = 400!l 
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-- RF Transistors --

2N 1141 thru 2N 1143 (GERMANIUM) 
2N1142 USN/JAN 

2N 1195 
2N1195 JAN 

Go = 25 db @ 70 Me 
NF= 4-5 db @ 100Me 
Po =300mW 

PNP germanium mesa transistors for amplifier, 
driver, oscillator and doubler applications. 

Collector connected to case 

CASE 31 
(TO-5) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Base Current 

Emitter Current-Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Collector Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 2Nl141 

VCB 35 

VEB 1.0 

IC 100 

IB 50 

IE 100 

PD 300 

4 

PD 750 

10 

Pc -
-

TJ,Tstg 

9-16 

2Nl142 2N1143 2N1195 Unit 

30 25 30 Vdc 

0.7 0.5 1.0 Vdc 

100 100 40 mAdc 

50 50 - mAdc 

100 100 - mAdc 

300 300 - mW 

4 4 - mW/OC 

750 750 - mW 

10 10 - mW/oC 

- - 225 mW 

- - 3 mW/oC 

-65 to +100 °c 



-- RF Transistors --

2N 1141-2N 1143, 2N 1195 (continued) 

TRANSISTOR SELECTION CHART 

Typical 1 DOme Iloise Figure Minimum h,. 
Minimum BVelD @ Ve, = -10Vde, I, = 1mAde @Ie = -10mAde, Ve, = 

TYPE @Ie = -1DOJ./Adc, I, = 0 R.=75n -10Vdc, f = 1GOme 

35Vdc 30Vdc 25Vdc 4.0 db 4.5 db 5.0 db 12 db 10 db 8 db 

2N1141 ~ ~ ~ 

2N1142 ~ 1/ ~ 

2N1143 ~ !r' !r' 

2N1l95 !r' p,P yP 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 /.lAde, IE = 0) 2N1141 35 45 -

2N1142 30 45 -
2N1143 25 45 -
2N1195 30 45 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100j.lAde, IC = 0) 2N1141 1.0 1.3 -

2N1142 0.7 1.3 -
2N1143 0.5 1.3 -
2N1195 1.0 1.3 -

Collector Cutoff Current ICBO /lAde 
(VCB = 15 Vde, IE = 0) - 0.5 5 

(VCB = 20 Vde, IE = 0) - 0.5 5 

Emitter Cutoff Current lEBO /lAde 
(VBE = 0.5 Vde, IC = 0) - 0.2 -

ON CHARACTERISTICS 

DC Current Gain hFE -
(Ic = 10 mAde, VCE = 10 Vde) 2N1141, 2N1142, 2N1143 10 25 -
(IC = 10 mAde, VCE = 10 Vde) 2N1195 - 25 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 50 mAde, IB = 10 mAde) 2N1141, 2N1142, 2N1143 - 0.185 2 

(Ic = 50 mAde, IB = 10 mAde) 2N1195 - 0.185 -
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-- RF Transistors--

2Nl141-2Nl143, 2Nl195 (continued) 

Characteristic 

DYNAMIC CHARACTERISTICS 

Common-Base Cutoff Frequency fab MHz 
(Ic = 10 mAde, V CE = 10 Vde) All Types - 1000 -

Collector Transition CapaCitance CTC pF 
(VCB = 10 Vdc, IE = 0, f = 1 MHz) 2N1141 - 1.1 1.5 

2N1142, 2N1143, 2N1195 - 1.1 - I---------'-
Emitter Transition Capacitance CTe pF 

(V BE = O. 5 Vdc, IC = 0, f = 1 MHz) All Types - 2.5 -
Small-Signal Current Gain hfe dB 

(IC = 10 mAdc, VCE = 10 Vde, f = 100 MHz) 
2N1141,2N1195 12 18 -
2N1142 10 18 -
2N1143 8 18 -

Small-Signal Current Gain hfb -
(IC = 10 mAdc, V CB = 10 Vdc, f = 1 kHz) 

2N1141,2N1142,2N1143 - 0.98 -
2N1195 0.96 0.98 0.995 

Output Admittance hob pmhos 
(IC = 10 mAdc, V CB = 10 Vde, f = 1 kHz) 

2N1141, 2N1142, 2N1143 - 10 -
2N1195 - 10 20 

Input Impedance hib Ohms 
(IC = 10 mAdc, VCB = 10 Vdc, f= 1 kHz) 

2N1141,2N1142,2N1143 - 3.6 -
2N1195 - 3.6 10 

Voltage Feedback Ratio hrb -
(IC = 10 mAde, V CB = 10 Vdc, f = 1 kHz) 

2N1141, 2N1142, 2N1143 - 0.0013 -

I 
2N1195 - 0.0013 0.003 

Collector-Base Time Constant r' C ps 
(IE = 3 mAde, V CB = 10 Vde, f = 30 MHz) b c 

All Types - 23 -
Extrinsic Base Resistance r' Ohms 

(IC = 10 mAde, V CE = 10 Vdc, f = 250 MHz) b 

2N1141 - 65 70 
2N1142 - 80 -
2N1143 - 110 -
2N1195 - 65 80 

Collector Series Resistance r' Ohms 
(IE = 10 mAde, VCB = 10 Vdc) All Types c - 2 -

Noise Figure NF dB 
(IE = 0.8 mAde, V CE = 5 Vde, RS = 300 ohms, f = 4. 5 MHz) 

3.0 2N1141,2N1195 - -
2N1142 - 3.5 -
2N1143 - 4.0 -

(IE = 1 mAde, VCE = 10 Vde, RS = 75 ohms, f = 100 MHz) 
4.0 2N1141 - -

2N1142,2N1195 - 4.5 -
2N1143 - 5.0 -

(IE = 1 mAdc, V CE = 10 Vde, RS = 50 ohms, f = 200 MHz) 
5.5 2N1141 - -

2N1142,2N1195 - 6.0 -
2N1143 - 6.5 -

Oscillator Efficiency 
7J % 

(VCE = 20 Vdc, IC = 10 mAde, f = 400 MHz) 
2N1141 - 20 -
2N1142 - 18 -
2N1143 - 12 -
2N1195 - 18 -
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-- RF Transistors --

2Nl141-2N1143, 2Nl195 (continued) 

POWER·TIMPEIIlTURE 
OElllTlNG cum 
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-- RF Transistors --

2Nl141·2Nl143, 2Nl195 (continued) 
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-- RF Transistors --

2N 1561 (GERMANIUM) 
2N1562 
2N1692 

Ge = 5-6 db @ 160 Me 
Po = 0.4-0.5 W @ 160 Me 

2N\~ PNP germanium mesa transistors for VHF power 
amplifier applications. 

CASE 23 
2N1561 
2N1562 

CASE 24 
(TO-102) 

2N1692 
2N1693 

MAXIMUM RATINGS 

Collector connected to case; 
stud isolated from case 

Characteristic Symbol 2N1561 

Collector-Emitter Voltage VCE 25 

Collector-Base Voltage VCB 25 

Emitter-Base Voltage* VEB * 3 

Collector Current -Continuous IC 250 
Peak 500 

Total Device Dissipation @ T A = 25°C PD 250 

Derate above 25°C 3.33 

Total Device Dissipation @ TC = 25°C P D 3 

Derate above 250 C 40 

Operating and storage Junction TJ , Tstg 
Temperature Range 

2N1562 2N1692 2N1693 

25 25 25 

25 25 25 

2 3 2 

250 250 250 
500 500 500 

250 350 350 

3.33 4.67 4.67 

3 3 3 

40 40 40 

-65 to 100 

*May be exceeded provided total rated device dissipation is not exceeded. 

POWER GAIN versus fREQUENCY SAFE OPERATING AREA 
4 

I, .~ 12N1562 

2 
p~:::: 4S0mW f2N1693 

r;: t'-. p. = 550mW }~~t~~~ 
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\\ 
1,,:::: 25,oC 

8 2N1561-f--
2N1562 .............. ' ~ 2N1692 

6 2N1693 

4 ~ 
~ 2 

0 \\ 
50 70 100 150 200 300 400 o 5 

FREQUENCY (MEGACYCLES) V, .. COLLECTOR-BASE VOLTAGE (VOLTS) 
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-- RF Transistors --

2N 1561, 2N 1562, 2N 1692, 2N 1693 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES Vde 
(IC = 100 pAde, V BE = 0) 25 - -

Collector-Base Breakdown Voltage BVCBO Adc 
(IC = 100 pAdc, IE = 0) 25 - -

Collector Cutoff Current ICBO !LAdc 
(VCB = 10 Vde, IE = 0) - 1.5 10 

Emitter Cutoff Current lEBO mAde 
(VBE = 0.4 Vde, IC = 0) 2N1562,2N1693 - 5.0 -
(VBE = 1. 0 Vde, IC = 0) 2N1561,2N1692 - 5.0 -

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 200 mAde, IB = 40 mAde) 2N1561,2N1692 - - 3.0 

ere = 200 mAde, IB = 40 mAde) 2N1562,2N1693 - - 4.0 

DYNAMIC CHARACTERISTICS 

I 
Current-Gain - Bandwidth Product fT MHz 

(IC = 50 mAde, V CE = 10 Vde, f = 100 MHz) 2N1561,2N1692 - 500 -
(IC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 2N1562,2N1693 - 450 -

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0; f = 100 kHz) - 7 10 

Small-Signal Current Gain hfe dB 
(IC = 50 mAde, VCE = 10 Vde, f = 160 MHz) 2N1561,2N1692 - 10 -

2N1562,2N1693 - 9 -

Extrinsic Base Resistance r' Ohms 
(IE = 20 mAdc, V CB = 10 Vde, f = 300 MHz) b - 25 -

FUNCTIONAL TEST 

Power Gain Gpe dB 
(IC = 100 mAde, VCE = 15 Vde, Pout = O. 5 W, f = 160 MHz) 6 - -

2N1561,2N1692 
(Ic = 100 mAde, V CE = 15 Vde, P t = 0.4 W, f = 160 MHz) 5 - -ou 2N1562, 2N1693 

Power Output p 
out Watt 

(IC = 100 mAde, V CE = 15 Vde, Pin = 125 mW, f = 160 MHz) 

2N1561,2N1692 0.5 - -
2N1562,2N1693 0.4 - -
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-- RF Transistors--

2N1561, 2N 1562, 2N 1692, 2N 1693 (continued) 
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--- RF Transistors--

2N2273 (GERMANIUM) 

JAN 2N2273 

Collector connected to case 

fT = 250 me min 
Ie = 100 mA 
Po = 150 mW @ 

25 Q C Ambient 

CASE 22 High-frequency germanium PNP transistor, de-
(TO-IS) signed for military and high-reliability industrial as 

well as commercial VHF amplifier applications. 

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

Characteristic Symbol Rating 

Collector-Base Voltage VCBO 25 

Collector- Emitter Voltage VCES 25 

Collector-Emitter Voltage VCEO 15 

Emitter-Base Voltage VEBO 1.0 

Collector Current IC 100 

Total Device Dissipation@ T A = 25'C PD 150 
Derate above 25°C 2 

Junction Operating & Storage 
Temperature Range TJ , Tstg -65 to +100 

TABLE I - GROUP A INSPECTION (TA = 25'C unless otherwise noted) 

BOTH TYPES (LTPD applies to JAN 2N2273 only) 

MIL-STO-7S0 Limits 
Examination or Test Method Symbol Min Max 

SUBGROUP I 

Visual and Mechanical Examination 2071 - - -

SUBGROUP 2 

Collector-Base Cutoff Current 3036 ICBO 
(V CB = -12 Vde, IE = 0) Condition D - -10 

Colleetor- Base Breakdown Voltage 3001 BVCBO 
(IC = -100 JiAde, IE = 0) Condition D -25 -

Emitter-Base Breakdown Voltage 3026 BVEBO 
(IE = -100 /lAde, IC = 0) Condition D -1. 0 --

Forward Current Transfer Ratio* 3076 hFE * 
(IC = -1 mAde, V CE = -10 Vde) 20 75 

Collector-Emitter Breakdown Voltage 3011 BVCES 
(IC = -200 JiAde, VBE = 0) Condition C -25 -

Small-Signal Forward Current Transfer Ratio 3306 hfe 
(IC = -1 mAde, VCE = -6 Vde, f = 10 me) 20 28 
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-- RF Transistors --

2N2273 (continued) 

TABLE 1- GROUP A INSPECTION (continued) 

MIL-STD-7S0 Limits 
Examination or Test Method Symbol Min Max 

SUBGROUP 3 

Output Capacitance 3236 Cob 
(V CB = -10 Vdc, IE = 0, f = 1 mc) - 3.5 

Base Spreading Resistance 3266 r ' 
(IC = -1 mAde, V CE = -10 Vde, f = 250 me) 

b - 250 

Small-Signal Forward Current Transfer Ratio· 3306 hfe • 
(IC = -1 mAdc, V CE = -6 Vde, f = 100 me) 2.5 -

Noise Figure* 3246 NF· 
(V CB = -10 Vde, IC = -1 mAdc, 

f = 10 me, RG = 50 ohms) - 12 

STANDARD UNIT ONLY 

Emitter-Base Leakage Current lEBO 
(VEB = -0.5 Vde, IC = 0) - -100 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = -100 /.LAdc, IE = 0) -15 -

Forward Current Transfer Ratio hFE 
(IC = -1 mAdc, V CE = -10 Vde) 20 150 

Real Part of Small-Signal Short-Circuit Input Impedance Re(hie ) 
(V CE = -10 Vdc, IC = -1 mAde, f = 250 mc) 50 250 

Power Gain (See Figure 1) GpE 
(V CE = -9 Vde, IC = -1 mAde, f = 30 me) 10 30 

• Applies to MIL unit only 

TABLE II - GROUP B INSPECTION - JAN 2N2273 only 
(TA = 25°C unless otherwise noted) 

MIL-STD-750 Limits 
Examination or Test Method Symbol Min Max 

SUBGROUP I 

Physica,l Dimensions 2066 - - -

SUBGROUP 2 

Solderability 2026 -- - -
Temperature Cycling 1051 - - -

(Th , I = 100+~oC; 10 cycles) Condition B 
19l -

Thermal Shock 1056 - - -
(Glass Strain) Condition A 

Moi sture Resistance 1021 - - -
End Points: (Subgroups 2, 3, 5, 6, 7) 

Collector-Base Cutoff Current 3036 lCBO 
(V CB = -12 Vde, IE = 0) Condition D - -20 

DC Forward Current Transfer Ratio 3076 hFE 
(IC = -1 mAde, VCE = -10 Vde) 15 -
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-- RF Transistors --

2N2273 (continued) 

TABLE II - GROUP B INSPECTION (continued) 

MIL-STD-7S0 Limits 
Examination or Test Method Symbol Min Max Unit LTPD 

SUBGROUP 3 

Shock 2016 - - - -
(500 G, 1 msec, 5 blows each orientation: Nonoperating 
Y1' Y2, Xl and Zl) 

Vibration, Variable Frequency 2056 - - - - 10 

(10 G) 

Constant Accelerating 2006 - - - -
(10,000 G) 

End Points: Same as Subgroup 2 

SUBGROUP 4 

Lead Fatigue (Note 1) 2036 -- -- - - 10 
Condition E 

SUBGROUP S 

High Temperature Operation (Note 2) - - - -
(T A = 70~g"C) 
Collector -Base Cutoff Current 3036 ICBO /lAdc 

(V CB = -12 Vdc, IE = 0) - -100 

10 
Low Temperature Operation (Note 2) - - - -

(T A = -55±3"C) 

Forward Current Transfer Ratio 3076 hFE -
(V CE = -10 Vdc, IC = -1 mAde) 8 -

Salt Atmosphere (Corrosion) 1041 - - - -
End Points: Same as Subgroup 2 

SUBGROUP 6 

High Temperature Life 1031 - - - - A = 10 

(T = 100+5"C) 
A -0 

(N onoperating) 

End Points: Same as Subgroup 2 

SUBGROUP 7 

Steady State Operation Life 1026 - - - - A= 10 

(VCB = -10 Vdc, Pc = 60 mW, T A = 55~~"C) 
End Points: Same as Subgroup 2 

Note 1. Rejects from prior electrical tests from the same lot may be used for this test. 
Note 2. Test measurement shall be made after thermal equilibrium has been reached at 

the temperature specified. 

FIGURE 1 - 30 me POWER GAIN TEST CIRCUIT 

INPUT 1.5 - 47 0.47 ~ 

51 5000 
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-- RF Transistors --

2N:.2273 (continued) 
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5 

VCE = -6Vdc 
r--I- Ic=-l mAde 

0 

5 '\. 
\ 

0 \ 

5 

0 

5 \ 

0 
1.0 2.0 5.0 10 20 50 100 200 500 1000 

f. FREQUENCY (mel 

CONTOURS OF CURRENT GAIN - BANOWIOTH PROOUCT 

-2 0 
\ II 

\. 

5 \ 'i 
/ '-.,/' 

\ " 

\ \ fy=450mc / / 0 

'\.. V - / 
\ V / 

5 

1,501' ~oome / 

....... V ...... V 
300r~ 'I. V 

f--I--~ 
0 

2.0 4.0 10 ao 8.0 12 

Ie;. COllECTOR CURRENT ImMel 

VARIATION IN DC GAIN versus COLLECTOR CURRENT 

~ 
~ 
~ 
B 
g 
g: 
=:; 

OJ 
~ 
.1 

9-27 

300 

v /" 
i Jooc .,/V /' iv 200 

1J25OC 

vV' /" 
/ / /' /' 

'/ 
.,/ 

V 
V' 

150 

/' 
./ TA=V / 

...... V 
100 

NORMALIZED AT Ie ~ -I mAde 

oV 1 
-1.0 

/" I vr-IOt-
2.0 3.0 5.0 -10 

Ie, COLLECTOR CURRENT lmAJ 

fr ANO niCe versus COLLECTOR CURRENT 

60 0 6 

1\ 
i'- rb'Cc 

V 0 ...... 
......... V 

/";; r---i'-
0 

V 
4 

/ 
II 

0 3 

VfE~ 16 Vdi 

2 ~ ~ -u ~ ~ ~ ~O 
Ie, COLLECTOR CURRENT ImMel 

-20 

I 



I 

--- RF Transistors --

2N2929 (GERMANIUM) 
VcBo =25V 
Ge = 26 db (@ 60 Me 
NF = 5.5 db @ 200 Me 
PD =300mW 

PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli
cations. 

CASE 31 
(TO-S) 

MAXIMUM RATINGS 

Collector connected to case 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA ; 25°C 
Derate above 25°C 

Total Device Dissipation @ T C ; 25°C 
Derate above 25°C 

Junction Temperature 

Storage Temperature 

Symbol Rating 

VCBO -25 

VCES -25 

VCEO -10 

VEBO -0.75 

Ie -100 

PD 300 
4 

PD 750 
10 

TJ 100 

Tstg -65 to +100 

NORMALIZED DC CURRENT GAIN CHARACTERISTICS 
2 

0 

O. 8 

O. 6 

0.4 

-1 

,/' 

/. '/ 
/ 

-2 

TJ~ ~5°C I-" ~ ........ 1-" --,/ 

V ,/ 
........ 1-" 

'/ V TJ = 25°C 

-5 -7 -10 -20 

Ie. COUECTOR CURRENT (mAde) 
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-- RF Transistors--

2N2929 (Continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Sym Test Conditions Min Typ Max Unit 
Collector-Base Breakdown Voltage BVCBO Ie =-100 ~Ade, IE = 0 -25 -45 - Vdr 

Collector-Emitter Breakdown Voltage BVCES Ie =-IOO~Ade, VEB = 0 -25 -45 - Vdc 

Collector-Emitter Breakdown Voltage BVCEO Ie =-10 mAde, IB = 0 -10 -20 - Vde 

Emitter-Base Breakdown Voltage BVEBO IE =-1 mAde,1e = 0 -0.75 -1.5 - Vde 

Collector Cutoff CUrrent leBO Ves =-10 Vdc, IE = 0 - -0.15 -5 ~Ade 

Ves =-10 Vdc, IE = 0, T A = +550 C - - -50 

Emitter Cutoff Current lEBO VES =-0.5 Vdc, Ie = 0 - -I -100 I£Adc 

DC Forward Current Transfer Ratio hFE V CE =-10 Vde, Ie =~IO mAde 10 30 100 -
Collector-Emitter Saturation Voltage VCE(sat) Ie =-50 mAde, IS =-10 mAde - -0.15 -0.5 Vde 

Ease-Emitter Saturatior. Voltage VBE(sat) Ie =-50 mAde, IS =-10 mAde - -0.55 -1.0 Vde 

Small-Signal Forward Current 
Transfer Ratio hre Ie =-10 mAde, VeE =-10 Vdc, f = Ike 10 35 120 -

Current Gain - Bandwidth Product fT Ie =-10 mAde. VCE =-10 Vde, f = 100 me 800 1100 1400 me 

Ie =-20 mAde, V CE :-10 Vdc, r = 100 me 1000 1250 1600 

Ie = -40 mAde, VeE =-10 Vdc, f = 100 me 700 1200 -
Collector-Base Time Constant 1))' C c VeE =-10 Vdc, IE 0::+20 mAde, f '" 31.8 mc 10 25 40 psec 

Real Part of Small-Signal Short 
Re(hie) Circuit Input Impedance IC ""-10 mA"VCE =-10 V, f = 1000 me - 45 75 ohms 

Collector-Base Capacitance Cob VCB =-10 Vde, IE = 0, f = 100 ke - 1.75 2.5 pf 

Power Gain Ge V CE =-10 Vdc, Ie =-10 mAde, f = 60 mc 26 28 - db I 
VCE =-10 Vde, Ie --10 mAde, f = 200 me - 16 -

Noise Figure NF VeE =-10 Vdc, IC =-2 Adc, f = 200 mc - 5.5 - db 

RG = 50S) 

NOISE FIGURE versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 
10 
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-- RF Transistors --

2N2947(SILICON) 
2N2948 

Ge = IOdb @ 50Me 
Po = 15 W @ 50 Me 

NPN silicon annular transistors for power amplifier 
applications to 100 Mc. 

CASE 1 
(TO-3) 

Collector connected to case 

MAXIMUM RATINGS* 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter - Base Voltage 

Collector-Current (continuous) 

Base-Current (continuous) 

Power Input (Nominal) 

Power Output (Nominal) 

Total Device DisSipation 
@ 25°C Case Temperature 

Derating Factor above 25°C 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCES 

VEB 

IC 

~ 
P. 

10 

P out 

P D 

TJ 

Tst!! 

2N2947 2N2948 

60 40 

60 40 

3 2 

1.5 

500 

5.0 

20.0 

25.0 

167 

175 

-65to+175 

*The maximum ratings as given for DC conditions can be 

exceeded on a pulse basis. See electrical characteristics. 
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Vdc 

Vdc 

Vdc 

Adc 

mAdc 

Watts 

Watts 

Watts 

mW/oC 

°c 

°c 



-- RF Transistors --

2N2947 (Continued) 

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

Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector- Emitter 
Sustain Voltage 

V • 
CES (sus) 2N2947: IC =0.250 A, RBE = 0 90 120 -- Volts 

2N294S: IC = O. 250A, RBE = 0 SO 100 --

Collector- Emitter- VCEO(sus) 2N294T IC = O. 250A, IB = 0 40 - - -- Volts 
Open Base 

Sustain Voltage 2N294S: IC = O. 250A, IB = 0 20 -- --

Collector- Emittel" ICES 2N2947: VCE = 60Vdc, VBE = 0 -- -- 0.5 mAde 
Current 

VeE = 50 Vdc, VSE = 0, Tc =175'e -- -- 1.0 

2N294S: V CE = 40 Vdc, V BE = 0 -- -- 0.5 

V CE = 30 Vdc, V BE = 0, TC =175'C -- -- 1.0 

Collector Cutoff ICBO 2N2947: V CB = 50 Vdc, IE = 0 -- -- I /lAde 
Current 

2N294S: V CB = 30 Vde, IE = 0 -- -- I 

Emitter Cutoff 
Current 

~BO 2N2947: VEB =3Vde, IC=O -- -- 100 MAde 

2N294S: V EB = 2 Vde, Ie = 0 -- -- 100 

DC Current Gain hFE 2N2947: IC = 400 mAde, V CE = 2Vde 2.5 -- 35 

2N294S: IC = 400 mAde, V CE = 2 Vde 2.5 -- 100 

Both Types: Ie = I Ade, V CE = 2 Vde 2.5 -- --

Collector-Emitter VCE(5at) Ie = 1.0 Adc, IB = 500 mAde -- -- 0.5 Vde 
Saturation Voltage 

BaBe-Emitter VBE(sat) IC = 1. 0 Ade, IB = 500 mAde -- -- 2.0 Vde 
Saturation Voltage 

AC Current Gain Ilhle l VCE =2.0Vde, IC =400mAde, 1=50me 2.0 -- --

Collector Output 

Capacitance 
Cob 

VCB = 25 Vde, IE=O, 1= 100ke -- -- 60 pi 

Power Input P. Pout = 15 W, f = 50 mc, VeE = 25 Vdc 
In 

-- 2.0 3.0 Watts 

Efficiency 'I IC(max) = IA 2N2947 60 80 -- % 

Power Input Pin Pout = 15 W, f = 30 me, VeE = 25 Vde -- 2.0 3.0 Watts 

Efficiency " IC(max) = 1. 0 A 2N2948 60 70 -- % 

* Pulse Measurement: Pulse Width ~ 100 /.Lsec J Duty Cycle 
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-- RF Transistors --

2N2941 (continued) 
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OUTPUT CHARACTERISTICS versus POWER INPUT 
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RF Transistors --

2N2949 
2N2950 

(SILICON) G. = 12 db @ 50 Me 
Po = 3.5 W @ 50 Me 

NPN silicon annular transistors for power amplifier 
and driver applications to 100 Mc. 

(TO·102) 

2N2949 2N2950 
Collector connected to case; 

stud isolated from case 

MAXIMUM RATINGS-

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter - Base Voltage VEB 3.0 Vdc 

Collector Current (Continuous) IC 0.7 Adc 

Base Current (Continuous) IB 100 mAdc 

RF Input Power (Nom) Pin 1.0 Watt 

RF Output Power (Nom) Pout 5.0 Watts 

Total Device Dissipation 
Pc 

6.0 Watts 
(25··C Case temperature) 40 mW/"C 
(Derating Factor above 25·C) 

Total Device Dissipation at 2N2949 2N2950 
25· Ambient P D 0.5 0.7 Watt 
(Derating Factor above 25·C) 3.33 4.67 mW/·C 

Junction Temperature TJ 175 ·C 

Storage Temperature Tstg -65 to + 175 ·C 

* The maximum ratmgs as given for DC condillons can De exceeded on a pulse baSIS. See Electflcal 
Characteristics. 

POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 

/ 
/ 

/V 
V Pi.:::: O.2SW 

f:::: 50 me 
Tc:::: 2S-C 

V 
/ 

o 
o 15 20 10 " 

oL-____ ~ ____ ~ ____ ~ ____ ~ ____ ~ 

o 0.1 0.2 0.3 0.4 0.5 
Vet, COLLECTOR·EMITTER VOLTAGE (ViRTS) p,", POWER INPUT (WATTS) 
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--- RF Transistors ---

2N2949,2N2950 (Continued) 

ELECTRICAL CHARACTERISTICS TA = 25'C unless otherwise noted 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter Sustain Voltage VCES(BUB) IC=O. 250 A, RBE= 0 85 120 -- Volts 

Collector Emitter-Open Base VCEO(S .. ) IC=O.250A, la=O 40 -- -- Volts 
Sustain Voltasre 

Collector-Emitter Current ICES V CE= 60 Vdc, V 8E=0 -- -- 100 p.Adc 

V CE =50 Vdc, V BE'" 0 -- -- 500 

TC= + 17S"C 

Collector - Cutoff Current leBO v CB=50 Vde, 'E=O -- -- 0.1 ILAdc· 

Emitter-Cutoff Current 
'EBO VEa= 3 Vdc, IC=O -- -- 100 ILAdc 

DC Current Gain hFE VeE'" 2.0 Vdc 5.0 -- 100 --
Ie'" 40 mAde 

VCE=2.0 Vde 5.0 -- -- --
Ie= 400 mAde 

Collector - Emitter Saturation 
1bE(Bat) 'C= 400 mAde, 'B= 80 mAde -- -- 0.5 Vde 

Voltage 

Emitter-Base Saturation Voltage VBE(sat) IC=400 mAde, IB=80mAdc -- -- 2.0 Vdc 

AC Current Gain I hfe I VCE=2.0 Vdc 2.0 -- -- --
IC=40 mAde. f=50 me 

Collector Output Capacitance Cob VCB=25Vdc, [E=O -- -- 20 pf 

f=lOOkc 

Power Input Ptn -- -- 0.35 Watt 
P out=3. 5 watts, 1=50 me I 

Efficiency 'I 
V CE=25 Vde, 'C(max)=325 mA, 

43 -- -- % 

• Pulse Width :5 lOOpsec, Duty Cycle:l: 2%. 

POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 

\ f\ 
1\ p., 1------. \--

\ l\ VeE::: 2SV 

f\ Te::: 2S·C 

1\ l'\- P.~=0.4W 

1 
\\ 

pnom~ 1\ 
0 

10 20 200 300 40 60 80 100 
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90 

80 

t ~ 70 

~ 60 t; ;:; 
§ § 50 

i2 
~ 
a 
§ 40 

j ~ 30 

20 

10 

p~, b-7 
/ 

/ 
V 

/ -- COLL. EFF. r-.... 

/ 
------

V 

~ 'e 
/ Ve = 25 Vdc 

f::: SO mc-
Te ~ 2S"C 

800 

z 
600 B 

~ 

~ 
400 ~ 

8 
J! 

200 

o 
o 0.1 0.4 0.5 0.2 0.3 

f. FREQUENCY (me) p, •• POWER INPUT (WAnS) 
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-- RF Transistors --

2N2951 (SILICON) 
2N2952 

CASE 31 
(TO-5) 

CASE~ 
(TO-18) 

2N2951 2N2952 

G. = 9 db @ 50 Me 
Po = 600mW @50Me 

NPN silicon annular Star transistors for power am
plifier applications to 100 Mc. 

Collector connected to case 

MAXIMUM RATINGS. 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current (continuous) IC 250 mAde 

Base Current (continuous) IB 50 mAdc 

2N2951 2N2952 
Total Device Dissipation Pc 

(25"C Case Temperature) 3 1.8 Watts 
(Derate above 25°C) 20 12 mW/"C 

Total Device Dissipation PD 
(25"C Ambient Temperature) 0.8 0.5 
(Derate above 25"C) 5.33 3.33 mW/"C 

Junction Temperature TJ -65 to 175 "C 

Storage Temperature Tstg -65to175 "C 

• The maximum ratings as given for D.C. conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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-- RF Transistors --

2N2951,2N2952 (Continued) 

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

Characteristic Symbol Conditions Min Max Unit 

Collector-Emitter Current ICES VCE = 60Vde, VBE = 0 -- 100 /lAde 

VCE = 50Vde, VBE = 0, TC =175'C -- 500 /lAde 

Collector Cutoff Current ICBO VGB = 50Vdc, IE = 0 -- 0.1 /lAdc 

Emitter Cutoff Current lEBO V EB = 5 Vde, IC = 0 -- 100 /lAdc 

DC Current Gain hFE IC = 10 mAdc, V CE = 10Vdc 20 150 --

IC = 150mAdc", V CE = 10 Vdc* 20 -- --

Collector-Emitter Saturation Voltage V CE(sat) IC = 150 mAde, IB = 15 mAdc -- 0.5 Vdc 

I 
Base-Emitter SatUration Voltage VBE(sat) IC = 150 mAdc, IB = 15 mAde -- 2.0 Vdc 

Collector-Emitter Sustain Voltage V * IC = 100 mA, R =0 30 -- Volts CES(sus) BE 

Collector-Emitter Open Base 
Sustain Voltage VCEO(sus)* IC = 100 mA, IB = 0 20 -- Volts 

AC Current Gaill I hfe I VCE = 10Vdc, IC = 10 mAdc 4.0 -- --
f = 50 mc 

Collector Output Capacitance COb V CB= 10 Vdc, IE=O , f = lOOkc -- 8 pf 

Power Input i> . Test Circuit Fig.! -- 100 mW 
m Pout = 600 mW 

f = 50 mc 
V CE = 13.6 Vdc 

IC(max) = 125 mA 

Efficiency II 35 - - % 

'Pulse Width = 100 /lsec, Duty Cycle = 2% 
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-- RF Transistors --

2N2951, 2N2952 (Continued) 
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GROUND POINT must be kept as close as 
possible to the transistor emitter lead. 
Transistor must be mounted with heat sink. 
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--- RF Transistors ---

2N3127 (GERMANIUM) 
2N3127 JAN 

VCEO == 210 V 
Ic == SOmA 
Po == 100 mA 

PNP germanium high frequency transistors designed 
for military and high-reliability industrial as wellas 
commercial VHF amplifier applications. 

CASE 20 
(10-72) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Junction Operating & Storage Temperature Range 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

PD 

TJ,Tstg 

9-38 

Rating Unit 

25 Vdc 

25 Vdc 

20 Vdc 

0_75 Vdc 

50 mAdc 

100 mW 
1-33 mW/oC 

_65°C to + 100°C °c 



--- RF Transistors ---

2N3127 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 !lAdc, 1E = 0) 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 2 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(IC = 100 /lAdc, V BE = 0) 

Collector-Base Cutoff Current ICBO 
(VCB = 10 Vdc, 1E = 0) 

Emitter-Base Cutoff Current lEBO 
(VBE = 0.75 Vdc, IC = 0) 

DC Current Gain hFE 
(IC = 3 mAc!c, V GE = 10 Vdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 5 mAdc, IB = 1 mAdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 5 mAdc, IB = 1 mAdc) 

Small-Signal Current Gain hfe 
(IC = 3 mAde, V CE = 10 Vde, f = I kHz) 

Current-Gain - Bandwidth Product fT 
(IC = 2 mAde, V CE = 6 Vde, f = 100 MHz) 

Output Capacitanee* Cob * 
(VCB = 10 Vdc, 1E = 0, f" 0.1 " 1. 0 MHz) 

Collector-Base Cutoff Current 0 

(V CB = 10 Vdc, 1E = 0, T A = 85 C) 
ICBO 

DC Current Gain t 
-55 ~~ °C) 

hFEt 
(IC = 3 mAde, V CE = 10 Vdc, T A = 

Power Gain G 
(IC = 3 mAde, VCE = 10 Vde, RS = 50 ohms, f = 200 MHz) pe 

Noise Figure NF 
(IC = 3 mAdc, V CE = 10 Vde, RS = 50 ohms, f = 200 MHz) 

Collector-Base Time Constant rb'Cc 
(IC = 3 mAdc, V CB = 10 Vdc, f = 31. 8 MHz) 

;Measured in a guarded circuit, such that the can ,capacitance is'not included. 
Applies to JAN unit only. 
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Min 

25 
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-

-

20 

-

-

20 
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-

-

7 

17 

-

1 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

/lAdc 
3 

/lAdc 
100 

-
100 

Vdc 
0.6 

Vdc 
0.3 

-
125 

MHz 
- I 

pF 
1.2 

!lAdc 
50 

-
-

dB 
25 

dB 
5 

p. 
12 
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-- RF Transistors--

2N3137 (SILICON) 
MM1803 

GpE = 7.7·8.5 db @ 250 Me Typ 

Po = 600·700 mW @ 250 Me Typ 

NPN silicon annular transistors for large signal VHF 
and UHF applications. 

CASE 31 
(TO·5) 

Collector connected to case 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation 
@25'C Case Temperature 
@25'C Ambient Temperature 

Operating Junction Temperature 
Storage Temperature Range 

Thermal Resistance--
Junction to Case 

Thermal Resistance--
Junction to Air 

250 MC POWER GAIN TEST CIRCUIT (2N3137) 

SHIELD 
I 
I 

100mW 120 pI l.. 
at 250mc--j 
RS = 50 

1000 pI 
Button MICA 

RFC 
.47uh 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

I'D 

~J 
stg 

IIJC 

II 
JA 

L2 = .075 uh (5.5 turns #ISga. ID = 3/1S" length 1/2") 

9·40 

2N3137 MM1803 Unit 

40 50 Vdc 

20 25 Vdc 

4 5 Vdc 

150 150 mAdc 

Watts 
2.0 
0.8 

200 'c 
-65 to +200 

'C/ 
87.5 Watt 

'C/ 
153 Watt 

250 MC POWER GAIN TEST CIRCUIT (MM1803) 

-=- -=-

+20 V 

68ull 

47~ 

l1L2 ZUlll 

~ 50 
470 pi 

.7-12 PI-=- -= 

Ll = 3/4 turn No. 14 tinned wire 3/8" ID 

L2 = 4 tUrns No. 18 tinned wire 1/4" ID 7/16" long 



-- RF Transistors --

2N3137, MM 1803 (Continued) 

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

Characteristic Symbol Min Typical Max Unit 

Collector-Base Breakdown Voltage VCBO Vdc 
IC = O. 1mAdc, IE = 0 2N3137 40 

MM1803 50 

Collector-Emitter Open Base Sus. Voltage VCEO(sus) Vdc 
IC = 15mAdc, IB = 0 2N3137 20 

MM1803 25 

Collector Cutoff Current ICBO p.Adc 
V CB= 20Vdc, IE = 0, TC = +150· C Both Types 50 

Collector Cutoff Current ICBO p.Adc 
VCB~ 20Vdc, IE =0 Both Types .05 

Emitter-Base Breakdown Voltage VEBO Vdc 
IE = IOO~A, IC = 0 2N3137 4 

MM1803 5 

DC Current Gain hFE 
V CE = 5Vdc, IC = 50mAdc 2N3137 20 120 

MM1803 40 160 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
IC =.50mAdc, IE = 5mAdc Both Types 0.3 

Small Signal Current Gain Ihfe I 
V CE = 10Vdc, IC = 50mAdc, f = IOOmc 5.0 

Common-base Output Capacitance Cob pf 

V CB = 10Vdc, IC = 0, f - IOOkc 3.5 

Power Output P 
out 400 600 mWatts 

Power Gain Pin - 100mw, f = 250mc 2N3137 Ge 6.0 7.7 db I 
Efficiency V CE = 20Vdc ~ 40 65 % 

Power Output P 
out 560 700 mWatts. 

Power Gain Pin - 100mw, f - 250mc MM1803 Ge 7.5 8.5 db 

Efficiency VCE = 20V ~ 45 60 % 

'Pulse Width ~ 300 p.sec. Duty cycle = 1% 
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--- RF Transistors ---

2N3279 th,u 2N3282 (GERMANIUM) I iii I ~~~ ~.~~ ,Vdb @ 200 M, 
~ NF = 3.5-5 db @ 200 Me 

CASE2.\ 
PNP germanium epitaxial mesa transistors for high

gain, low-noise amplifier, oscillator, mixer and fre
quency multiplier applications. 

(TO·72) 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector- Base Voltage VCBO 

Collector- Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Total Device Dissipation PD 
(25DC Ambient Temperature) 
Derate above 25DC 

Junction Temperature Tj 

Storage Temperature Tstg 

POWER GAIN AND NOISE FIGURE versu, COLLECTOR CURRENT 

200m. 

30 
COMMON EMInER .J. 
neutrl1iution and tuning ~ 

Va ,IOV.le = 3mA 

--- I--r--.. 
- G. Tc = 1+25oC 

t-=- NF 

20 

IS 

10 

" 

r-J2\ 

2~~~4~1~~ I 
110Vl II 'Y 
~ ~ 

--., rf -" 'i. ~ ......... 

f.--
). / ~N3219 
~~ 3280 ~ 

50 

40 

~ 30 

~ 
f 20 
d 

10 

2N3279 
Rating 

2N3281 Unit 
2N3280 2N3282 

30 30 Volts 

30 30 Volts 

20 15 Volts 

1.0 0.5 Volts 

50 50 rnA 

100 100 mW 

1.33 1.33 mW/"C 

+100 +100 DC 

-65 to +100 -65 to +100 DC 

NEUTRALIZED POWER GAIN AND NOISE FIGURE versu, 
FREQUENCY 

COMMON EMmER Va:;:: 10 V. Ic =3mA 

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

r--... 

......... 
:--..... ./ 

-G. ,/ ........ 

2 

I 

I 

f-- 1-- ~!~7Ml5V1-~ (5V1 
-=~ NF I-- -- .... 

-5 r\ 2 
o 10 12 14 16 18 20 

Ie. COllECTOR CURRENT (mA) 

o 
10 
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--- RF Transistors ---

2N3279 thru 2N3282 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol T est Conditions Min Typ 

Collector-Base BVCBO IC ~ 100 /lAde, IE ~ 0 
Breakdown Voltage 

All Types 30 -
Collector-Emitter BVCES IC ~ 100 /LAde, VE8 ~ 0 
Breakdown Voltage 

All Types 30 -
Collector-Emitter BVCEO IC = 2.0 mAde, IB = 0 
Breakdown Voltage 2N3279, 2N3280 20 -

2N3281, 2N3282 15 -
Collector ('utoff ICBO VCB = 10 Vde. IE = 0 
CUrrent All Types - 1 

VCB = 10 Vde. IE = 0, T A = +550 C 

2N3279, 2N3280 - -
Emitter Cutoff lEBO VEB = 0.75 Vde, IC = 0 
Current 2N3279, 2N3280 - -

VEB = 0.5 Vde, IC = 0 
2N3281, 2N3282 - -

DC Forward Current hFE VCE = 10 Vde, IC = 3 mAde 
Transfer Ratio 2N3279, 2N3280 10 -

2N3281. 2N3282 10 -
Collector-Emitter VCE (sat) IC = 5 mAde, IB = 1.0 mAde 
Saturation Voltage 2N3279, 2N3280 - -

2N3281, 2N3282 - -
Base-Emitter VBE (sat) IC = 5 mAde. IB = 1.0 mAde 
Saturation Voltage 2N3279, 2N3280 - -

2N3281, 2N3282 - -
Small Signal Forward hre VCE =10 Vde, IC = 3 mAde, r =1 ke 
Current Transfer Ratio 2N3279, 2N3280 10 -

2N3281, 2N3282 10 -
Collector-Base Cob V CB~10 Vde, IE = 0, f ~ 100 ke (Note 1) 
Capacitance 2N3279 - 0.9 

2N3280 thru 2N3282 - 1.0 

Collector-Base rb' Cc VCB = 10 Vde, IC = 3 mAde, f = 31. 8 me 
Time Constant 2N3279, 2N3280 3 5 

2N3281, 2N3282 3 5 

Current Gain - rT VCE = 10 Vde, IC = 3 mAde 
Bandwidth Product 2N3279, 2N3280 400 500 

2N32BI, 2N3282 300 400 

Maximum Frequency fmax VCE = 10 Vde, IC = 3 mAde 
of Oscillation All Types - 2000 

Power Gain Ge VCE = 10 Vde, IC ~ 3 mAde, r = 200 me 
2N3279, 2N3280 17 -
2N3281, 2N3282 16 -

Noise Figure NF VCE = 10 Vde, IC = 3 mAde, f = 200 me 
2N3279, 2N3280 - 2.9 
2N3281, 2N3282 - 4.0 

Power Gain (AGC) Ge VCE = 5 Vde, IC = 20 mAde, f= 200 me 

(Note 2) 2N3279, 2N3281 - -
(Note 2) 2N3280, 2N3282 - 0 

Note 1. Cob is measured in a guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing Ie. The circuit remains adjusted for V CE = 10 Vde 

and IC = 3 mAde operation. 
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Max Unit 
Vde 

-
Vde 

-
Vde 

-
-

/lAde 
5 

50 

/LAde 
100 

100 

-
70 
100 

Vde 
0.3 
0.5 

Vde 

1.0 
1.5 

100 -
150 I 

pf 

1.0 
1.2 

psec 

!O 
15 

800 me 
800 

me 

-
db 

23 
23 

db 
3.5 
5.0 

db 

0 
-
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--- RF Transistors ---

2N3283 thru 2N3286 (GERMANIUM) VCBO = 20-25 V 
Ge = 14-16 db @ 200 Me 
NF = 4-5 db @ 200 Me 

PNP germanium epitaxial mesa transistors for TV 
and FM, RF and IF amplifier, oscillator and general 
purpose high-gain, low-noise amplifier applications. 

CASE 20 
(TO·72) 

MAXIMUM RATINGS 

Characteristic 

Collecl.:>r-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
at TA = 250 C 

Derate above 250 C 

Junction Temperature 

Storage Temperature Range 

50 

NEUTRALIZED PDWER GAIN AND 
NOISE FIGURE versus FREQUENCY 

COMMON EMITTER Vc~:::: 10 V Ie = J rnA ---0 
.......... 

0 f': 

0 
"-... 

""" " 

0 
_ G. ~/ r---
-- NF - t-.. 

0 

Symbol 

VCBO 

VCES 

VEB 

IC 

PD 

TJ 

Tstg 

20 

16 

12 

"'" o 
10 20 40 60 100 200 400 600 1000 2000 

f, fREQUENCY (me) 
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2N3283 2N3285 Unit 
2N3284 2N3286 

25 20 Volts 

25 20 Volts 

0.5 0.5 Volt 

50 50 mA 

100 100 mW 
1.33 1.33 mW/oC 

+100 +100 °c 

--65 to +100- °c 

JO 

POWER GAIN AND NOISE FIGURE versus 
COLLECTOR CURRENT zOO me 

COMMON EMITTER _ I 1 

25 
{lQ'VI,I neulrahzatHln and luning set al 

Vef = lOll, Ie:::: JmAJ !Y' a '1 

i'-
, 

,/ 

/ 5 7 

- G. '" 1/ O~NF / '" 
6 

5 -' {5VI-~ -- ~ 
0 

5 
10 12 14 16 18 20 

Ie. COllECTOR CURRENT (rnA) 



--- RF Transistors ---

2N3283 thru 2N3286 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Sym 

Collector-Emitter BVCES 
Breakdown Voltage 

Collector Cutoff CUrrent IcBO 

Emitter Cutoff Current lEBO 

DC Forward Current hFE 
Transfer Ratio 

AC Current Gain br. 

Output Capacitance Cob 

AC CUrrent Gain br. 
Collector-Base rb'Cc 
Time Constant 

Maximum Frequency 
of Oscillation Imax 

2N3283 

Power Gain Go 

Noise Figure NF 

Power Gain (AGe) Ge 

2N3284 

Power Gain Ge 

Noise Figure NF 

Ppwer Gain (AGe) Ge 

2N3285 

Power Output 

2N3286 
Power Gain 

NOise Figure 

Test Conditions 

IC = 100 ~Ade, VBE =0 
2N3283, 2N3284 
2N3285, 2N3286 

VCB = 10 Vde, IE = 0 

v EB = 0.5 Vde, IC = 0 

VCE = 10 Vde, Ie = 3 mAde 2N3283, 2N3284 
2N3285, 2N3288 

VCE = 10 Vde, Ie = 3 mAde, 2N3283, 2N3284 

I = Ike 2N3285, 2N3286 

VCB = 10 Vde, IE = 0, I = 100 ke Note 1 

VCE = 10 Vde, Ie = 3 mAde, 1= 

VCB = 10 V:te, Ie = 3 mAde, 

I = 31.8 me 

VCE ='10Vde,IC = 3 mAde 

VCE - 10 Vde, Ie - 3 mAde 
f=200me 

Circuit Fig. 1 - Note 2 
VCE = 5 Vdc, Ie = 20 mAde, I = 

VCE = 10 Vdc, Ie = 3 mAde 
f = 200 me 

VCE = 5 Vde, Ie = 20 mAde, I = 

VEE = +12 Vde, I = 257 me 

VCE = 10 Vde, Ie = 3 mAde 
1= 200 me 

100 me 

200 me 

200 me 

Min 

25 
20 

-
-
10 

5 

10 
5 

-
2.5 

-

-

16 

-
-

16 

-
-

Note 1. Cob is measured in a guarded circuit such that the can capacitance is not included. 

Typ Max Unit 

Vde 
30 -
25 -

2.0 10 ~Ade 

- 100 ~Ade 

30 - -
15 - -

- 200 -
- 200 

1.0 1.5 pI 

4.0 8.0 -
10 25 paee 

2000 - me 

20 23 db 

4 5 db 

- 0 db 

20 23 db 

5 6 db 

0 - db 

I I-I mW 

Note 2. AGe is obtained by Increasing Ie. The circuit remains adjusted lor V CE = 10 Vde and IC = 3 mAde operation. 
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-- RF Transistors ---

2N3283 thru 2N3286 (Continued) 

FIGURE 1 - 200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

IN 

500r. Rg 
470 

NOTES, 
l·l V4 inch inside diameter, 1/2 inctllength, 4 turns #20 solid copper wire, 

center tapped. 
T·l 1/4 inch inside diameter. close wound, 3 turns #26 solid copper wire, 1:1 

ratio bi·filler wound. 
* High Quality piston type capacitor. 
Distance from emitter contact of transistor to ground side of bypass capaci. 
tor should be kept minimum 

SHIELD 
I 
I 
I 
I 

CN .7-9* 

L·l 

-=- 470 

-Vee 

FIGURE 2 -257 MCOSCILlATOR POWER OUTPUT TEST CIRCUIT 

8KO 

L, - 4 TURNS OF (1 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7/32" CENTER 
RFC - 24 TURNS (130 NYKLAD WIRE CLOSE WOUND 
ALL CAPACITORS ARE CERAMIC TYPE 

9-46 

1000 
POWER 

DETECTDR 

OUT 

500 
RL 



--- RF Transistors ---

2N3287 thru 2N3290 (SILICON) ~ ~ Vc,o = 30-4QV 
G. = 17 db @200Me ~ NF = 6-7 db @200Me 

NPN silicon annular transistors for high-gain, low
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

CASE 20 
(TO-72) 

MAXIMUM RATINGS 

Characteristic 

Collector - Base Voltage 

Collector - Emitter Voltage 

Collector - Emitter Voltage 

Emitter - Base Voltage 

Collector Current 

Power Dissipation at 25° C Case 
Above 25°C derate 1. 71 mW/oC 

Power Dissipation at 25° C ambo 
Above 25°C derate 1. 14 mW/oC 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

Pc 

PD 

Tj 

Tstg 

2N3287 2N3289 Unit 2N3288 2N3290 

40 30 Volts 

40 30 Volts 

20 15 Volts 

3.0 3.0 Volts 

50 50 mA 

300 300 mW 

200 200 mW 

+200 +200 °c 

-65 to +200 -65 to +200 °c 

200 MC TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 

R, =50\1 

Ll-6 turns of #16 tinned wire; :va" 10; Air wound; winding length 3,4"; 
Vee feeds tap 4% turns from collector end; output tap 3112 turns 
from collector end. 

'-+---YF-----{-<.) R, = 50\1 

TI-3 turns primary and secondary Bifilar wound (close wound) on 1f4" 
ceramic form (cambian type) with brass slug. #22 enameled wire. 

PI-General Radio 874 G6 Pad (6 db) 
PZ.(leneral Radio 874 G6 Pad (6 db) 
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--- RF Transistors ---

2N3287 thru 2N3290 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Base BVCBO IC 0 10 ~Ade, IE 0 0 Vde 
Breakdown Voltage 2N3287, 2N3288 40 - -

2N3289, 2N3290 30 - -
Collector- Emitter BVCES IC 0 10 ~Ade, VBE .. 0 Vde 
Breakdown Voltage 2N3287, 2N3288 40 - -

2N3289, 2N3290 30 - -
Collector-Emitter BVCEO IC " 2,0 mAde, IB " 0 Vde 
Breakdown Voltage 2N3287, 2N32BB 20 - -

2N3289, 2N3290 15 - -
Emitter-Base BVEBO IE 0 10 ~Ade, IC = 0 3,0 - - Vde 
Breakdown Voltage 

Collector Cutoff ICBO VeE o 15 Vde All Types - - .010 /lAde 
Current VCE '" 15 Vdc, T := 150°C 2N3287, 2N3288 - - 3.0 --
DC Forward Current hFE VCE o 10 Vde, IC 0 2 mAde -
Transfer Ratio 2N3287, 2N3288 15 - 100 

2N3289, 2N3290 10 - 150 

CoJieetor-Emitter VCE (sat: IC '-' 5 mAde, [B '" 0.5 mAde Vde 
Saturation Voltage 2N3287, 2N3288 - - 0.3 

2N3289, 2N3290 - - 0.4 
-" 

Base-Emitter VEE (S:tt) Ie .. 5 mAde, IE 0.5 mAde Vde 
saturation Voltage 2N3287, 2N3288 - - 0.9 

2N3288, 2N3290 - - 1.0 ,. 
AC CUrrent Gain h[e VeE = 10 Vde, Ie 0 2 mAde, f '" Ike -

2N3287, 2N3288 15 - 150 
2N3289, 2N3290 10 - 200 - ~ '.00 

Output Capacitance Cob VeE := 10 Vdc, IE 0, I := 0.1 me (Note 1) pI 
2N3287 - 0.9 1.1 
2N3288 thru 2N3290 - 1.2 1.5 ,. 

Collector-Base Tbree VeB := 10 Vdc, Ie -;-;; 2 mAde, f = 31.8 me psec 
Time Constant 2N3287, 2N3288 3 8 15 

2N3289, 2N3290 3 8 20 
"-~~ 

I 
Current Gain - f VeE :::. 10 Vde, Ie = 2 mAde me 
Bandwidth Product 

-T 
2N3287, 2N3288 350 600 1200 
2N3289, 2N3290 300 500 1200 

Maximum Frequency fmax VeE " 10 Vde, Ie = 2 mAde - 2000 - me 
of Oscillation 

Power Gain Ge VeE " 10 Vde, IC ~, 2 mAde, f = 200 me db 
All Types 17 - 24 

NOise Figure NF VCE = 10 Vdc, Ie = 2 mAdc, f = 200 me db 
2N3287, 2N3288 - 4.9 6.0 
2N3289, 2N3290 - 6.0 7.0 

Power Gain (AGe) Ge VCE =5,O Vde, Ie020 mAde, f0200 mc(Note 2) db 
2N3287 - - 0 
2N3289 - - +5 
2N3288, 2N3290 - 0 -

Note 1. Cob is measured in guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing Ie. The circuit remains adjusted.for VCE ::: 10 Vdc. Ie = 2 mAdc operation. 

NEUTRAlIZED POWER GAIN POWER GAIN ANO NOISE FIGURE versus COLLECTOR CURRENT 
AND NOISE FIGURE versus FREQUENCY 

50 

40 

:s 
% 30 g 

i 20 

d 
10 

Veo 10 Vdc, Ie 2 mAde 

" II 
I'..... II 

I 

I'-.. 1.1-r--I 
G, 

........ 1/ 
8 rx -' r-.... 

r-' 1-" 4 

"-

20 24 

20 

:s 16 
% 

g 
12 

~ 
d 

:::::::: 
Common emitter: f _ 200 me I 

~ ~.=/~ (neutralilation and tuning set 

,,-.--... """ ~ I10v 
atVa = 10V, Ie = 2m;? 1 

./ I 

-r". 2V ~I~ ........ 5 v :...- 8 

~ d ~. -- f.--

\ 
6 

"'- -G, 
4 

,cro., fv'i\ --NF 

I 

oi 

o 0 
10 20 40 60 100 200 400 600 1000 2000 4000 

o 
o 2 

10 12 14 16 18 20 

fREQUENCV Ir~ MEGACYCLES Ie. COLLECTOR CURRENT (rnA) 
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--- RF Transistors ---

2N3291 ,h,u 2N3294 (SILICON) (~ V CBO = 20·25 V 
G. = 14·16 db @ 200 Me 
NF = 8 db @ 200 Me 

NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general-purpose, low-noise, 
high-gain amplifier applications. 

CASE 20 
(TO-72) 

MAXIMUM RATINGS 

Characteristic 

Collector - Base Voltage 

Collector '- Emitter Voltage 

Emitter - Base Voltage 

Collector Current 

Power Dissipation at 250 C Case 
Above 250 C derate L 71 mW/oC 

Power Dissipation at 250 C Amb. 
Above 250 C derate L14 mW/oC 

Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCES 

VEBO 

Ie 
Pc 

PD 

T J 

Tstg 

2N3291 2N3293 
2N3292 2N3294 Unit 

25 20 Volts 

25 20 Volts 

3_0 3_0 Volts 

50 50 rnA 

300 300 mW 

200 200 mW 

+200 +200 °c 

- -65 to +200 - °c 

NEUTRALIZED POWER GAIN POWER GAIN AND NOISE FIGURE ve,sus COLLECTOR CURRENT 
AND NOISE FIGURE versus FREQUENCY 

0 VCI - 10 Vdc. Ie _ 2 mAde 

.... I 0 

"- I 
I 

t-.... 1; 0 I 
G. 

.......... 1/ 
8 0 

~ 
-'/ ........ 0 __ 

4 

.......... 
0 

20 24 Common emitter: f _ 200 me 1 

~ R R.a~~~ (neutralization and tuning set 

0 
......... ~ I10v 

alVa = lOY, Ie = 2 me,:; 1 

"" I----- /' 1 
6 

i'-.~ V' ,." -~ ,. 5V 

8 , , ;;;:?- '( 
'- 1--~ 

6 8 

\ \. -,-G. 
4 4 

,C -~r-. - tF 
0 o 2 

10 20 40 60 100 200 400 600 1000 2000 4000 10 12 14 16 18 20 

fREQUENCY IN MEGACYCLES Ie. COLLECTOR CURRENT (rnA) 
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--- RF Transistors ---

2N3291 thru 2N3294 (Continued) 

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

Characteristic Symbol 

Collector-Emitter BVCES 
Breakdown Voltage 

Collector Cutoll CUrrent IeBO 

Emitter Cutoff CUrrent lEBO 

DC Forward CUrrent hFE 
Transfer Ratio 

AC Current Gain hre 

Output CapaCitance Cob 

AC Current Gain Ihlel 

Collector-Base rhee 
Time Constant 

Maximum Frequency Imax 
of Oscillation 

2N3291 
Power Gain Ge 

Noise Figure NF 

Power Gain (AGe) Ge 

2N3292 

Power Gain Ge 

Noise Figure NF 

Power Gain (AGe) Ge 

2N3293 I Power Output 

2N3294 

Power Gain 

Noise Figure. 

Test Conditions 

IC : 25 /lAdc, VBE : 0 

2N3291, 2N3292 
2N3293, 2N3294 

VCB : 10 Vde, IE : 0 

VEB : 0.5 Vde, Ie : 0 

VCE : 10 Vde, Ie : 2 mAde 

VCE : 10 Vde, Ie : 2 mAde, 
I : 1 ke 

VCB : 10 Vde, IE : 0, 

I: 100 ke, Note 1 

VCE : 10 Vde, Ie: 2 mAde 
I : 100 me 

VCB : 10 Vde, Ie : 2 mAde 
I : 31.8 me 

VCE : 10 Vde, IC : 2 mA 

VCE : 10 Vdc, Ic : 2 mAde, 
I: 200 me 

Note 2 
VCE : 5 Vde, Ie ': 20 mAde 
1:200me 

VCE : 10 Vde, IC : 2 mAde 
I: 200 me 

Note 2 
V CE : 5 Vde, IC : 20 mAde 
1:200me 

VEE: -11 Vde, I: 257 me 

VCE : 10 Vde, Ie 2 mAde 
I: 200 me 

Min 

25 
20 

-
-
10 

10 

-

2.5 

-

-

16 

-

-

16 

-

-

Note 1. Cob is measured in guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing Ie. The circuit remains adjusted lor VCE : 10 Vde, 

IC: 2 mAde operation. 
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Typ Max Unit 

Vdc 
35 -
30 -

.01 0.1 /lAdc 

- 100 /lAdc 

- - -

- 200 -

1.0 2.0 pi 

6.0 12 -

15 30 psec 

2000 - me 

20 24 db 

6 8 db 

- 0 db 

20 24 db 

7 9 db 

0 - db 



2N3295 (SILICON) 

-- RF Transistors --

G PE = 17 db @ 30 Me Typ 
Po = 0.3 W PEP @ 30 Me 
1m = 32db@30Me 

NPN silicon annular Star transistor for linear am
plifier applications from 2 to 100 Mc. 

Collector connected to case 

CASE 31 
(TO·S) 

MAXIMUM RATINGS' 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Total Device Dissipation 
(25·C Case Temperature) 

Derate above 25·C 

Total Device Dissipation 
(25·C Ambient Temperature) 

Derate above 25·C 

Junction Temperature Range 

Storage Temperature Range 

Symbol 

VCBO 

VCES 

VEBO 

IC 

~ 
Pc 

PD 

TJ 

Tstg 

Rating 

60 

60 

5 

250 

50 

2 
13.3 

0.8 
5.33 

-65 to 175 

-65 to 175 

• The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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Unit 

Vdc 

Vdc 

vdc 

mAde 

mAde 

Watts 
mW/·C 

Watts 
mW/"C 

·C 

·C 

I 
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--- RF Transistors ---

2N3295 (Continued) 

ELECTRICAL CHARACTERISTICS (At 2S'C unless otherwise noted) 

Characteristic Symbol 

Collector-Emitter Current ICES 

Collector Cutoff Current ICBO 

Emitter Cutoff Current lEBO 

DC Current Gain hFE 

Collector-Emitter VCE(sat) 
Saturation Voltage 

Base-Emitter VBE(sat) 
Saturation Voltage 

Collector-Emitter V CES(sus) 
Sustain Voltage 

Collector-Emitter Open VCEO(sus) 
Base Sustain Voltage 

AC Current Gain I hfe I 

Collector Output Cob 
Capacitance 

Power Input (PEP) (Note 1) P. 
m 

Power Gain G 
e 

Intermodulation I m 
Distortion Ratio 

Efficiency TJ 

* Pulse= 100 I1sec, Duty Cycle = 2% 
Note l. PEP. Peak Envelope Power 

Rating 
vCE ; 60Vdc, VBE ; 0 

VCE ; 50Vdc, VBE ; 0, 

TC; 175°C 

VCB ; 50Vdc, IE; 0 

V EB ; 5 Vdc, IC; 0 

IC; 10mAdc, 

VCE ; 10Vdc 

IC ; l50mAdc, 

VCE ; lOVdc * 
IC ; l50mAdc, 

IB ; l5mAdc 

IC = 150mAdc, 

IB ; 15mAdc 

* IC; 100mA, RaE; 0 

* IC = 100mA, IB ; 0 

VCE ; 10Vdc, 

IC; 10mAdc, f;50mc 

VCB ; 10Vdc, IE; 0, 

f; lOOkc 

Pout; O. 3 Watts PEP 
(0.15 W rms) 

f; 30mc, V CE ; 15. OVdc 

IC(max) ; 40mA 
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Min Ty~ Max Unit 
-- -- 100 II Adc 

-- -- 500 11 Adc 

-- -- 0.1 11 Adc 

-- -- 100 11 Adc 

20 -- 60 --

20 
_. -- --

Vdc 

-- -- 0.5 

-- -- 2.0 Vdc 

30 -- -- Volts 

20 -- -- Volts 

--
4.0 -- --

pf 

-- -- 8 

-- -- 12 mW 

14 17 -- db 

30 32 -- db 

25 30 -- % 



--- RF Transistors ---

2N3295 (Continued) 

] 
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8 
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I 
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-- RF Transistors--

2N3296 (SILICON) 1*=1 G,,=19db@30M,Typ Po = 3 W PEP @ 30 MC 
1m = 35 db @ 30 Me Typ 

NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 Mc. 

CASE 24 
(10-102) 

Collector connected to case; 
stud isolated from case 

MAXIMUM RATINGS (Note 1) 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

, Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

RF Input Power (Note 2) 

RF Output Power (Note 2) 

Total Device Dissipation 
(25°C Case Temperature) 
Derating Factor above 25°C 

Total Device Dissipation at 
(25°C Ambient Temperature) 
.Derating Factor above 25°C 

Junction Temperature 

Storage Temperature Range 

Symbol 

VCBO 

VCES 

VEB 

IC 

~ 
P. 

III 

P out 

Pc 

P D 

TJ 

Tste: 

Rating Unit 

60 Vdc 

60 Vdc 

3.0 Vdc 

700 mAdc 

100 mAdc 

1.0 Watt (PEP) 

5_0 Watts (PEP) 

6.0 Watts 
40 mW/oC 

0.7 Watts 
4.67 mW/oC 

175 °c 

-65 to +175 °c 

Note 1: The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 

Note 2: PEP = Peak Envelope Power. 
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--- RF Transistors ---

2N3296 (Continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Conditions Min Typ Max Unit 
Collector-Emitter Sustain Voltage V CES(SUS) 

. IC - O. 200A, RaE = 0 85 120 -- Volts 

Collector Emitter-Open V • IC - 0.200A, IB = 0 40 -- -- Volts 
Base-Sustain Voltage 

CEO(sus) 

VCE = 60Vde, VBE = 0 -- -- 100 
Collector-Emitter Current ICES uAdc 

VCE = 50Vde, VBE = 0, TC = +175"C -- -- 500 

Collector-Cutoff Current ICBO VCB -50Vde,IE -0 -- -- 0.1 !lAde 

Emitter-Cutoff Current lEBO VEB = 3Vde, IC - 0 -- -- 100 !lAde 

V CE = 2. OVde, IC = 40rnAde 5.0 -- 50 --
DC Current Gain hFE 

V CE = 2. OVde, IC = 400mAde 5.0 -- -- --

Collector-Emitter Saturation Voltage V CE(sat) IC - 400rnAde, IB = 80rnAde -- -- 0.5 Vde 

Emitter-Base Saturation Voltage VBE(sat) IC - 400rnAde, IB = 80mAde -- -- 2.0 Vde 

I 
AC Current Gain V CE = 2. OVde,IC = 40mAde,f = 50me 

Collector Output Capacitance V CB = 25Vde, IE = 0, f = lOOke 

Power Input (PEP) (Note 2) P. -- -- 75 mW ill 

Power Gain G e 
Pout = 3. 0 Watts (PEP)(!. 5 W rms) 16 19 -- db 

Intermodulation Distortion Ratio I 
V CE = 30 Volts, f = 30me 

30 35 -- db m 
IC(rnax) = 125 rnA 

Efficiency ~ 40 48 -- % . - -Pulse Test. Pulse Wldth - 100 /-lsee. Duty Cycle - 2% . 
Note 2 PEP. Peak Envelope Power. 
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-- RF Transistors --

2N3296 (Continued) 
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2N3291 (SILICON) 

-- RF Transistors ---

GpE = 13 db @ 30 MeTyp 
Po = 12 W PEP @ 30 Me 
1m = 33 db @ 30 MeTyp 

NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 Mc. 

Collector connected to case 

CASE 1 
(TO·3) 

MAXIMUM RATINGS ~ 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base-Current (Continuous) 

Power Input (PEP) 

Power Output (PEP) 

Total Device Dissipation 
@ 25°C Case Temperature 

Derating Factor above 25° C 

Junction Temperature 

Storage Temperature Range 

Symbol 
VCBO 

VCES 

VEB 

IC 

IB 

P. 
m 

P out 

PD 

TJ 

Tstg 

Rating Unit 

60 Vdc 

60 Vdc 

3 Vdc 

1.5 Adc 

500 mAdc 

5.0 Watts (PEP) 

20.0 Watts (PEP) 

25.0 Watts 

167 mWjOC 

175 °c 

-65 to +175 °c 

*- The maximum raUngs aB given Cor DC conditions can be exceeded on a pulse basis. See electrical characteristics 
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-- RF Transistors --

2N3297 (Continued) 

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

Characteristic Symbol Conditions 
Collector-Emitter V • IC = O. 250A. RBE = 0 
Sustain Voltage 

CES(sus) 

Collector Emitter-Open V • 
Base Sustain Voltage 

CEO(sus) IC = 0.250A, IB = 0 

Collector-Emitter VCE = 60Vdc, VBE = 0 
Current ICES 

VCE = 50Vdc, VBE = 0, TC = +175°C 

Collector-Cutoff ICBO VCB = 50Vdc, IE = 0 
Current 

Emitter-Cutoff 
Current 

lEBO VEB = 3Vdc, IC = 0 

DC Current Gain IC = 400mAdc, V CE = 2Vdc, 
hFE 

IC = lAdc, VCE = 2Vdc 

Collector-Emitter V CE(sat) IC = lAdc, IB = 500mAdc 
Saturation Voltage 

Emitter-Base VBE(sat) IC = lAde, IB = 500mAde 
Saturation Voltage 

AC Current Gain I hre I V CE = 2Vdc, IC = 400mAdc, r = 50mc 

Collector Output 
Capacitance 

Cob V CE = 25Vdc, IE = 0, f = 100ke 

Power Input (PEP) P. 
III 

Note 2 Pout = 12 Watts PEP (6. OW rms) 

Power Gain G V CE = 30 Volts, r = 30mc 
e 

Intermodulation I IC(max) = 0.50 Amp 
m 

Distortion Ratio 

Efficiency 1) 

• Pulse Test: Pulse Width = 100/lsec, Duty Cycle = 2 % 
Note 2. PEP. Peak Envelope Power 
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-- RF Transistors --

2N3297 (Continued) 
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--- RF Transistors ---

2N3298 (SILICON) VCES = 25 V 
Po = 60·100 mW @ 80 Me 

\ CASE 22 

NPN silicon annular transistor for power oscillator 
applications to 150 Mc. 

(TO· IS) 
Collector connected to case 

MAXIMUM RATINGS 

Characteristic Symbol Rating 
Collector-Base Voltage VCBO 25 

Collector- Emitter Voltage VCES 25 

Emitter-Base Voltage VEBO 3.0 

Collector Current IC 100 

Total Device Dissipation Pc 
(25°C Case Temperature) 1.0 
Derate Above 25°C 6.67 

Total Device Dissipation P D 
(25 ° C Ambient Temperature) 0.3 
Derate Above 25°C 2mW/oC 2 

Junction Tempe.rature TJ +175 

Storage Temperature Range T 
stg -65 to +175 

80 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

2N3298 

16K RCe 

3.9JAh 

-= 

15 pf 'I 30P
! 

2.7K 

RFe 
3 .. 9 ~h 

20n 
-l~V o-----...... -----"''''''------l -= 

9·60 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

Watt 
mW;aC 

Watt 
mWjOC 

°C 

°c 

12pf 

~R' 
Son 

BOLOMETER 

-= 

L, - 4 TURNS #22 WIRE 
ON 1f4" COil FORM 



--- RF Transistors ---

2N3298 (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C Ambient unless otherwise noted) 

Characteristic Symbol 

Collector-Emitter BVCES 
Breakdown Voltage 

Collector-Emitter Open BV * 
Base Sustaining Voltage CEO(sus) 

Collector Cutoff Current 'CBO 

Emitter Cutoff Current lEBO 

DC Current Gain hFE 

AC Current Gain I hfe I 
Collector Output Capacitance Cob 

Power Output P 
out 

Efficiency ~ 

'Pulse Width = 300 /lsee, Duty Cycle = 2% 

NORMALIZED DC CURRENT GAIN 

versus AMBIENT TEMPERATURE 

14 
,,,=I],,.J .",-

r- Ie =00 10 mAde 

V 
II 

0 

. 
/ 
V 

V 
o. • -75 -50 -25 0 +25 +50 +n +100+125+150+115 

T .. AMBIEHTTEMPEItATURE(OCI 

Conditions Min Typ Max Unit 

'C=25/lAde, VBE=O 25 35 - Vde 

'C=10mA, 'B= 0 15 24 - Vde 

VCB=10 Vde, 'E=O - 0.01 0.5 
JlAdc 

V CB=10 Vdc, IE=O, TA=150°C - ,0 50 

V EB=3 Vde, IC = 0 - - 10 /lAde 

V CEo 1 Vde, IC= 10 mAde 60 90 '20 -

V CEo 10 Vde, 'C= 'OmAde, 1= 100me 2 - - -

V CB= 10 Vdc, IE=O, f=IOO ke - 5 6 pi 

60 - 100 rnW 
f= 80 me 

VCC =12Vde 

'C(rnax) = 20 rnA 25 40 - % 

fT versus COLLECTOR CURRENT 
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~ 
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l! 
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V- L= lsv 

./ 

:i: V ..... 

" 
r V,,,,=IOV -....... 
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-- RF Transistors ---

2N3307 (SILICON) 

2N3308 
~ GpE =17db@200Mc ® NF=4-5db@200McTyp 

CASE 20 
(10-72) 

PNP silicon annular transistors for high-gain, low
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

MAXIMUM RATINGS 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Power DisSipation at TC = 25°C Pc 
Above 25°C derate 

Power Dissipation at TA = 25°C Pn 
Above 25°C derate 

Junction Temperature T j 

-storage Temperature Tstg 

COMMON EMITTER AVERAGE SMALL POWER GAIN 

& NOISE FIGURE versus COLLECTOR CURRENT 
0 

VeE - -10 Vdc -- TUNED AT Ie := -2 mAde ONLY. 
1== 200 me - - lUNEDAT EACH TEST CURRENT. 

5 

0/ -= - I": ~, 
5 NF ~ 

'" :> ~ :, ..... 0 

~ ~ ~ 
'-, 

'-., 
5 ~ 

" G~ ~" 0 "-
5 '" 10 12 14 16 18 W -

Ie. COllECTOR CURRENT (mAde) 
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Rating 
Unit 

2N3307 2N330B 

40 30 Vdc 

40 30 Vdc 

35 25 Vdc 

3.0 Vdc 

50 mAdc 

300 mW 

1.71 mW/oC 

200 mW 

1.14 mW/oC 

200 ·C 

-65 to +200 ·C 

NOISE FIGURE versus FREQUENCY 

5 

II 
4 -t-

VeE = -15Vdc-

VeE = -5Vdc 

3 

2 

Ie ... 2 mAde 

I 

RG -
1 

50 ChiS 

0 
20 30 50 70 100 200 300 500 

f, FREQUENCY(me) 



--- RF Transistors ---

2N3307,2N330B (Continued) 

ELECTRICAL CHARACTERISTICS (At 25'C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector-Base BVCBO Ie :: -10 /.lAde, IE:: 0 2N3307 -40 - - Vde 
Breakdown Voltage 2N330B -30 - -

Collector-Emitter BVCES Ie:: -10 j..lAdc, VEE:: 0 2N3307 -40 - - Vde 
Breakdown Voltage 2N3308 -30 - -

Collcctor- Emitter BVCEO Ie:: -2.0 mAde, IS:: 0 2N3307 -35 - - Vde 
Breakdown Voltage 2N3308 -25 - -

Emitter-Base BV:EBO IE = -10 /-lAde, Ie:: 0 Both Types -3.0 - - Vde 

Breakdown Voltage 

Collector Cutoff leBO VeE - -15 Vdc Both Types - -0.001 -0.010 /lAdc 
Current 

V CB = -15 Vdc, T = 150 "c 2N3307 - -0.5 -3.0 

DC Current Gain hFE V CE :: -10 Vdc, Ie :: -2 mAde 2N3307 40 - 250 -
2N3JD8 25 - 250 

Collector-Emitter V CE(sal) Ie = -3 mAde, IS = -0.6 mAde Both Types - - -0.4 Vde 
Saturation Voltage 

Base-Emitter VBE(sat) Ie = -3 mAde, IS :: -0.6 mAde Both Types - - -1. 0 Vde 

Saturation Voltage 

AC Current Gain hfe VCE = -10 Vde, IC = -2 mAde, f = 1 kc 2N3307 40 - 250 -
2N3308 25 - 250 

Output Capacitance * COb V CB - -10 Vdc, IE = 0, f = O. 1 me 2N:3307 - 1.0 1.3 pf 
2N3308 - 1.2 1.6 

Collector-Base r 'C VCB = -10 Vdc, IC = -2 mAde, f == 31.8 me 2N3307 2 - 15 
Time Constant b e psec 

2N3308 2 - 20 

Current Gain- fT V CE = -10 Vdc, IC '" -2 mAde, f ,=- 100 me Both Types 300 - 1200 me 
Bandwidth Product 

Maximum Frequency f 
max V CE '= -10 Vdc, IC '" -2 mAdc Both Types - 2000 - me 

of Oscillation 

Power Gain G V CE = -10 Vdc, Ie = -2 mAde, f '" 200 mc Both Types 17 - 24 db 
e 

Noise Figure NF V CE = -10 Vdc, Ie = -2 mAde, f = 200 me 2N3307 - 4.0 4.5 db 
2N330B - 5.0 6.0 

I 
Power Gain (AGC) * * G 

e V CE '" -5.0 Vdc, IC = -20 mAdc, f = 200 me 2N3307 - - 0 db 
2N3308 - 0 -

* COb is measured in guarded circuit such that the can capacitance is not included . 

• * AGe is obtained by increasing Ie' The circuit remains adjusted for V CE = -10 Vdc, Ie = -2 mAdc operation. 

SMALL SIGNAL CURRENT GAIN versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 

0 
VcE--IO Vdc 

5 

~ 
VcE=-1O Vdc 

0 R:-
~ 

0 

~ 
""'" f"::::::: 0 

5 
~" ZmAdc 

0 "'-"l 
_lhl~!)!,J 1-,. "-
. f. IY;.I 

Ic=-:;ml\.dc , .......... 
5 

1 1 " i"-. 
~ ~zmtc 

MAG;~ r1--~ 4g;.·go. 

0 

0 1 1 1 .......... 1---. 0 
20 30 50 70 100 ZOO 300 500 20 30 50 70 100 200 300 500 

f, FREQUUICY (me) f. FREQUENCY (me) 
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2N3309A (SILICON) 

--- RF Transistors ---

GpE= 7.4 db @250 Me 
Po = 2.2 W @ 250 Me 

~SE7''t 
NPN silicon annular transistor for power amplifier 

and driver applications to 500 Mc. 

(TO-39) 
Collector connected to case 

MAXIMUM RATINGS * 
Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector -Em itterVoltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 4 Vdc 

Collector Current (Continuous) IC 0.5 Adc 

Base Current (Continuous) IB 0.1 Adc 

RF Input Power (Nom) Pin 0.5 Watt 

RF Output Power (Nom) P out 2.5 Watts 

Total Device Dissipation 
(25°C Case Temperature) Pc 5 Watts 
(Derating Factor Above 25' C) 28.6 mW/C 

Total Device Dissipation at 
25' Ambient P D 1.0 Watt 
(Derating Factor Above 25 C) 5.7 mW/ C 

Junction Temperature TJ 200 C 

Storage Temperature Range Tstg -65 to +200 C 

*The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis_ See Electrical Characteristics. 
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--- RF Transistors ---

2N3309A (Continued) 

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

Characteristic Symbol TEST CONDITIONS Min Typ Max Unit 

Collector-Emitter Sustain Voltage V • 
CES(sus ) IC c 50mA, RBE ~ 0 60 -- - - Volts 

Collector Emitter-Open Base V • IC - 100mA, IB c 0 30 - - - - Volts 
Sustain Voltage 

CEO(sus ) 

Collector-Emitter Current ICES VCE c 50 Vdc, VBE ~ 0 - - - - 100 /lAdc 

V CE C 25 Vdc, VBE C 0 - - -- 500 /lAdc 

TC C +150"C 

Collector-Cutoff Current ICBO V CB C 25 Vdc, IE ~ 0 - - -- 0.5 /lAdc 

Emitter-Cutoff Current lEBO V EB C 4 Vdc, IC C 0 - - - - 100 /lAdc 

DC Current Gain hFE IC = 50 mAdc, 8 - - 80 --

VCE =2.0Vdc 

IC = 250 mAdc, 8 - - -- -- I 
VCE =2.0Vdc 

Collector-Emitter Saturation V CE(sat) IC = 250 mAdc, IB = 50 mAde -- - - 0.5 Vdc 
Voltage 

Emitter-Base Saturation Voltage V BE(sat) [C = 250 mAdc, IB C 50 mAde - - - - 1.2 Vdc 

AC Current Gatn Ihfe I VCE = 15 Vdc 3 - - -- --

IC = 30 mAde, f = 100 mc 

Collector Output Capacitance Cob V CB = 15 Vdc, IE = 0, -- -- 6 pf 

f = 100 kc 

Power Output P 
out 2.2 - - - - [watts 

Power Gain G Ptn = 400 mW max, f C 250 mc 7.4 -- -- db 
e 

V CE = 25 Vdc, IC(max) ~ 176 rnA 

Efficiency '7 50 -- - - % 

'Pulse Width = 100 /lsec, Duty Cycle = 2% 
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-- RF Transistors --

2N3323 (GERMANIUM) 
2N3324 
2N3325i(j 

VCBO = 35 V 
G. = 11 db @ 100 Me 

CASE 22 ~ 
(TO-18) \\ 

PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
applications. 

Collector connected to case 
MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 35 Volts 

Collector-Emitter Voltage VCES 35 Volts 

Emitter-Base Voltage VEBO 3.0 Volts 

Collector Current IC 100 mA 

Total Device Dissipation Pc 
25°C Case Temperature 300 mW 

Derate Above 25°C 4 mW/oC 

Total Device Dissipation Po 
25°C Ambient Temperature 150 mW 

Derate Above 25°C 2 mW/oC 

Junction Temperature TJ +100 °c 

Storage Temperature Range T stg -65 to +100 °c 

3S 
J I 11111 

70 

30 , II 11111 
60 

G. (NEUTRALIZED) 
25 50 

20 h" 
40 

POWER GAIN AND AC CURRENT GAIN versus FREQUENCY 
IS 

" 
30 

10 
,\. 

20 

f--
f-V,ec ~ 10 Vde 

Ic~3mAdc 

...... 10 

},O 2.0 4.06.0 10 20 40 60 100 200 4006001000 
f. FREQUENCY (me) 
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-- RF Transistors --

2N3323 thru 2N3325 (Continued) 

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

Characteristic Svmbol Conditions Min TVp Max Unit 
Collector-Emitter BVCER 
Breakdown Voltage 

IC ; 100/lAdc, ~E; 10K 35 40 -- Vdc 

Collector-Emitter 
ICES VCE ; 35 Vdc, VBE ; 0 -- -- 100 /lAdc 

Current 

Collector Cutoff ICBO VCB ; 10 Vdc, IE; 0 
Current 

-- 0.5 10 /IAdc 

Emitter Cutoff 
lEBO VEB ; 2 Vdc, IC ; 0 -- -- 100 /IAdc 

Current 

DC Current Gain 
hFE V CE; 10 Vdc, IC; 3 mAdc 30 -- 200 --

AC Current Gain hfe 
VCE ; 10 Vdc, IC - 3 mAdc 

30 -- 225 --
f - 1 kc 

Current-Gain -
fT 

VCE ; 10 Vdc, IC ; 3 mAdc 
200 -- 600 mc Bandwidth Product f; 100 mc 

Collector-Base rb'Cc 
VCE ; 10 Vdc, IC; 3 mAdc -- 50 100 psec Time Constant f;31.8mc 

Output Capacitance 
Cob 

VCE ; 10 Vdc, IE; 0 -- 2.2 3.0 pf 
f ; 100 kc 

Maximum Frequency f VCE ; 10 Vdc, IC; 3mAdc -- 500 -- mc 
of Oscillation max 

I 
Input Resistance, 

R. -- 1200 -- ohms 
Parallel Equivalent Ie VCE ; 10 Vdc, IC; 3 mAdc 

Output Resistance, R f ; 10 mc -- 11 -- kohms 
Parallel Equivalent oe 

Input Resistance, R. -- 100 -- ohms 
Paralle 1 Eq ui valent Ie 

IC; 3 mAdc VCE ; 10 Vdc, 

Output Resistance, R f; 100 mc -- 1.0 -- kohms 
Parallel Equivalent oe 

2N3323 

Test Circuit Figure 1 

Power Gain G VCE ; 10 Vdc, IC; 3 mAde e 11 -- 15 db 

f - 100 mc 

2N3324 

Test Circuit Figure 2 

Power Gain G VCE " 10 Vdc, IC; 3 mAdc 24 -- 31 db e 
f ; 10 mc 
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-- RF Transistors --

2N3323 thru 2N3325 (Continued) 

FIGURE 1: 100MC POWER GAIN TEST CIRCUIT - 2N3323 

t, - n TVIIIS #2UWC. 3/1&"ID. 
stI'PL".v7TU111SFaCM """"' .... IID/lMUlATlOII_4lU11NS. 

2'. r .. r 
Y. 

FIGURE 2: tOMC POWER GAIN TEST CIRCUIT - 2N3324 

... 

"=500 'l-3spt 

1,> ., .. 
l,-24TUllIS OF #ZlQICWIRE.. 

lOAOTAJ'-5Tl1MSflQMCOLLEC1011DCD 
SI.I'Pl'f' TAP -15 TUIINS FROM COlUtTOII ElCD 
NEUTW.llAliON -" TUllIS 

e.OS .. f .. 
I ... Y. 
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-- RF Transistors --

2N3375 Vca = 65 V 

2N3553 

2N3632 

2N3961 

Ic = 1.0-3.0 A 
Po = 7-23 W 

\\t\ 
·CASE 79 

(TO·39) 

2N3553 

·CASE 24 
(TO·102) 

2N3961 

··CASE 36 
~TO·60) 

2N3375 
2N3632 

·Collector connected to case; 
siud isolated from case 

**Emitter connected to case; 
stud isolated from case 

NPN silicon RF Power transistors, optimized for 
large-signal power amplifier and driver applications to 
400 Mc, provide wide choice of power levels and guar
anteed safe operating areas. 

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

Characteristic Symbol 2N3375 2N3553 2N3632 2N3961 Unit 

Collector-Base Voltage VCB 65 65 65 65 Vdc 

Emitter-Base Voltage VEB 4 4 4 4 Vdc 

Collector- Emitter Voltage VCEC 40 40 40 40 Vdc 

Collector Current IC 1.5 1.0 3.0 1.0 Adc 

Power Dissipation @ T C = 250 C PD 11.6 7.0 23 10 Watts 
Derate above 250 C 66.4 40 131 57.2 mWjOC 

Junction Temperature TJ .. 200 .. °c 

Storage Temperature Range Tstg .. -65 to +200 .. °c 

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

Characteristic Conditions 
STATIC CHARACTERISTICS 

Collector Cutoff VeE - 65 Vdc, VBE = ·1.5 Vdr: 
Current 2N337., 2N3SS3 lCEX · - 1.0 mAde 

2N3632 - . 5.0 

VeE = 30 Vdc, VBE = -1. 5 Vdc. TC = 2000C 

2N3375, 2N3553 · - 5 
2N3632 - - 10 

Collector CutoCf CUrrent V CE - 30 Vdc, IB - 0 2N337., 2N3553 ICE<> - - ~:2~ mAde 
2N3632 · . 
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--- RF Transistors--

2N3375, 2N3553, 2N3632, 2N3961 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Conditions Symbol Min TYP Max Unit 
Collector Cutoff CUrrent V CB '" 65 Vdc, IE = 0 2N3632 ICBO - - 0.5 mAde 

2N3961 - 1.0 

VeB = 28 Vdc, IE = 0, T A = ISOoC 

2N3961 - 5.0 

Emitter CUtof( Current VEB ::: 4.0 Vdc, Ie::: 0 2N3375, 2N3SS3 lEBO - - 0.1 mAde 
2N3632 0.25 

Collector- Emitter Ie '" 200 mAde, Ia '" a 2N337S, 2N3553, 2N3632 BVCEO(sus)· Open-Base 
40 - - Vd. 

Sustaining Voltage· Ie:= 400 mAde, 18 = 0 2N3961 40 - -
Emitter-Base IE = O. 1 mAde, Ie = 0 2N3375, 2N3553 BVEBO 4 - - Vd. 

Breakdown Voltage 
IE = 0.25 mAde, Ie = 0 2N3632 4 - -
IE = 1.0 mAde, Ie =0 2N3961 4 - -

DC Current Gain Ie:= 250 mAde, VeE = 5 Vdc 

2N3375, 2N3553, 2N3632 hFE 10 - - -
le= 1.0 Adc, VCE =5Vdc 

2N3632 5 - -
Collector- Emitter Ie = 250 mAde, 18 = 50 mAde 

Saturation Voltage 
2N3553 VCE(sat) - - 1.0 Vd. 

Ie = 500 mAde, 18 = 100 mAde 

2N3375, 2N3632 - - 1.0 

Base-;- Emitter Ie = 1.0 Adc, VeE = 5 Vdc 
Saturation Voltage 

2N3632 VBECsat) - 1.5 Vd. 

DYNAMIC CHARACTERISTICS 
Current-Cain- IC = 100 mAde, V CE = 28 Vdc, f = 100 me 

Bandwidth Product 
2N3553 'T 400 500 - me 
2N3961 - 500 -

Ie = 150 mAde, VCE = 28 Vdc, {= 100 me 

2N3375 400 500 -
2N3632 400 -

I Output Capacitance V CB = 28 Vdc, IE:: 0, f:: 100 kc 

2N3961 Cob B 10 pI 

V CB = 30 Vdc, IE = 0, f = 100 kc 

2N3375, 2N3553 - B 10 
2N3632 16 20 

FUNCTIONAL TEST 
2N3375 

Common-Emitter Amplifier 
Power Cain 

Test Circuit Figure 7 Gpe B.7S db 

Power Input VCE := 28 Vdc, Pout = 7.5 watts, f = 100 me P'n 1.0 Watt 

Collector Efficiency 65 % 

Common-Emitter Amplifier 
Power Cain 

Test Circuit Figure 8 Gpe 4.77 db 

Power Input VCE = 28 Vdc, Pout:: 3 watts, f:: 400 me Pin 1.0 Watt 

Collector Efficiency q 40 _%-
2N3553 

Common-Emitter Amplifier 
Power Gain 

Test Circuit Figure 9 Gpe 10 db 

I Power Input ':"CE = 28 Vdc, Pout = 2.5 watts, f:: 175 me I Pin I - I - 0.25 Watt I 
I Collector Efficiency SO % 

2N3632 
Common-Emitter Amplifier 

Power Gain I Test Circuit Figure 10 Gpe 5.B6 db 

Power Input VCE '" 28 Vdc, Pout = 13.5 watts, f:: 175 me P'n 3.5 Watts 

Collector EffiCiency q 70 % 
2N3961 

Common-Emitter Amplifier 
Power Cain 

Test Circuit Figure 11 Gpe db 

Power Input VCE '" 12.5 Vdc, Pout = 2 watts, 
Pin 0.5 Watt 

Collector-Efficiency RS = 50 ohms, RL = 50 ohms, f = 135 me q 60 % 

Common-Emitter Amplifier 
Power Cain 

Test Circuit Figure 12 Gpe db 

Power Input V CE := 28 Vdc, Pout := 4 watts, 
Pin 0.5 Watt 

Collector- Efficiency RS = 50 ohms, RL := 50 ohms, C = 175 me q 60 % 
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· -- RF Transistors --

2N3375, 2N3553, 2N3632, 2N3961 (continued) 

POWER OUTPUT versus FREQUENCY 

COMMON EMITTER - VeE = 2B Vde, Te = 2S"C 

FIGURE 1 - 2N3375 FIGURE 2 - 2N3553 
10 - p;. 2W - 15W-ftt - - - -- r-- -r-. !i?"'- f-"'" 

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

:-. r-.t--
........... 

I>-. 7" r-. -r- t--

10 

l"- P;.~o.sw 
."'" " oL~ 
~" ~ / 

...... 
1'...""" K / 

0.250W 

I--O.s~ / 

............ r-. .....r--r-
o)rw 

...... r- r--r-. 
J 2 

............... .......... .......... ~ / 

............... r--..... ..... :y ....... 

-O.OSOW 
p......... ~ " 1'-.' 

I("--.. :::::--- i"'- "-
o.lrOW .......: ~ ...... 

;::::: 
o 1 

100 150 200 2S0 300 400 50 7S 100 ISO 200 300 400 

40 

20 

1 

::::::-r-

- O.SW 

SO 60 

f. FREQUENCY (me) 

FIGURE 3 - 2N3632 

1-
P;.-\W 

25W 2L-
l- t-~ 

--L 
~ I-r- ~ 

tOW ./ ....... ......... 
tSW .......... 

~ 

80 100 150 200 300 
f,fREQUENCYlmcJ 

f, fREQUENCY Imel 

FIGURE 4 - 2N3961 

10 

-- -- ~ 
P;.~IW 

........ ........ ....... 0.7SW 

r--..... ............... -- ............... -- -- -......c... :--... 
t>- ~ ........... 

f--0.37SW- ~ ............... 
O.Sw ...... 

J 2 

1 
100 ISO 200 

f. FREQUENCY (me) 

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

300 

BVe'OI"'1 PULSE TEST CIRCUITS 

FIGURE 5 - 2N3375. 2N3553. 2N3632 FIGURE 6 - 2N3961 

lOX PROBE 
TEKTRONIX P6000 

OR EQUIVALENT TO SCOPE VERT. 
1----------' TEKTRONIXS03 

OR EQUIVALENT 
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-- RF Transistors --

2N3375, 2N3553, 2N3632, 2N3961 (continued) 

FIGURE 7 - 100 me 

L,: 3T No. 16 wire 1M" 1.0.,5/16/1 long 
l2: 51 No. 16 wire 5/16" 1.0.,7/16" long 

2N3553 

+28V 

FIGURE 9 - 175 me 

lj: 2T No. 16 wire 3/ 16" J.D., W' lang 
l2: 2T No. 16 wire 3/16" 1.0., W' long 
ll: 3T No. 16 wire ¥a" 1.0., ¥S" long 

FIGURE 11 - 135 me 

-= +Vcc -= 
Ct. c; = 5-50 pf lAir Variable} 

C2 = 7·100 pf (Air Variable) + 12.5 V 
C" = 1·30 pf (Air Variable) 
Cs = 1000 pf fOisc Ceramic) 
C/o = 0.02 !~f (Disc Ceramic) 
II = 3 T No. 16 wire, 5/ 16" 1.0., 5/16" long 
l2 = 5 T No. 16 wire, 7/16" 1.0., %" long 

4-40 pf 

3-35 pf 

TEST CIRCUITS 
2N3375 

FIGURE 8 - 400 me 

2N3632 

FIGURE 10 - 175 me 

LI • l3: 41 No. 18 wire ¥.\" 1.0., 3/16" long 
L1: IT No. 16 wire '1.1" 1.0., 3116" long 
4: 2Vz T No. 16 wire Y4" 1.0., IA" long 

2N3961 

C,_ _ _ .1-12 pf 
C,.. .. .1-30 pf 
C,.. ..5-50 pf 
C. _ .... .7-75 pi 
C, .... _ .. 470 pf 
C, ...... O_OOll'f 
L,. L3.4 .. 

Lt _ . 
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FIGURE 12 - 175 me 

(AirVariablel 
(Air Variable) 
{Air Variable) 
IAirVariablel 
iDiscCeramic) 
(Disc Ceramic) 
2T No. 18 enameled wire 
l4" 1.0., air wound 3(16" long 
RFC. au < 1 



--- RF Transistors ---

2N3544 (SILICON) 
Vc8o =2SV 
Po= 10mW @ 1000 Me 

\ NPN silicon annular transistor for VHF and UHF 
oscillator applications. 

CASE 22 
(TO·1S) Collector connected to case 

MAXIMUM RATINGS 

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Power Dissipation @ TC ; 25°C 

Derate above 25°C 

Power Dissipation@ TA = 25°C 

Derate above 25°C 

Junction Temperature 

Storage Temperature 

SHORT 
SOn ADJUSTABLE LINE 

330 pF 

I K1! 

1000 pf 

Symbol 
VCBO 

VCES 

VEB 

IC 

Pc 

PD 

TJ 

Tstg 

TEST CIRCUIT 

0.25" 
1000 pr 

v" 
+- + 

9·73 

1 __ 0.8" OIAj 

(l K me CAVITY) 

Rating Unit 
25 Volts 

25 Volts 

3.0 Volts 

100 rnA 

400 mW 

2.67 mW/"C 

300 mW 

2.0 mW/oC 

+175 °c 

-65 to +175 °c 

-, 
0.7" 

--.J 

NOTES: 
l. SET Vee = 12 Vdc. 

SOn 
POWER METER 

2. ADJUST VH FOR Ie = 12 mAde. 
3. SET ADJUSTABLE LINE FOR 

MAXIMUM POWER OUTPUT. 

I 



I 

-- RF Transistors --

2N3544 (continued) 

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

Characteristic 

Collector - Base 
Breakdown Voltage 

Collector - Emitter 
Breakdown Voltage 

Collector Cutoff Current 

Emitter Cutoff Current 

DC Current Gain 

AC Current Gain 

Collector Output Capacitance 

Collector-Base Time Constant 

Oscillator Power Output 

2N3SS3 (SILICON) 
2N3632 

Symbol 

BVCBO 

BVCES 

ICBO 

lEBO 

hFE 

Ihfel 

Cob 

r 'c 
b c 

Conditions 

IC = 10 /lAdc, IE = 0 

IC = 10 /lA, V BE = 0 

V CB = 15 Vdc, IE = 0 

V EB = 3 Vdc, IC = 0 

V CE = 10 Vdc, IC'10 mAdc 

V CE = 10 Vdc, IC = 10 mAdc, 
f = 100 mc 

V CB = 15 Vdc, IE = 0, 
f = 100 kc 

V CB - 10 Vdc,IC f !U~':~c 

f = 1000 mc, Vc = 12 Vdc, 
lC'12 mAdc 

Min 

25 

25 

--
--
25 

6 

--
--

For Specifications, See 2N3375 Data Sheet 
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Typ 

30 

30 

0.01 

0.1 

50 

9 

--
--

Max Unit 

-- Vdc 

-- Vdc 

0.1 /lAdc 

10 /lAdc 

-- --

15 --
2.5 pF 

10 psec 



--- RF Transistors--

2N3664 (SILICON) 
GpE = 7.4 db @ 250 Me 
Po= 2.2W @250Me 

NPN silicon annular transistor for power amplifier 
and driver applications to 500 Me. 

CASE 24 
(10-102) 

MAXIMUM RATINGS 

Characteristic 
Collector Base Voltage 

Collector Emitter Voltage 

Collector Emitter Voltage 

Emitter Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 
@ 25' C Case Temperature 
@ 25' C Ambient Temperature 

Operating Junction Temperature 
Storage Temperature Range 

R. = 
m 

50 Ohms 

Collector connected to casei 
stud isolated from case 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

IB 

PD 

T. 
TJ 

stg 

TEST CIRCU IT 

Rating 

60 

60 

40 

4 

0.5 

0.1 

5.0 
1.0 

200 
-65 to +200 

Socket: 
See note 1 

L1: 2T No. 14 tinned wire 5/16"!D, 1/4" long 

L2: 2T No. 14 tinned wire 3/8" !D, 3/16" long 

Note 1: Use a O. 100" pin circle teflon socket with the emitter 
grounded to the chassis at the top of the socket. 

When making RF power test, the device must be provided 
with an adequate heat sink. 

9-75 

3-20 
pf 

Unit 
Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Watts 

'c 

I 



-- RF Transistors --

2N3664 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise specified) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Sustain Voltage V • 60 Vdc 
IC = 30mAdc, RBE = Ooluns 

CES (sus) 

Collector-Emitter Open Base Sustain Voltage VCEO(sus} • 40 Vdc 
IC = 30mAdc, IB = 0 

Collector-Emitter Cutoff Current ICES 50 ~Adc 
V CE = 25Vdc, VBE = 0, TC = +150'C 

Collector-Emitter Cutoff Current ICES 0.05 ~dc 
VCE = 25Vdc, VBE = a 

Collector-Emitter Cutoff Current ICES 10 ~dc 
VCE = 50Vdc, VBE = a 

Emitter Cutoff Current lEBO 100 ~Adc 
VEB = 4Vdc, IC = a 

DC Current Gain hFE 
V CE = 2Vdc, IC = 250mAdc 8 

V CE = 2Vdc, IC = 50mAdc 8 80 

Collector -Emitter Saturation Voltage V CE (sat) 0.75 Vdc 
IC = 250mAdc, IB = 50mAdc 

Base-Emitter Saturation Voltage VBE (sat) 1.2 Vdc 
IC = 250mAdc, IB = 50mAdc 

I Small Signal Current Gain I hfe I 3 
V CE = 15Vdc, IC = 100mAdc, f = 100mc 

Common Base Output Capacitance Cob 6.0 pf 
V CB = 15Vdc, IE = 0, f = 100kc 

Power Output P ., 2.2 Watts 
out 

Power Gain Pin = 400 mW, f = 250 mc GpE 7.4 db 

Efficiency V CE = 25 Vdc 
~ 50 % 

'Pulse width " 200 ~sec Duty cycle "- 2% 
"In functional test Pout is fixed at 2.2 watts and Pin is monitored to be " 400 mW. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance - Junction liJC 35 'C/W 

to Case 

Thermal Resistance - Junction liJA 175 'C/W 
to Air 
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--- RF Transistors ---

2N3133 (SILICON) VCEO = 40Vdc 
Pout = 10 W @ 400 mHz 
r} = 45 min @ 400 mHz 

NPN silicon transistor designed for amplifier, fre
quency multiplier, and oscillator applications. 

CASE 36 
(10·60) 

stud isolated from case 

MAXIMUM RATINGS (TA = 2S'C unless otherwise noted) 

Characteristic Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCEV 
(VEB (off) = 1. 5 Vdc) 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C P D 
Derate above 25°C 

Operating and Storage Junction Temperature Range T J,T Btg 

FIGURE 1 - 400·MHz TEST CIRCUIT 

3· 
STUB 

TUNER 

7.8·17 pF 

9-77 

Rating 

40 

65 

65 

4 

3 

23 

0.13 

-65 to +200 

2· 
STUB 

TUNER 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Amps 

Watts 

Wl'C 

°c 

ZL ~ SOQ 

I 



-- RF Transistors ---

2N3733 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 
(IC = 0 to 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage* 
(IC = 0 to 200 mAde, VEB(Off) = 1. 5 Vde) 

Collector-Base Breakdown Voltage 
(IC = O. 5 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.25 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(IC = 500 mAde, IB = 100 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 150 mAde, V CE = 28 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 30 Vde, IE = 0) 

Collector-Case Capacitance 

Base-Spreading Resistance 
(IC = 250 mAde, V CE = 28 Vde, f = 200 MHz) 

FUNCTIONAL TEST 

Power Output VCE = 28 Vde, Pin = 4 WJ 

Efficiency f = 260 MHz 

Power OUtput VCE - 28 Vde, Pin = 4 W, 

Efficiency f = 400 MHz (Figure 1) 

'Pulsed through a 25 mH inductor; duty cycle = 50% 

BVCEO . 
40 -

BVCEV . 
65 -

BVCBO 
65 -

BVEBO 
4 -

ICEO - -

fT - 400 

Cob - -
Cs - -

rbb - 6.5 

Pout - 14.5 

~ - 60 

P out 10 -
~ 45 -

9-78 

Vde 
-

Vde 
-

Vde 
-

Vde 
-

mAde 
0.25 

MHz 
-

pF 
20 

6 pF 

Ohms 
-

- Watts 

- % 

- Watts 

- % 



--- RF Transistors--

2N3783 thru 2N3185 
(GERMANIUM) @ VeBO = 15-30 V 

Go = 18-20 db @ 200 Me 
NF = 2.2-2.9 db @ 200 Me 

PNP germanium epitaxial mesa transistors for high
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 

CASE 20 
(TO·72) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device DissJpation @ T A = 
Derate above 25 C 

25°C 

Junction Operating" Storage Temperature 
Range 

Symbol 

VCBO 

VCES 

VCEO 

VEBO 

IC 

PD 

TJ • 
Tstg 

2N3783 
2N3785 Unit 

2N3784 

30 15 Vdc 

30 15 Vde 

20 12 Vde 

0.5 Vde 

20 mAde 

150 mW 
2 mW/oC 

-65 to +100 °c 

FIGURE 1 - 200 MC TEST CIRCUIT: POWER GAIN & NOISE FIGURE, 

IN 

470 

2-11 pf 

SHIElD 
I 

eN 0.7 -9' pf 

L·l OUT 

0.7 -9' pf 

470 pf 

+Ie -Vee 

9-79 

2-8 pf 

NOTES, 

5011 
RL 

l·t IA inch inside diameter, Ih inch length, 4 turns #20 solid copper wire, center tapped. 

T·t IA inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 ratio 
bi-fjllerwound. 

• High Quality piston type capacitor. 

Distance from emiHer contact of transistor to ground side of bypass capacitor 
should be kept minimum. 

I 
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-- RF Transistors --

2N3783 thru 2N3785 (continued) 

ELE6TRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max 
Collector· Base BVCBO Ie" -100 p.Ade, IE == 0 2N3763, 2N3764 -30 - -Breakdown Voltage 2N3765 -15 

Collector- Emitter BVCES IC" -100 p.Adc, VEE = 0 2N3763,2N3764 -30 - -Breakdown Voltage 2N3785 -15 - -
Collector-Emitter BVCEO Ie == -2 mAde, Is:: 0 2N3763,2N3764 -20 - -Breakdown Voltage 2N3765 -12 - -
Emitter-Base BVEBO IE'" -100 p.Adc, Ie = 0 All Types -0.5 - -Breakdown Voltage 

Collector Cut'off Current ICBO Ves :: -10 Vdc, IE :: 0 All Types - - -5 

Ves = -10 Vdc, IE '" 0, T A = +SSoC 2N3763, 2N3764 - - -50 

Emitter Cutoff Current lEBO VES :: -0.5 Vde, Ie" 0 AU Types - - -100 

DC -F.orward Current hFE VeE = -10 Vdc, Ie '" -3 mAde 2N3763,2N3764 20 - 200 
Transfer Ratio 2N3785 15 - 200 

Collector-Emitter VCE(sat) Ie" -5.0 mAde, IS = -1.0 mAde 2N3763, 2N3764 - - -0.25 
Saturation Voltage 2N3785 - - -0.35 

Base-Emitter VSE(sat) Ie = -5.0 mAde, IS = -1.0 mAde 2N3783, 2N3784 - - -0.55 
Saturation Voltage 2N37B5 - - -0.65 

Small-Signal Forward 
Current Transfer Ratio hfe IC" -3 mAde, VCE == -10 Vde, f '" 1 kc 2N3763, 2N3764 20 - 200 

2N3765 15 - 200 

Current Gain - fT IC '" -3 mAde, VCE = -10 Vdc, f = 200 me 2N3763 600 - 1600 
Bandwidth Product 2N3784, 2N3785 700 - 1600 

Collector-Base r'C VCB '" -10 Vde, IE == +3 mAde, f = 31.8 me 2N3763, 2N3764 1 - 6 
Time Constant b e 

2N3765 1 - 10 

Collector-Base Cob VCB " -10 Vde, IE '" 0, f '" 100 ke 2N3763, 2N3764 - - 1.0 
Capacitance 2N3785 - - 1.2 

Power Gain Ge VCE = -10 Vdc, IC '" -3 mAde, f = 200 me 2N3783, 2N3784 20 - 33 
2N3765 16 - 33 

Noise Figure NF VCE '" -10 Vde, IC'" -3 mAde, f == 200 me 2N3763 - - 2.2 

RG = 50 ohms 2N3784 - - 2.5 
2N3785 - - 2.9 

Power Gain (AGe) Note 1 Ge(AGC) VCE '" -10 Vde, Ie ='-15 mAde, f == 200 mc 2N3783 - - 0 
2N3764, 2N3765 - 0 -

Noise Figure NF VeE'" -10 Vdc, Ie"'" -3 mAde, f = 1000 mc 2N3783 - - 6.5 

(Note 2) 
2N3764 - 7.0 -RG = 50 ohms 2N3785 - 7.5 -

NOTE 1: AGe is obtained by increasing Ie' The circuit remains adjusted for VCE == -10 Vdc and Ie == -3 mAde. 

NOTE 2: This Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A Noise Source. 

.6 
VCE=-lOVdc 

.2 ---.8 

~ 

.4 o 
-I 

NORMALIZED DC CURRENT GAIN CHARACTERISTICS 

l-- \-4- I-....... 
TJ=5~ V 1-4- ~ --V V ..... \ ."'-- ./ 

----
VTJ~25°C ""\ ~ \ 

-2 9 10 20 

Ie, COLlECTOR CURRENT {mAl 

9-80 

Unit 

Vdc 

Vdc 

Vdc 

Vde 

/-lAde 

)<Ade 

-

Vde 

Vde 

-

me 

psee 

pf 

db 

db 

db 

db 

30 



--- RF Transistors--

2N3783 thn2N3785 (continued) 

y,., INPUT ADMITTANCE 
. CHARACTERISTICS 

(fA = 250 C unless otherwise noted! 

INPUT ADMITTANCE versus FREQUENCY 

I I I II V g" 
VeE = -IOVdc 

24 

20 ~ Ic=-3mAdc /' 

I 16 

~ 12 
!= 
5l s.O 

~ 
~ 4.0 

-4.0 
50 

50 

/ 
~ -V "-

~~ "-
"-t 

70 100 200 300 500 700 
f, FREQUENCY Ime) 

INPUT ADMITTANCE versus COLLECTORCURRENT 

f J 200rncl 
40 r- VCE~~10Vde 

V 
K 

~ 30 

~ 

~ 20 

5l 10 
5 
r!; 
~ 0 

-10 

-20 

40 

0 

0 

-10 

-20 
0 

/' 

V 
~ 

7" ......... 
I'---

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

~ 
~ 

2 4 -6 -s -10 -12 -14 
fe, COLLECTOR CURRENT ImAJ 

INPUT ADMITTANCE versus COLLECTOR CURRENT 

f=1000rnc 
Vce=-lOVdc 

....... 

"--
" I'----~ 

l"-I--"- I-

"'- .......... b" 

-2 -4 -6 -s -10 -12 -14 

Ie, COLLECTOR CURRENT ImAl 

1000 

-16 

-16 

y .. , REVERSE TRANSFER ADMITTANCE 
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-- RF Transistors --

2N3783 thru 2N3785 (continued) 
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-- RF Transistors --

2N3783 thru 2N3785 (continued) 
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-- RF Transistors --

2N3818 (SILICON) GpE = 7 db @ 100 Me Typ 
Po = 15 W @ 100Me 

NPN silicon annular transistor for high-frequency 
power applications to 150 Mc. 

All leads isolated from case 

CASE 36 
(TO-60) 

MAXIMUM RATINGS • 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current (continuous) 

Base-Current (continuous) 

Power Input (Nominal) 

Power Output (Nominal) 

Total Device Dissipation 
@ 25"C Case Temperature 

Derating Factor above 25"C 

Junction Temperature 

storage Temperature 

Symbol 

VCBO 

VCES 

VEB 

IC 

IB 

P. 
In 

P 
out 

PD 

TJ 

Tstg 

Rating Unit 

60 Vdc 

60 Vdc 

4 Vdc 

2.0 Adc 

1.0 mAdc 

5.0 Watts 

20.0 Watts 

25.0 Watts 

167 mW;oC 

175 "C 

-65 to +175 "C 

•. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical 
characteristics. 

'" E-< 
E-< ., 
~ 
E-< 
:0 
0. 
E-< 
:0 
0 

'" '" ~ 
0. 

~ 
0. 

POWER OUTPUT versus FREQUENCY 
25 

20 

15 

10 

I---P' ,3W 

ill I 
o 
10 20 

1\ VCco 25V 

Vee ".15V 

1"1 I I 1\\ 
I \ f\ 

50 100 200 300 
f, FREQUENCY (me) 

OUTPUT CHARACTERISTICS versus POWER OUT 

€J>. 
;: 80 

~ 
I!I 
~ 60 .. .. 
'" ~ 40 
E-< 
U 

'" g 20 

U 

9-84 

°0~------71----~2~----~3----~40 
Pin' POWER INPUT (WATTS) 



--- RF Transistors --

2N3818 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S·C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Collector-Emitter Sustain Voltage V CES(sus)* --
IC = O. 25 Adc, RBE = 0 80 100 

Collector-Emitter-Open Base Sustain VCEO(sus)* 
Voltage 

IC = 0.25 Adc, IB = 0 40 -- --

Collector-Emitter Current ICES 
V CE = 60 Vdc, V BE = 0 -- -- 0.5 

VCE = 50 Vdc, VBE = 0, TC = 175°C -- -- 1.0 

Collector Cutoff Current ICBO 

V CB = 50 Vdc, IE = 0 -- -- I 

Emitter Cutoff Current lEBO 
V EB = 4 Vdc, IC = 0 -- -- 100 

DC Current Gain hFE 
IC = 400 mAdc, V CE = 2 Vdc 5.0 -- 50 

IC = 1 Adc, V CE = 2 Vdc 5.0 -- --

Collector-Emitter Saturation Voltage V CE(sat) 
IC = 1. 0 Adc, IB = 250 mAdc -- -- 0.5 

Base-Emitter Saturation Voltage VBE(sat) 
IC = 1. 0 Adc, IB = 250 mAdc -- -- 2.0 

AC Current Gain Ihfe l 
VCE = 2.0 Vdc, IC = 400 mAdc, 

f = 50 mc 3 -- --

Collector Output Capacitance Cob 
V CB = 25 Vdc, IE = 0, I = 100 kc -- -- 40 

Power Input Pout = 15 W, f = 100 mc P. -- 3.0 3.75 
ll1 

VCE = 25 Vdc 

Efficiency IC (max.) = 1 Adc ry 60 70 --

'Pulse Measurement: Pulse Width" 100 /lsec, Duty Cycle = 2%. 
POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 

0 

5 
,/" 

20 

'" ~ 
~ 151-~~-+~~~r 

f< 

" " 

Unit 

Vdc 

Vdc 

mAdc 

/lAdc 

/lAdc 

Vdc 

Vdc 

pi 

Watts 

% 

V 
0 

/ 
§ lO~~~-r~~~f-~~-r~~-t~~--l 
'" / Pin=2.5W 

5 V r =100mc_ 

Tr .2SC

I 
o~ 

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

10 15 20 25 30 

COLLECTOR-EMITTER VOLTAGE (VOLTS) Pin' POWER INPUT (WATTS) 
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2N3866 (SILICON) 

-- RF Transistors --

(I) 
VcB =55V 

Ie =O.4A 

PD=5.0W 

CASE 79 
(TO-39) 

NPN silicon transistor, designed for amplifier, fre
quency-multiplier, or oscillator applications in mili
tary and industrial equipment. Suitable for uses as out
put, driver, or pre-driver stages in VHF and UHF 
equipment. 

Collector connected to case 

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

Characteristic Symbol Rating Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 55 Vdc 

Emitter'-Base Voltage VEB 3.5 Vdc 

Collector Current IC 0.4 Amp 

Total Device Dissipation @ TC = 25°C PD 5 Watts 

Derate above 25°C 28.6 mW/oC 

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

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

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector- Emitter Sustaining Voltage BVCEO(sus) Vdc 
(lC = 5 mAde, Is = 0) 30 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IE '" 0, Ie::: 0.1 mAde) 55 

Emitter-Base Breakdown Voltage BVEBO Vd. 
(IE ,;, O. 1 mAde, Ie = 0) 3.5 

Collector Cutof[ Current ICEO p.A 
(VCE = 28 Vd.; Is = 0) 20 

ON CHARACTERISTICS 

DC Current Gain 
'Ie:: 0.36 Acie, V CE = 5 Vdc) 

(Ie = 0.05 Ade, VeE::: 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(Ie:: 25 mAde, veE'" 15 Vdc, f::: 200 MHz) 800 

o",iput Capacitance Cob pF 
(VCB = 30 Vdc, IE = 0, (= 1 MHz) 2.0 3.0 

FUNCTIONAL TEST 

Power Gain Gpe 10 dB 
Test Circuit-Figure 1 

Power Output Pin =0.1 W, VCE = 28 Vdc 
Pout 1.0 Watts 

Collector miciency 
f = 400 MHz, TC = 25°C 

45 % 
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-- RF Transistors ---

2N3866 (continued) 

FIGURE 1 - 400 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 

L1: 2 lurnsHo.18 
wire, V."ID, 
1,4" long. 

ls: 2* turns, No. 18 wire 
.'AN 10, 3/16" long. 

Capacitorva!ues in pf 
unless otherwise 
indicated. 

Tuningcapacilors 
are air variable. 

FIGURE 2 - POWER OUTPUT versus FREQUENCY 
(Class C) 
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--- RF Transistors--

2N3866 (continued) 

FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 
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-- RF Transistors --

2N3866 (continued) 

Y PARAMETER VARIATIONS 

FIGURE 11 - SMALL-SIGNAL INPUT ADMITTANCE 
versus COLLECTOR CURRENT 

FIGURE 13 - SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 
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FIGURE 14 - SMALL-SIGNAL OUTPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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DESIGN NOTE 

Figures 11 through 18 show small·signal admittance· parameter data. This data can be used for 

Class A amplifier designs. 

For Class C power·amplifier designs, the small·signal parameters are not applicable. Figures 4 and 

5 give parallel output capacitance and the parallel input resistance and capacitance for Class C power· 

amplifier operation. 

The parallel resistive portion of the collector load impedance for a power amplifier, RL', may be 

computed by assuming a peak voltage swing equal to Vee, and using the expression 

R' vcc-~ 
L =2P 

where P = RF power output. The computed RL' may then be combined with the data in Figures 2 and 

3 to comprise complete device impedance data for Class C power amplifier design. 
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2N3866 (continued) 

-- RF Transistors--

Y PARAMETER VARIATIONS 
(VeE = 15 Vde, Ie = 80 mAde, TA = 25°C) 

FIGURE 15 - SMALL·SIGNAL INPUT ADMITTANCE 
versus FREQUENCY 

FIGURE 17 - SMALl·SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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-- RF Transistors --

2N3924 thru 2N3927 VCB = 36 V 
Ic = 0.5-3.0 A 
Po = 7.0-23.2 W 

NPN silicon annular RF power transistors, opti
mized for large-signal power-amplifier and driver 
applications, feature a wide choice of power levels. 

·CASE 79 
(10·39) 

2N3924 

'CASE 24 
(10·102) 

2N3925 

··CASE 36 
(TO·60) 
2N3926 

2N3927 

*Collec1or connected to casei 
stud isolated from case 

**Emitter connected to case; 
stud isolated from case 

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

Characteristic Symbol 2N3942 2N3925 2N3926 2N3927 

Collector-Base Voltage VCB 36 36 36 36 

Emitter-Base Voltage VEB 4 4 4 4 

Collector-Emitter Voltage VCEO 18 18 18 18 

Collector Current IC 0.5 1.0 1.5 3.0 

Power Dissipation @ T C = 25°C PD 7.0 10 11. 6 23.2 
Derate above 25°C 40 57.1 66.3 132.5 

Junction Temperature TJ .. +200 .. 
Storage Temperature Range Tstg .. -65 to +200 .. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 

°c 

FIGURE 1 - 175 me TEST CIRCUIT FIGURE 2 - PULSE TEST CIRCUIT 

Cit e2• Cot .... 5-50 pf 

C, .... HOOpl 

C, .... 470 pI 

C •.......... 011" 

C,.... . .. 0011" 

(Air variable) 

(Airllariable) 

(Oiscceramic) 

(Oiscceramic) 

(Disc ceramic) 

+Ycc= 
13.6Vdc 

L, -llh turns #14 tinne~wire; 
W' t.D. Airwoundj winding length 3/ 16"; 
base tapped I turn from ground 

l,-RfC 

l]- 2 turns #14 tinned wire; 
W'IoD. Air wound; 
winding length 3/16" 
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--- RF Transistors--

2N3924 thru 2N3927 (continued) 

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

Characteristic Conditions 
STATIC CHARACTERISTICS 

Collector Cutoff Current Ves = 15 Vdc, IE'" 0 2N3924 thru 2N3926 leBO - - 0.1 mAde 
2N3927 - - 0,25 

V CB = 15 Vdc. IE = 0, T A = 150;~3924 thru 2N3926 - - 5 
2N3927 - - 10 

Collector-Base Breakdown Voltage Ie = 0.25 mAde, IE = 0 2N3924 thru 2N3926 BVeBO 36 - - Vdc 

Ie = 0.50 mAde, IE = 0 2N3~27 36 - -
Emitter-Base Breakdown Voltage IE - 1. 0 mAde, Ie - 0 2N3924 thru 2N3926 BVEBO 4 - - Vdc 

IE'" 2.0 mAde, Ie'" 0 2N3927 4 - -
Collector-Emitter Open-Base Ie - 400 mAde All Types BV CEO(sus). 18 - - Vdc 

Sustaining Voltage-

DYNAMIC CHARACTERISTICS 

High- Frequency Current Gain Ie - 100 mAde, VeE - 13.6 VdC2Nf392~O~h~C2N3926 Ihfel -
- 5 -

Ie'" 200 mAde, VeE = 13.6 Vdc, f:: 100 me 2N3927 - 5 -

I 
Common- Base Output Capacitance V CB = 13.6 Vdc, IE'" 0, f '" 1002~~924 thru 2N3926 Cob pf 

12.5 20 
2N3927 25 45 

FUNCTIONAL TEST 
2N3924 

Power Input Test Circuit Figure 1 Pin Watt 

Common- Emitter V CE '" 13. 6 Vdc, RS = 50 ohms, Gpe 7.3 db 
Amplifier Power Gain RL '" 50 ohms, f '" 175 me, 

Collector Efficiency Pout'" 4 watts 70 % 

2N3925 

Power Input Test Circuit Figure 1 Pin 1.3 Watts 

Common-Emitter V CE = 13.6 Vdc, RS = 50 ohms, Gpe 5,84 6.5 db 
Amplifier Power Gain RL = 50 ohms, f = 175 me, 

Collector Efficiency Pout = 5 watts 70 % 
2N3926 

Power Input Test Circuit Figure 1 Pin Watts 

Common- Emitter V CE = 13.6 Vdc, RS'" 50 ohms, Gpe 5.44 6.0 db 
Amplifier Power Gain RL = 50 ohms, 1 = 175 mc. 

Collector Efficiency Pout = 7 watts 70 'l\ 

2N3927 

Power Input T est Circuit Figure 1 Pin Watt 

Common-Emitter V CE '" 13.6 Vdc, RS = 50 ohms, Gpe 4.77 5.0 db 
Amplifier Power Gain RL = 50 ohms, f = 175 me, 

Collector Efficiency Pout = 12 watts 80 % 

"'Pulsed thru a 25-mh inductor 
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-- RF Transistors--

2N3924 thru 2N3927 (continued) 

COMMON EMITTER CHARACTERISTICS @ Tc = 25°C 

------~----------------------2N3924 ------------------------------

POWER OUTPUT versus FREQUENCY POWER OUTPUT versus POWER INPUT 
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--- RF Transistors--

2N3924 thru 2N3927 (continued) 

COMMON EMITTER CHARACTO:::RISTICS @ Tc = 25°C 

----------------------------2N3926------------------------------

POWER OUTPUT versus FREQUENCY POWER OUTPUT versus POWER INPUT 
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-- RF Transistors --

2N3961 

For Specifications, See 2N3375 Data Sheet 

2N40 12 (SILICON) 

stud isolated from case 

VCB = 65V 
Ic= 1.5A 
Po = 11.6W 

~ 
CASE 36 

(TO-60) 

NPN silicon annular transistor, designed for frequency -
multiplication applications. 

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

Characteristic Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCEV 
(V EB(off) = 1. 5 Vdc) 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C P D 

Derate Above 25°C 

Operating and Storage Junction Temperature Range TJ,T stg 

FIGURE 1 - TRIPLER TEST CIRCUIT. 

f;. = 334 MHz h.. 
0.2'lF -=-

--- - --'1?i=~~zzjl¢ZZzZz===~ 

+18V 

\000 pF 

0.8·10pF 

0.8·10 pF 

flOut =-1002 MHz 

9-95 

Rating Unit 

40 Vdc 

65 Vdc 

65 Vdc 

4 Vdc 

1.5 Amps 

11.6 Watts 

66.3 mW/oC 

-65 to +200 °c 

RFC , = O.III'H 
RFC, = 0.33 OHMS. W. W. RESISTOR 

L, = 2 TURNS, 1\" OIAM£T£R, NO. 16 WIRE 
L, = 1/16" WIDTH COPPER STRIP. 1\" LONG 
L, = 2 TURNS, 11" OIAM£T£R, NO. 18 WIRE 
4 = 1\2 TURNS, 1\" DIAM£T£R. 1/16" COPPER STRIP 
OUTPUT CAVITY = 11;4" X lIA" X 21,4" 

CENTER CONDUCTOR = II" 00 TUBE 
OUTPUT DIRECT COUPLE = 1" FROM SHORTED END 

I 
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--- RF Transistors--

2N4012 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage· 
(IC = 0 to 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage· 
(IC = 0 to 200 mAde, VEB(oll) = I. 5 Vde) 

Collector-Base BreaKdown Voltage 
(IC = 0.1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(IC = 500 mAde, IB = 100 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 150 mAde, VCE = 28 Vde, I = 100 MHz) 

Collector-Base Cutoff Frequency t 
(VCE = 28 Vde, IC = 0) 

Output Capacitance 
(VCB = 30 Vde, IE = 0) 

Base-Spreading Resistance 
(IC = 250 mAde, VCE = 28 Vde, I = 400 MHz) 

FUNCTIONAL TEST 

Power Output TripIer (Test Circuit Figure 1) 
VeE = 28 Vdc, Pin = 1 W, fin = 334 MHz, 

Efficiency fout = 1002 MHz 

Power Output Doubler 
VeE = 28 Vdc, Pin = 1 W, fin = 400 MHz, 

EUiciency fout = aDO MHz 

*Pulsed through a 25 mH inductor; duty cycle = 50% 
t fe is determined from Q measured at 210 MHz. fe = Q x 210 MHz. 
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Symbol Min Typ 

BVCEO• 
40 -

BVCEV• 
65 -

BVCBO 
65 -

BVEBO 
4 -

ICEO - -

IT - 500 

I e - 25 

COb - -

rbb - 10 

P out 2.5 -
~ 25 -

Pout - 3.0 

~ - 35 

Max Unit 

Vde 
-

Vde 
-

Vde 
-

Vde 
-

mAde 
0.1 

MHz 
-

GHz 
-

pF 
10 

Ohms 
-

- Watts 

- % 

- Watts 

- % 



2N4072 (SII.lCON) 

2N4073 

-- RF Transistors --

GpE = 10 dB @ 175 MHz 
Pout to 500 mW @ 175 MHz 
7J = 50% @ 175 MHz 

NPN silicon annular transistors designed as ampli
fiers and drivers for large-signal VHF and UHF ap
plications_ 

CASE 22 
(TO-18) 
2N4072 

CASE 31 
(T0-5) 

2N4073 

MAXIMUM RATINGS 

Characteristic 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter.-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @TA = 25°C 
Derate Above 25°C 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Collector connected to case 

Symbol 
VCEO 

VCB 

VEB · 

IC 

PD 

PD 

Operating JUnction ,and storage Temperature Range TJ , Tstg 

2N40n 2N4073 

20 

40 

4.0 

100 150 

0_ 35 -
2.0 -

- 1.5 
- 8_ 57 

-65 to +200 

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

L Characteristic Symbol Min I Typ I Max 

STATIC CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO(sus) 
(IC = 15 mAdc, IB = 0) 20 - -

Collector-Base Breakdown Voltage BVCBO 
(IC = 0_ 1 mAde, IE = 0) 40 - -

Ernitter-<Base Breakdown Voltage BVEBO 
(IE = 0.1 mAde, IC = 0) 4.0 - -

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) - - 0.1 

(VCB = 15 Vde, IE = 0, TA = 150°C) - - 100 

DC Current Gain hFE 
(IC = 25 mAde, VCE = 2 Vde) 10 - -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 25 mAdc, VCE = 10 Vde, 1= 100 MHz) - 550 -

Output Capacitant::e Cob 
(VCB = 15 Vde, IE = 0, I = 100 kHz) - 3_ 0 4.0 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit ] 

Vdc 

Vde 

Vde 

/.1Ade 

-

MHz 

pF 

I 
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--- RF Transistors--

2N4072, 2N4073 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

FUNCTIONAL TEST 

Power Gain 2N4072 GpE 10 - - dB 
Test Circuit - Figure 5 

Power Output Pin = 25 mW, VCE = 13.6 Vdc, Pout 250 - - mW 

Collector Efficency 
f = 175 MHz 

'1 50 60 - % 

Power Gain 2N4073 GpE 10 - - dB 
Test Circuit - Figure 5 

Power Output Pin = 50 mW, VCE = 13.6 Vdc, Pout 500 650 - mW 

Collector Efficiency 
f = 175 MHz 

'1 50 65 - % 

2N4072 

FIGURE 1-POWER OUTPUT yersus FREQUENCY FIGURE 2 - POWER OUTPUT Yersus POWER INPUT 
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300 

"- I'-. "" '" "'- I'-. 200 

100 
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50 

40 
150 
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Te = 25°C "" I"-. "-

'" ~ ); I' "-~ 
p;. 20mW 

15mW / ....... :-, 
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lOmW 

200 250 300 
f. FREQUENCY IMHz) 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 
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70 I-- VeE 13.6 Vdc 
r- Te =2S"C 
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I I 
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300 
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;0 
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~ ~ 
~ IY 

" ~ 
~ 

400 

/ ~ / 

~ / v' 
/' 

~ /" // 

r« :- VeE = lSVdc 
! 13.6 Vdc 

'-- TdC 1 

10 
P; .. POWER INPUT (mWi 

L 
'/ 

2N4073 --------

FIGURE 4 - POWER OUTPUT versus POWER INPUT 
600 

f=175MHz 

~ :.:::: V f.-
Tc = 25QC 

i' 

;0 
400 § 

I 
ffi 

~ 200 , 
~ 

/-:~ V 
/-e< ~ i- VeE = 15 Vdc 

1 13.6 Vde 

~ "'- - 12Vdc 

D. 

if' 

" / 
400 10 20 30 40 

p; .. POWER INPUT (mW) 

FIGURE 5 - 175 MHz TEST CIRCUIT 

5-25 l, 

Rs ~ 50!) )-----eT"--::if---..-.rv ...... "'--... --t-{ 

LI - 3 turns #16 tinned wire; 
W'lDairwound; 
winding length %" 

Ll- 6 turns #16 tinned wire; 
IAP lDairwound; 
winding length %" 

1-30 

Capacitor values in pF unless 
otherwise indicated. 
Tuning Capacitors are air variable. 

RFC 
Q. < 5 
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lz 7·100 

RFC 

+13.6 Vdc 

I O.01 ,"F 

15 

50 



-- RF Transistors --

MM1803 For Specifications, See 2N3137 Data Sheet 

MM1941 G. = 9 db @ 175 Me 
Po = 100 mW @ 175 Me 

Collector connected to case 

CASE 22 
(TO-18) 

NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 

MAXIMUM RATINGS (Tc = 2S0C unless otherwise noted) 

Characteristic Symbol Rating Unit 
Collector-Base Voltage VCBO 30 Volts 

Collector-Emitter Voltage VCES 30 Volts 

Emitter-Base Voltage VEB 3.0 Volts 

Base Current IB 30 mAde 

Collector Current IC 200 mAde 

Input Power P. 100 mW 
ill 

Output Power Pout 250 mW 

Power Dissipation @ TC ~ 25-C Pc * 600 mW 
Derate above 25'C 4.0 mW/-C 

Power Dissipation @ T A ~ 25 -C P * 300 mW 
Derate above 25- C D 2.0 mW/'C 

Junction Temperature TJ 175 ·C 

Storage Temperature Tstg -65 to +175 ·C 

ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter V * IC ~ 15 mA, RBE ~ 0 30 40 - Volts 
Sustain Voltage CES(sus) 

Collector-Base BVCBO IC ~ 100 "Adc, IE ~ 0 30 40 - Volts 
Breakdown Voltage 

Collector Emitter-Open BV CEO (sus) • IC ~ 15 mA, IB = 0 20 - - Volts 
Base Sustain Voltage 

Collector Cutoff Current ICBO VCB = 15Vdc, IE = 0 - 0.01 0.1 

V CB = 15 Vdc, IE ~ 0, TC ~ 100'C - - 25 "Adc 

Emitter Cutoff Current lEBO V EB = 3 Vdc, IC ~ 0 - 0.1 10 "Adc 

DC Current Gain hFE IC ~ 10 mAde, V CE = 10 Vdc 25 50 - -
AC Current Gain 

Ihfel 
V CE = 10 Vdc, IC = 10 mAdc 6 8 - -
f = 100 me 

Collector Output Cob V CB = 15 Vdc, IE = 0, f - 100 kc - - 2.5 pf 
Capacitance 

Power Output P out Pin - 20 mW max, f - 175 me 100 - - mW 

Power Gain G 
e V CC = 13.6 Vdc, IC(max) ~ 25 mA 7 9 - db 

'See Safe Area Curve 

9-99 
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-- RF Transistors --

MM 1941 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Test Conditions Min Typ .Max Unit 

Power Output Pout f ~ 80 mc, V CC ~ 13.6 Vdc, - 50 - mW 
(Oscillator) 

IC(typ) ~ 20 mAde 

Power Gain (Multiplier) Ge fin = 80 mc, fout = 240 me - 3 - db 

V CC = 13.6 Vdc, P out ~ 30 mW 

IC (typ) = 25 mAdc 

'Pulse Test: PW = 100 psec; DC = 2% 
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-- RF Transistors --

MM 1943 (SILICON) G. = 9 db @ 175 Me 
Po = 300 mW @ 175 Me 

"

Collector connected to case 

!! NPN silicon annular transistor for 
CASE 22 multiplier and driver applications. 

(TO-18) 

high-frequency 

MAXIMUM RATINGS (at 25°C case temperature unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 40 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Emitter-Base Voltage VEB 3.0 Vdc 

Base Current IB 30 rnA 

Collector Current IC 200 rnA 

Input Power Pin 100 mW 

Output Power Pout 400 mW 

Device Dissipation @ T C = 25°C Pc 600 mW 
Derate above 25°C 4.0 mW/oC 

Device Dissipatiog @ T A = 25°C PD 300 mW 
Derate above 25 C 2 mW/oC 

Junction Temperature TJ +175 °c 

Storage Temperature Range Tstg -65 to +175 °c I 
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Emitter V CES(sus)* IC = 15 mA, RBE = 0 40 50 - Volts 
Sustain Voltage 

Collector-Base BVCBO IC = 100 ~Adc, IE = 0 40 45 - Volts 
Breakdown Voltage 

Collector Emitter-Open BVCEO(sus) IC = 15 mA, IB = 0 20 - - Volts 
Base Sustain Voltage 

Collector Cutoff Current ICBO VCB = 15Vde, IE = 0 - 0.01 0.1 

V CB = 15 Vde, IE = 0, TC = 100·C - - 25 ~Ade 

Emitter Cutoff Current lEBO V EB = 3 Vdc, IC = 0 - 0.1 10 ~Ade 

DC Current Gain hFE IC = 10 mAdc, V CE = 10 Vdc 25 50 - -
AC Current Gain 

Ihfel 
V CE = 10 Vdc, IC = 10 mAdc 5 7 - -
f = 100 me 

Power Output Pout P in =47.5mW max, f= 175 me 30,0 - - mW 

Power Gain Ge VCC = 13.6 Vde, IC(max) =13.6mA 8 9 - db 

Efficiency ~ 45 55 - % 
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--- RF Transistors--

MM 1943 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

~ 
'3 

~ 
5 

~ 
~o 

Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector Output Cob V CB C 15 Vdc, IE = 0, f - 100 kc - - 4 pf 
Capacitance 

Power Gain (Multiplier) Ge fln - 80 me, fout = 240 me - 3 - db 

VCC = 13.6 Vdc, Pout =70 mW 

IC(typ) = 20 mAdc 

'Pulse Test: PW = 100 Jisec: DC = 2% 
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-- RF Transistors--

MM2503 (GERMANIUM) ('r=~ VCBO = 30 V 
~~ Ge =20db @200Me 

CASE 20 
(TO·72) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

PNP germanium annular transistor for high-gain, 
low-noise amplifier, oscillator and frequency multi
plier applications. 

Symbol Rating Unit 

VCBO -30 Vdc 

Collector-Emitter Voltage VCES -30 Vdc 

Collector-Emitter Voltage VCEO -15 Vdc 

Emitter-Base Voltage VEBO -0.5 Vdc 

Collector Current IC -20 rnA 

Total Device Dissipation PD 75 mW 
(25' C Ambient Temp.) 
Derate above 25° C 1.0 mW/'C 

JW1ction Temperature T J +100 °c 

Storage Tempe rature Tstg -65 to +100 °c 

9-103 



--- RF Transistors --

MM2503 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25·C unless otherwise noted) 

Characteristic Symbol Min Max Typ 

Collector-Base Breakdown Voltage BV CBO -30 Vdc 
IC = -100/lAdc, IE = 0 

Collector-Emitter Breakdown Voltage BV CES -30 Vdc 
IC = -100pAdc, V BE = 0 

Collector-Emitter Breakdown Voltage BVCEO -15 Vdc 
IC = -lmAdc, IB = 0 

Emitter-Base Breakdown Voltage BVEBO -0.5 Vdc 
IE = -100/lAdc, IC = 0 

Collector-Cutoff Current ICBO 
V CB = -6Vdc -10 /lAdc 

VCB = -6Vdc, TA = +55°C -100 /lAdc 

DC Forward Current Ratio hFE 20 
V CE = -6Vdc, IC = -3mAdc 

Collector-Emitter Saturation Voltage V CE(sat) -0.2 Vdc 
IC = -3mAdc, IB = -0.3mAdc 

Base-Emitter Saturation Voltage V BE (sat) -0.7 Vdc 
IC = -3mAdc, IB = -0.3mAdc 

Small Signal Forward Current Ratio hIe 25 
V CE = -6Vdc, IC = -3mAdc, 1= 1KC 

Collector-Base Capacitance Cob 2.0 pI 
V CB = -6Vdc, IE = 0, I ~ lOOKC 

Collector-Base Time Constant r 'c 6 psec 
V CB = -6Vdc, IE = +3mAdc, 1= 79.8MC 

b c 

Current Gain-Bandwidth Product IT 1000 mc 
V CE = -GVdc, IC = -3mAdc, 1= 100MC 

Power Gain Ge 20 db 
V CE = -6Vdc, IC = -3mAdc, 1= 200MC 

Noise Figu re NF 3.0 db 
V CE = -6Vdc, IC = -3mAdc 

Rg = 50!J, f ~ 200MC 

Power Gain (AGC) G e 0 db 
V CE = -5Vdc, IC = -15mAdc, f = 200MC 
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-- RF Transistors --

MPs918 (SILICON) 
MPS3563 

G. = 14·15 db @ 200 Me 
NF = 6 db @ 200 Me 
Po =30mW @ 500 Me 

NPN silicon annular, plastic encapsulated transistors 
for low-cost amplifier and oscillator applications at 
VHF and UHF. 

CASE 29 
(TO-92) 

MAXIMUM RATINGS 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Dissipation 
@ 25"C Case Temperature 
@ 25"C Ambient Temperature 

Operating Junction Temperature 

Storage Temperature 

Symbol 

VCBO 

VCEO 

VEBO 

PD 

TJ 

Tstg 

MPS918 MPS3563 Unit 

30 30 VoHs 

15 12 Volts 

3 2 Volts 

Watts 
0.5 0.5 
0.2 0.2 

125 125 "C 

-55 to +125 ·c 

200 MC POWER GAIN TEST CIRCUIT 

-Vu 

INPUT IMPEDANCE = 500 

3·12p! 

II - 3.5 TURNS NO. 16 TINNED COPPER WIREi 5/16" DIA; 7/16H LONG 
TURNS RATIO = 4 TO 2 

L! - 8 TURNS NO. 16 TINNED COPPER WIRE; ~ .. DIAi ~ .. LONG 
TURNS RATIO = 8 TO 1 

LJ- MILLER #4303 (0.4 _ O.65~h) 
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~ OUTPUT IMPEDANCE = 500 

I 



--- RF Transistors --

MPS918, MPS3563 (continued) 

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

Characteristic Symbol Min Max Unit 

Collector Cutoff Current MPS918 ICBO - 10 nA 

V CB = 15V, IE = 0 MPS3563 - 50 

Collector-Base Breakdown Voltage BVCBO Volts 
IC = 1.0/lA, IE = 0 MPS918 30 -
IC = 100 /lA, ~ = 0 MPS3563 30 -

Emitter-Base Breakdown Voltage BVEBO V6lts 
IE = 10 /lA, IC = 0 MPS918 3.0 -

MPS3563 2.0 -

Collector-Emitter Voltage BVCEO* Volts 
IC = 3.0 rnA, IE = 0 MPS918 15 -

MPS3563 15 -

DC Current Gain hFE* -
VCE = lV, IC = 3mA MPS918 20 -
VCE = 10V, IC = 8mA MPS3563 20 200 

Collector-Emitter Saturation Voltage VCE(sat) Volts 
IC = lOrnA, IB = lmA MPS918 - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Volts 
IC = lOrnA, IB = lmA MPS918 - 1.0 

I 
Small Signal Current Gain hfe -

IC = 4mA, V CE = 10V, f = 100mc MPS918 6 -
IC = 8m A, V CE = 10V, f = 100mc MPS3563 6 15 

IC = 8mA, V CE = 10V, f = lkc MPS3563 20 250 

Output Capacitance Cob pf 
V CB = lOV. IE = 0, f = 140kc MPS918 - 1.7 

VCB = 10V, IE=O, f=lmc MPS3563 - 1.7 

VCB = OV, ~ = 0, f = 140kc MPS918 - 3.0 

Input Capacitance Cib pf 
V EB = O. 5V, IC = 0 MPS918 - 2.0 

Amplifier Power Gain Ge db 
IC = 6mA, f = 200mc, V CB = 12V MPS918 15 -
IC = 8mA, V CE = 10V, f = 200mc MPS3563 14 -
Gfd + Gre < -20db 

Power Output Pout mW 
IC = 8m A, V CB = 15V, f = 500mc MPS918 30 

Collector Efficiency eff % 
IC = 8mA, V CB = loV, f = 500.mc MPS918 25 

Noise Figure NF db 
IC = lmA, V CE = 6V, f = 60mc, MPS918 - 6 

Rg = 400 

*PW 5. 300/lsec. DC 5. 1% 
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--- RF Transistors ---

MPs6501 (SILICON) VCB = 30V 
fr = 700 MHz 

\ 
CASE 29 

(10·92) 

NPN silicon transistor designed as a VHF mixer in 
TV applications. 

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

Characteristic Symbol Rating Unit 
Collector-Base Voltage VCB 30 Volts 

Collector-Emitter Voltage VCEO 20 Volts 

Emitter-Base Voltage VEB 3 Volts 

Collector Current IC 100 rnA 

Total Device Dissipation @ T A = 60°C PD 210 mW 

@ TA = 25°C 310 

Thermal Resistance, Junction to Ambient (JJA 0.357 °C/mW 

Junction Temperature TJ 135 °c 

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

Characteristic Symbol Min Typ Max Unit 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(Ic = 1 mAde, 1B = 0) 20 - -

Collector-Emitter Breakdown Voltage' BVCES 
, Vdc 

(Ic = 10 mAde, V EB = 0) 30 - -
Collector Cutoff Current ICBO ILAdc 

(V CB = 15 Vdc, IE = 0) - - 0.05 

(V CB = 15 Vdc, IE = 0, T A = 60 ·C) - - 1.0 

DC Current Gain hFE -
(IC = 2 mAde, V CE = 10 Vdc) 25 - -

High Frequency Current Gain Ihfel db 
(IC = 2 mAdc, V CE = 10 Vde, f = 44 mc) 20 - -

Output Capacitance COb pf 
(V CB = 10 Vdc, IE = 0, f = 100 kc) - - 2.5 

Current-Gain - Bandwidth Product fT mc 
(IC = 10 mAde, V CE = 10 Vde) 700 - -

Conversion Gain (See Figures 7, 8, 9) db 
(IC = 3 mAdc, V CE = 10 Vdc, 213 to 44 mc) - 23 -

, Pulse Test: Pulse Width" 300 IL sec, Duty Cycle" 2% 
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-- RF Transistors--

MPS6507 (continued) 
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--- RF Transistors ---

MPS6507 (continued) 
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-- RF Transistors --

VcB =30V MPs6511 Gpe = 30 dB @ 45 mHz 

NPN silicon transistor designed for use in non-AGe 
IF applications. 

CASE 29 
('j"0-92) 

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

Characteristic 
Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 60°C 

@TA =25°C 

Junction Temperature 

THERMAL RESISTANCE 

'JAI.I'I = 0.357" C/mW 

Symbol 
VCB 

VCES 

VCEO 

VEB 

IC 

P D 

TJ 

Rating 

30 

30 

20 

3 

100 

210 

310 

135 

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

Characteristic Symbol Test Conditions 
Collector-Emitter Breakdown Voltage. BVCES• Ie::: 10 mAde, VES = a 

Collector-Emitter Breakdown Voltage BVCEO IC = O. 5 mAde, Is = 0 

Collector Cutoff Current ICBO Ves = 15 Vdc, IE =0 

Ves '" 15 Vdc, IE =0, TA = 60°C 

Current Gain hFE V CE = 10 Vdc, Ie = 10 mAde 

Output Capacitance Cob V CB = 10 Vdc, IE = 0, f = 100 kc 

Power Gain GpO Vee = 12 Vdc, Ie :::: 10 mAde, f '" 45 me (Figure 1) 

·Pulse Teat: PW ~ 300 ,",sec, duty cycle:=' 2%. 
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Unit 
Volts 

Volts 

Volts 

Volts 

mAdc 

mW 

°C 

Min Max Unit 
30 - Vde 

20 - Vde 

- 0.05 ~Ade 

- 1.0 

25 - -
- 2.5 pI 

30 - db 



--- RF Transistors ---

MPS6511 (continued) 
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-- RF Transistors --

MPS6511 (continued) 

FIGURE 6 - FORWARD TRANSFER ADMITTANCE 
versus COLLECTOR CURRENT 

FIGURE 7 - OUTPUT ADMITTANCE versus 
COLLF.CTOR CURRENT 
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-- RF Transistors -

ADDITIONS AND MODIFICATIONS 
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-- RF Transistors --

ADDITIONS AND MODIFICATIONS 
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- Field-Effect Transistors-

FIELD-EFFECT TRANSISTORS 

I 
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-- Field-Effect Transistors--

For case outline dimensions, see page 1-186. 

I 

10-2 



-- Field-Effect Transistors--

FIELD-EFFECT TRANSISTORS 

This section includes field-effect transistors designed for audio as well 
as RF amplifier applications and for switching purposes. 

APPLICATIONS SELECTOR GUIDE 

APPLICATIONS TYPE NO. CONSTR. CONDUCTIVITY OPERATING MODE COMMENTS 

General Purpose 3N124 JFET N-CHANNEL TYPE A 

} 
Gate 1 and Gate 2 (low-frequency ampli- 3N125 JFET N-CHANNEL TYPE A terminals exter-fier s and switches) 
nally accessible 3N126 JFET N-CHANNEL TYPE A 

MFE2094 JFET N-CHANNEL TYPE A } Source and Drain 
MFE2095 JFET N-CHANNEL TYPE A Interchangeable 

Audio Amplifiers 2N3796 MOS N-CHANNEL TYPE B 

2N3797 MOS N-CHANNEL TYPE B 

2N4220 JFET N-CHANNEL TYPE A 

} 2N4221 JFET N-CHANNEL TYPE A 
Low noise figure 
for preamplifiers 

2N4222 JFET N-CHANNEL TYPE A 

High -Speed Switching 2N4351 MOS N-CHANNEL TYPE C } 
2N4352 MOS P-CHANNEL TYPE C 

Complementary 

RF Amplifiers and 2N4223 JFET N-CHANNEL TYPE A 
mixers 

2N4224 JFET N-CHANNEL TYPE A 

10-3 
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2N3796 (SILICON) 

2N3797 

-- Field-Effect Transistors--

Vos = 20-25 V 
10 = 20mA 
Po= 200mW 

CASE 20 
(TO-72) 

N -.channel insulated gate silicon field effect trans is -
tors for low power applications in the audio frequency 
range. 

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

Characteristic Symbol Rating Unit 

Drain-Source Voltage VDS Vdc 
2N3796 25 
2N3797 20 

Gate-Source Voltage VGS -t10 Vdc 

Drain Current ID 20 mAdc 

Power Dissipation at T A = 25°C PD 200 mW 
Derating Factor above 25°C 1.14 mW/oC 

Operating Junction Temperature TJ +200 °c 

Storage Temperature Tstg -65 to +200 °c 

HANDLING CONSIDERATIONS 

Insulated gate field-effect transistors, due to their extremely high input re
sistance, are subject to potential damage by the accumulation of excess static 
charge. To avoid possible damage to the devices while handling, testing, or in 
actual operation, the following procedures should be followed: 

1. The leads of the devices should remain wrapped in the shipping foil ex
cept when being tested or in actual operation to avoid the build-up of 
static charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The substrate and case should be operated at the same or approximately 
the same dc potential as the gate. 

4. The devices should not be inserted or removed from circuits with 
the power on as transient voltages may cause permanent damage to 
the devices.· 

10-4 



-- Field-Effect Transistors --

2N3796, 2N3797 (continued) 

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

CIIJracteristll: SJlIIbol IIln 

Drain-Source Breakdown Voltage BVOSX 
(VGS = -4 V, 10 = 5 j.lA) 2N3796 25 

(VGS ' -7V,JO ' 5 ~AI 2N3797 20 

Zero-Gate-Voltage Drain Current lOSS 
(VDS ' 10 V, VGS .01 2N3796 0.5 

2N3797 2 

Gate-Source Voltage Cutoi! 
VGS (01!1 

(10 0.5 JJA, VOS = 10 V) 2N3796 -
(10 2.0 J.l.A, VOS = 10 V) 2N3797 -

"On" Drain Current 
10(on) 

(VOS'" 10 V, VGS = +3.5 V) ZN3796 7 

2N3797 9 

Drain-Gate Reverse Current'" lOGO 
. 

(VOG- 10 V, Is • 0) -

Gate-Reverse Current ... luss 
. 

(VGS ' -10 V, VOS' 0) -
(Vas = -10 V, VOS = 0, T A = 1S0aC) -

Small-Signal, Common-Source Forward Transfer Admittance I Yr. I 
(Vos = 10 V, V GS = 0, f = 1 ke) 2N3796 900 

2N3797 1500 

(VOS'" lOV,VGS=O,f= 1.0 me) 2N3796 900 

2N3797 1500 

Small-Signal, Common-Source, OUtput Admittance IYo.1 
(VOS' 10 V, V GS '" 0, f = 1 kc) 2N3796 -

2N3797 -

Small-Signal, Common-Source, Input Capacitance Ciss 
(VOS = 10 V, VGS = 0, f '" 1 kc) 2N3796 -

2N3797 -
Small-Signal, Common-Source, Reverse Transfer Capacitance Crss 

(VOS' 10 V. V GS '" 0. f = 1 kc) -
Noise Figure NF 

(VDS = IOV,Vas =O,!= Ike, Rg = 3 megohms) -

* This value of current includes both the FET leakage current as well as the leakage current 
associated with the test socket and fixture when measured under optimum conditions. 
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-- Field-Effect Transistors--

2N3796, 2N3797 (continued) 

TYPICAL DRAIN CHARACTERISTICS 

FIGURE 1 - 2N3796 FIGURE 2 - 2N3797 
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-- Field-Effect Transistors--

2N3796, 2N3797 (continued) 
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FIGURE 6 - AMPLIFICATION FACTOR versus 
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-- Field-Effect Transistors --

2N3821 (SILICON) 

2N3822 

2N3824 

VDs =50V 
ID =10mA 
PD = 300 mW 

CASE 20 
(TO-72) 

Silicon N -channel junction field-effect transistors, 
designed for audio amplifier, chopper and switching 
applicationt;!_ Drain and Source Interchangeable_ 

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

Characteristic Symbol Rating Unit 

Drain-Source Voltage VOS 50 Vdc 

Drain-Gate Voltage VDG 50 Vdc 

Gate-Source Voltage VGS -50 Vdc 

Drain Current ID 10 mAdc 

Power Dissipation Po 300 mW 

Derate above 25 ° C 2 mW/"C 

Operating Junction Temperature TJ 175 "c 

Storage Temperature Range Tstg -65 to + 200 °c 

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

I Characteris1ic Symbol Min Max Unit 

Off CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Yd, cro· -1 /-lAde, Vns = 0) -SO 

Gate Reverse Current loss .... , 
(Vas .. -30 Vdc, Ves. 0) -0.1 

(VGS ··30Vdc:, VOS-O, TA·150~j:) -100 

Gate-Source Cutoff Voltage VOS(oft) .do 
(to = O. 5 nAdc, VDS = 15 Vdc) 2N3821 -. 2N3822 -6 

Gate-Source Voltage Yos V<k 
Un = 50 /-lAde, VDS = 15 '.:,dc:) ZN3821 -0.5 -2,0 

tIn = ZOO /JAde, Vns" 15Vdc) ZN3822 -1.0 -4.0 

Drain Cutoff Current 'o(off) nAde 
(Voo= 15Vdc:, Ves" -8Vdc:) 2N3824 '.1 

(Vns = 15Vdc:, Vas" -8Vdc:, Tit. '" ISOBe) 100 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current-
(VDS " 15Vdc, Vas = 0) 2N3821 

2N3811 

DYNAMIC CHARACTERISTICS 

Forward Trllllsfer Admittance l'f.1 Jlmhos 
(VOS,,15Vdc, Vas = 0, f=lkHz)· 1N3821 150' 4500 

lN3S22 300. 6500 

(VDS .. 15Vdc:, Vos= 0, f = 100 MHz) 1N3S21 150. 
2N3S22 300. 

Oulput Admittance- 1' .. 1' Jlmhos 
(VDS'" lSVdc, Vas" 0, (.1 kHz) 2N3S21 ,. 

2N3S21 2. 

Drain-SoUrce Resistance rds(on) COm. 
(Vas" 0, ID"'O, ' .. 1kHz) 2N38U 250 

Inp.!t Capacitance Cills pF 
(VOS,,15Vdc, Ves =0, f = 1 MHz) 

Reverse Tranafer Capacitance Crlls pF 
(VOS" lSVdc, Vas ",0. f .. l MHz) ZN3821 

1N3822 

(Vas" -8Vdc, VDS =0, f = 1 MHz) 2N3824 

·Pulae Test: Pulse Wldtb::i: 100 ma, DIIty Cycle ::i: 10'5 

10-8 



-- Field-Effect Transistors--

2N4220 (SILICON) 

2N4221 
2N4222 

Vos=30V 
10 = 15 rnA 
Po = 300 rnW 

CASE 20 
(10-72) 

Silicon N -channel junction field-effect transistors, 
designed for general purpose amplifier and switching 
applications. Drain and Source interchangeable. 

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

Characteristic 

Drain-Source Voltage 

Drain -Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation 

Derate Above 25 DC 

Operating Junction Temperature 

Storage Temperature Range 

FIGURE 1 - NOISE FIGURE versus FREQUENCY 
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Symbol Rating Unit 

.001 

VDS 30 Vdc 

VDG 30 Vdc 

VGS -30 Vde 

ID 15 mAde 

P D 300 mW 

2 mW;oC 

T J 175 DC 

Tstg -65 to +200 DC 

FIGURE 2 - NOISE FIGURE 
versus SOURCE RESISTANCE 

i\ Vcs= 15V 
VGs= 0 

f= 1 kHz 

'\ 

~ 
(--

.01 0.1 

Rs. SOURCE RESISTANCE (Megohms) 

10 

I 



-- Field-Effect Transistors--

2N4220, 2N4221, 2N4222 (continued) 

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

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vd, 
(IG· -10 /-lAde, VOS '" 0) -30 

Gate Reverse Current IGSS nAdc 
(VGS = -15 Vdc, VDS • 0) -0.1 

(VGS = -15 Vdc. VDS::: 0, TA .. 150°C) -100 

Gate-Source Cutoff Voltage VGS(off) Vd, 
(In '" O. 1 nAdc, VOS '" 15 Vdc) 2N4220 -4 

2N4221 -. 
2N4222 -8 

Gate-Source Voltage VGS Vd, 
(IO'" 50 }lAde, V OS = 15 Vdc) 2N4220 -0,5 -2.5 

(In'" 200 /-lAde, Vos'" 15 Vdc) 2N4221 -1.0 -5.0 

(In" 500 /-lAde, Vos'" 15 Vdc) 2N4222 -2.0 -6.0 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current· 
(VOS" 15Vdc, VGS=O) 2N4220 

2N4221 
2N4222 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance- IYIsl- I-imhos 
(Vos = 15 Vdc, VGS'" 0, f = 1 kHz) 2N4220 1000 2500 4000 

2N4221 2000 3500 5000 
2N4222 2500 4500 6000 

Output Admittance· IYosl· jJmhos 
(VDS = 15 Vdc, VGS = 0, f = 1 kHz) 2N4220 10 

2N4221 20 
2N4222 40 

Drain-Source Resistance r ds(on) Ohms 
(VDS = 0, VGS'" 0) 2N4220 500 

2N4221 400 
2N4222 300 

Input Capacitance Ciss pF 
(VDS = 15 Vdc, Vas'" 0, f = 1 MHz) 4.5 6.0 

Reverse Transfer Capacitance C rss pF 
(VDS = 15Vdc, VGS= 0, f = 1 MHz) 1.2 2.0 

.Pulse Test: Pulse Width;;: 630 ms, Duty Cycle;;: 10% 

I L2 

2N~220 V6)~ OV 

FIGURE 4 - COMMON SOURCE 
FIGURE 3 - TYPICAL DRAIN CHARACTERISTICS TRANSFER CHARACTERISTICS 
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~ 
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-O.4V 

',--
-O.6V 

~ 
~ a 0.6 
z 

~ 
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0.4 

/ 
V 
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/ 
0.2 ',-

-O.8V 

'r- -LOV 

0.2 
/ 

V 
/ 

--10 15 20 25 -1.2 -0.8 -0.4 
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-- Field-Effect Transistors--

2N4220, 2N4221, 2N4222 (continued) 

FIGURE 5 - TYPICAL DRAIN CHARACTERISTICS 

( I 
VGS =0 

2N4221 

I 
-IV 

'/ 
I{ 

-2V , 
-3V 

10 15 20 25 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 

FIGURE 7 - TYPICAL DRAIN CHARACTERISTICS 
10 
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V 

/ 
/ -IV 

'I 
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'I' 
-3V 

/ 
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/' 
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o 
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Yos. DRAIN-SOURCE VOLTAGE (VOLTS) 

o 
-5 
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1 6 

o 

FIGURE 6 - COMMON SOURCE 
TRANSFER CHARACTERISTICS 
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/ 
II 
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~/ 
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FIGURE 8 - COMMON SOURCE 
TRANSFER CHARACTERISTICS 
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2N4223 (SILICON) 

2N4224 

-- Field-Effect Transistors--

Vos=30V 
10 = 20 mA 
Po=300mW 

Silicon N-channel junction field-effect transistors, 
designed for VHF amplifier and mixer applications. 
Drain and Source interchangeable. 

CASE 20 
(TO-72) 

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

_ .................... _ ..... ~7· .. Wy. 
rh:lr:llrttllric:+i,.. (."mhnl 

Drain -Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Drain Current ID 

Power Dissipation P D 
Derate above 25°C 

Operating Junction Temperature TJ 

"""11':;1 

30 

30 

-30 

20 

300 

2 

175 

Storage Temperature Range T stg -65 to +200 

FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 

Rs = 500 I 4.7pf 

1·10 pf 

l, = l~ TURNS #20 TlNNEDWlRE, 14" ID, LENGTH = %/t 

L, ~ 3\\ TURNS # 18 TINNED WIRE; WID. LENGTH ~ w. 
TAPpm AT HI.! tURNS FROM DRAtN 

L, 

2N4223 

1-10pF 

.001 p..F 

RFC =0.47 p.H 

+15Vdc 
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2~pf 

"' .... 
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mAdc 
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-- Field-Effect Transistors--

2N4223, 2N4224 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -10 "Adc, Vos = 0) 

Gate Reverse Current 
(VGS =-20 Vdc, VOS = 0) 

(V GS = -20 Vdc, Vos = 0, T A = 100°C) 

Gate-Source Cutoff Voltage 
(Io = 0,25 nAdc, V DS = 15 Vdc) 

(IO = 0.50 nAdc, VOS = 15 Vdc) 

Gate-Source Voltage 
(In = 0.3 mAde, Vos = 15 Vdc) 

(In = 0.2 mAde, Vos = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vos = 15 Vdc, Ves"" 0) 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15Vdc, VGS ::::; 0, f = 1 kHz)* 

(VOS = 15Vdc, VGS = 0, f = ZOO MHz) 

lnput Conductance 
(VOS = 15 Vdc, VGS = 0, f = ZOO MHz) 

Output Conductance 
(VOS '" 15 Vdc, VGS':: 0, f '" 200 MHz) 

Input Capacitance 
(VOS =; 15 Vdc, VGS = 0, f = 1 MHz) 

Reverse Transfer Capacitance 
(VOS=15Vdc, VGs=O, f=IMHz) 

Noise Figure 
(VOS'" 15 Vdc, VGS = 0, RS = 1 kohm. f = 200 MHz) 

Small-Signal Power Gain 
(VOS =15Vdc, VGs=O, f=200MHz) 

·Pulse Test: Pulse Width;:;: 630 ms, Duty Cycle ~ 10% 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 

2N4224 

2N4223 

2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 

2N4223 

FIGURE 2 - TYPICAL DRAIN CHARACTERISTICS 

/~ Vss 0 

/ 
/ -IV 

If -2V 

// 
1'- -3V 

4V 

10 15 20 25 

Vos. DRAIN-SOURCE VOLTAGE NOlTS) 
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Symbol Min Max Unit 

V(BR)GSS Vdc 
-30 

IGSS nAdc 
-0.25 

- -0.50 

- -250 
- -500 

VGS(orf) Vdc 
- -8 

- -8 

VGS Vdc 
-1. 0 -7.0 

-1. 0 -7.5 

IY1,1 j.J.mhos 
3000 7000 
2000 7500 

2700 -
1700 

Re(yis' /-lmhos 
- 800 

Be(yos) Jlmhos 
- 200 

Ciss pF 
- 6 

erss pF 
- 2 

NF dB 
- 5 

Gp, dB 
10 -

FIGURE 3 - COMMON SOURCE 
TRANSFER CHARACTERISTICS 

Vos = 115VdC / 
/ 

V 
/ 

/ 
/ --V 

-4 

VEO$. GATE·SOURCE VOLTAGE (VOlTS) 

I 



-- Field-Effect Transistors --

2N4223, 2N4224 (continued) 

FIGURE 4 - INPUT IMPEDANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
10 

I I 
V .. -15Vdc _ 
VGS= 0 
Ie"" 25°C 

I v .. ~115 Vd! 
V6S= 0 

I--- Tc = 2S<lC 

\/ 
/ 

/ 
/ 

/ 
1.)7 

L-- .i R:.. 

lY 
/ 

/ 

J:+±Hlll I j-~ I 
30 50 70 100 ZOO 300 30 50 70 100 zoo 300 

f, FREQUENCY IMHrl f, FREQUENCY IMHzl 

FIGURE 6 - FORWARD TRANSFER ADMITTANCE FIGURE 7 - OUTPUT ADMITTANCE 

I 
I I 

Vas = ISVdc 
VGs=O _ 

g. 

Tc=25°C J 

/ 

I I I b,/ Vos = 15 Vdc 
VGs= 0 

f--- Tc ~ 25"C 

II 
V / 

/ 
/ 

I/V 

~ 
V-

I----
o 

II 

/ 
1/]/ 

V 

l.- I----
I-- Vi.. 

30 50 70 100 zoo 300 30 50 70 100 200 300 

f. FREQU ENCV (MHz) f, FREQUENCY IMHzI 
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-- Field-Effect Transistors --

21114351 (SILICON) 
Vos =25V 
10 = 30mA 
Po = BOOmW 

CASE 20 
(lO·72) 

Silicon N -channel insulated-gate field effect transis
tors, designed for enhancement-mode operation in low 
power switching applications. The 2N4351 is com
plementary with type 2N4352. 

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

Characteristic Symbol Rating Unit 

Drain-Source Voltage VDS 25 Vdc 

Drain-Gate Voltage VDG 75 Vdc 

Gate-Source Voltage VGS ±75 Vdc 

Drain Current ID 30 mAdc 

Power Dissipation at T A = 25°C PD 300 mW 
Derate above 250C 1.7 mWjOC 

Power Dissipation @ TC = 25°C PD 800 mW 
Derate above 25°C 4.56 mWjOC 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Tstg -65 to +200 °c 

HANDLING CONSIDERATIONS 

Insulated gate field·effect transistors, due to their extremely high input resis· 
tance, are subject to potential damage by the accumulation of excess static charge. 
To avoid possible damage to the devices while handling, testing, or in actual opera· 
tion, the following procedure should be followed: 

1. The leads of the devices should remain wrapped in the shipping foil except 
when being tested or in actual operation to avoid the build·up of static 
charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The devices should not be inserted or removed from circuits with the power 
on as transient voltages may cause permanent damage to the devices. 

10-15 
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-- Field-Effect Transistors--

2N4351 (continued) 

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

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(10 .. 10 p.A, VGS .. 0) 

Gate Leakage Current 
(VGS = :t25 V, VOS = 0) 

Zero-Gate-Voltage Drain ClU'rent 
(Vos" 10 V, VGS " 0) 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage 
(VOS .. 10 V, 10 .. 10 p.A) 

"ON" Drain CUrrent 
(VGS " 10 V, Vos .. 10 V) 

Dram-Source "ON" Voltage 
(In - 2 rnA, Vas = 10 V) 

SMALL SIGNAL CHARACTERISTICS 

Drain-Source Resistance 
(VGS = IOY,ID = 0,1 = Ike) 

Forward Transfer Admittance 

Characteristic 

(VOS .. 10 V. In = 2 rnA, I = 1 kc) 

Reverse Transfer Capacitance 
(VOS = 0, VGS '" 0, f" 140 kc, substrate connected to source) 

Input Capacitance 
(Vi':; ,. !I) v, vG.5 '" I),! = Hi) ~c, !!'c!~!!t!'~te c~!'_,:ecte1 t~ !:~..!:,ce) 

Drain-Substrate Capacitance 
(VD(SUBJ = 10 V, f - 140 kc, suWitrate connected to source) 

SWITCHING CHARACTERISTICS 

Turn-On Delay 

Rise Time 10 ~ 2 rnA, VDO = 10 V, 

Turn_Off Delay Vas = 10V,Rn= RS= 4.5kohms 

Fall Time 

VCER)DSS 

loss 

lOSS 

VGS(TH) 
1.0 

rO(on) 
3.0 

VOS(on) 

rdseon} 

1'1·1 1000 

Crss 

Ciss 

Cd(sub) 

6,10 td• 

7,10 t, 

8,10 td' 

9,10 

10 

10 

5.0 

1.0 

300 

'.5 

4.0 

45 

65 

75 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 

5000 

'" 3000 

;i 2000 
li1 
~ 

" ~ 

-

II 
I 11.1 

Vos = IOV 
f=lkc 

TA = 25°C 

I I 
/ .... C, .. @VGS 

-
'" 

./ 

V""" 

Vd, 

pAd, 

oAd' 

Vd, 

rnA 

ohms 

pf 

pI 

pI 

; 1000 TA = 25°C 

1§ 
o 700 

,/ 
~ ~ 500 

300 1./ 
C .. ,@Vos 

200 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 

10, DRAIN CURREKT (mA} VOLTAGE (VOLTS) 
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-- Field-Effect Transistors --

2N4351 (continued) 

~ 
~ 

~ 
'" 
~ z 
~ 
" '" 

20 

10 

0.1 

0.5 

0.3 

0.2 

0.1 

2.0 

18 

L6 

L4 

L2 

LO 

.8 

.6 

.4 

.2 

FIGURE 3 - TRANSFER CHARACTERISTICS 

~ V / 
TA~-55°C~ ~ V 
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/, 
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II 
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FIGURE 4 - DRAIN SOURCE "ON" RESISTANCE 
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-- Field-Effect Transistors --

2N4351 (continued) 

50 

g 
20 

" >= 

~ 10 
z 

i 

SWITCHING CHARACTERISTICS 

(TA = 25°C) 

FIGURE 6 - TURN-ON DELAY TIME FIGURE 7 - RISE TIME 
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. IOV ~ 
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1o. DRAIN CURRENT (rnA) 

FIGURE 10 - SWITCHING CIRCUIT 
and WAVEFORMS 

I SCOPE -,. 
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FIGURE 11 - SWITCHING CIRCUIT with 
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FIGURE 9 - FALL TIME 
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1: 200 
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The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval. the gate voltage is 
at ground and the gate-source capacitance (C.." = Cin -Cm) has no ctlarge. The 
drain voltage is at Voo, and thus the feedback capacitance (Crn) is charged to 
Voo. Similarly, the drain-substrate capacitance (Cdjlub)} is charged to Voo since 
the substrate and source are connected to ground. 

During the turn·.on interval, e..,1 is charged to VGS (the input voltage) through 
Rs (generator impedance) (Figure 11). em must be discharged to VGS - VOlon! 
through Rs and ttle parallel combination of the load resistor(Ro) and the channel 
resistance(rd.). In addition, Cdrlubl is discharged to a low value (VO{on)) through Ro 
in parallel with rd,. During turn· off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd,) is a function of the gate-source voltage (VGs). As e..,1 becomes 
charged VGS is approaching Y,n and rd. decreases (see Figure 4) and since ern 
and Cdlsub) are charged through rd" turn-on time is quite non-linear. 

If the charging time of Cql is short compared to that of Cm and Cdl,ubl, then 
rdl(wtlich is in parallel with RD) will be low compared to Ro during the switching 
interval and will largely determine the turn·on time. On the other hand, during 
turn-off rd, will be almost an open circuit requiring Crll and Cdill/b) to be charged 
th~ough Ro and resulting in a turn·off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and C.." is charged 
through the pulse generator impedance only, 

The switching curves shown with Rs = Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the toad impedance. The set of curves with Rs ='0 simulates a low source im
pedance drive such as might occur in complementary logic circuits. 
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-- Field-Effect Transistors--

2N4352 (SILICON) 

Vos = 25V 
10 = 30mA 
Po = 800mW 

CASE 20 
(TO-72) 

Silicon P-channel insulated gate field effect transis
tor, designed for enhancement-mode operation in low 
power switching applications_ The 2N4352 is com
plementary with type 2N4351. 

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

Characteristic Symbol Rating Unit 

Drain-Source Voltage VDS 25 Vdc 

Drain-Gate Voltage VDG 75 Vdc 

Gate-Source Voltage VGS ± 75 Vdc 

Drain Current ID 30 mAdc 

Power Dissipation at T A = 25°C PD 300 mW 
Derate above 25°C 1.7 mW/oC 

Power Dissipation @ TC = 25°C PD 800 mW 
Derate above 25°C 4.56 mW/oC 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Tstg -65 to+ 200 °c 

HANDLING CONSIDERATIONS 

Insulated gate field-effect transistors, due to their extremely high input resis
tance, are subject to potential damage by the accumulation of excess static charge. 
To avoid possible damage to the devices while handling, testing, or in actual opera
tion, the following procedures should be followed: 

1. The leads of the devices should remain wrapped in the shipping foil except 
when being tested or in actual operation to avoid the build-up of static 
charge. 

2. Avoid unnecessary handling; when handled, the devices should be picked 
up by the can instead of the leads. 

3. The devices should not be inserted or removed from circuits with the power 
on as transient voltages may cause permanent damage to the devices. 
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-- Field-Effect Transistors --

2N4352 (continued) 

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

Characteristic 

OFF CHARACTERISTICS 

D,raln-Source Breakdowll Voltage 
(In" -10 /-lA, VGS" 0) 

Gate Leakage Current 
(VGS =±25V,YDS" 0) 

Zero-Gale_Voltage Drain Current 
(Vns = .10 Y, VGS = 0) 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage 
(Vns = -10 V, 10 = _10 pAl 

"0:-<"' Drain Current 
(VGS = -10 Vns = -10 V) 

Drain_Source "ON" Voltage 
(In = -tmA,VGS = -lOY) 

SMALL SIGNAL CHARACTERISTICS 

Drain-Source Resistance 
(VGS = -10 V, 10" O. f " 1 kcl 

Forward Transfer Admi tbnc e 
(Vns = -10 V,IO = 2 rnA, f = 1 kc) 

Reverse Transfer Capacitance 
(VDS " 0, V GS " O,! =- 140 kc. substrate connected to source) 

lflpUt Lapacltance 
(VOS " -10 V, VGS" 0, f=-140kc,substratecormectedtosource) 

Drain-Substrate CapaCitance 
(VD(SUBt -10 V, f= 140 kc, substrate connected to source) 

SWITCHING CHARACTERISTICS 

Turn-On Oelay 

Rise Time In = -1 rnA, VOO = -10 v. 

Turn-Off Delay V GS = -10 V. HO = RS ~ 7 k:Jhrns 

Fall Time 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE 
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-- Field-Effect Transistors--

2N4352 (continued) 

FIGURE 3 - TRANSFER CHARACTERISTICS FIGURE 4 - DRAIN SOURCE "ON" RESISTANCE 
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FIGURE 5 - "ON" DRAIN·SOURCE VOlTAGE 

-4.0 
\ \. ID~I-lOmA 
\ \. TA ~ 2SOC 

\ '\. 
\ i'.. 
\ "" \ i'---. 

--3.0 

1 ....... t---. lD = -SmA 

\ t:--. 

-2.0 ""-
'" \ 

lo=-2mA 

----- ----"- r--
ID~ - 500pA "" .............. 

-1.0 

\ --"" -
-0 

-3 -5 -7 -9 -11 -13 -IS 

"GSo GATE-SOURCE VOLTAGE (VOLTS) 

10-21 

I 



-- Field-Effect Transistors--

2N4352 (continued) 
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SWITCHING CHARACTERISTICS 

(TA = 25°C) 

FIGURE 6 - TURN-ON DELAY TIME 
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FIGURE 7 - RISE TIME 
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The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the, switching interval, the gate voltage is 
at ground and the gate-source capacitance (C9, = Cill -Crll) has no. 'charge. The 
drain voltage is at VOD, and thus the feedback capacitance (ern) is charged to 
Voo. Simitarly, the drain-substrate capacitance (Cdjll..b)) is charged to Voo since 
the substrate and source are connected to ground. 

v;. 

t 
I 
"\ / t,-~ 

50% P. 
1\ / DUTY 

-lOY - C. ~ 

t,..c::2nsec 

Zygt~~% 

FIGURE 11 - SWITCHING CIRCUIT with 
IGFET EQUIVALENT MODEL 

During the turn-on interval, Cq • is charged to VGS (the input voltage) through 
Rs (generator impedance) (Figure 11). ern must be discharged to', VGS - VO(o~1 
through Rs and the parallel combination of the load resistor(RD) and the ctlannel 
resistance (rds). In addition, Cdhu~1 is discharged to a low value (VDlon) through Ro 
in parallel with rd •. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd.) is a function of the gate-source voltage (VGs). As' Cq• becomes 
charged VGS is approaching Vin and- rd. decreases (see Figure 4) and since Crn 
and Cdfwb) are charged through rdl, turn-on time is Quite non·linear. 

If the charging time of Cq •. is short compared to that of em and Cd(IUbl, then 
rdl (which is in parallel with RD) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn·off rd. will be almost an open circuit requiring Crn and Cd('lIb) to be charged 
through Ro and resulting in a turn-011 time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and Cql is charged 
through the pulse generator impedance only, 

The switching curves shown with Rs = Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curlJes with Rs = 0 simulates a low source im· 
pedance drive stich as might occur in complementary logic circuits. 
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-- Field-Effect Transistors--

3N 124 (SILICON) 

3N125 
3N126 

Vos = SOV 
10 = 20mA 
Po = 800mW 

CASE 20 
(lO·72) 

N -channel silicon annular tetrode-connected field
effect transistors, designed for low-power switching 
and amplifier applications in the audio through VHF 
frequency range, features high breakdown voltage, low 
transfer capacitance, and tetrode configuration for a 
broad range of applications. 

MAXIMUM RATINGS 

Characteristics Symbol Rating Units 

Reverse Gate-Source Voltage Vdc 
Gate 1 VGlS 50 
Gate 2 VG2S 50 

Drain-Source Voltage VDS 50 Vdc 

Drain-Gate Voltage Vdc 
Gate 1 VDGl 50 
Gate 2 VDG2 50 

Gate 1- Gate 2 Current IG1G2 1.0 mAdc 

Gate 2~Gate 1 Current IG2G1 1.0 mAdc 

Gate Current mAdc 
Gate 1 IGl 20 
Gate 2 IG2 20 

Drain Current ID 20 mAdc 

Junction Operating Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to+200 °c 

Total Device Dissipation @ T A ; 25°C PD 300 mW 
Derate Above 25°C 1.71 mW/oC 

Total Device Dissipation @ TC ; 25°C PD 800 mW 
Derate Above 250C 4.57 mW/oC 

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

Characteristic Symbol Min Max Unit 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = 10 /lA, VOS = 0, VGIG2 = 0) 50 -

Gate Reverse Current IGSS nAdc 

(VGS'= 25 V, Vos = 0, VGIG2 = 0) - 0.250 
(VGS = 25 V, Vos = 0, VGIG2 = 0, TA = 150°C) - 250 

Zero-Gate- Voltage Drain Current lOSS mAde 
(VOS = 15 V, VGlG2 = 0, VGS = 0) 3NI24 0.2 2.0 

3NI25 1.5 4.5 
3NI26 3.0 9.0 

10-23 

I 



-- Field-Effect Transistors --

3N124, 3N125, 3N126 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise specified.) 

Characteristic Symbol Min Max Unit 

Gate-Source Voltage VGS Vdc 
(10 = 20 !J.A, VDS = 15 V, VGlG2 = 0) 3N124 0.2 2.0 
(10 = 150 !J.A, VOS = 15 V, VGlG2 = 0) 3N125 1.0 3.0 
(Io = 300 !J.A, VOS = 15 V, VGlG2 = 0) 3N126 1.5 5.5 

Gate-Source Cutoff Voltage VGS(off) Vdc 
(VOS = 15 V, ID = 1 !J.A, VGlG2 = 0) 3N124 - -2.5 

3N125 - -4.0 
3N126 - -6.5 

Gate I-Source Cutoff Voltage VGIS(off) Vdc 
(VOS = 15 V, ID = 1 !J. A, VG2S = 0) 3NI24 - -5 

3N125 - -8 
3N126 - -18 

Gate 2-Source Cutoff Voltage V G2S(off) Vdc 
(VOS = IS V, 10 = 1 !J.A, VGlS = 0) 3N124 - -8 

3N125 - -14 
3NI26 - -26 

Gate I-Gate 2 Reach Through Voltage VGlG2 Vdc 
(VOS = 15 V, IGlG2 = 10 !J.A, V G2S = 0) 3N124 1 -

3NI25 3 -
3NI26 5 -

Gate 2-Gate 1 Reach Through Voltage VG2G1 Vdc 
(VOS = IS V, IG2G1 = 10 !J.A, VGlS = 0) 3N124 2 -

3N125 6 -
3NI26 10 - -

Gate I-Gate 2 Reach Through Drain CUrrent ID J.l.A 
(VOS = IS V, IGl = 10 J.l.A, VG2S = 0) - 1.0 

Gate 2-Gate 1 Reach Through Drain Current ID !J.A 
(VOS = 15 V,IG2 = 10 !J.A, VGlS = 0) - 1.0 

SMALL·SIGNAL COMMON·SOURCE CHARACTERISTICS 

Forward Transfer Admittance pmhos 
(VOS = IS V, VGlS = VG2S = 0, f = 1 ke) 

I Yfs I Gate I-Gate 2 3N124 500 2000 
3N125 800 2400 
3N126 1200 3600 

Gate 1 only 3N124 I YfSl1 250 1000 
3N125 400 1600 

I 
3N126 600 2700 

Gate 2 only 3N124 I yrs21 200 800 
3N125 250 1000 
3N126 400 1200 

(r" 100 me) Gate 1 only 3N124 I Yrs1 1 250 -
3N125 400 -
3N126 600 -

Output Admittance I Yos I Jlmhos 
(VDS = IS V, V GlS = VG2S = O. f = Ike) 3N124 - 2.0 

3N125 - 10.0 
3N126 - 20.0 

Input Capacitance pr 
(VDS = IS V, V GlS = VG2S = 0, r = 1 ke) 

Gate I-Gate 2 CiSS - 14 
Gate 1 only Cissl - 5 
Gate 2 only Ciss2 - 9 

Reverse Transfer Capacitance pi 
(VOS = 15 V, VGIS = VG2S = 0, r = 1 ke) 

2.0 Gate I-Gate 2 Crss -
Gate 1 only Crss ! - 0.5 
Gate 2 only Crss2 - 1.5 

Spot Noise Figure NF db 
(VOS = 15 V, VGlS = VG2S = 0, Rg = 1 megohm, f = 1 kc, BW = 100eps) - 4 

Static Drain-Source "ON'! Resistance 
Typical 

ohms 
(VGS = 0, VDS = 0) 3N124 

rOS(on) 
1000 

3N125 750 
3NI26 500 
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-. -- Field-Effect Transistors --

3N 124, 3N 125, 3N 126 (continued) 
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-- Field-Effect Transistors --

3N124, 3N125, 3N126 (continued) 
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-- Field-Effect Transistors--

MFE2093 (SILICON) 

MFE2094 
MFE2095 I Vos= SOV 

10=3 rnA 
Po =300rnW 

CASE 20 
(TO-n) 

Silicon N -channel junction field-effect transistors, 
designed for low-power audio amplifier and switching 
applications. Drain and Source interchangeable. 

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

Characteristic Symbol Rating Unit 

Drain-Source Voltage VDS 50 Vdc 

Drain-Gate Voltage VDG 50 Vdc 

Gate-Source Voltage VGS -50 Vdc 

Drain Current ID 3 mAdc 

Power Dissipation PD 300 mW 

Derate above 25 'c 2 mW/'C 

Operating Junction Temperature TJ 175 'c 

Storage Temperature Range Tstg -65 to +200 'c 

ELECTRICAL CHARACTERISTICS eTA = 25'C unless otherwise noted) 

Characteristic I Symbol I Min Typ I Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vd, 
(IG = -10 I-I Adc, VOS = 0) -50 

Gate Reverse Current IGSS nAde 

(VGS '" -15 Vdc, Vos '" 0) -0.1 

(V GS = -15 Vdc, VOS:: 0, T A:: 150°C) -100 

Gate-Source Cutoff Voltage VGS(ofl) 
Vd, 

{In '" 0, 1 nAdc, V DS '" 15 Vdc} MFE2093 -1. 5 -2.5 
MFE2094 -3.0 -4.5 
MFE2095 -4.5 -5.5 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current· 
(Vns :: lSVdc, VGS = 0) MFE2093 

MFE2094 
MFE2095 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 1 Yr,1 pmhos 
(Vos:: 15Vdc" VGS = 0, (= 1 kHz)* MFE2093 250 400 500 

MFE2094 350 500 700 
MFE2095 400 600 800 

(VDS = 15 Vdc, VGS = 0, r = 100 MHz) MFE2093 150 
MFE2094 250 
MFE2095 300 

OUtput Admittance* 1 Yo,I' j.lmhos 
(Vns = 15Vdc, VGS = 0, f = 1 kHz) MFE2093 0.5 1.5 

MFE2094 1.0 3.0 
MFE2095 4.0 10.0 

Drain-Source Resistance r ds(on) Ohms 
(VDS = 0, VGS = 0) MFE2093 2500 

MFE2094 1600 
MFE2095 1300 

Input Capacitance Ciss pF 
(VDS = 15 Vdc, VGS = 0, f = 140 kHz) 4.0 6.0 

Reverse Transfer Capacitance C 

'" 
pF 

(Vns = 15 Vdc, VGS .::·0, f = 140 kHz) 1.2 2.0 

,"Pulse Test: Pulse Width ~ 630 ms, Duty Cycle ~ 10% 
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-- Field-Effect Transistors-

ADDITIONS AND MODIFICATIONS 
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-- Field-Effect Transistors-

ADDITIONS AND MODIFICATIONS 
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-Multiple and Special Devices-

MULTIPLE & SPECIAL 
DEVICES 
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--Multiple and Special Devices--

For case outline dimensions, see page 1-186. 
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--Multiple and Special Devices--

MULTIPLE and SPECIAL DEVICES 

This section contains data-sheet specifications for multiple devices such as dual 
transistors and dual diodes, and other special semiconductors that have no specific 
category. 

Device type numbers included in this section are: 

DUAL TRANSISTORS FOR 
DIFFERENTIAL AMPLIFIER 
APPLICATIONS 
(MATCHED PAIRS) 

H~, PAGE HUMBER MATERIAL 

2N2060 11-4 thru 11-6 Silicon 
2N2060A 

I 
Silicon 

2N2223 Silicon 
2N2223A Silicon 

2N2480 Silicon 
2N2480A 11-4 thru 11-6 Silicon 

2N3409 11-9, 11-10 Silicon 
2N3410 11-9, 11-10 Silicon 
2N3411 11-9, 11-10 Silicon 

MD1120 11-18, 11-19 Silicon 
MD1121 11-18, 11-19 Silicon 
MOl122 11-18, 11-19 Silicon 

MD1129 11-24, 11-25 Silicon 

MOl130 11-26, 11-27 Silicon 

MD1132 11-30, 11-31 Silicon 

POLAR· 
ITY 

NPN 
NPN 

NPN 
NPN 

NPN 
NPN 

NPN 
NPN 
NPN 

NPN 
NPN 
NPN 

NPN 

PNP 

NPN 

DUAL TRANSISTORS FOR HIGH SPEED 
SWITCHING AND AMPLIFIER APPLICATIONS 

POLAR· 
COMPLEMEH· 

TYPE PAGE flUMBER MATERIAL TARY ITY CIRCUITRY WITH 

2N2913 thru 2N2920 11-7, 11-8 Silicon NPN 

2N2972 thru 2N2979 11-7, 11-8 Silicon NPN 

2N3800 thru 2N3811 11-11, 11-12 Silicon PNP 

MD984 11-14, 11-15 Silicon PNP 

MD1126 11-20, 11-21 Silicon NPN 
MD1127 11-20, 11-21 Silicon NPN 

l\1D1128 11-22, 11-23 Silicon NPN 

MOl131 11-28, 11-29 Silicon NPN 

MD1134 11-32, 11-33 Silicon NPN 

MD2218, A 11-34 thru 11-40 Silicon NPN MD2904 
MD2219, A 11-34 thru 11-40 Silicon NPN Series 

MD2904, A 11-41 thru 11-46 Silicon PNP MD2218 
MD2905, A 11-41 thru 11-46 Silicon PNP Series 

MD3250, A 11-47 thru 11-50 Silicon PNP 
MD3251, A 11-47 thru 11-50 Silicon PNP 

DUAL TRANSISTORS. NPN-PNP FOR COMPLEMENTARY 
SWITCHING AND AMPLIFICATION 

TYPE PAGE NUMBER MATERIAL POLARITY CONCURRENT COMPLEMENTARY WITII 

MD986 11-16, 11-17 Silicon NPN-PNP {NPN - 2N2218 and 2N2219} 
PNP - 2N2904 and 2N2905 

MD6001 11-51, 11-52 Silicon NPN-PNP {NPN - 2N2218 and 2N2219} 
MD6002 11-51, 11-52 Silicon NPN-PNP PNP - 2N2904 and 2N2905 

SPECIAL DEVICES 

TYPE PAGE NUMBER MATERIAL DESCRIPTION APPLICATION 

MCL1300 11-13 Silicon Field-Effect Diode Current Limiter 
MCL1301 

J 1 
Effect 

MCL1302 Diode 
MCL1303 
MCL1304 11-13 Silicon 

MSD6100 11-53, 11-54 Silicon Dual Switching Diode High Speed Switch 
(Plastic Case) 

MSD6101 11-55, 11-56 Silicon Discriminator Diode FM Discriminator 
(Plastic Case) 
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--Multiple and Special Devices--

2N2060,A 
2N2223,A 
2N2480,A 

V CEO = 40-60 V 
Ie = 500mA 

NPN silicon annular star dual transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32A 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Basp Vo]lar.:(' VeBO 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480 
2N2480A 

Collet"tor-Emitter Volta~(> VCEO 
2N2060, 2N2060A. 2N2223. 2N2223A 
2N2480. 2N2480A 

Colle('tor-Emitt£'1' Vultag:f' (RBE ~ 109) VeER 
2N2060. 2N2060A. 2N2223. 2N2223A 

Emitter-Base Vullag:e VEBO 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480. 2N2480A 

DC Collector Current IC 

Operating Junction Temperature TJ 

Storage Tempf'rature Range Tstg: 

Total Device Dissipation @ T C -' 25 °c 
DE>rate abovl.' 25°C 

Po 

Total Deviee Dissipation @TA '" 25°C 
Derate above 25"C 

Po 
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One 
Side 

1.6 
9. I 

0.5 
2.86 

PIN CONNECTIONS 
BOTTOM VIEW 

Rati", 

100 
75 
80 

60 
40 

80 

7 
5 

500 

200 

-65 to +300 

Both 
Sides 

3.0 
17.2 

0.6 
3.43 

Unit 

Vd(' 

Vdc 

Vdc 

Vdc 

mAde 

·c 

·c 

Watts 

Watt 
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--Multiple and Special Devices--

2N2060, A, 2N2223, A, 2N2480, A (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Volta~e 
(Ie = 100 j.lAdl.", IE ::: 0) 

Collector-Emitter Breakdown Voltag:c* 
(Ie := 20 mAde, Is = 0) 
(Ie'" 30 mAd{", Is::: 0) 

Collector-Emitter Breakdown Voltage· 
(Ie = 100 rnA, RBE '::i lOS)) 

Emitter-Base Breakdown Voltage 
(IE = 100 11Ade, Ie::: 0) 

Collector Cutoff Current 
(VCS = 60 Vdc, IE = 0) 

(V CD'" 30 Vdc, IE = 0, T A'" 150"C) 
(VCB := 80 Vdc, IE = 0) 

(V CB = 80 Vdc, IE '" 0, T A = 150"e) 

Emitter Cutoff Current 
(VES = 5 Vdc, IC= 0) 

DC Current Gain 
(IC::: 10 ).lAde, VCE = 5 Vdc) 

(Ie'" 100 MAde, V CE = S Vdc) 

(Ie = 1 mAde, V CE ::: 5 Vdt") 

(IC = 10 mAde, VCE = 5 Vdt")· 

DC Current Gain Ratio·· 
(IC = 100 pAd<:, V CE := 5 Vdc) 

(Ie = 1 mAde, VCE = 5 VdC") 

Base VoIta~e Differential 
(IC = 100 pAd,', VCE -'" 5 Vdd 

(IC -= 1 mAdt', VCE := 5 Vdd 
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2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480 
2N2480A 

2N2480, 2N2480A 
2N2060, 2N2060A, 2N2223. 

2N2223A 

2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480, 2N2480A 

2N24BO 
ZN2480A 
2N2480, 2N2480A 
2N2060, 2N2060A 
2N2223. 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 

2N2060. 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 

2N2060, 2N2060A 
2N2223. 2N2223A 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 
2N2060, 2N2060A 
2N2480 
2N24BOA 
2N2060, 2N2060A 
~N2223, 2N2223A 

2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N24BOA 
2N2060, 2N2060A 
2N2480, 2N2480A 

2N2060A 
2N2060, 2N2223A, 2N24BOA 
2N24BO 
2N2223 
2N2060, 2N2060A, 2N2480A 
2N2480 

Symb,1 Min Max Unit 

DVCBO Vdc 
100 

75 
80 

BVCEO Vd(" 
40 
60 

BVCER . Vd(' 
80 

BVEBO Vd, 
7 -
5 

IC3Q )lAde 

- .050 
.020 

- 15 
- .002 
- .010 

10 
- 15 I 

lEBO nAck 
2 

10 
50 

- 20 

hFE -
25 75 
15 -
30 90 
25 150 
20 - I 
35 

'40 120 
30 350 
50 200 
50 150 
50 200 

hFElhFE2·· 
0.9 1.0 
0.8 1.0 
0.9 1.0 
0.8 1.0 

IVBE1-VBE21 mVde 
3 
5 

10 
15 
5 

10 
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--Multiple and Special Devices--

2N2060, A, 2N2223, A, 2N2480, A (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Chafnteristic 

Collector-Emitter Saturation VoHag:(' 
(Ie" 50 mAde, IB - 5 mAde) 2N2060A 

2N2060, 2N2223, 2N2223A, 
2N2480A 

2N24BO 

Base-EmiUpr Saturation Vollag:e 
(Ie '-' 50 mAde, In = 5 mAde) 2N2060, 2N2060A, 2N2223, 

2N2223A, 2N2480A 
2N2480 

S.mall-Sig:nal Forward CUrn'nl Transh'l" R:'llio 
(Ie = 50 mAde. VeE = 10 Vde, f-= 20 Oil') 2N2223, 2N2223A, 2N2480, 

2N2480A 
2N2060, 2N2060A 

Col\pdor Output Cap:II'itan('(' 
(Ven c- 10 Vde, f = 1 me) 2N2060, 2N2060A, 2N2223, 

2N2223A 
2N2480A 
2N2480 

Colll'c\()r Input Capacita!l('(' 
(VED "'- O. 5 Vd(", F = 1 me) 2N2060, 2N2060A, 2N2223, 

2N2223A. 2N2480A 

Small-Sig:na! Curn'nt Gain 
(Ie = 1 mAck, VCE ==5 Vd£'. f ~1 k(') 2N20GO, 2N2060A 

2N2223, 2N2223A 
2N24BOA 

Input Impedance 
(Ic == 1 mAde, V CE '" 5 Vdc, f = 1 kc) 2N2060, 2N2060A, 2N2223, 

2N2223A 
2N2480A 

(Ie = 1 mAde, V CE == 5 Vde, f = 1 kc) 2N20GO, 2N2060A 
2N2480A 

Output Admittance 
(IC == 1 mAde, V CE == 5 Vde, f = 1 kd 2N2223, 2N2223A 
(Ie = 1 mAde, V CE = 5 Vde, f = 1 kc) 2N2060, 2N2060A, 2N2480A 

Voltage Feedback Ratio, Common Base 
(Ie = 1 mAde, V CE = 5 Vde, f = 1 ke) 2N2223, 2N2223A 

Noise Figure 
(IC = 0.3 mAde, V E = 10 Vde, f '" Ike, RG = 5IOD, BW = 1 ('ps) 2N2480, 2N2480A 
{IC = 0.3 mAde, {E = 10 Vde,f "" 1 ke, RG == 510.0, BW "" 200 cps) 2N2060, 2N2060A 
(Ie = 0.3 mAde, VeE = 10 Vdc, f == 1 kc, RG = 1 kD, BW == 15.7 kct) 2N2060. 2N2060A 

Base Voltage Differential Change 
(IC = 100 MAde, V CE = 5 Vdc, T A == -55 to +25°G) 

(IC = 100 MAde, V CE = 5 Vde, T A = 25 to 125~C) 

2N2060A 
2N2060 
2N2223, 2N2223A 
2N24BO, 2N2480A 
2N2060 
2N2060A 
2N2223, 2N2223A 
2N24BO, 2N2480A 

5,mb•1 Min 

VcE(sat) 

V BE(sat) 

h fo 
2.5 

3.0 

Cob 

Cib 

hfe 
50 
40 
50 

hib 20 

~~b 20 
1000 

h~: 1000 

~Ob 
00 

4.0 

hrb 

NF 

* Pulse Test: Pulse Width;:;: 300 Msee, Duty Cycle ~ 2% *. The lowest hFE reading is taken as hFEl for this ratio 

t Amplifier: 3 db points at 25 cps and 10 kc with a roll-off of 6 db per octave 
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M" 

0,6 
1.2 

1.3 

0.9 

1.0 

15 

18 
20 

85 

150 
120 
300 

30 

35 
4000 
5000 

0.5 
16 

0.4 
0.8 
2.0 
1.2 
1.0 
0.5 
2.5 
1.5 

Unit 

Vctc 

Vdc 

pf 

pI 

ohms 

I1rnhos 

XIo- 4 

db 

mVdc 



--Multiple and Special Devices--

VCEO = 45-60 V 
Ic = 30mA 

2N2913 thru 2N2920 
2N2972 thru 2N2979 Po = 300 mW one side 

600 m W both sides 

Dual NPN silicon annular transistors, especially 
designed for low-level, low-noise differential amplifier 
applications, feature very high Beta guaranteed from 
10 /JAdc to 1. 0 mAdc and excellent noise character
istics. 

CASE 35 
(TO-71) 

Pin Connections, Bottom View 

CASE 32A 

All Leads Electrically Isolated From Case 

MAXIMUM RATINGS (each side) (at 25·C ambient temperature unless otherwise noted) 

Rating 

Characteristics Symbol 2N2913-18 2N2919-20 
2N2972-77 2N2978-79 

Collector-Base Voltage VeBO 45 60 

Collector-Emitter Voltage VCEO 45 60 

Emitter-Base Voltage VEBO 6 

DC Collector Current IC 30 

Junction Temperature TJ +200 

Storage Temperature Range Tstg -65 to +200 

ONE SIDE BOTH SIDES 

Total Device Dissipation @TA= 2S<>C PD 
TO-5 Case 300 600 

Derate above 25 0 C 1.7 2.4 

TO-IS Case 250 300 
Derate above 2S"C 1.43 1. 72 

Total Device DiSSipation@Tc= 2SoC PD 
TO-5 Case 750 1500 

Derate above 25 <> C 4.3 8.6 

TO-IS Case 500 750 
Derate above 25°C 2.8S 4.3 
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Unit 

Vd, 

Vd, 

Vd, 

mAd, 

'c 

'c 

mW 
mW/oC 

mW 
mW;oC 

mW 
mWrC 

mW 
mWrC 

I 



--Multiple and Special Devices--

2N2913 thru 2N2920, 2N2972 thru 2N2979 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 
Collector-Base Breakdown Voltage BVeBo Vdc 

(Ie '" 10 j.J.Adc, IE ::: 0) 2N2913 thru 2N2918, 2N2972 thru 2N2977 45 
2N2919, 2N2920, 2N297B, 2N2979 60 '0 

Collector-Emitter Sustaining Voltage BVCEO(sus) Vde 
(Ie ::: l~ mAde, IS '" 0) 2N2913, thru 2N2918, 2N2972 thru 2N297 45 

2N2919, 2N2920, 2N2978, 2N2979 60 70 

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ::: 10 pAde, Ie ::: 0) All Types 

Collector-Base Cutoff Current leBO I-IAdc 
(VeB ::: 45 Vdc, IE" 0) 2N2!H3 thru 18, 2N2972 thru 77 0.010 

2N2919. 2N2920, 2N2978, 2N2979 0.002 
(V CB ::: 45 Vdc, IE = 0, T A::: 150°C) All Types 10 

Collector-Emitter Cutoff Current ICEO JLAdc 
(VeE = 5 Vdc, IS::: 0) All Types 0,002 

Emitter-Base Cutoff Current lEBO jLAde 
(VEB'" 5 Vde, IC'" 0) All Types 0.002 

ColkctOi'"-Ciiiittci'" Gaturatiou V01i.as'" v CE(sat) Vde 
(IC " 1 mAde, ~ '" o. 1 mAde) All Types 0.35 

Base-Emitter "ON" Voltage VBE(ON) Vde 
(Ie '" 100/JAde, V CE = 5 Vde) All Types 0.7 

DC Current Gain- hFE 
(IC" 10 /JAde, V CE " 5 Vde) 2N2913, 15, 17, 19, ZN2972, 74, 76, 78 60 240 

2N2914, 16, IB, ZO, 2N2S73, 75, 77, 79 150 600 

(Ie'" IOttAdc. VeE'" 5 Vde, TA ,. _55°C) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 15 
2N2914, 16, lB, 20, 2N2973, 75, 77, 79 30 

(Ie " 100 /.LAde, V CE " 5 Vde) 2N2913, IS, 17, 19, 2N2fi72, 74, 76, 78 100 
2N2914, 16, 1B, ZO, 2N2~73. 75, 77, 79 225 

(Ie'" 1 mAde, VCE := 5 Vdc) 2N2913, 15, 17, 19, 2N2972, 74, 76, 78 150 
2N2914, 16, 1B, 20, 2N2973, 75, 77,. 79 300 

Output Capacitance Cobo p' 
(VCB =: 5 Vdc, IE" 0, f" 140 ke) All Types 

High Frequency Current Gain Ih,,1 
(IC" 500j1A, VCE '" 5 V, f" 20 me) All Types 3.0 

Input Impedance hib ohms 
(IC " 1. 0 rnA, V CB " 5 V, f " 1 kc) All Types 25 28 32 

Output Admittance hob p.mhos 
(Ie ",1.0mA, VCB =5V, f=lkc) All Types 1.0 

Noise Figure NF db 
(Ie" 10 j1A, V CE " 5 V, RG '" 10 kohms) 

f '" 1 ke, BW '" 200 cps 2N2914, 16, 18, 20, 73, 75, 77, 79 
2N2913, IS, 17, 19, 72, 74, 76, 78 

f " 10 cps to 15.7 kc, BW" 10 ke 2N2914, 16, IB, 20, 73, 75, 77, 79 
2N2913, 15, 17, 19, 7Z, 74, 76, 78 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio** hFE/hFEZ** -
(IC'" 100 j.tAdc, V CE :: 5 Vdc) 2N2917, 18, 76, 77 0.8 - 1.0 

2N2915, 16, 19, 20, 74, 75, 78, 79 O. , - 1.0 

Base Voltage Differential iVsEI-VBd 
(Ie = 10 p.A, to 1. 0 rnA, VeE'" 5 Vdc) 2N2917, IB, 76, 77 - - 10 mVdc 

2N291S, 16, 19, 20, 74, 75, 78, 79 - - 5 

(Ie" 100jlAdc, VCE :: 5 Vdc) 2N2917, 18, 76, 71 - - 5 
2N291S", 16, 19, 20, 74, 75, 78, 79, - - 3 

Base Voltage Differential Change .a.(VBEI-VBE2) mVdc 
(IC " 100 jlAdc, V CE ,. 5 Vde, T A '" -55 to +25<>C) 2N2917, IB, 76, 77 - - 1.6 

2N291S, 16, 19, 20, 74, 75, 78, 79 - - 0.8 

(IC = 100jlAdc, V CE ,. 5 Vdc, T A'" 25 to l25~C) 2N2917, 18, 76, 77 - - 2.0 
2N291S, 16, 19, 20, 74, 75, 78, 79 - - 1.0 

• Pulse Test ~ 300/.lsee, duty cycle:; 2% 

**The lowest hFE reading is taken as hFEl for this ratio 
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--Multiple and Special Devices--

2N3409 thru 2N3411 VCEO = 30V 
Ic = SOOmA 

NPN silicon annular Star dual transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Collector Voltage VCCO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

D.C. Collector Current lc 
(Limited by PD) 

Junction Temperature TJ 

Storage Temperature Tstg 

Total Device DisSipation PD 
(250 C Ambient Temperature) 

Derate above 250 C 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 

tharacteristic 

Collector-Base Breakdown Voltage 
(IC = 10 /lAdc) 

Collector-Emitter Breakdown Voltage * 
(IC = 10 mAdc) 

Emitter-Base Breakdown Voltage 
(IE = 10/lAdc) 
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PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

60 

100 

30 

5 

500 

+200 

-65 to +200 

ONE SIDE BOTH SIDES 

500 600 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

°c 

°c 

mW 
2.9 3.4 mW/oC 

Symbol Min Max 

BVCBO 
60 -

BVCEO* 
30 -

BVEBO 
5 -

Unit 

Vdc 

Vdc 

Vdc 

I 
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· --Multiple and Special Devices--

2N3409-2N3411 (continued) 

ELECTRICAL CHARACTERISTICS (each side) (continued) 

Characteristic 

Colieetor Cutoff Current 
(V CB = 50 Vde) 
(VCB = 50 Vde, TA = 150°C) 

Emitter Cutoff Current 
(VBE = 3 Vde) 

Collector to Collector Current 
(V CC = 100 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1 mAde) 

Base- Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1 mAde) 

DC 'Forward Current T&'u.nsfei" RatiQ 
(IC = 10 /lAde, V CE = 10 Vde) 2N3410, 2N34lJ 
(IC = 100 /lAde, V CE = 10 Vde) All Types 
(Ie = 1 mAde, VCE = 10 Vde) All Types 
(Ie = 10 mAde, V CE = 10 Vde) All Types 

DC Current Gain Ratio .. 
(Ie = 100 /lAde, VCE = 10 Vde) 2N3409 

2N3410, 2N3411 

(IC = 1 mAde, VCE = 10 Vde) 2N3411 

Base Voltage Differential 
(Ie = 100 /lAde, VCE = 10 Vde) 2N3409, 2N3410 

2N3411 

(IC = 1 mAde, VCE = 10 Vde) 2N3411 

Base Voltage Differential Change 
(IC = 100 /lAde, VCE = 10 Vde, TA = 2N3409 

-55 to +250C) 
2N341O, 2N3411 

(IC = 100 /lAde, VCE = 10 Vde, TA = 2N3409 
25 to 125°C) 2N3410, 2N3411 

Collector Output Capacitance 
(VCB = 10 Vde, f = 1 me) 

Collector Input Capacitance 
(VBE = 0.5 Vde, f = 1 me) 

Small-Signal Forward Current Transfer Ratio 
(IC = 20 mAde, VCE = 20 Vde, f = 100 me) 

Noise Figure 
(IC = 100 /lA, VCE = 5 V, f = 1 kc, BW = 1 cps,Rs = 1 KS1) 

·Pulse Test: Pulse Width;!; 300 /lsec, Duty Cycle;::; 2% 

··The lowest hFE reading is taken as hFE 1 for this ratio 
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Symbol 

IeBO 

lEBO 

Icco 

VCE(sat) 

VBE(sat) 

hFE 

hFEl/hFE2 •• 

IVBErVBE21 

A(VBEI-VBE2) 

COb 

Cib 

hre 

NF 

Min Max Unit 

/lAde 

- .010 
- 10 

nAde 

- 10 

nAdc 

- 100 

V<1e 

- 0.15 

Vde 

- 0.85 

-

20 100 
30 120 
40 160 
50200 

-
0.8 1.0 
0.9 1.0 

0.9 1.0 

mVde 

- 10 
- 5 

- 5 

mVde 

- 1.6 
- 0.8 

- 2.0 
- 1.0 

pf 

- 8 

pf 

- 25 

-
2.5 -

db 

- 4 



--Multiple and Special Devices--

2N3800 thru 2N3811 VCEO = 60V 
Ic = SOmA 

CAS}~SE32 PNP silicon annular dual transistors for low-level, 
low-noise differential amplifier applications. 

(10·71) 
2N3800 
thru 
2N3805 

2N3806 
thru 
2N3811 

MAXIMUM RATINGS (each side) 

Characteristic 

CoUector-Base Voltage 

Colle.ctor-Emitter Voltage 

Emitter-Base Voltage 

DC Collector Current 

Junction Temperature 

Storage Temperature Range 

Total Device Dissipation @ T A = 25"C 
TO-5 Case 

Derate above 2S"C 

TO-IS Case 
Derate above 25°C 

Symbol 

VeBO 

VCEO 

VEBO 

IC 

T J 

Tstg 

PD 

Rating Unit 

60 Vdc 

60 Vdc 

5 Vdc 

50 mAde 

+200 'c 

-65 to +200 ·c 

One Side Both Sides 

500 600 mW 
2.9 3.4 mWrC 

250 360 mW 
1.5 2.06 mW/"C 

NOISE FIGURE VERSUS FREQUENCY AND SOURCE RESISTANCE 

2N3800,02,04,06,08,10 
I' 1'\-- NF versus fila: J _~ __ NF ve~su~ f 

:"\ I/I~a I 

12 

10 

~ L II 
101~·JOkn, \ / 100".;/ 

\JlmA,lkQ "\ 
N°".· V V V 

."-;,~ ~,100 !~. 3kg "-
r'--k-"/ /~ V '. '~ ~.LII -- ~:--.: .- -- - -'. _ .. --- - --- - . 

--

0.1 0.2 0.3 0.5 OJ 1.0 2 3 5 7 10 20 30 50 70 100 
f. FREQUENCY (ke J and R9, SOURCE RESISTANCE (kohmsJ 

11-11 

2N3801 ,03,05,07,09,11 
14r--_--_-~-N~~-v.~.'.-~~.-R-·~~-r,-~--,-r--rlTn 

---- NF versus f 

12\ 

10 I---'ld--l\--j--t-+--t---t-t---t-++--+--+</'+-t--I 

1\ V 

0.20.3 0.50.71.0 2 3 5 7 10 20 30 5070100 
f, fREQUENCY {kc 1 and R9 • SOURCE RESISTANCE (kohmsJ 

I 
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--Multiple and Special Devices--

2N3800 thru 2N3811 (continued) 

ELECTRICAL CHARACTERISTICS (at 25"C ambient temperature unless otherwise noted) 

Characteristic 
Collector-Base Breakdown Voltage 

(Ie = 10 IlAdc, IE = 0) 

Collector-Emitter Breakdown Voltage 
(Ie = 10 mAde, IS = 0) 

Emitter-Base Breakdown Voltage 
(IE " 10 "Ade, IC " 0) 

Collector Cutoff Current 
(VCB " 50 Vde, IE ~ 0) 
(Ves = 50 Vdc, IE = 0, T c 150"C) 

Emitter Cutoff Current 
(VEB "4 Vde, IC " 0) 

Collector-Emitter Saturation Voltage'" 
(Ie = 100/lAde, IS = IOIlAdc) 
(Ie = 1 mAde, IS'" 100 pAde) 

Base-Emitter Saturation Voltage'" 
(Ie = 100 p.Adc, IS ::: 10 /.lAde) 
(Ie = 1 mAde, IS = 100 }lAde) 

DC Forward Current Transfer Ratio· 
(Ie'" 1 /lAde, VeE = 5 Vdc) 2N3801, 03, 05, 07, 09, 11 

(Ie ::: 10 ,:.tAde, V CE::: 5 Vdc) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(IC 0 100 "Ade, V CE " 5 Vde) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(Ic = 100 /lAdc, V CE = 5 Vdc, T A = -55 '"C) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, as, 07, 09, 11 

(IC = Suu /lAdC, V CE = b, VdC) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, as, 07, 09, 11 

(IC = 1 mAdc, VCE :: 5 Vdc) 2N3BOO, 02, 04, 06, OB, 10 
2N3BOl, 03, OS, 07, 09, 11 

(IC := 10 mAdc, V CE = 5 Vdc) 2N3800, 02, 04, 06, OB, 10 
2N3BOI 03 05 07 09 II 

Base Emitter "ON" Voltage 
(IC '= 100 j.lAdc, VCE = 5 V) 

Output Capacitance 
(VCB = 5 Vdc, IE = 0, f:: 100 kc) 

Input Capacitance 
(VEB '" 0.5 Vdc, Ie := 0, f"" 100 kc) 

m~u :::iignaJ Current ~ain 
(Ie = 500 p.A, V CE,'" 5 V, f =,30 mc) 

(IC ",I mA, VeE =5V, f>::IOOme) 

(IC :: 1 rnA, V CE '" 10 V. f = 1 ke) 2N3BOO, 02, 04, 06, 08, 10 
2N3801. 03. OS, 07, 09, II 

Voltage Feedback Ratio 
(Ie'" 1. 0 mA, V CE= 10 V, f::: 1 kc) 

Input Impedlnce 
(Ie = 1. 0 rnA, V CE = 10 V, f "" 1 kc) 2N3800, 02, 04, 06, 08, 10 

2N3801, 03, as, 07, 09, 11 

Output Admittance 
(IC=l.OmA, VCE=lOV, f""lkc) 

NOise 1'lgure 
(Ie = 100 /lA, V CE '" 10 V, R,S = 3 K) 

f=100cps 2N3800, 02, 04, 06, 08, 10 
2N3BOl, 03, 05, 07, 09, 11 

f = 1 kc 2N3800, 02, 04, 06, OB, 10 
2N3801, 03, OS, 07, 09, 11 

f = 10 kc 2N3800, 02, 04, 06, DB, 10 
2N3BOl, 03, as, 07, 09, 11 

Noise Bandwidth 10 cps to 15.7 kc 2N3800, 02, 04, 06, 08, 10 
2N3BOl, 03, as, 07, 09, 11 

MATCHING CHARACTERISTICS 
DC Current Gain Ratio ... 

(IC := lOa /lAdc, V CE = 5 Vdc) 2N3B02, 03, 08, 09 
2N3B04, 05, 10, 11 

Base Voltage Differential 
(IC" 10 p.A, to 10 rnA, VCE = 5 Vdc) 2N3802, 03, OB, 09 

2N3804, 05, la, 11 
(Ic '" 100 p.Adc, V CE = 5 Vdc) 2N3802, 03, DB, 09 

2N3804, 05, 10, 11 

Base Voltage Differential Change 
(IC '" 100 p.Adc, VeE = 5 Vdc, T A '" -55 to +2S'"C) 2N3802, 03, 08, 09 

2N3B04, 05, 10, 11 
(Ie = 100 p.Adc, V CE = 5 Vdc, T A = 25 to 125°C) 2N3802, 03, DB, 09 

2N3804, 05. 10, II 

... Pulse Test ~ 300J.lsec, duty cycle ~ 2% VOB - Base-EmItter Reverse BIas 

.... The lowest hFE reading is taken as hFE1 (or this ratio 
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S,mb.1 
BVCBO 

BVCEO 

BVEBO 

ICBO 

lEBO 

VCE(sat) 
. 

VSE(sat) 
. 

hFE* 

VBE(ON) 

Cob 

Cib 

hre 

h re 

hie 

h oe 

NF 

hFEl/hFE2·· 

I VOEI-VSE21 

J(VBEI-VOE2) 

Mini:num Tlpi,,1 Maximum Unit 
Vde 

60 - -
1--- --- VdC 

60 90 -- -- --- --
Vde 

I~ - --- --- JlAdc 
- - 010 

10 - ----- --nAdc 
- 20 --=-- --- --Yde 
- 0.2 

- - 0.25 -- -- -- Vck 
- - 0.7 

- 0.8 ---- --- ---
75 -

100 
225 
150 - 450 
300 - 900 
75 -

150 - -
150 450 
300 900 
150 - 450 
300 - 900 
125 -
~ --- --- --Vde 

- - 0.7 - -- --- --pr 
- - 4 -- -- --- -p-r-
- 8 

1--- --- --
1.0 -
1.0 - 5 

150 - 600 
300 - 900 -- -- --- XIO- 4 

- - 25 -- -- --- kohms 
3 - 15 

10 40 -- -- --
p.mhos 

5 - 60 -- -- --- db 

- 4 7 
2.5 4 
1.5 3 

- 0.8 1.5 
1.0 2.5 
0.8 1.5 
2.5 3.5 
1.5 2.5 

-
0.8 - 1.0 

~ - 1.:...L--- --
mVdc 

- 8 
- 5 

5 
- _3 __ -- -- --

mVdc 
- 1.6 
- 0.8 
- 2. a 

- - 1.0 



--Multiple and Special Devices--

MCl 1300 thru MCl1304 (SILICON) 

Field-effect current limiting diodes designed for·ap
plications requiring a current reference or a constant 
current over a specified voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 

CASE 51 
(DO-7) 

~5 
E 
;::4 
~3 
0:: 
0::2 
::l 
u 1 

ZK 

]I 

r 
r- VL 

(See Notes 1 thru 6) 

! • 
IP ..... @VT I I 

~ 
V i .J 

Vpo ~ 

I 

: 
00 10 20 30 40 50 60 70 80 90 

MAXIMUM RATINGS (TA = 25'C unless otherwise noted) VOLTS 
Junction and Storage Temperature: -65°C to +20QoC 
Peak Operating Voltage: See Table 
ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Knee Peak 
Nominal Test Limiter Imped. Limiting Operating 

Pinch-Off Volt. Imped. at BV Voltage Voltage 
Current Note 2 Note 3 Note 4 Note 5 Note B 

Type Note 1 Tol. VT ZT (min) ZK (min) VL (max) VPO 
Number Ip (rna) (rna) (volts) (megohms) (megohms) (volts) (volts) 

MCL1300 0.5 ±0.3 25 4.000 0.500 1.0 75 

MCL1301 1.0 ±O.B 25 O.BOO 0_200 1.5 75 

MCL1302 2.0 ±O.B 25 0.400 0.100 2.0 75 

MCL1303 3.0 ±O.B 25 0.300 0.050 2.0 75 

MCL1304 4.0 ±O.B 25 0.250 0.025 2.5 75 

These specifications are preliminary. Selections may be made to obtain nominal currents 
between those shown, as well as tighter tolerance units. 
SYMBOL DEFINITIONS: 
Note 1 Ip - The pinch-off current is the guaranteed current at a specified V . 

Ip is specified as a nominal with a tolerance. T 
Note 2 VT - The test voltage for measurement of Ip. 
Note 3 ZT - The impedance at the test voltage, V'I' specified. To provide the most constant 

current ZT should be as high as possIble; thus a minimum ZT is specified. ZT 
is derived from the 90 cycle per second current which results when an AC voltage 
having an RMS value equal to 10% of the test voltage (VT) is superimposed on VT. 

Note 4 ~ - Knee impedance is specified as a minimum also since again the highest value is 
desired_ V K is established as 6.0 V for convenience. 

Note 5 V L - Limiting Voltage_ This specification is provided with ZK to indicate the sharp 
knee of the device_ The specification is analogous to IR and ZK of a zener diode. 

V L a maximum specification is measured at 80% on Ip toleranct!'. 
Note 6 V PO - The peak-operating voltage is provided and indicates the maximum voltage to be 

applied to the device. The specification is necessary since the device is either 
power limited or breakdown limited beyond this specified voltage. 
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Mo984 
--Multiple and Special Devices--

VCEO = 20V 
Ic=200 mA 

PNP silicon annular dual transistors for high-speed 
switching and amplifier applications. 

CASE 32 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Junction Temperature TJ 

storage Temperature T stg 

Total Device Dissipation P D 
(25'C Case Temperature) 

Derate above 25 G C 

Total Device Dissipation P D 
(25'C Ambient Temperature) 

Derate above 25°C 

11-14 

Rating 

40 

20 

5 

200 

+200 

-65 to +200 

One Side Both Sides 

1.6 3.0 
9.1 17.2 

0.5 0.6 
2.9 3.4 

PIN CONNECTION~ 
(BOTTOM VIEW) 

Unit 

Vdc 

Vde 

Vde 

mAde 

'c 

'c 

W 
mW/'C 

W 
mW/'C 



--Multiple and Special Devices--

MD984 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25'C ambient temperature unless otherwise noted) 

Characteristic Symbol 

Collector-Base Breakdown Voltage BVCBO 
(IC = -10 !lAde, IE = 0) 

Collector-Emitter Breakdown Voltage" BVCEO " 
(Ic = -10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = -10 !l Ade, IC = 0) 

Collector Cutoff Current ICBO 
(V CB = -20 Vde, IE = 0) 

(V CB = -20 Vde, IE = 0, T A = 150'C) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = -10 mAde, IB = -1 mAde) 

(IC = -50 mAde, IB = -5 mAde) 

Base-Emitter Saturation. Voltage VBE(sat) 
(Ic = -10 mAde, IB = -1 mAde) 

DC Forward CUrrent Transfer Ratio hFE 
(IC = -10 mAde, V CE = -10 Vde) 

Output Capacitance Cab 
(VCB = -10 Vde, IE = 0, 1= 100 ke) 

Small-Signal Forward Current Transfer Ratio hie 
(IC = -20 mAde, V CE = -20 Vde, I = 100 me) 

Current-Gain- Bandwidth Product f.r 
(Ic = -20 mAde, V CE = -20 Vde) 

"Pulse Test: Pulse Width ~ 300 Jl.see,Duty Cycle ~ 2% 
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Minimum 

40 

20 

5 

---
---

---
---

---

25 

---

2.5 

250 

Maximum Unit 

Vde 
---

Vde 
---

Vde 
---

~de 
.025 

30 

Vde 
0.3 

0.5 

0.9 Vdc 

---
---

pi I 
4 

---
---

me 
---
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--Multiple and Special Devices--

MD986 VcEo =15V 
Ic= 200mA 

NPN-PNP silicon annular star complementary pair 
dual transistors for high -speed switching circuits and 
DC to UHF amplifier applications. 

CASE 32 
MD986 

CASE 33 
MD986F 

MAXIMUM RATINGS (each side) 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Operating Junction Temperature 

Storage Temperature 

Total Device Dissipation @ T A = 25°C 
Flat Package 
Derate above 250C 

TO-5 Package 
Derate above 250 C 

Symbol 

VCBO 

VCEO 

VEBO 

Ie 
TJ 

Tstg 

PD 
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NPN 

91l~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

40 

15 

5 

200 

+200 

PNP 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

-65 to+ 200 °c 

ONE SIDE BOTH SIDES 

250 350 mW 
1.5 2.0 mW/oC 

500 600 mW 
2.9 3.4 mW/oC 



--Multiple and Special Devices--

MD986 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25"C ambient temperature unless otherwise noted) 

Test Conditions and Limits are given in magnitudes only. 
Care must be taken to insure the application of proper 
polarities for the NPN or PNP transistor, respectively. 

Characteristics 

Collector-Base Breakdown Voltage 
(Ic = 10 /lAdc, IE = 0) 

Collector-Emitter Breakdown Voltage> 
(IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /lAdc, Ie = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 

(V CB = 20 Vdc, IE = 0, T A = 150oC) 

Symbol 

BVCBO 

BVCEO' 

BVEBO 

IcBO 

C ollector- Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1 mAdc) 

VCE(sat) 

(IC = 50 mAdc, IB = 5 mAdc) 

Min 

40 

15 

5 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, IB = 1 mAde) -

DC Forward Current Transier Ratio hFE 
(IC = 10 mAdc, VCE = 10 Vdc) 25 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 100 kc) -

Current-Gain - Bandwidth Product f 7" 

(VCE = 20 Vdc, Ic = 20 mAde) TO-5 Package 200 
(VCE = 10·Vdc, Ie = 20 mAdc) Flat Package 200 

·Pu1se Test: Pulse Width ~ 300 /lsec,Duty Cycle ~ 2% 
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Max 

.025 

30 

0.3 

0.5 

0.9 

4 

Unit 

Vdc 

Vdc 

Vdc 

/lAdc 

Vdc 

Vdc 

pf 

mc 



--Multiple and Special Devices--

Mol120 
Mo1121 
Mo1122 

VCEO = 30V 
Ic = 500 rnA 

NPN silicon annular Star dual transistors for differ
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor
mity. 

CASE 32 

MD1120 
thru 
MD1122 

CASE 33 

MD1120F 
thru 
MD1122F 

MAXIMUM RATINGS (each side) 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

D.C. Collector Current 

Junction Temperature 

Storage Temperature 

Total Device Dissipation 
(250 e Case Temperature) 
(Derate above 250 e) 

Total Device DiSSIpation 
(250 e Ambient Temperature) 
(Derate above 25°C) 

Symbol 

VCBO 

VCEO 

VEBO 

Ie 

TJ 

Tstg 

PD 

PD 
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9M~ 
7 4 

<; , ,-

PIN CONNECTIONS 
BOTTOM VIEW 

Rating Unit 

60 Vdc 

30 Vdc 

5 Vdc 

500 mAdc 

+200 °c 

-65 to + 200 °c 

ONE SIDE BOTH SIDES 

1.6 3.0 W 
9.1 17.2 mW/oC 

0.5 0.6 W 
2.9 3.4 mW/oC 



--Multiple and Special Devices--

MOl 120·MD1122 (continued) 

ELECTRICAL CHARACTERISTICS (each Bide) 

(at 25°C ambient temperature unless otherwise noted) 

Chaldcteristics S,mb,1 

Collector-Base Breakdown Voltage 
(Ic • 10 "Ade) 

BVCBO 

Collector-Emitter Breakdown Voltage- BVCEO· 
(Ie = rOmAde) 

Emitter-Base Breakdown Voltage BVEBO 
(IE:: 10 J,LAdc) 

Collector Cutoff Current leBO 
(VeB = 50 Vdc) 
(VeE = 50 Vdc, TA = Isoac) 

Emitter Cutoff Current lEBO 
(VEB = 3 Vdc) 

Collector-Emitter Saturation Voltage VeE (sat) 
(Ie :: 10 mAde, IE '" 1 mAde) 

Base-Emitter Saturation Voltage VEE (sat) 
(Ie:: 10 mAde, IB = ImAdel 

DC Forward Current Transfer Ratio hFE 
(Ie = 10 J.LAdc, VeE = 10 Vdc) MD1l21, MD1l22t 
(Ie = 100 /J. Adc, V CE = 10 Vdc) All Types 
(Ie '" 1 mAde, VCE =10 Vdc) All Types 
(Ie = lomAde, VeE = 10 Vdc) All Types 

DC Current Gain Ratio .. hFE1/hFE2"'· 
(IC = 100 /lAde, VCE = 10 Vdc) MDII20t 

MD1121, MDll22t 
(Ie = ImAdc, VeE ",10 Vdc) MDII22t 

Base Voltage Differential IVBEI-VBE21 
(Ic = 100 ~Adc, VCE = 10 Vdc) M01120, MDll21 t 

MD1122t 
(Ie =- ImAdc, VCE = 10 Vdc) MD1122t 

Base Voltage Differential Change A (VBEI-VBE2) 
(Ie " 100 "Ade, V C~ "10 Vde, 

MD1121, :r.ID1122t T A = _55°C to + 12°C) 

Collector Output Capacitance Cob 
(V CB = 10 Vde, f :: 100 ke) 

Small-Signal Forward Current Transfer Ratio "Ie 
(Ie :: 20 mAde, V CE :: 20 Vdc, f= 100 me) T~5 Paekage 
(IC = 20 mAde, V CE = 10 Vdc, f= 100 me) Flat Package 

Current-Gain-Bandwidth Product 1, 
(V CE = 20 Vdc, Ie = 20 mAde) TO-5 Package 
(V CE = 10 Vde, Ie = 20 mAde) Flat Package 

.0 Pulse Test: Pulse Width ::S;;; 300 ~sec. Duty Cyc1e~ 2% 

.;!:~~~~tc~e~=S~;a~~!~:e~r~: 

11-19 

lAin 

60 

30 

5 

-
-

-

-

-

20 
30 
40 
50 

0.8 
0.9 
0.9 

---

-

-

2.5 
2.0 

250 
200 

Mal Unit 

Vde 

-
Vde 

-
Vde 

-
ILAdc 

010 
10 

nAdc 
10 

Vdc 
0.1 

Vde 
0.85 

100 
120 
160 
200 

-
1.0 
1.0 
1.0 

mVdc 
10 
5 
5 

/lV/oc 

10 

pI 
8 

-
-
-

me 
-
-

[iij .... -•.. ".' . 
I 



--Multiple and Special Devices--

MD1126 
MD1127 

Vceo= 15V 
Ic =200mA 

NPN silicon annular dual transistors for high-speed 
switching applications. 

CASE 32 

MAXIMUM RATINGS (each side) 

VII ..... "' .... , .. ,,"' .. 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Operating Junction Temperature 

Storage Temperature 

Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 

Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 

'i:vmhnl .. " ....... 
VCBO 

VCEO 

VEBO 

IC 

TJ 

Tstg 

D'!Itin", .......... 
40 

15 

5 

200 

+200 

PIN CONNECTIONS 
(BOnOM VIEW) 

-65 to +200 

ONE SIDE BOTH SIDES 

PD 
0.75 1.5 
4.3 8.6 

PD 
0.30 0.40 
1.7 2.3 
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IInl • 
VIII .. 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

W 
mW/oC 

W 
mW/oC 



--Multiple and Special Devices--

Mil) 1126, MD 1 ] 27 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(At 25" ambient temperature unless otherwise noted) 

Characteristic 

Collector- Base Breakdown Voltage 
(Ic ~ 1.0 !lAde, IE = 0) 

Collector-Emitter Breakdown Voltage' 
(IC = 30 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE ~ 10 11Adc, IC = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 
(VCB ~ 20 Vde, IE = 0, TA = 1500 C) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = I mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, IB ~ I mAde) 

DC Forward Current Transfer Ratio· 
(IC = 10 mAde, VCE = I Vdc) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio 
(IC = 20 mAde, VCE = 10 Vd~. f = 100 mc) 

Charge-Storage Time Constant 
(IC = IBl ~ IB2 =10 mAdc) 
(IC = IBl = IB2 = 20 mAdc) 

Symbol 

BVCBO 

BVCEO' 

BVEBO 

ICBO 

MDI126 
VCE (sat) 

MD1127 

VBE (sat) 

hFE * 

Cob 

hfe 

MDI126 
TS 

MDI127 

'Pulse Test: Pulse Width ~ 300 !lsec, Duty Cycle ~ 2% 

Min r.lax Unit 

Vdc 
40 ---

Vdc 
15 ---

Vdc 
5 ---

!l Adc 
--- .025 
--- 15 

Vdc 
--- 0.40 
--- 0.25 

Vdc 
0.7 0.85 

---
30 ---

pf 
--- 6.0 

---
3.0 ---

nsec 
--- 40 
--- 25 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

MDl126 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

MDl127 

+ 10 Vdc 

,·tt:" ,:' 
+ llV 
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OVLj 
- 9V INPUT PULSE 

RISE TIME ~ I nsec 
SOn SOURCE IMPEDANCE 

+ 7V 

+ 5V 

lK 

f--'\Nv--O VOUf 

OUTPUTTO SAMPLING 
OSCILLOSCOPE 

RISE TIME::=:::; I nsec 
Son INPUT IMPEDANCE 

PULSE WIDTH;:;:: 200 nsec 

[ 



--Multiple and Special Devices--

MD1128 VcEo =15V 
Ic =200mA 

\ 
NPN silicon annular dual transistors for high-speed 

switching applications. 

CASE 32 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEBO 

Collector Current IC 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation PD 
(25°C Case Temperature) 
(Derate above 25°C) 

Total Device Dissipation PD 
(25°C Ambient Temperature) 
(Derate above 25°C) 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

··tt:·, ~: 
+ llV 

11-22 

Rating 

40 

15 

5 

200 

+200 

-65 to +200 

PIN CONNECTIONS 
BOnOM VIEW 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

ONE SIDE BOTH SIDES 

0.75 1.5 W 

4.3 8.6 rnW/oC 

0.30 0.40 W 
1.7 2.3 mW/oC 

TURN·ON AND TURN·OFF TIME TEST CIRCUIT 

5K 

v .. 
t-: v .. = - 4 Vdc 

OV ----.e::::I 
v;. = + 21 Vdc 

280 

UK O.1#f 

~""'.--I ~ Your 

toll : V .. = + 16 Vdc 

Vi. =-19 Vdc 

OV-U 



--Multiple and Special Devices--

MD1128 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 10 !l Adc, IE = 0) 

.. 
Collector-Emitter Breakdown Voltage 

(IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAdc, Ie = 0) 

Collector Cutoff Current 
(VCE = 20 Vdc, VBE = 0) 

Collector Cutoff Current 
(VCB = 20 Vdc, IE = 0) 
(VCB = 20 Vdc, IE = 0, TA = +150oC) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1 mAdc) 
(.Ic = 50 mAdc, IB = 5 mAdc) 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, IB = 1 mAdc) 

DC Forward Curtent Transfer Ratio 
(IC = 10 mAdc, VCE = 1 Vdc) 

Output Capacitance 

(VCB = 10 Vdc, IE = 0, f = 100 kc) 

Small-Signal Forward Current Transfer Ratio 
(Ic = 10 mAdc, VCE = 20 Vdc, f = 100 mc) 

Current-Gain-Bandwidth Product 
(VCE = 20 Vdc, IC = 10 mAdc) 

Charge-Storage Time Constant 
(IC = IB1 = IB2 = 10 mAdc) 

Turn-On Time 
(Ic = 10 mAdc, IBI = 3 mAdc, IB2 = I mAde) 

Turn-Off Time 
(IC = 10 mAde, IBI = 3 mAde, IB2 = 1 mAde) 

*Pulse Test: Pulse Width ~ 300 Jlsec, Duty Cycle ~ 2% 
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Symbol 

BVCBO 

BVCEO * 

BVEBO 

ICES 

ICBO 

VCE (sat) 

VBE(sat) 

hFE 

Cob 

hte 

fT 

TS 

ton 

toff 

Min Max Unit 

Vdc 
40 ---

Vdc 
15 ---

Vdc 
5 ---

!lAdc 
--- 10 

!l Adc 

--- .025 
--- 30 

Vdc 
--- 0.3 
--- 0.4 

Vdc 

--- 0.9 

---
25 ---

pf 
--- 4 

---
3.5 ---

me 
350 ---

nsec 
--- 30 

nsec 

--- 20 

nsec 
--- 35 



--Multiple and Special Devices--

MD1129 VCEO = 30V 
Ic = 200mA 

NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 32 CASE 33 

MD1l29 MD1l29F 

MAXIMUM RATINGS (each side) 

Characteristic 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 
(Limited by PD) 

Operating Junction Temperature 

Storage Temperature 

Flat Package 
Total Device Dissipation 

(250 C Ambient Temperature) 
Derate above 25"C 

TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 

MD1129 

Symbol 

VCBO 

VCEO 

VEBO 

IC 

TJ 

Tstg 

MD1129F 

9M~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

60 

30 

5 

200 

+200 

-65 to +200 

One Side Both Sides 

P D 
250 350 
1.5 2 

P D 
500 600 
2.9 3.4 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

°c 

°c 

mW 
mWrC 

mW 
mW;oC 



--Multiple and Special Devices--

MDl129 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25° ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 10 /LAde) 

Collector-Emitter Breakdown Voltage' 
(Ic = 10 mAde) 

Emitter-Base Breakdown Voltage 
(IE = 10 /LAde) 

Collector Cutoff Current 
(V CB = 50 Vde) 

(VCB = 50 Vde, TA = .150°C) 

Emitter Cuto!! Current 
(VEB = 3 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, ~ = 1 mAde) 

Base-Emitter Saturation Voltage 
(It: D 10 mAde, IB = 1 mAde) 

DC Forward Current Transfer Ratio 
(IC = 10 /LAde, V CE = 10 Vde) 

(IC = 100 /LAde, V CE = 10 Vde) 

(IC = 1 mAde, V CE = 10 Vde) 

(IC = 10 mAde, V CE = 10 Vde) 

DC Current Gain Ratio** 
(IC = 100 /LAde, V CE = 10 Vde) 

(IC = 1 mAdc, V CE = 10 Vde) 

Base Voltage Differential 
(IC = 100 IlAde, V CE = 10 Vdc) 

(IC = 1 mAde, V CE = 10 Vde) 

Base Voltage Differential Change 
(IC - 100 /LAde, V CE = 10 Vde, TA = _55°C to +125°C) 

Collector Output Capacitance 
(V CB = 10 Vde, I = 100 ke) 

Current-Galn -Bandwidth Product 
(V CE = 10 Vde, IC = 20 mAde) 

*Pulse Test: Pulse Width ~ 300 /lsec, Duty Cycle. ~ 2% 
**The lowest hFE reading is_ taken as hFEl for this ratio 
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Symbol 

BVCBO 

BVCEO 
, 

BV EBO 

ICBO 

lEBO 

VCE(sat) 

VBE(sat) 

hFE 

hFE/hFE2" 

IVBEI-VBE21 

d(VBEI-VBE~ 

Cob 

fT 

Min Max Unit 

Vde 
60 -

Vde 
30 -

Vde 
5 -

/LAde 
- .010 

- 10 

nAde 
- 10 

Vde 
- 0.1 

Vde 
- 0.85 

-
60 -

100 300 

100 -

100 -
-

0.9 1.0 

0.9 1.0 

mVdc I 
- 5 

- 5 

/LVrC 
- 10 

pi 
- 8 

me 
200 -
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--Multiple and Special Devices--

Mol130 VeEO =40V 
Ie = 200mA 

PNP silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 32 CASE 33 

MD1130 MD1130F 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage V EBO 

Collector Current IC 
(Limited by P n) 

Operating Junction Temperature TJ 

Storage Temperature Tstg 

Flat Package 
Total Device Dissipation Pn 

(25°C Ambient Temperature) 
Derate above 25°C 

TO-5 Package 
Total Device Dissipation P D 

(25°C Ambient Temperature) 
Derate above 25°C 
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MD1130 MDl130F 

9M~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOM VIEW 

Rating 

60 

40 

5 

200 

+200 

-65 to +200 

One Side Both Sides 

250 350 
1.5 2 

500 600 
2.9 3.4 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 
mW;oC 

mW 
mW;oC 



--Multiple and Special Devices--

MD 1130 (continued) 

ELECTRICAL CHARACTERISTICS (eaeh side) 

(at 25"C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = - 10 IlAde) 

Collector-Emitter Breakdown Voltage* 
(IC = -10 mAde) 

Emitter-Base Breakdown Voltage 
(IE = - 10 IlAde) 

Collector Cutoff Current 
(V CB = -50 Vde) 

(V CB = -50 Vde, T A = 1500 C) 

Emitter Cutoff Current 
(VEB = -3 Vde) 

Collector-Emitter Saturation Voltage 
(IC = -10 mAde, IB = -1 mAde) 

Base-Emitter Saturation Voltage 
(IC = -10 mAde, IS = -1 mAde) 

DC Forward Current Transfer Ratio 
(IC = -10 IlAde, V CE = -10 Vde) 

(IC = -100 IlAde, V CE = -10 Vde) 

(IC = -1 mAde, V CE = -10 Vde) 

(IC = -10 mAde, V CE = -10 Vdc) 

DC Current Gain Ratio** 
(IC = -100 IlAde, V CE = -10 Vde) 

(IC = -1 mAde, VCE = -10 Vde) 

Base Voltage Differential 
(IC = -100 IlAde, V CE = -10 Vde) 

(IC = -1 mAde, VCE = -10 Vde) 

Base Voltage Differential Change 
(IC = -100 IlAde, VCE = -10 Vde, T A = _55°C to +IZ5°C) 

Collector Output Capacitance 
(VCB = -10 Vde, F = 100 ke) 

Current-Gain - Bandwidth Product 
(V CE = -10 Vde, IC = -ZO mAde) 

• Pulse Test: Pulse Width < 300 Ilsee, Duty Cyele < Z% *. The lowest hFE reading is taken as hFE 1 for this ratio 
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Symbol 

BVCBO 

BVCEO 
. 

BVEBO 

ICBO 

lEBO 

V CE(sat) 

VBE(sat) 

hFE 

hFEl/'FEZ" 

IV BEl- V BEzl 

L1(VSEI-VBEZ) 

Cob 

IT 

Min r.1ax Unit 

Vde 
60 -

Vde 
40 -

5 - Vde 

IlAde 
- 010 

- 10 

nAde 
- 10 

Vdc 
- O. Z5 

Vde 
- 0.9 

-
60 -

100 300 

100 -

100 -

-
0.9 1.0 

0.9 1.0 

mVdc 
- 5 

- 5 

Ilvrc 
- 10 

pI 
- 4 

me 
ZOO -



--Multiple and Special Devices--

VCEO = 15 V 
Ic = SOmA 

NPN silicon annular dual transistors for high
frequency oscillator and amplifier applications. 

CASE 32 CASE 33 

MD1131 MD1131F 

MAXIMUM RATINGS (each side) 

Characteristic Symbol 

Collector-Base Voltage VCBO 

Collector-Emitter Voltage VeEO 

Emitter-Base Voltage VEBO 

Collector Current Ie 

Operating Junction Te..,mperature T J 

Storage Temperature Tstg 

Total Device Dissipation P D 
@TA =25°e 

TO- 5 Package 
Derate above 25" C 

Flat Package 
Derate above 25'" C 
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9M~ 
7 4 

5 

PIN CONNECTIONS 
BOTTOivi ViEW 

Rating Unit 

30 Vdc 

15 Vdc 

5 Vdc 

50 mAde 

+200 °e 

-65 to +200 °e 

One Side Both Sides 

300 400 mW 
1.7 2.3 mW;oe 

250 350 mW 
1.5 2.0 mW;oe 



--Multiple and Special Devices--

MD1131 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(at 25°C ambient temperature unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(IC = 1 fl Adc , IE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 3 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 flAdc, IC = 0) 

Collector Cutoff Current 
(V CB = 15 Vde, IE = 0) 

(V CB = 15 Vdc, IE = 0, T A = +150°C) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1 mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, [B = 1 mAde) 

DC Forward CUrrent Transfer Ratio 
(IC = 1 mAdc, V CE = 5 Vde) 

Output Capacitance 
(V CB = 10 Vde, I = 140 ke) 

(VCB = 0 Vde, 1= 140 kc) 

Input Capacitance 
(VEB = 0.5 Vde, I = 140 ke) 

Small-Signal Forward Current Transfer Ratio 
(IC = 4 mAdc, V CE = 10 Vde, 1= 100 me) 
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Symbol Minimum 

BVCBO 
30 

BVCEO 
15 

BVEBO 
5 

ICBO 
-

-

V CE(sat) -

VBE(sat) -

hFE 
50 

Cob 
-
-

Cib 
-

hfe 
6.0 

r,laximum 

-

-

-

.010 

1.0 

0.4 

1.0 

-

1.7 

3.0 

2.0 

-

Unit 

Vdc 

Vdc 

Vdc 

flAdc 

Vdc 

Vde 

-

pi 

pi 

-

r 

I 
L 



--Multiple and Special Devices--

MDl132 VcEo =lSV 
Ic= SOmA 

NPN silicon annular dual transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 

CASE 33 

MD1132 MD1132F 0 1 

9 2 

-7 : 

PIN CONNECTIONS 
nn .................... ," 
DVIIUIYI VIL" 

MAXIMUM RATINGS (eachside) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 30 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current Ie 50 mAdc 

Junction Temperature TJ +200 °c 

Storage Temperature Tstg -65 to +200 °c 

ONE SIDE BOTH SIDES 

Total Device DisSipation 
@ TA = 25°C 

Po 

TO-5: MD1l32 300 400 mW 
Derating Factor Above 250 C 1.7 2.3 mW/oC 

Flat Package: MD1l32F 250 350 mW 
Derating Factor Above 25°C 1.5 2.0 mW/oC 

11-30 



--Multiple and Special Devices--

MD 1132 (continued) 

ELECTRICAL CHARACTERISTICS (each side) 

(At 25' ambient temperature unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC : 1 /lAdc) 30 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC : 3mAdc) 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE: 10 /lAdc) 5 -

Collector Cutoff Current IeBO /lAdc 
(VCB : 15 Vdc) - .0lD 
(VCB : 15 Vdc, TA : 150°C) - 1.0 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC : 10 mAdc, IB : 1 mAdc) - 0.4 

Bas e-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 mAdc, IB = 1 mAdc) - 1.0 

DC Forward Current Transfer Ratio hFE -
(IC = 1 mAdc, VCE = 5 Vdc) 50 -

DC Current Gain Ratio' hFEl/hFE2* -
(IC = 1 mAdc, VCE = 5 Vdc) 0.9 1.0 

Base Voltage Differential !VBEI-VBE2! mVdc 
(IC = 1 mAdc, VCE : 5 Vdc) - 5 

Base Voltage Differential Change A(VBEI-VBE2) mVdc 
(IC = 1 mAdc, VCE = 5 Vdc, T A = -55 to + 25°C) - 0.8 
(IC = 1 mAdc, VCE = 5 Vdc, T A : +25 to +125°C) - 1.0 

Collector Output Capacitance Cob pf 
(V CB : 10 Vdc, f = 140 kc) - 1.7 
(VCB = 0 Vdc, f : 140 kc) - 3.0 

Input Capacitance Cib pf 
(VEB = 0.5 Vdc, f = 140 kc) - 2.0 

Small Signal Forward Current Transfer Ratio hre -
(Ie: 4mAdc,VCE = 10Vdc,f = 100 me) 6.0 -
'The lowest hFE reading is taken as hFEI for this ratio 
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--Multiple and Special Devices--

MDl134 VCEO = 15 V 
Ie = 500 mA (peak) 

NPN silicon annular dual transistor for high-speed 
switching applications. 

CASE 32 

MAXIMUM RATINGS (each side) 

C~a;ai:t~j';:;tic SYllluui iiaiing Unit 

Collector to Base Voltage VCBO 40 Vdc 

Colleetor to Emitter Voltage VCEO 15 Vdc 

Emitter to Base Voltage VEBO 5 Vdc 

Collector Current (1O,15€C pulse) IC(peak) 500 mAdt: 
(limited by P D) 

Operating Junction Temperature T. +200 "C 
J 

Storage Temperature Tstg -65 to +200 "C 

Total Device Dissipation P D 
25°C Ambient Temperature 
One Side 500 mW 
Both Sides 600 mW 

Derate 2.9 mWj"C above 25"C (one side) 

Derate 3.4 mWj"C above 25"C (both sides) 
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--Multiple and Special Devices--

MD 1134 (continued) 

ELECTRICAL CHARACTERISTICS (At 25" ambient temperature unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

CollectOl" Base Breakdown Voltage BVCBO 40 - Vde 

IC = 101lA, IE = 0 

Collcetor-Emitter Breakdown Voltage BVCEO* 15 - Vd(' 

Ie == lOmA, I = 
B 

0 

Emitter-Base Breakdown Voltage BVEBO 5 - Vde 

IE = IOIlA, IC = 0 

Collector Cutoff Current ICBO - 0.4 Il Ade 

VCB = 20V, IE = 0 

Collector Cutoff Current ICBO - 30 Il Ade 

VCB = 20V, IE = 0, T A =150"C 

Forward Current Transfer Ratio hFE 

Ie -:-:- lOrnA, V CE = IV 50 - -

Ie = lOmA, VCE=IV, T A = - 55"C 20 - -

Ie = lOOmA, VCE = 2V 20 - -

Collector Saturation Voltage V CE(5at) - 0.25 Vde 

Ie = lOrnA, IB = lOlA 

Base Saturation Voltage VBE (5at) 0.70 0.85 Vde 

IC = 10mA, IB = ImA 

Output Capacitance Cob - 4 pI 

V CB = 5V, IE = 0, I = 140ke 

Input Capacitance Cib - 4 pI 

VEB=IV,IC=O, I = 140ke 

Forward Current Transfer Ratio hIe 5.0 - -
IC = lOrnA, VCE = lOY, 1= J.OOme 

* Pulse Condition: 

P. W. ;; 3001l5ec, D. C. ;; 2% 
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--Multiple and Special Devices--

MD2218, A 
MD2219, A 

VCB = 60-7SV 
Ic = 600mA 
Po = 500 mW one side 

600 mW both sides 

Dual NPN silicon annular transistors, designed for 
high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry with the 
MD2904 series. 

CASE 32 

PIN CONNECTIONS 
BOTTOM VIEW 

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

Rating 

Characteristic Symbol MD2218 MD2218A 
MD2219 MD2219A 

Collector-Base Voltage VCB 60 75 

Collector-Emitter Voltage VCEO 30 40 

Emitter-Base Voltage VEB 5 6 

Collector Current IC 600 

Junction Operating Temperature TJ 200 

Storage Temperature Range Tstg -65 to +200 

ONE SIDE BOTH SIDES 

Total Device Dissipation @ T A = 25 DC PD 500 600 

Derate above 25 DC 2.9 3.4 

Total Device Dissipation @ TC = 25 DC PD 1.2 2.0 

Derate above 25 DC 6.9 11.43 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

DC 

DC 

mW 

mW/DC 

W 

mW;oC 



--Multiple and Special Devices--

MD2218, A and MD2219, A (continued) 

ELECTRICAL CHARACTERISTICS (each side) (TA = 25'C unless otherwise noted) 

I Characteristic Symbol I Min I Max I Unit I 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltnge MD2218, MD2219 BVCBO 60 - Vdc 
(IC = 10 I'Adc, IE = 0) MD2218A, MD2219A 75 -

Collector-Emitter Breakdown Voltage· MD2218, MD2219 BVCEO . 30 - Vdc 
(IC = 10 mAdc, ~ = 0) MD2218A, MD2219A 40 -

Emitter-Base Breakdown Voltage MD2218, NID2219 BVEBO 5 - Vdc 
(IE = 10 I'Ade, IC = 0) MD2218A, MD2219A 6 -

CoIleetor Cutoff Current ICEX I'Adc 
(VCE = 50 Vde, VEB(o[[)'= 3 Vde) MD2218, MD2219 - 0.020 

MD2218A, MD2219,A - 0.015 

(V CE = 50 Vdc, V EB(of!) = 3 Vde, T A F 150'C) All Types - 25 

Base Cutoff Current IBL I'Adc 
(V CE = 50 Vde, V EB(of!) = 3 Vde) - 0.030 

ON CHARACTERISTICS 

DC Current Gain· hFE 
. -

(IC = O. I mAde, V CE = 10 Vde) MD2218, MD2218A 20 -
MD2219, MD2219A 35 -

(IC = 1 mAde, V CE = 10 Vde) MD2218, MD2218A 25 -
MD2219, MD2219A 50 -

(Ie = 10 mAde, V CE = 10 Vde) MD2218, MD2218A 35 -
MD2219, MD2219A 75 -

(IC = 150 mAde, V CE = 10 Vdc) MD2218, MD2218A 40 120 
MD2219, MD2219A 100 300 

(IC = 150 mAdc, V CE = I Vde) MD2218, MD2218A 20 -
MD2219, MD2219A 50 -

(IC = 300 mAde, V CE = 10 Vde) MD2218 20 -
MD2218A 25 -
MD2219 30 -
MD2219A 40 -

Collector Saturation Voltage· MD2218, MD2219 V CE(sat) 
. - 0.4 Vdc 

(IC = 150 mAde, IB = 15 mAde) MD2218A, MD'2219A - 0.3 

(IC = 300 mAde, IB = 30 mAde) MD2218, MD2219 - 1.2 
MD2218A, MD2219A - 0.9 

Base-Emitter Saturation Voltage* MD2218, MD2219 VBE(sat) 
. 0.6 1.3 Vdc 

(IC = 150 mAde, IB = 15 mAde) MD2218A, MD2219A 0.6 1.2 

(IC = 300 mAde, IB = 30 mAde) MD2218, MD2219 - 2.0 
MD2218A, MD2219A - 1.8 
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--Multiple and Special Devices--

MD2218, A and MD2219, A (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Svmbol I Min I Max I Unit I 
TRANSIENT CHARACTERISTICS 

Current-Gain - Bandwidth Product MD2218 IT 200 - me 
(IC = 20 mAde, V CE = 20 Vde, I = 100 me) MD2218A, MD2219 250 -

MD2219A 300 -

Output Capacitance 
Cob pI 

(V CB = 10 Vde, IE = 0, I = 100 ke) - 8 

Input Capacitance MD2218, MD2219 Cib 30 pI -
(VEB = 0.5 Vde, IC = 0, I = 100 ke) MD2218A, MD2219A - 25 

Delay Time MD2218, MD2219 - 20 
MD2218A, MD22l9A td - 15 nsec 

V CC = 30 V, V BE (of!) = O. 5 V 
MD2218, MD2219 Rise Time tr 

- 40 
IC = 150 mA, IBI = 15 rnA MD2218A, MD2219A - 30 nsec 

Storage Time MD2218, MD2219 - 280 
MD2218A, MD2219A t s 250 nsec -

V CC = 30 V, IC = 150 mA 
'I. 1IrT'\1')"" 1 n 

l"all Time aI.Lo''''''.LU, lYJ.l..It:."'.LV 

t[ - 70 
~1 = IB2 = 15 rnA MD2218A, MD2219A - 60 nse,c 

'Pulse Test: PW '300 Ilsee, Duty Cyele < 2% 

NORMALIZED CURRENT GAIN CHARACTERISTICS 
3.0 

NORMALIZED TO 150 rnA, 10 VOLTS AT 25°C 

2.0 

z 
i§ 

---I-- -- --- f--

~..:;:;,..,= 
~~ .- = =- r-:::' I-

r-__ ..... 
~. r-, 

i 1.0 
iil 

'" ~ 0.7 

"" 1', VeE ~ 10V 
?-

~, 

......... 
~ ~ V,E 2V 

VeE = lV ---,' ...... 
w 

O.S 

--- TJ=175°C 
" "-~ --TJ=25°C 

1 1"1 " "'-\ \. 
" ~ 0.3 

1.0 2.0 3.0 S.O 10 10 30 so 100 200 300 

Ie, COLLECTOR CURRENT ImA) 

NORMALIZED CURRENT GAIN CHARACTERISTICS 

3.0 

TJ = 1~5°C NORMALIZEOTO ISOmA.IOVOLTSAT2S'C 

TJ = lOOoe r-- .......... 

2.0 

TJ =2!OC ---~ ~ 
TJ si,c 

I -r-r-
0.5 

O. 3 I 
1.0 2.0 3.0 S.O 10 20 30 50 100 200 300 

Ie. COLLECTOR CURRENT (mAl 
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--Multiple and Special Devices--

MD22Hl, A and MD2219, A (continued) 

SAFE OPERATING AREA 

2. 0 
I"- " 1 

2. 0 
r\ I" 1--. 

"" "- 10 l!Sec, 'i'.. 
0 '" ""- lOOILsec 

0 

100 {Lsec-
0.5 

Imsec 

" '-u 

"' 
;}. 

""-
f--I- M02218, 1'-.... 

MD2219 .......... 
I'.... Oc 

1 

~ 0.2 

O. 

0.0 5 
o 10 15 20 25 

VeE. COLLECTOR·EMInER VOLTAGE (VOLTS) 

f--

r-..., 

......... 
30 

5 

~ 0.2 
3 
c) 

O. 1 

0.0 5 

r- M02218A, 
M02219A 

o 

""lmsec 

" 
" ~ " "I'-. OC "f-..... 

'-
10 15 20 25 30 35 

VeE. COLlECTOR.EMITIER VOLTAGE {VOLTS} 

TURN·OFF BEHAVIOR 

300 

200 

i 
:g 100 
;= 

~ 70 

~ 50 

~ 
~ 30 

20 

"-

"" 
"- -"-

" Ielisl = 10 " 

M02218, M022rt-

1" TJ = 25°C 

f-' ..-- le/IBI = 10 

lellBI = 20 ~ 

If 

....... 
I"... 

'--........ ....... > 

300 
"-

200 ~ K 219,r,1Q2219A 

""'- Iellal = 10 TJ 25°C 

] 
'" 

100 
;= "" "- I >: r-

leila. 20 
oj 70 ,;; 
:;; 50 

~ 
~ 30 ..s 

i"... 
Ie/lSI = 10 " ~ r---

of 
20 

40 

10 
10 20 30 50 70 100 200 300 

10 
10 20 30 50 70 100 

Ie, COLLECTOR CURREIIT (mAl 

200 300 

Ie. COLLECTOR CURRENT (mA) 

OELAY AUO RISE TIME EUUIVALEIH TEST CIRCUIT STORAGE TIME AUD FALL TIME EQUIVALENT TEST CIRCUIT 

GENERATOR 
RISE TIME ~ 2 nsec 
pW~200nsec 

DUTY CYCLE ~ 2% 

+30Y 

Re' 2001! 

-----j ilOlolOOp,sec 

. __ n I <Snsec 
+16.2V 

...L 'T' C,' ~ 12pl 

I 
__ J 

OUTYCYCLE~2% I 1-l3·8V 

=500}J.sec-~ 

*Csistotai shunt capacitance of oscilioscope and test fixtllre. 
Rc incilldesoscillo$cope resistance. 
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Rc* 200n 

-3V 

OSCILLOSCOPE, 
I,"'::; 5nscc 

I 
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--Multiple and Special Devices--

MD2218, A and MD2219, A (continued) 

0 

8 

6 

4 

2 

0 

500 

-

0 

0 

I 0 
0.1 

1.4 

1.2 

1.0 

~ 0.8 
~ 

~ o. 
§! 
6~ 

0.4 

O. 2 

0 
10 

~ 
\\ 

COLLECTOR CHARACTERISTICS IN SATURATION REGION 

I 
TJ = 25QC 

I 

This graph shows the effect of base current on collector current. flo 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt. and ft. (forced gain) is the ratio of le/t .. in a circuit. 

\ "'" I 
EXAMPLE: For type MD2219. estimate a base current (I .. ) to insure 
saturation "at a temperature of 25°C and a collector current of 
150 rnA. 

"-

Vea = 20V 
TA = 25°C 

0.2 

~VaE! •• tl 

20 

---f- Ie ~ JOOInA 

"- I - Ie o lS0mA 

I 
r--f- Ie ~ SOmA 

I 
OVERDRIVE FACTOR (flo/ fl" 

-.... 
f, -

/ 
V-

'b'C, ". f:: 

0.5 1.0 2.0 3.0 5.0 10 20 3.0 

Ie, COUECTOR CURRENT (mAde) 

"ON" VOLTAGES 

\!~LI~IV--/ 
'/ 

/'. /' V 

~-
I:::: Icll.~ 20,_ 

f-- ::::,. 
IclIB= 10 

I ....... V 
V-

VeE[ •• t] 
....... 

3.0 50 70 100 200 3.00 

Ie, COUECTOR CURRENT (mAl 

Observe that at Ie ::::: 150 rnA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1. it is seen that hOI @ 1 volt is approximately 0.62 of h'f @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, flo = 62 and substituting values in the overdrive equation, 
we find: 

2.5~ 15~~!. 1 .. ::::::6 mA 

CAPACITANCE VARIATIONS 

0 
I I 1111 

r-- TJ = 25°C 
0 

"'--- ....... C;b 

r-- J 
C.b r--

0 

0 r--

5. 0 
....... 

3.. 0 
1.0 2.0 0.5 1.0 2.0 5.0 10 20 

REVERSE BIAS (VOLTS! 

TEMPERATURE COEFFICIENTS 

+1.5 I I I 
~ P-

5 I----
+1.0 

...... 55°C 10 25°C 
8vc forVCE(.atl 

I I 
5 1 I.. I 

(}vB fOrVBE(.~t) 
0 

~ -- -55°C to + 12SoC 
5 

V ".. I I 
0"r 

I I 5 

-2. 

-2. 
50 100 150 200 250 3.00 

Ie, COLLECTOR CURRENTImAl 
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--Multiple and Special Devices--

MD2218, A and MD2219, A (continued) 

CHARGE DATA RISE TIME VARIATIONS 

10.000 

100 

~ Vee ~ 5 V (UNLESS NOTED) = f= M011(9. M01119A";;: ;Z !:== 
TJ = 25°C 

f- - lc/l,=10 '111 a, 2 P-
O 

5000 

100 

lO 

11- 1 
.• 1 

Vee = 5V I\.Vee ~ 30V I\. 0 

100 0 ./ M011lB. M011(BA 

~ 
0 

O~ ~ 
t::- Vee 30V 

a 0.. 

~ 50 

~ 
10 

10 

0 I\. '\ 

0 I" 
ALL TYPES 

0 

1 a I 10 
3.0 5.0 7.0 10 10 30 50 70 100 100 300 30 5.0 10 10 30 50 

(c. COLLECTOR CURRENT (mAl Ie, COLLECTOR CURRENT (mA) 

6 

AUDIO SMALL SIGNAL CHARACTERISTICS 

NOISE FIGURE VARIATIONS 
(VeE = lOV, TA = 25°CI 

0 

r- f~(I, I ill 

TJ = 25°C 
le/IB '-, ID 

/ 
.LV ,/ 

100 100 300 

5' lc=l.OmA le~ 100pA 

4, 
r'--

le~ LOpA r-. R, ~4.3K!l 
3 r-

1 I 
"-

r-- .... 
(e~ LOOpA 

L 
R" = 1 KO 

a I 

1\ I 

V V 
'> / le~ JOpA 

r"-

-
o 

100 100 500 IKe 1KC 5KC 10KC 10KC SOKC lOOKC lOO 100 500 IK 1K 5K 10K 10K SDK lOOK 

f. FREQUENCY (CYCLES) R", SOURCE RESISTANCE(QHMS) 
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--Multiple and Special Devices--

MD2218, A and MD2219, A (continued) 

h PARAM ETERS 
VCE == 10 V, f == 1 kc, TA == 25°C 

CURRENT GAIN 

300 

. ~Oi2IJ. ~Ol21Ii~ - ~ 

1--- II III ..... 
200 

V 
f. .. ,.i. ...... 

_f--1-~~~2218A 

0 ...... 
. 1/ :n 111111111111111111111 
u u u u U U ill ro 

Ie. COUECTOR CURRENT (mAde) 

OUTPUT ADMITTANCE 

)e. COLLECTOR CURRENT ImAde) 

INPUT IMPEDANCE VOLTAGE FEEDBACK RATIO 

... 
~ 7. 
~ 5 !:l . 

0 

0 

0 

0 

~ 3. 0 

~ 2. 0 

~ 
i I. 0 

7 O. 
O. 5 

O. 3 

...... 

OJ 0.2 

M02219. M02219A 

I"-
M02218. MD2218A.. ....... 

0.5 LO 2.0 5.0 10 

)e. COlLECTOR CURRENT (mAde) 

0 

~ 

0 

0' 
1\ M02219. M02219A 

0 

o - MD2218. MD2218A I"-. 

I. 0 I r... 
20 OJ 0.2 0.5 LO 2.0 5.0 

Ie, COLLECTOR CURRENT (mAde) 
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--Multiple and Special Devices--

Mo2904 
Mo2905 
Mo2904A 
Mo290SA 

VCEO = 5 V 
Ic = 600mA 
Po == 500 m W one side 

600m W both sides 

Dual PNP silicon annular transistors, designed for 
high-speed switching circuits, DC to VHF amplifier 
applications and complementary circuitry with the 
MD2218 series. 

Pin Connections, Bottom View 
All Leads Electrically Isolated from Case 

CASE 32 

MAXIMUM RATINGS (each side) (at 25'C ambient temperature unless otherwise noted) 

CHARACTERISTICS SYMBOL RATING UNIT 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCEO Vdc 
MD2904-2N2905 40 
MD2904A-2N2905A 60 

Emitter-Base Voltage' VEBO 5 Vdc 

Collector Current Ie 600 mAde 

Junction Operating Temperature TJ + 200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

ONE SlOE BOTH SIDES 

Total Device Dissipation @ T A '" 2SoC Po 500 600 mW 
Derate above 25°C 2.9 3.4 mW/DC 

Total Device Dissipation@ TC = 25°C Po 1.2 2.0 W 
Derate above 25°C 6.9 11.43 mW/oC 
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--Multiple and Special Devices--

MD2904, MD2905, MD2904A, MD2905A (continued) 

ELECTRICAL CHARACTERISTICS (each side) 
(at 25·C ambient temperature unless otherwise noted) 

CHARACTERISTICS SYMBOL 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 
(Ie = 10 ~Ade, IE = 0) 

Collector-Emitter Breakdown Valtae-e· BVCEO'" 
(Ie = 10 mAde, IB = 0) MDZ904, MDZ905 

MD2904A, MD2905A 

Emitter-Base Breakdown Voltage 
(IB = 10 ~Ade, Ie = 0) 

BVEBO 

Collector Cutoff Current ICEX 
(VeE = 50 Vde, VBE(off) = 3 Vde) 

(VeE = 50 Vdc, VEE of[) = 3 Vdc, TA = ISOoC) 

Base Cutoff Current IBL 
(VeE = 50 V, v BElo(fl = 3 V) 

ON CHARACTERISTICS 

DC Forward Current Transfer Ratio 
. 

hFE 
. 

(Ie = 0.1 mAde, VeE '" 10 Vdc) MD2904 
MD2905 
MD2904A 
MD2905A 

(Ie = 1.0 mAde, V CE = 10 Vdc) MD2904 
MDZ905 
MD2904A 
MD2905A 

(Ie = 10 mAde, V CE = 10 Vdc) MD2904 
MD2905 
MD2904A 
MD2905A 

(Ie = 150 mAde, V CE = 10 Vdc) MD2904, MD2904A, 
MD2905, MD2905A 

(Ie = 150 mAde, VeE = 1 Vdc) MD2904, MD2904A, 
MD2905, MDZ905A 

(Ie = 300 mAde, V CE :: 10 Vdc) MD2904 
MD2905 
MD2904A 
MD2905A 

Collector Saturation Voltage* VCE(sat)* 
(Ie = 150 mAde, IB '" 15 mAde) 

(Ie = 300 mAde, IB :: 30 mAde) 

Base-Emitter Saturation Voltage* VBE(sat) 
. 

(Ie' 150 mAde, IB :: 15 mAde) 

(Ie = 300 mAde, IR '" 30 mAde) 

TRANSIENT CHARACTERISTICS 

Output Capacitance Cob 
(VeB = 10 Vctc, IE:: 0, f = 100 ke) 

Input Capacitance Cib 
(VBE :: 2 Vdc, IC :: 0, f :: 100 ke) 

Current-Gain-Bandwidth Product IT 
(Ie = 50 mAde, VeE = 20 Vdc, f == 100 me) 

Delay Time Vee = 30 v, VBE(ofl) = 0.5 V, tct 

Rise Time Ie '" 150 rnA, IBI '" 15 rnA tr 

Storage Time Vee:: 30 V, Ie == 150 rnA, ts 

Fall Time lSI :: IB2 = 15 rnA 1t 

*Pulse Test: Pulse Width ::0 300 J.lsee, duty cycle ~ 2% 
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-
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--Multiple and Special Devices--

MD2904, MD2905, MD2904A, MD2905A (continued) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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Ie. COUECTOR GURRErfl (mAde) 

FIGURE 2 - NORMALIZED COLLECTOR SATURATION REGION 

TJ =25"C 

~OomA 

~ __ ;-!:?mA 

- SOmA 

lomf-
Iflol f3,J OVERORIVE fACTOR 

This graph shows the effect of base current on col
lector current. #0 (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt. and f3F (forced 
gain) is .the ratio of Ic/hF in a circuit. 

EXAMPLE: For type MD2905. estimate a base cur
rent (Iu) to insure saturation at a temperature of 25°C 
and a collector current of 150 mAo 

Observe that at Ie:::::: 150 mA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1. it is seen that 
hfE @ 1 volt is approximately 0.60 of hn @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 rnA and 
10 V. /30:::::: 60 and substituting values in the overdrive 
equation. we find: 

3=~ 
150/h. 

In=7.5mA 

FIGURE 3 - "ON" VOLTAGES FIGURE 4 - TEMPERATURE COEFFICIENTS 

I 
I I 
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Ie. COLLECTOR CURRENT ImAl 
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--Multiple and Special Devices--

MD2904, MD2905, MD2904A, MD2905A (continued) 

o 

SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VCE = lOV, TA = 25'C 

FIGURE 5 - FREQUENCY VARIATION FIGURE 6 - SOURCE RESISTANCE VARIATION 
10 II 1111 1111 

Ic~lO;:A f=lkc II 
I'll 

~~= ~~/~Q 

I) II 
6 \ Ic~ 100pA J 
!\ 1\ I\. 

~~T;rn 1\ 1/ 17' -- R9 = O.7kO 

t--
Ic-l001"~ , 

Ri~ 12i?, 

(\,1\ 
2 

Ic= lmA ..... 

0 
100 200 500 lk 2k. 5k 10k 20k 50k lOOk 100 200 500 lk 2k 5k 10k 20k 50k lOOk 
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E. 100 

70 
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5.0 

I 2.0 

" "'- LO 

O. 5 

0.2 

O. 1 

f, FREQUENCY (cps) R" SOURCE RESISTANCE 10HMS) 

h PARAMETERS 
FIGURE 7 - CURRENT GAIN VCE = lOV, f = 1 kc, TA = 25'CFIGURE 8 _ OUTPUT ADMITTANCE 

M02905, M02905A P 
l-~ ... -I--

l--

M02904, M02904A 1-1--

0.2 0.5 LO 2.0 5.0 10 20 

Ie. COlLECTOR CURRENT (mAdcl 

FIGURE 9 - INPUT IMPEDANCE 

"' 

I" M02905, M02905A 

M02904, M02904A "-

" "-

50 0 

20 0 

100 

0 

01-

0 

5.0 
0.1 

/ 

/ 

M02905, M0290SA / 

V M02904, M02904A 

0.2 0.5 LO 2.0 5.0 10 20 

Ie. COLLECTOR CURRENT (mAde) 

FIGURE 10 - VOLTAGE FEEDBACK RATIO 
20 1"-

.1'- r-... 
10 

5. 0 I, M02905, M02905A f-f-

l'-. 
I'- V 

2. 0 I"-

0 
M02904, M02904A'1'-.. 

.5 
0.1 0.2 0.5 LO 2.0 5.0 10 20 0.1 0.2 0.5 LO 2.0 5.0 10 20 

Ie, COLLECTOR CURRENT (mAde) let COLLECTOR CURRENT (mAde) 
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--Multiple and Special Devices--

MD2904, MD2905, MD2904A, MD2905A (continued) 

~ 
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'" 

SWITCHING CHARACTERISTICS 
Vee == 30V. TA == 25"C 

FIGURE 11 - TURN·ON TIME FIGURE 12 - CHARGE DATA 
5000 

, -- 'Vcc=10V,VoB=ovt--
IcIlB= 10 

2000 , ----- Vcc =30V,VOB =2V _ 
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, 
Or V :g 1000 
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Ie. COLLECTOR CURRENT (rnA) Ie, COLLECTOR CURRErlT (mAde) 

FIGURE 13 - STORAGE TIME FIGURE 14 - FALL TIME 
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, 
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~ 
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70 g 
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+i 

30 

20 
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Ie. COLLECTOR CURRENT {mAl Ie. COLLECTOR CURRENT (rnA) 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 15 - TURN·ON TIME 
-30V 

Re· 2000 

GENERATOR 
RrSETIME~2nsec 6Ign 
PW~200 nsec 

DUTY CYCLE -= 2% 
+0.5 

= 500 fLsec---1 

-L 'I" Cs• '" 12 pf 

I 

FIGURE 16 - TURN·OFF TIME 
-30V 

Rc* 200n 
OSCILLOSCOPE, 
tr~5nsec 

-L 'I" Cs· :' 12 pf 

'-1I~, 
__ J DUTYCYCLE~2% 

I 
__ J 

-lS.2V 
~ ~ <5nsec 

----t>l kr-lOtolOOp.sec 
*Cs is total shunt capacitance of oscilloscope and test fixture. 

Re includes oscilloscope resistance. 
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--Multiple and Special Devices--

MD2904, MD2905, MD2904A, MD2905A (continued) 

FIGURE 17 - CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 18 - CAPACITANCE 
500 40 

I~JI~ 25lC LI 400 

20 
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300 

~ 10 

200 

y /V/ 

/ 4.0 

100 2.0 
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FIGURE 19 - ACTIVE REGION SAFE OPERATING AREAS 
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o 10 20 30 40 SO 60 

VeE, COLLECTOR-EMITTER VOLTAGE MUS) 

The Safe Operating Area Curves indicate IC-V CE limits below which the devices will not go into secondary 
breakdown. As the safe operating areas shown are independent of temperature and duty cycle, these curves 
can be used as long as the average power derating factor (Figure 1) is also taken into consideration to insure 
operation below the maximum junction temperature. 
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--Multiple and Special Devices--

Mo32S0, A 
Mo3251 u A 

VCEO = 40V 
Ic = 50 mA 
Po = 500 mW one side 

600 mW both sides 

Dual PNP silicon ann~lar tranSistors, especially 
designed for low-level, dIfferential amplifier applica
tions. 

CASE 32 9=C:±~ 
7 4 

5 

PIN CONNECTIONS 
(BOTTOM VIEW) 

MAXIMU M RATI NGS (each side) (TA = 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 50 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

DC Collector Current IC 50 mAde 

Junction Temperature TJ +200 °c 

Storage Temperature Range Tstg -65 to +200 °c 

ONE SIDE BOTH SIDES 

Total Device Dissipation @ T A = 25°C 
TO-5 Case 

P D 
500 600 mW 

Derate above 25 ° C 2.9 3.4 mW/"C 

Flat Pack 250 350 mW 
Derate above 25 0 C 1.5 2.0 my//"C 

Total Device Dissipation @ TC = 25°C 
TO-5 Case 

P D 
1.2 2.0 mW 

Derate above 25°C 6.85 11.42 mW/oC 
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--Multiple and Special Devices-

MD3250, A and MD3251 , A (continued) 

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

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 
(I~ = 10 ~Ade, I~ = 0) 

Collector-Emitter Breakdown Voltage BVCEO 
(lC = 10 mAde, In = 0) 

Emitter-Base Breakdown Voltage BV EBO 
(I~.= 10 ~Ade, Ir = 0) 

Collector Cutoff Current ICBO 
(V CB :0 50 Vdc, IE = 0) 

(Vrs = 50 Vde, I~ = 0, TA = 150'C) 

Emitter Cutoff Current lEBO 
(V ES = 3 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Forward Current Transfer Ratio* hFE 
. 

(lC = 10 ~Ade, V CE = 5 Vde) MD3250, MD3250" 
MD3251, MD3251A 

(Ie = 100 {LAde, VCE = 5 Vde) MD3250, MD3250A 
MD3251, MD3251A 

(IC = 100 ~Ade, VCE = 5 Vde, T A = -55'C) MD3250, MD3250A 
MD3251, MD3251A 

(lC = I mAde, V CE = 5 Vdc) MD3250, MD3250A 
MD3251, MD3251A 

(Ie == 10 mAde, VCE =5Vde) MD3250, MD3250A 
MD3251, MD3251A 

(IC = 50 mAde, VCE = 5 Vde) MD3250, MD3250A 
MD3251, MD3251A 

Collector-Emitter Saturation Voltage* 
V CE!sat) 

, 
(Ie == 10 mAde, IS = 1. 0 mAde) 

(lr = 50 mAde, In = 5 mAde) 

Base-Emitter Saturation Voltage* 
VSE!sat) 

, 
(lC = 10 mAde, IS = I. 0 mAde) 

(Ie = 50 mAde, 18 = 5 mAde) 

TRANSIENT CHARACTERISTICS 

Current-Gain - Bandwidth Product MD3250, MD3250A IT 
(lr = 10 mAde, V ~~ = 20 Vde, I = 100 me) MD3251, MD3251A 

Output Capacitance C 
(Vr " = 5 Vde, I~ = 0, 1= 100 ke) ob 

Input Capacitance eil) 
(V"n = O. 5 Vde, IC = 0, 1= 100 ke) 

Small Signal Current Gain MD3250, MD3250A hie 
(Ir = I. 0 rnA, V ro = 10 V, I = Ike) MD3251, MD3251A 

Voltage Feedback Ratio MD3250, MD3250A h re (IC ~ 1.0 rnA, Vco = 10 V, f =; 1 kc) MD3251, MD3251A 

Input Impedance MD3250, MD3250A h. 
(IC = 1. 0 rnA, V Co = 10 V, I = Ike) MD3251, MD3251A Ie 

Output Admittance MD3250, MD3250A h oe (IC = 1. 0 rnA, V ('~ = 10 V, I = Ike) MD3251, MD3251A 

Wide Band Noise Figure NF 
(IC =; 100 /lA, VeE =;; 10 V, Rg =; 3 kohm, MD3250, MD3250A 

Noise Bandwidth 10 cps to 15.7 ke) MD3251, MD3251A 

MATCHING CHARACTERISTICS (Types MD3250A and MD3251A only) 

DC Current Gain Ratio** hFEI/hFE2 " 
(Ic = 100 /lAde and 1 mAde, Vr~ = 5 Vde) MD3250A, MD3251A 

Base Voltage Differential IV SEI-V BE21 
(IC = 10 ~A, to 10 mA, VCE = 5 Vde) MD3250A, MD3251A 

(Ie = 100 ~Ade, VCE = 5 Vde) MD3250A. MD3251A 

Base Voltage Differential Change 
"(VSEI-VBE2) (lC = 100 ~Ade, V CE = 5 Vde, T A = -55 to .+25'C) MD3250A, MD3251A 

(IC =; 100 p.Adc, V CE = 5 Vde, T A=; 25 to 125°C) MD3250A, MD3251A 

I Mini Typ I Maxi Unit 

Vde 
50 - -

Vde 
40 70 -

Vde 
5 - -

MAde 
- - 0.01 

- - 10 

nAdc 
- - 20 

--
25 - --
50 - -

50 -- 150 
100 - 300 

25 -- -
50 - -
50 - 150 

100 - 300 

50 - -
100 - -

15 - -
30 - -

Vde 
- - 0.25 

- - 0.50 

Vde 
0.6 - o. 9 

- - 1.2 

200 - - me 
250 - -

pi 
- - 6 

- - '8 
pi 

50 - 200 -
100 - 400 

- - 10 XIO-,4 
- - 20 

I - 6 kohms 
2 -- 12 

4 - 40 p.mhos 
10 - 60 

db 
- - 4 

- - 3 

-
O. 9 - 1.0 

mVde 
- - 5 

- -- 3 

mVdc 
- - 0.8 

- - 1.0 

"'Pulse Test ~ 300 /lsec, duty cycle ~ 2% ** The lowest hFE reading is taken as hFEl for this ratio 
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--Multiple and Special Devices--

MD3250, A and MD3251, A (continued) 

NORMALIZED CURRENT GAIN CHARACTERISTICS 
1. 0 

TJ 125"C 

t 
........ 

"'" 0 1S"C 

........ " 
"' TJ=-55°C 

" --- " 5 NORMALIZED AT Ie lOmA, VeE IV 

TYPICALhn = 74- MD3250, MD3250A ~ 

;;; 
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"' "' 10 
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f-'" 

I 167 - M03151, M03151A 

0.5 1.0 2.0 5.0 10 

Ie, COllECTOR CURREPmmA) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
SPOT NOISE FIGURE 

10 
TA =25~C f = IKe 
VeE =6V TA =25 Q C 

r-VeE =6V 

\ 
SOURCE R[SISTAflCE =4.3 K 

le:= lO.,A Ie = 10,,",. 

"'-

10 

I II / 
1 /, 

Ic=LomA/ '/ 
I II 

(I 
// 

\ ...... "/'c=lOO/"A 

SOUICE,:~I~~~N~E ~r6 K r- I""~ ,/ 

-
I II 

IKe 2KC liKe IOKe lOKe 40KC JaOKe 100 200 400 lK 2K 4K 10K 20K 40K 
f. FREQUENCY (CYCLES) 

h PARAMETERS 
R9 • SOURCE RESISTANCE (OHMSI 

CURRENT GAIN (VeE::":: IOV, T ... :::: 25°C,f:::: IKe) OUTPUT ADMiTTANCE 

I 
~ 

200 
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50 

L V 

'" 20 
M0325I, M032SIA V 

M032S0, M03250A .3 - ,..- .) 

0.5 1.0 1.0 50 10 
Ie. COLLECTOR CURRENT (mAdi:l 

INPUT IMPEDANCE 

..... 
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I ........ 
i 

10 

5.0 

2.0 

LO 
[,0' 
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50 ..... 
...... 

20 I'.. 
........ 

"-
10 '" 

,. MD3250, MDJ250A 

0.5 1.0 2.0 
Ie. COLLECTOR CURREr/T (mAde) 

VOLTAGE FEEDBACK RATIO 

.... 
MD3251, MD3251A 

5.0 

1.0 
M031S0 M03250A' 

...... "' ...... 

1.0 
I ........ 5.0 

M032S0, M03250A I'--

0.5 IIIIII ..... 
2.0 

0.1 0.2 05 1.0 20 50 10 0.1 0.2 0.5 1.0 2.0 5.0 
Ie. COLLECTOR CURRENT (mAdel Ie, COLLECTOR CURRENT lmAdc) 
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--Multiple and Special Devices--

MD3250, A and MD3251, A (continued) 
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STATIC CHARACTERISTICS 

COLLECTOR SATURATION REGION 

I , III 
le~3mA Ic~10mA Ic=30mA 

1\ 
'\ ~ t-- :-

I-

0.05 0.1 0.2 0.5 1.0 
I" BASE CURRENT (mAl 

III \ ~ I 
II I \ I 

l 
\ le~50mA 

\ 

1\ 
\ 
" 

2.0 

le~10mA ~le~30mA le=50mA 

\. 
1\ "-

" " ~ 
"--

t-... 

0.05 0.1 0.2 0.5 1.0 2.0 

I" BASE CURRENT (mAl 

MD3250, 
MD3250A 
TJ ~ 25°C 
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5.0 
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5.0 

SATURATION VOLTAGES TEMPERATURE COEFFICIENTS 
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I ! 
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/ . .-~ 
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--Multiple and Special Devices--

Mo6001 
Mo6002 

~~ 

~ .. ~. 
CASE 32 

VCBO = 60V 
Ic = 300mA 
Po = 500mW one side 

600 mW both sides 

Silicon annular complementary-pair dual transistor 
is designed for high-speed switching circuits, DC to 
VHF amplifier applications and complementary cir
cuitry. 

PIN CONNECTIONS 
(BOTTOM VIEW) 

MAXIMUM RATINGS (each side) eTA = 25'C unless otherwise specified) 

Test Conditions and Limits are given in magnitudes only. Care must be taken to in· 
sure the application of proper polarities for the NPN or PNP transistor, respectively. 

Characteristics Symbol Rating Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCEO 30 Vdc 

Emitter-Base Voltage VEBO 5 Vdc 

DC Collector Current IC 300 mAdc 
(Limited by P D) 

Junction Temperature TJ +200 °c 

storage Temperature Tst!': -65 to +200 °c 

ONE SIDE BOTH SIDES 

Total Device Dissipation @ T A = 25°C PD 500 600 mW 

Derate above 25°C 2.9 3.4 mW/oC 

Total Device Dissipation @ TC = 25°C PD 1.2 2.0 W 

Derate above 25°C 6.83 11.43 mWrC 

NPN SATURATED SWITCHING TIME TEST CIRCUITS 
For PNP Switching Tests, reverse diodes, voltage poiarities, and input pUlses. 

FIGURE 1 - NPN TURN·ON TIME FIGURE 2 - NPN TURN·OFF TIME 

+lOV +30V GENERATOR 
RISE TIME ~ 2 nsec 

PW ~ 200 osee 
OUTY CYCLE - 2% 

--i r-- 10 to 100 J.Lsec 

~~:i--i r < 50sec 
+16.1V Re· 100n 

OSCILLOSCOPE; 
t, ~5nsec 

.'n_"'_-o6'1f::",n~~ 
I 
.l 1'Cs"""11 Pf 

I 
__ J 

OUTY CYCLE'" 1% -ll.8V 

""" 500 J.lsec -W 
"Cs is total shunt capacihnce of oscilloscope and test fixture. -3V 
Rc includes oscilloscope resistance. 
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--Multiple and Special Devices--

MD6001, MD6002 (continued) 

ELECTRICAL CHARACTERISTICS (each side) (TA:= 25'C unless otherwise noted) 

Characteristic Symbol I Mini Max I Unit I 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ° 10 !lAdc, IE = 0) 60 -

Collector-Emitter Breakdown Voltage* BVCEO * Vdc 
(IC = 10 mAdc, IB ° 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 !lAdc, IC 00) 5 -

Collector Cutoff Current ICEX !lAdc 
(VCE ° 50 Vdc, VEB = 3 Vdc) - 0.02 

(V CE ° 50 Vdc, VEB = 3 Vdc, T A = 150"C) - 30 

Base Cutoff Current IBL /lAdc 
(V CE ° 50 Vdc, VEB o 3Vdc) -- 0.03 

ON CHARACTERISTICS 

DC Current Gain * hFE* --
°CoO.lmAdc, VCEo10Vrl~) JI..1D6001 on -

MD6002 35 -
(IC ° 1. 0 mAdc, V CE ° 10 Vdc) MD6001 25 --

MD6002 50 --
(IC ° 10 mAdc, V CE ° 10 Vdc) MD6001 35 -

MD6002 75 -
(IC ° 150 mAdc, V CE ° 10 Vdc) MD6001 40 120 

MD6002 100 300 

(Ie ° 150 mAde, VCEoIVdc) MD6001 20 --
MD6002 50 -

(IC ° 300 mAde, V CE ° 10 Vdc) MD6001 20 -
MD6002 30 -

Base-Emitter Saturation Voltage* VBE(sat) * Vdc 
(IC ° 150 mAdc, IB ° 15 mAde) - 1.3 

(IC ° 300 mAdc, IB = 30 mAdc) - 2.0 

I Collector-Emitter Saturation Voltage* V CE(sat) * Vdc 
(I C ° 150 mAde, IB ° 15 mAdc) - 0.4 

(IC ° 300 mAdc, IB ° 30 mAdc) - 1.4 

TRANSIENT CHARACTERISTICS 
Gain - Bandwidth Product iT 

(IC ° 50 mAdc, VCE 020 Vdc, f ° 100 me) - 200 mc 

Collector Output Capacitance Cob pf 
(V CB ° 10 Vde, IE ° 0, f ° 100 kc) - 8 

Collector Input Capacitance Cib pf 
(V EB 02 Vdc, IC = 0, f ° 100 kc) - 30 

Delay Time See Figure I VCC ° 30 V, VBE(off) ° O. 5 V td --- 20 nsec 

Rise Time Ie ° 150 rnA, IBI 015 rnA t r -- 40 nsec 

Storage Time See Figure 2 Vee ° 30 V, IC ° 150 rnA t -s 280 nsec 

Fall Time IBI ° IB2 015 rnA tf - 70 nsec 

*Pulse Test: PW;;i 300 /lsec, Duty Cycle ;;i 2% 
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--Multiple and Special Devices--

MSD6100 VR = lOOV 
IF = 200mA 
Po = 310mW 

\ 
Silicon epitaxial dual switching diode, designed for 

use in high speed switching applications, features high 
breakdown voltage, low capacitance, one-piece injec
tion-molded unibloc package, and space saving com
mon-cathode configuration. 

CASE 29 
(TO·92) 

123 

MAXIMUM RATINGS (T., = 25°C unless otherwise noted) 

Characteristic Symbol Rating 

Reverse Voltage VR 100 

Recurrent Peak Forward Current IF 200 

Peak Forward Surge Current IFM(surge) 500 
(Pulse Width = 10 /l sec) 

Power Dissipation @ T A = 25°C PD 310 
Derate above 250C 2.82 

Operating Junction Temperature TJ 135 

Storage Temperature Range Tstg -55 to +135 

ELECTRICAL CHARACTERISTICS (T.' = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min 
Breakdown Voltage - V(BR) 

(I(BR) = 100 /lAdc) 100 

Reverse Current 2 IR 
(VR = 100 Vdc) -
(VR = 50 Vdc) -
(VR = 50 Vdc, TA = 125°C) -

Forward Voltage 1 VF 
(IF = 1 mAdc) 0.55 
(IF = 10 mAdc) 0.67 
(IF = 100 mAdc) 0.75 

Capacitance 3 C 
(VR = 0) -

Reverse Recovery Time 4,5 trr 
(IF= IR =10 mAdc,VR= 5Vdc, -
irr = 1.0 mAdc) 
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Unit 

Vdc 

mA 

mA 

mW 
mW/oC 

°c 

°c 

Max Unit 
Vdc 

-
/lAde 

5 
0.1 
20 

Vdc 
0.7 
0.82 
1.1 

pf 
1.5 

nsec 

4.0 

I 
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--Multiple and Special Devices--

MSD6100 (continued) 

FIGURE 1 - FORWARD CHARACTERISTICS FIGURE 2 - REVERSE LEAKAGE CURRENT 

100 100 

70 .,./ 
50 7 

0 
.,./ 

3D 

~ 2D 

I 10 

I 7.0 

5.0 
~ 

7 r7 
7 

TJ ~ 125°C 725°C 7 7-ssoc 

f---- V, ~ 100j...-
.,./ 

V 

----
V,~lOl';:;; 

.-/ --I 
/ 

.,./ / v, IV 

3.0 

2.0 I I 
I 

I 
.-/ .-/ 

1.0 I II II 
0.2 0.8 1.0 0.4 0.6 

1 
1.2 

.00 
25 100 125 50 75 

V, FORWARD VOLTAGE DROP (VOLTS) TA, AMBIENT TEMPERATURE 1°C) 

FIGURE 3 - CAPACITANCE FIGURE 4 - REVERSE RECOVERY TIME 
2 5.0 

I-
1 -- IF = IDOmA 

4.0 

:§. 1. 0 

"'-9 , 

" 3. ~ 
0 

~ 
~ 

i-- - r---- IF = SOmA 

I---I--0.8 - t---If-IOmA 

7 

0.6 
o 

VR• REVERSE VOLTAGE (VOLTS) 

1.5 

1.0 
0.5 

FIGURE 5 - RECOVERY TIME EQUIVALENT TEST CIRCUIT 
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--Multiple and Special Devices--

MSD6101 

CASE 2\ 
(10·92) 123 

2 3 

VR = 50V 
IF= 200mA 
Po = 310mW 

Silicon epitaxial dual discriminator diode designed 
for use in FM discriminator applications . 

.. MAXIMUM RATINGS (TA = 25"C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Reverse Voltage VR 50 Vdc 

Peak Forward Recurrent Current IF 200 mA 

Peak Forward Surge Current IFM(surge) 500 mA 
(Pulse Width = 10 /ls) 

Power Dissipation@ TA = 25°C PD 310 mW 
Derate above 25° C 2.82 mW/oC 

Operating and Storage Junction Temperature TJ , Tstg -55 to +135 °C 
Range 

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

Characteristic Fig. No. Symbol Min Max Unit 

Breakdown Voltage - V(BR) Vde 
(I(BR) = 100 /lAde) 50 -

!reverse Current 2 IR /lAde 
(VR = 40 Vde) - 0.1 
(VR = 40 Vde, TA = 125°C) - 100 

Forward Voltage 1 VF Vde 
(IF = O. 1 mAde) 0.43 0.57 
(IF = 10 mAde) 0.67 0.82 

Capacitance 3 C pF 
(VR = 0) - 2.0 

Reverse Recovery Time 4, 5 t ns 
(IF = IR = 10 mAde, VR = 5 Vde, rr 

irr = 1. 0 mAde) - 10 

Forward Voltage Matching/ VF1 - VF2 I - LlVF Vde 
(IF1 = IF2 = O. 1 mAde) - 0.003 
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--Multiple and Special Devices--

MSD6101 (continued) 

FIGURE 1 - FORWARD CHARACTERISTICS 
10. 

7. 
5. 

3. 

2. 

O. 

O. 

O. 

O. 

O. 

0 

0 
0 

0 

0 

0 
7 
5 

3 

2 

I 

l- f.--

/ / 

/ V 

I L i--TJ ~ 125'C 

-C r=f- __ 25'C 

.,---;-55'C 

/ 
/ 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

1.2 

I 

~ 1.0 I\. 

0.7 

0.6 
o 

v" fORWARD VOLTAGE DROP (VOLTSI 

tiiiiiiit: 3 - CAIiACifANCE 

~ --'--

VR, REVERSE VOLTAGE (VOLTS) 

FIGURE 2 - REVERSE LEAKAGE CURRENT 
10.0 

f-"'" .... -- I~ ....... 
I ......- .....< /' 

VR 50V_ 
./" ......- ---I ",.- ......- tc-I~~-

.00 I 
25 50 75 100 125 

TA , AMBIENT TEMPERATURE ('C) 

FIGURE 4 - REVERSE RECOVERY TIME 
IS 

10 

I 
0.5 

--

0.75 

/ 
If =50mA 

r- IOmA 
lmA= 

1 

1.25 1.5 

FIGURE 5 - RECOVERY TIME EQUIVALENT 
TEST CIRCUIT 

Ins (max) 

50011 

lOOns < tl < 100 fLs 
OUTY CYCLE ~ 2% 
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--Multiple and Special Devices -

ADDITIONS AND MODIFICATIONS 
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--Varactors--

VARACTORS 
Including 

VARACTOR DIODES 

VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

RF SWITCHING DIODE 
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--Varactors--

For case outline dimensions, see page 1-186. 
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---Varactors---

VARACiORS 

Varactor diodes are voltage-variable capacitance diodes utilized for 
electronic tuning and for frequency multiplication and RF switching in receivers 
and transmitters. This section contains devices suitable for both purposes. 
The frequency-multiplier devices are step-recovery types intended to provide 
high powe.r output at frequencies normally beyond the limits of RF power 
transi stor s. 

Devices in this section include: 

RF SWITCHING 
TUNING DIODES MULTIPLIER DIODES DIODES 

Device Pg. No. Device Pg. No. Device Pg. No. Device Pg. No. 

1N5139, A 1N4386 12-5 1N5151 12-15 MV1892 12-25 
thru (MV1808A) 

1N5148, A 12-10 1N4387 12-7 
1N5152 12-15 

MV830 1N4388 12-8 (MV1808B) 
thru 

MV840 12-21 1N5149 12-12 1N5153 12-15 
(MV1806C) (MV1808C) 

MV1864A, B 12-23 
1N5150 12-12 1N5154 12-18 
(MV1807C) (MV1810A) 

1N5155 12-18 
(MV1810B) 

PARAMETER TEST METHODS 

1. Ls. SERIES INDUCTANCE 
A. PILL/PILL·PRONG PACKAGE 

Series inductance is calculated. 
B. GLASS PACKAGE 

Ls is measured on a shorted package at 250 me using an 
impedance bridge (Boonton Radio Model 250A Rx Meter). 
L = lead length. 

2. Ce• CASE CAPACITANCE 
c C is measured on an open package at 1 me using a capaci
tance bridge (Boonton Electronics Model 75A). 

3. CT. DIODE CAPACITANCE 
(el = Cc + CJ). CT is measured at 1 me using a capacitance 
bridge (Boonton Electronics Model 33AS8). 

4. Rs. SERIES RESISTANCE and Q. FIGURE OF MERIT 
Rs and Q are calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and substituting 
in the following equations: 

R _ G Q = 2.fC 
s- (21Tf)1CJ G 

(Boonton Electronics Model 33AS8). 
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5. feo• CUTOFF FREQUENCY 
feo is calculated using the equation fco = Qf. 

s. a. DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, C, (as measured at V~ = 4 Vdc, 
f = 1 mc) is compared to C, (as measured at V~ :::: 60 Vdc, 
f = 1 mc) by the following equation which defines a. 

a = log CM) - log C,(60) * 
log 60 - log 4 

Note that a C, versus V~ law is assumed as shown in the follow
ing equation where Ce is included. 

c,::::~ 
Va 

a is no~ the same as 'Y. See page 4. 

7. TCe• DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TCe is guaranteed by comparing C, at V~ :::: 4 Vdc, f :::: 1 me, 
T .... :::: -65°C with C, at V~ = 4 Vdc, f::::- 1 mc, T .... :::: +85°C in 
the following equation which defines TCe: 

TC _IC,(+85·C) - C,(-65·C) \. ~ 
c - 85 + 65 C,(25'C) 

* Change 60 volt values to 30 volts for 
MV830-MV840. 

I 
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---Varactors---

VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. VVC NETWORK PRESENTATION 
The equivalent circuit in Figure I shows the voltage ca· FIGURE 1 

pacitance and parasitic elements of a WC diode. For design c 11 
purposes at all but very high and very low frequencies. Ls. r---~~ 1------, 
RJ • and Cc can be neglected. The simplified equivalent Cir'ld d 
cuit of Figure 2 represents the diode under these conditions. C 

--o-e-fj-n-it-io-n-s-:---------------- \ 1 R, l, 

CJ - Voltage Variable Junction Capacitance _ _ ' 
Rs - Series Resistance (semiconductor bulk. contact. 

and lead resistance) 
Cc - Case Capacitance 
Ls - Series Inductance 
RJ - Voltage Variable Junction Resistance (negligible 

above 100 kHz) 

B. VVC CApj(CITANCE VS. REVERSE BIAS VOLTAGE 
The most important design characteristic of a WC diode 

is the C, versus V. variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of 
C, versus VR• the Cc• Co. <p. and y characteristics have been 
encompassed by the simplified equation 3. Mini max limits 
on a (as defined in Note 6) can be guaranteed over a speci· 
fied V, range. 

ii. ,-iC CArACiiiiiiC£ vs. Fiii:Qii£iiCi 
Variations in WC effective capacitance. as a function 

of operating frequency. can be derived from a simplified 
equivalent circuit similar to that of Figure I. but neglecting 
Rs and RJ • The admittance expression for such a circuit is 
given in equation 4. Examination of equation 4 yields the 
following information: 

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

As frequency is increased from I MHz. C •• increases un· 
til it is maximum at ",' = II LsCJ ; and w' is increased from 
I I LsCJ toward infinity. C .. increases from a very negative 
capacitance (inductive) toward C •• = Cc• a positive 
capacitance. 

Very simple calculations for C •• at higher frequencies 
indicate the problems encountered when capacity measure· 
ments are made above I MHz. As w approaches "'0 = 
I/VLsCJ • small variations in Ls cause extreme variations 
in measured diode capacitance. 

D. VVC FIGUR,E OF MERIT (Q) AND CUTOFF FREQUENCY (fco) 
The efficiency of VVC response to an input frequency is 

related to the Figure of Merit of the device as defined in 
equation 5. For very low frequencies. equation 6 applies 
whereas at high frequencies. where RJ can be neglected. 
equation 5 may be written into the familiar form of 
equation 7. 

Another useful parameter for WC devices in the cutoff 
frequency (fool. This is merely that frequency at which Q is 
equal to 1. Equation B gives this relationship. 

E. HARMONIC GENERATION USING VVC's 
Efficient harmonic generation is possible with WC be· 

cause of their high cutoff frequency and breakdown voltage. 
Since WC junction capacitance varies inversely with the 
square root of the breakdown voltage. harmonic generator 
performance can be accurately predicted from various 
idealized models. Equation 9 gives the level of maximum 
input power for the WC and equation 10 gives the relation· 
ships governing WC circuit efficiency. In these equations. 
adequate heat sinking has been assumed. 

FIGURE 2 
C.)k R, 

O~--~~~r-~-----~~----~O 

C1 :;:;;Cc+CJ 

C, = Cc + __ C_o_ 

(1+~)' 
CD= CJat Vt =0 '" '" = Contact Potential. '" = 0.6 Volt 

Y = jwCoq = jwC~ +1 jW~JL C 
-w S J 

Q=Xs.q 

RSlq 

Qu = wCJRJ2 

RJ + Rs(l + W1CJ2 RJ2) 

Q~f=_I_ 
",RsCoq 

teo = Qfn,u = 27fR~CIVR 

(1) 

(2) 

Vt = Reverse Bias 
> = C, slope. > = 0.5 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

P •• ,m .. , = M(BV~; ",>, ::: (9) 

M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196 

Elf = 1 _ N f o• (10) 
too 

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

M and N are Constants 
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---Varactors---

lN4386 VR = 250V 
Pout = 37.5 W @ 150 Me 
1/ = 75% (f out. = 150' Me) 

Silicon varactor diode for high-power frequency mul
tiplication applications. 

CASE 49 
(00·4) 

cathode connected to stud 

MAXIMUM RATINGS 

Characteristic 

Reverse Voltage 

RF Power Input 

S,mbol 

VR 

Pin 

Total Device Dissipation @ T s: = 750 C PD 
(derate 0.25 W/oC above 75 C) 

Junction Temperature TJ 

Storage Temperature Tstg 

ELECTRICAL CHARACTERISTICS (Tc = 25°C) 

Characteristic Symbol Condition 

Reverse Breakdown Voltage BVR IR = 10/lAdc 

Series Resistance RS VR = 6 Vdc 
f = 50 mc 

Junction Capacitance CJ VR = 6 Vdc 
f = 50 mc 

Figure of Merit Q VR = 6 Vdc 
f= 50 mc 

Power Output Pout TRIPLER 
TEST CIRCUIT 

Efficiency 1/ Pin = 50 W 
fin = 50 mc 
fout = 150 mc 
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Rating Unit 

250 Volts 

100 watts 

25 Watts 

+175 °c 

-65to+175 °c 

Min Typ Max Unit 

250 300 - Vdc 

- 0.75 1.5 Ohms 

- 35 50 pf 

75 125 - -

32.5 37.5 - Watts 

65 75 - % 

I 
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---Varactors---

1 N4386 (continued) 

35 

30 

~ 25 

~ 20 
g 
~ IS 

~ 10 
~. 

o 
100 

POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 

-..... PII-I _ 50 WATTS 

r--.... --- P,tl - 40 WATTS - -, 
___ P,~ = 30 WAirS 

"---P" 20 WATTS .......... \. -- r-.. \ 

........ , 
P" 10 WATTS , --

....... , , 
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700 
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i!i 
'" 400 ~ 
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~ 

'" d 200 
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J 

SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 

/~ 

I Q I~ ~o ~c 
1\ V 

R, 

a 20 40 60 80 100 120 140 160 180 

V~, REVERSE VOLTAGE [VOLTS) 

0.7 

0.6 

'" 0.5 ~ e. 

0.4 z 
i!i 

0.3 ~ 
[3 

0.2 ~ 
0.1 

<i 

0 
200 

50 me TO 150 me TRIPLER TEST CIRCUIT 

OUTPUT 
f = 150 me 

r~'-"""'-,--r.ry,,,,""'-:lif.c:-, __ --'P •• , = 32.5W min. 

APPLICATION NOTES 
VARACTOR CHARACTERISTICS, 

270 K 

The IN4386 is designed for ~F power inputs up to 100 
watts and for output frequencies up to 300 mc. Although 
power handling capability is stressed in device construction, 
high-multiplication efficiency is maintained with input pow
ers as low as 10 watts. 

Where frequencies with input powers below 10 watts ,are 
to be multiplied, or where higher output frequencies are 
desired, the 1 N4387 varactor diode is recommended. That 
device is designed for maximum power levels up to 40 watts 
and output frequencies up to 600 mc. (see the IN4387 data 
sheet for device specifications.) 

Both the IN4386 and 1 N4387 power varactors are fab
ricated by the formation of a deep diffused silicon junction 
with a unique impurity profile. One of the significant char
acteristics of such a profile is enhancement of nonlinearities 
due to the sharp recovery of stored minority carriers injected 
during the forward voltage swing. This increased nonlinear
ity results in better efficiency retention at high power 
levels and considerably less distortion of amplitude 
modulated signals. 

Published design theory for abrupt junction varactors can 
be used for approximate calculations of diffused varactor 
impedance and power handling capability, but the engineer 
is cautioned to use the results of such calculations for per
formance estimates only. Functional specifications and 
circuit-determined curves are included with data sheet infor
mation in order to facilitate circuit design. 

The DO-4 package is well suited to varactor shunt circuits 
as the stud can be mounted to a chassis for ground and heat 
sink purposes. 
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DIAMETER 
Call. LENGTH (inside) TURNS WIRE DIA. 

L, I'll" 11/16" 7 3(32" 

L, I\'>" 11/16" 4;'. 3(32" 

L, IV," V, 3V, 3(32" 

C, 2.8·11 pf E. F. JOHNSON 167·1 VARIABLE CAPACITOR 

C, 6.7·140 pf HAMMARLUND APC-140 VARIABLE CAPACITOR 

C, 3.0-25 pI HAMMARLUND APC·25 VARIABLE CAPACITOR 

C, 2.9·35 pI HAMMARLUNO MAPC·35 VARIABLE CAPACITOR 

C, 3.0-25 pI HAMMARLUND APC·2S VARIABLE CAPACITOR 

GENERAL DESIGN CONSIDERATIONS, 

In the design of varactor harmonic multipliers, 1 umped 
circuit techniques arc useful up to 450 mc with Httle per
formance degradation provided coil and capacitor "Q" 
values of 200 to 300 are maintained. 

Above 450 mc, coaxial, stripline, or helical coil resonators 
are, recommended. Component values are not particularly 
critical; however, excessive inductance or insufficient cou
pling can cause low efficiency, and insufficient inductance or 
excessive coupling can cause poor filtering. Simple experi· 
mentation with well constructed and shielded breadboards 
is generally sufficient for circuit optimization. Note that an 
adequate tuning range must be provided to insure input 
match over normal varactorvariations, and that spurious 
signals between stages should be kept below 30 db by suit
able filter circuits. 

If se1f bias is used, bias resistor values between 68K and 
270K ohms are optimum. The higher values give more effi
cient operation, whereas the lower values permit more linear 
operation. Amplitude modulated signals can be passed with 
relatively low distortion if RB ~ lOOK ohms and the varac
tor RF input power level is kept less than 65 % of the rated 
maximum limit. 

For all muWplications other than doubling, idler circuits 
should be provided in order to optimize circuit efficiencies. 

In typical applications doubling efficiency is 5% 
greater than that for tripling and quadrupling efficiency 
5 % less than that for tripling. (See data sheet curves.) 



---Varactors---

lN4381 VR =150V 
P oul = 18 W @ 450 Me 
'I] = 60% (foul = 450 Me) 

CASE 49 
(00-4) 

Silicon varactor diode for high-power frequency mul
tiplication applications_ 

cathode connected to stud 

MAXIMUM RATINGS 

Characteristic Symbol Rating 

Reverse Voltage VR 150 

RF Power Input Pin 40 

Total Device Dissipation @ TC = 75°C 
(derate 0_2 w/oe above 750C) 

PD 20 

Junction Temperature T J +175 

Storage Temperature Range Tstg -65 to + 175 

ELECTRICAL CHARACTERISTICS (Tc = 25 0 ) 

Characteristic Symbol Condition Min Typ Max 
Reverse Breakdown Voltage BVR IR = 10/lAdc 150 200 -
Series Resistance RS VR = 6 Vdc 1.0 1.5 

f = 50 mc -

Junction Capacitance CJ VR = 6 Vdc - 25 35 
f = 50 mc 

Figure of Merit Q VR = 6 Vdc 
150 200 

f = 50 mc -

Power Output Pout TRIPLER 
CIRCUIT 15 18 -

Efficiency 1) Pin = 30 W 
fin = 150 mc 50 60 -
fout = 450 mc 

POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 

SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 

30 

p," 40 WAITS 

25 

I ""-
20 

P'N _ 30 WATTS 

15 p," 20 WATTS 

r-.... , 

140 0 

120 0 

~ 1000 

" ~ 80 0 
Q 

Unit 

Volts 

Watts 

Watts 

°c 

°c 

Unit 
Vdc 

Ohms 

pf 

-

watts 

% 

1 

1 

1 

.4 

.2 en 
5§ 

.0 8. 
u 
z 

0.8 ~ 
, -- , = ~ 500 

f SOme i3 
0.6 c::; 

~ I , 
10 

P'N - 10 WAITS 

-
I 
I 

100 200 400 600 800 

'001. OUTPUT FREQUENCY (me) 

'" r:i 40 0 

20 0 

R, " 0.4 ~ 

0.2 

o 0 
o 20 40 60 80 100 .120 140 160 180 200 

v •. REVERSE VOLTAGE (VOLTS) 
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---Varacfors---

lN4388 VR = 100V 
Cr = 10pf 
7J = 60% (fout = 1000 Me) 

. Pout = 12 W @ 1000 Me 

Silicon varactor diode for high-frequency harmonic 
generation applications. 

CASE 49 
(00·4) 

cathode connected to stud 

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

Characteristics Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input Pin 

Total Device Dissipation @ T C ~ 75 ° C PD 
Derate above 75 0 C 

Junction Temperature TJ 

Storage Temperature Tstg 

Rating 

100 

1 

25 

10 

0.10 

+175 

-65 to +175 

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

Characteristics Symbol Condition Min Typ 

Reverse Breakdown Voltage BVR IR = 10 /lAde 100 150 --- --
Reverse Current IR VR = 75 Vde -- 0.5 

VR = 75 Vde, TA =150°C -- ----- -- --
Series Resistance ~ VR = 6 Vdc, f= 50 me -- 1.2 

-- --
Diode Capacitance CT . VR = 6 Vdc, [ = 50 me -- 10 

VR =90Vde, [= 50 me -- 5 
-- -- --

Figure of Merit Q VR = 6 Vde, [= 50me 200 300 

VR = 90 Vdc, f = 50 me 1000 ---- -- ---- -- --
TEST CIRCUIT 

Power Output P (Figure I) 11. 0 12.0 
--2!!L 

Pin = 20 W, I. = 500 me -- --
Efficiency ~ m 55 60 

fout = 1000 me 

12-8 

Unit 

Volts 

Amp 

Watts 

Watts 

W/oC 

°c 

°c 

Max Unit 

-- Vde -- --
2 /lAde 

100 
-- --

2.0 Ohms 
-- --

20 pF 

10 -- ---- --
---- ---- --
-- Watts 

-- ---- % 



--Varacfors---

1 N4388 (continued) 
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--Varactors---

lNS139,Athru lNS148,A VR =60V 

IF= 250mA 

Q = 200·350 (min) 
@VR =4Vandf=50MHz 

CASE 51 
(DO·7) 

Polarity band on 
cathode end 

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

MAXI MUM RA TI NGS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 rnA 

RF Power Input t Pin Watts 

Device Dissipation@ T A" 25°C Po 400 rnW 

Derate above 25~C 2.67 mW/"C 

Device Dissipation @ TC = 25°C Pc Watts 

Derate above 25°C 13,3 mwjOC 

J!:~:::W:m TCmpe,at;,,;i"'; 'J +i'i5 ~ <.: 

Storage Temperature Range Tstg -65 to +200 "c 

tThe RF power input rating assumes that an adequate heat sink is provided. 

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

Characteristic-All Types T es. Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR::: 10 JiAde BVR 60 70 - Vd, 

Reverse Voltage Leakage Current VR ::: 55 VdC, TA '" 25°C IR - - 0.02 /.LAde 

VR '" 55 Vdc, T A '" 150°C - - 20 

Series Inductance to 250 MHz, L ~ 1/16" LS - 5 - nIl 

Case Capacitance to 1 MHz, L:::o: 1/16" Cc - 0.25 - pF 

Diode CapaCitance Temperature 
Coefficient VR = 4 Vdc, f '" 1 MHz TCC - 200 '00 ppm/°C 

Cy, Diode Capacitance Q, Figure 01 Merit a TR, Tuning Ratio 
VR=4 Vdc,f= I MHz VR = 4 Vdc, VR = 4 Vdc, 1 = 1 MHz C./C60 

pF 1= 50 MHz 1 = 1 MHz 

Device Min Typ Max Min Min Typ Min Typ 

IN5139 6.1 6.8 7.5 350 0.37 0.40 2~ 7 2~9 
IN5139A 6.5 6.8 7~1 '50 0.37 0.40 2~ 7 2.9 
INS 140 9~0 10.0 11.0 '00 0.36 0.41 2.8 '.0 
IN5140A 9.5 10.0 10,5 ,00 0,36 0.41 2.8 ,~O 

1N5141 10.6 12.0 13.2 '00 0.36 0,41 2.8 '.0 
1N5141A 11.4 12,0 12.6 '00 0.38 0.41 2.8 '.0 
1N5142 13.5 15.0 16.5 250 0.38 0.41 2.8 '~O 
IN5142A 14.3 15.0 15.7 250 0.36 0.41 2.8 3~0 

IN5143 lS.2 18.0 19~8 250 0.36 0.41 2.8 3.0 
IN5143A 17.1 16.0 16.9 250 0.38 0.41 2.8 3.0 
IN5144 19.8 22.0 24.2 200 0.43 0.45 3~2 3.4 
IN5144A 20.9 22.0 23.1 200 0.43 0.45 3.2 3.4 

IN5145 24.3 27.0 29.7 200 0.43 0.45 3.2 3.4 
IN5145A 25.7 27.0 28.3 200 0.43 0.45 3.2 3.4 
IN5146 29.7 33.0 36.3 200 0.43 0.45 3~2 3.4 
IN5146A 31.4 33.0 34.S 200 0.43 0,45 3~2 3.' 

IN5147 3S.1 39.0 42.9 200 0.43 0.45 3~2 3.' 
IN5147A 37.1 39.0 40.9 200 0.43 0.45 3.2 3.' 
IN5148 42.3 47,0 51.7 200 0.43 0.45 3~2 3.4 
IN5148A 4'.7 47.0 49.3 200 0.43 0.45 3.2 3.4 
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--Varactors--

1 N5139 thru 1 N5148 (continued) 
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lN5149 
(MV1806C) 

--Varactors---

VR =80V 

IF = 1.0 A 

Po to 14W IN1550 
(MV1807C) 

CASE 47 
(cartridge) 1.. ... 

Silicon high-frequency step-recovery power varactors 
for 100 MHz to 2 GHz harmonic-generation applications 
with output power up to 25 watts at 1 GHz. 

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

Characteristic Symbol Rating Unit 

Reverse Voltage VR 80 Volts 

Forward Current IF 1.0 Amp 

RF Power Input IN5149 P. 25 Watts 
IN5150 10 40 

Total Device Dissipation @ T A = 75'C IN5149 PD 10 Watts 
IN5150 14 

Derate above 75' C IN5149 O. OR W/oC 
IN5150 0.11 

Junction Temperature TJ +200 'c 

Storage Temperature Range Tstg -65 to +200 'c 

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

Characteristic 

Reverse Breakdown Voltage 

Reverse Current 

Diode Capacitance 

Figure of Merit 

Thermal Resistance 

FUNCTIONAL TEST 
IN5149 

RF Power Output 

Doubler Efficiency 

IN5150 

RF Power Output 

Doubler Efficiency 

Svmbol 

BVR 

IR 

CT 

Q 

9JC 

P 
out 

1J 

P 
out 

1J 

Test Conditions 

IR = 10 /lAdc 

VR =70Vdc 

VR = 70 Vdc, TA =150'C 

V R = 6 Vdc, f = 50 MHz 

V R = 6 Vdc, f = 50 MHz 

IN5150 

Test Setup Figure I 
P. = 20 watts 

10 

fin = O. 5 GHz 

fout = 1. a GHz 

Test Setup Figure 1 
Pin = 37 watts 

fin = O. 5 GHz 

fout = 1. a GHz 

12-12 

Min Typ Max Unit 

80 90 - Vdc 

- - 2 /lAdc 

- - 100 

5 II. 5 20 pF 

- 800 - -

- - 9 'C/W 

11 - - Watts 

55 - - % 

24 25 -- Watts 

65 68 - % 



--Varactors---

IN5149, IN5150 (continued) 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
500 MHz COAX CAVIll 1 GHI COAX CAVITY 
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--Varacfors---

lN5149, lN5150 (continued) 
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lN5 i 51 
(MV1808A) 

lN51.52 
(MV1808B) 

---Varactors---

VR = 75V 

IF =O.25A 

Po= 5.5W 

IN,5153 
(MV1808C) 

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

cathode~ 

CASE 48 
(lN5151) 

(pill) 

~hOde 

CASE 46 
(lN5152) 

(pill with prongs) 

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

Characteristic Symbol 
Reverse Voltage VR 

Forward Current IF 

RF Power Input P. 
In 

Total Device Dissipation @ T C = 75 ° C PD 
Derate above 75°C 

Junction Temperature TJ 

Storage Temperature Tstg 

CASE 47 
(lN5153) 

(cartridge) 

Rating 
75 

0.25 

15 

5.5 

45 

200 

-65 to +200 

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

Characteristic Condition Symbol Min Typ 
Reverse Breakdown Voltage IR = 10 !LAde BVR 75 80 

Reverse Current VR = 60 Vdc IR - 0.5 

VR = 60 Vdc, T A = 150"C - -

Series Resistance V R = 6 Vde, f = 50 MHz RS - 0.5 

Diode Capacitance V R = 6 Vdc, f = 50 MHz CT * 5.0 5.8 

V R = 70 Vde, f = 50 MHz - 4 

Figure of Merit V R = 6 Vdc, f = 50 MHz Q - 1100 

Power Output DOUBLER TEST CIRCUIT P 
out 

6.0 7.2 
(Figure 1) 

Efficiency Pin = 12 W, fin = IGHz 1} 50 60 

f t = 2 GHz ou 

Thermal Resistance OJ - 19 

12-15 

Unit 
Vdc 

Adc 

Watts 

Watts 

mW/oC 

°c 

°c 

Max Unit 

- Vde 

1 !LAde 

100 

- Ohms 

7.5 pF 

-

- -

- Watts 

- % 

23 "C/Watt 

I 
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--Varactors--

1 N5151, 1 N5152, 1 N5153 (continued) 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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---Varactors---

1 N5151, 1 N5152, 1 N5153 (continued) 
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TYPICAL CHARACTERISTICS at 25 D C 

FIGURE 4 - FIGURE OF MERIT 
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INS1S4 
(MV1810A) 

INS1SS 
(MV1810B) 

---Varacfors---

VR = 35V 
IF= 200 rnA 
Po =3.5W 

CASE 48 ~cathode 
(lN5154) "'!5 

(pill) 

'" cathode 

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

CASE 46 
(lN5155) 

(pill with prongs) 

MAXIMUM RATINGS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input Pin 

Total Device Dissipation @ T C ~ 75°C PD 
Derace above 75°C 

Operating and storage Junction TJ , Tstg 
Temperature Range 

Rating 

35 

200 

7 

3.5 
30 

-65 to+ 200 

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

Characteristic Conditions Symbol Min Typ 

Reverse Breakdown Voltage IR = 10 pAdc BVR 35 45 

Reverse Current VR= 26 Vdc IR - -
VR = 26 Vdc, T A = 1500C - -

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

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

Figure of Merit V = R 6 Vdc, f = 50 MHz Q - 1700 

Thermal Resistance 9JC - -

FUNCTIONAL TEST 

RF Power Output Test Circuit Figure 5 Pout 2 -
Pin = 5 watts, fin = 2 GHz, 

Tripling Efficiency fout = 6 GHz 7] 40 -

12-18 

Unit 

Vdc 

mAdc 

Watts 

watts 
mW/oC 

°c 

Max Unit 

- Vdc 

1 pAdc 

100 

- Ohms 

3.0 pF 

- -
35 °C/W 

- Watts 

- % 



---Varadors---

1 N5154, 1 N5155 (continued) 

POWER OUTPUT 
versus OUTPUT FREQUENCY 
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+1 
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TYPICAL CHARACTERISTICS 
Tc = 25°C 

FIGURE 2 - VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 
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--Varactors--

1 N5154, 1 N5155 (continued) 

FIGURE 5 - HARMONIC TRIPLER - 2 GHz to 6 GHz 
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--Varactors--

Mv830 thru Mv840 VR = 30 V 
IF = 250 mA 
Q = 15-35 (typ) @ VR = 4 V and f = 50 Me 

Silicon voltage-variable- capacitance diodes, de
signed for electronic-tuning applications from 15 to 
100 pf. 

CASE 51 
(00·7) 

Polarity band on 
cathode end 

MAXIMUM RATINGS (Te = 25'C unless otherwise noted) 

Characteristic Symbol Rating 

Reverse Voltage VR 30 

Forward Current IF 250 

Device Dissipation @ T A = 25°C Po 400 

Derate above 25°C 2.67 

Device Dissipation @ TC = 25°C Pn 2 

Derate above 25°C 13.3 

Junction Temperature TJ + 175 

Storage Temperature Range Tstg -65 to+ 200 
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--Varactors---

MV830 thru MV840 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S·C unless otherwise noted) See Notes 

Characteristic - All Types Symbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR = 10 /lAdc 30 - - Vdc 

Reverse Voltage Leakage Current IR VR = 25 Vdc - - 0.2 /lAde 

Series Inductance LS f = 250 mc, L "'" 1/16" - 5 10 nhy 

Case Capacitance Cc f = 1 me, L = 0 - 0.25 0.3 pi 

CT. Diode Capacitance T R. Tuning Ratio a. Figure 01 Merit 
VR ~4Vde. I~ lme I~ lme VR ~ 4Vde, I ~ 50me 

pI C,/C" a 

Device Min Typ Max Min Typ Min Typ Min Typ 

MV830 13.5 15.0 16.5 1.8 2.00 30 35 0.32 0.375 

MV831 16.2 18.0 19.8 1.8 2.00 25 30 0.32 0.375 

MV832 19.8 22.0 24.2 1.8 2.10 25 30 0,32 0.40 

MV833 24.3 27.0 29.7 1.8 2.10 25 30 0.32 0.40 

MV834 29.7 33.0 36.3 1.9 2.12 20 25 0.35 0.41 

MV835 35.1 39.0 42.9 1.9 2.12 20 25 0.35 0.41 

MV836 42.3 47.0 51.7 1.9 2.15 15 20 0.35 0.415 

MV837 50.4 56.0 61.6 1.9 2.15 15 20 0.35 0.415 

MV838 61.2 68.0 74.8 2.0 2.18 15 20 0.375 0.425 

MV839 73.8 82.0 90.2 2.0 2.18 10 15 0.375 0.425 

MV840 90.0 100.0 110.0 2.0 2.18 10 15 0.375 0.425 

PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 
Ls is measured on a shorted package at 250 me using an 
impedance bridge (Boonton Radio Model 2S0A RX Meter). 
L = lead length. 

2. Ce• CASE CAPACITANCE 
cC is measured on an open package at 1 me using a capaci· 
tance bridge (Boonton Electronics Model 75A). 

3. CT, DIODE CAPACITANCE 
(el = Cc + CJ). C, is measured at 1 me using a capacitance 
bridge (Boonton Electronics Model 33AS8). . 

4. TR. TUNING RATIO 
TR is the ratio of C, measured at 4 Vdc divided by CT meas· 
u red at 25 Vdc. 

5. II, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admit
tance bridge at the specified frequency and substituting in 
the following equations: 

Q=2~C 
(Boonton Electronics Model 33AS8). 

6. '" DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, Cr (as measured at V .. ::::::; 4Vdc, 
f::::::; 1 me) is compared to CT (as measured at Va. ::::::; 30Vde, 
f::::::; 1 me) by the following equation which defines a. 

0: log CT(4) log Cr(30) 
log 30 - log 4 

Note that a CT versus VR law is assumed as shown in the 
following equation where Cc is included. 

CT=~ 
V" 
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Mv1864A,B 

---Varactors---

CT = 6.8 pf 
VR =60V 
fco = 320 Gc 
P;n=5W* 

cathode~ 

CASE 48 
MV1864A 

cathode \ 

CASE 46 

Silicon voltage variable capacitance diode for elec
tronic tuning and harmonic generation applications. 

MV18648 

MAXIMUM RATINGS (Tc = 25'C unless otherwise noted) 

Characteristics Symbol Rating Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 rnA 

RF Power Input-¥< P. )'" 5 Watts 
m 

Device Dissipation @ T A = 25°C PD 500 mW 

Derate above 25°C 3.33 mW/"C 

Device Dissipation @ TC = 25°C PD 2 W 

Derate above 25°C 13.3 mW/oC 

Junction Temperature TJ +175 °c 

Storage Temperature Tstg -65 to +200 °c 

*The RF power input rating assumes that an adequate heat sink is provided. 

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

Characteristics Symbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR ::= 10 .uAdc 60 75 -- Vdc 

Reverse Voltage Leakage Current IR VR ~ 48 Vdc -- -- 0.5 /.lAde 

VR~48Vdc, TA =75'C -- -- 10.0 

Series Inductance LS 0.4 nhy 

Case Capacitance Cc f -= 1 me, L-O 0.2 0.3 0.4 pF 

Diode Capacitance CT V R '" 4 Vdc, f;;: 1 me 6.1 6.8 7.5 pF 

Series Resistance RS VR =4Vdc, f=100mc 0.5 0.9 ohm 

Figure of Merit Q V R = 4 Vdc, f = 100 me 300 400 

V R = 60 Vdc, f = 100 me 1000 3200 

Cutoff Frequency f V R = 60 Vdc, f = 100 me 320 gc 
co 

Diode Capacitance Reverse Voltage Slope VR = 4 Vdc, f = 1 me 

Diode Capacitance Temperature Coefficient V R =0 4 Vdc, f = 1 me 
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---Varacfors---

MV1864A, B (continued) 
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TA = 25cC 
f=lmc 
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Mv1892 

---Varactors---

cathode connected to stud 

VR =700V 
IF=4 A 
CT = 2.5 pf 
Psw = 500W 

CASE 49 
(00·4) 

Silicon diode for switching high-power, RF signals. 
Particularly well suited as a replacement for mechanical 
antenna and coaxial relays. 

MAXIMUM RATINGS (Tc - 25°C unless otherwise noted) -

Chara~leristi~ Symbol Rating Unit 

Reverse Voltage VR 700 Volts 

Forward Current IF 4 Amp 

RF Power Switching P 500 Watts 
Capability sw 

Total Device Dissipa- PD 20 Watts 
tion at or below 
75'CCase 
Temperature 

Above 75'C Derate - 0.2 WrC 
Linearly 

Junction Temperature TJ +175 'C 

storage Temperature Tstg -65 to +175 °c 

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

Characteristic Symbol Test Conditions Minimum Maximum Unit 

Reverse Breakdown Volt. BV R ~ " 10 /lAdc 700 - Vdc 

Series Resistance H f IF " 100 rna; f " 1 kc - 0.62 Ohms 
(See Note 1) 

Diode Capacitance CT VR " 100 Vdc; f " 140 kc - 2.5 pf 

NOTE 1. Laboratory measurements show that Hf at 1 kc is within 15% of He at 50 mc. 

6 

~ 
~ 

TYPICAL VALUES 
@VR -300V 

0 

~ 
4 

~ 
1" 

" 8 

25 50 75 100 125 150 
FREQUENCY - me 

OFF-PORT ISOLATION VB FREQUENCY FOR SPDT SWITCH 

12-25 

BIAS PORT 1 

BIAS ISOLATION 
CAPACITOR 

INPUT {AI.........l1--.. - .... 4-.... -...j1-----4ii\ OUTPUT 
PORT.::r:. I BIAS' .::L PORT 1 

ISOLATION "=' 

L4_~C .. A-P-A...jCITORS OUTPUT 

~PORT2 
RFC 

BIAS PORT 2 

TYPICAL RF SWITCHING CIRCUIT 

I 



--Varadors--

ADDITIONS AND MODIFICATIONS 

I 
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--Varactors--

ADDITIONS AND MODIFICATIONS 

I 
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--Varactors-

ADDITIONS AND MODIFICATIONS 
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-- Integrated Circuits ---

For case outline dimensions, see page 1-186. 
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TYPE NO. 

Current-Mode Logic 

MC300 Series 

MC350 Series 

---Integrated Circuits ---

DIGITAL INTEGRATED CIRCUITS 

DESCRIPTION 

High-speed current-mode logic series 
operating over a temperature range of 
-55°C to +125°C. 

High-speed current-mode logic series 
with an operating temperature range of 
o to +75°C for commercial applications. 

Diode-Transistor Logic 

MC200 Series 

MC250 Series 

High-speed, low-power MDTL circuits 
operating over a temperature range of 
-55°C to + 125°C. 

High-speed, low-power MDTL circuits 
with an operating temperature range of 
o to +75 ° C for commercial applications. 

Modified Diode-Transistor Logic 

MC830F Series MDTL circuits designed for use over the 
MC830G Series temperature range of 0 to +75°C. 

MC930F Series MDTL circuits designed for use over the 
MC930G Series temperature range of -55°C to +125°C. 

Resistor-Transistor Logic 

MC700G Series MRTL series operates over a temperature 
range of +15°C to +55°C. Includes milli
watt and medium power devices. 

MC800G Series General-purpose MRTL series operates 
over a range of 0 to +100°C. 

MC900G Series General-purpose MRTL series operates 
over a range of -55°C to +125°C. 

MC908 Series Milliwatt MRTL circuits operating over 
the temperature range of -55°C to +125°C. 

Variable-Threshold Logic 

MC650G Series M V T L all 0 w s designer to select noise 
immunity levels to suit application. 
Operates over a temperature range of 
o to +75°C. 
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---Integrated Circuits ---

Mc200 DTL series 

SUFFIX "F" DEVICES 

CASE 72 

SUFFIX "G" DEVICES 

CASE 71 A 

Monolithic integrated Diode Transistor Logic circuits 
for low-power, high-speed applications. The MC200 
series provides a high noise immunity of O. 5 Volts 
and <tP.erates over the temperature range of -55 to 
+125 C. 

SERIES MC200 DTL INTEGRATED CIRCUITS 

Typical Maximum 
Propagation Power Dissipation Maximum 

Type Description Delay Output Off I Output On Fan Out 
(nsec) (mW) (mW) (-55 to +125°C) 

MC201 4-Input NAND/NOR Gate 30 8.5 6 5 

MC202 3-Input NAND/NOR Gate 30 8.5 6 5 

MC203 6-Input Diode AND Gate - - - -
MC204 3-Input Power NAND/NOR Gate 40 20 60 20 

MC205 Line Driver 50 30 60 20(MC201) 
15(MC209) 

MC206 Dual (2-2) Input NAND/NOR Gate 30 17 12 5 

MC207 Dual (3-2) Input NAND/NOR Gate 30 17 12 5 

MC208 Dual (3-2) Input NAND/NOR Gate 30 17 12 5 

MC2{)9 Flip-Flop - 16 16 8 

MC212 Dual (3-3) Input NAND/NOR Gate 30 15 12 5 

MC213 Dual (3-3) Input NAND/NOR Gate 30 15 30 4 

MC215 Dual (3-3) Input AND Gate - - - -

MC217 Dual-Diode Array - - - -
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--Integrated Circuits --

Mc201 
Mc202 

MC200 OTL SERIES 

4-Input and 3-Input Diode Transistor Logic NANDI NOR Gates. 

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

Characteristic 

Applied Voltage 

Forward Current 
-----

A 

B 

C 

Operating Temperature Range 

Storage Temperature Range 

6 

D 10 o-~IJ---' 

6 

Symbol Rating Unit 

Volts 
V3 ,4,6 +8 
V5 -8 
V7 thru 10 +6 

12 thru 10 30 rnA 

TJ -55 to +125 °c 

Tstg -65 to +175 °c 

4·INPUT NAND/NOR GATE MC201 

NAND 
("UP" LEVEL = "1") 

NOR 
("DOWN" LEVEL = "1 ") 

3 E 

E = ABCD E= A+B+C+D 

3-INPUT NAND/NOR GATE MC202 

.... ----....J\oNl.----Q4 
NAND NOR 

("UP" LEVEL = "1 ") ("DOWN"' LEVEL = "1") 

20-----<111 
3 E 

B 80--I11III1---" 

C 90--l1li1---' E = A+B+C 
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---Integrated Circuits --

MC201, MC202 (continued) 

ELECTRICAL CHARACTERISTICS 

• (v. = 4 Vdc, Vs = 2 Vdc, V, = 0, TJ = 25'C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Output Saturation Voltage V3 
(13 ~ 10 mAde, VJ. rtru 10 ~ 2 Vdc, - - 0.6 

TJ ~ -55 to +125 C 

Output Breakdown Voltage BV3 
(13 ~ 1 /.LAdc, V 1,5,6 ~ 0) 8 - -

Output Sustaining Voltage LV3 
(13 ~ 10 mAdc, V 1,5,6 = 0) 5 - -

Output Leakage Current 13 
(V7 = 0.7 Vdc, V 8 9 10 = 2 Vdc, V3 = 5 Vdc) - - 0.5 

(V7 ~ 0.7 Vdc, V 8'9'10 ~ 2 Vdc, V3 = 5 Vdc, - - 50 
TJ = 125°C) , , 

Input Diode Leakage Current" 17 thru 10 
(Diode under test at 5 Vdc, all other inputs = 0) - - 0.25 
(Diode under test at 5 Vdc, ali other inputs = 0, 
T.T = 125 "C) - - 25 

Turn-Off Current at Input" 
(V7 thru 10 =0) 17 thru 10 -1.4 - -1.8 

(V7 thru 10 ~ 0, T J = -55 to + 125°C) 17 thru 10 - - -1.9 
(V2 = 0) 12 -1.6 - -2.4 

Load Resistor Current 14 
(V4 ~ 0) -1.6 - -2.4 

Output Capacitance C3 
(V3 = 4 Vdc, V in = 25 mVrms, f = 1 mc, - - 15 

unused pins grounded) 

Input Capacitance .. C7 thru 10 
(V 7 thru 10 = 4 Vdc, V in = 25 mVrms, f = 1 mc, - - 8 

unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V7 = 0) - - 8.5 
(Output "On") - - 6.0 

Switching Time 
Turn-On Delay ton - - 60 
Turn-Off Delay toff - - 50 

Average Propagation Delay pd - 30 -

Fan-Out n 
(T J = -55 to +125°C) - - 5 

• Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open . 

•• Input diode at pin 10 available on MC201 only 
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---Integrated Circuits ---

MC201, MC202 (continued) 

ISWITCHING TIME TEST CIRCUITI 

+4V 

5101l 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

AVERAGE tpd PER STAGE = ~ 
--7STAGES-

TEKTRONIX 
no 

PULSE 
GENERATOR 

OR 
EQUIVALENT 

SWITCHING TIME WAVE FORMS 

SIn 

Mc203 

-2V 

TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

I 

I---
I--- l.5V 

e!-
I---fi t::-h I---

1.5V -

I\... 

MC200 DTL SERIES 

I 
A 1.5V 

-I."f.-

I- 1~1/ 
1/ 

6-Jnput Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA= 2S0C) 

Characteristics Symbol haling Unit 

Applied Voltage Vdc 

~3 thru 8 
+8 

2, 9 ±8 

Forward Current 12 thru 10 30 mAdc 

Operating Temperature Range TJ -55 to +125 °c 

storage Temperature Range Tstg -65 to + 175 °c 

Numerical subscripts refer to pin numbers. 
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---Integrated Circuits ---

MC203 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 25'C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Diode Breakdown Voltage V3thmB Vdc 

(13 thm 8 = 10pAde, V 10 = VI = 0) 8 - -
- ---- ---

Diode Forward Voltage V10 Vde 

(1 10 = 2 mAde, V 3 thm 8 = 0) - - 0.85 

- -_._-- ---

Diode Reverse Leakage Current 13 thru 8 
!lAde 

(V3 thru 8 05 Vde, VIOoVloO) - - 0.25 

(V3 thru 8 = 5 Vde, VIO 0 VI 0 0, TJo 125'C) - - 25 

-- --------
Input ('apa~itfl.nee f' pi 

~3 thru 8 

(V 3 thm 8 = 2 Vde,. V 10 = VI = 0, f = 1 me, - - 10 

V in = 25 mVrms, unused inputs grounded) 

-- ---"--'---
Reverse Recovery Time t rr 3 thru 8 nsee 

(IF 3 thru 8 = IR 3 thm 8 = 2 mAde, V 10 = VI = 0, - - 4 

recover to 0.2 mAde) 

-- -- -------
Res istor Current 19 mAdc 

(V 9 =.4 Vdc, V 2 = 0) 1.6 - 2.4 

-- -- -----
Resistor Temperature Coefficient - 0.1 - %/oC 

-- ------ ----
Diode Forward Conductance Change with AVF 3 thru 8 - -1.7 - mV/oC 
Temperature 

I Numerical subscripts refer to pin numbers. 

Pins not specifically referenced are left electrically open. 
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---Integrated Circuits ---

MC203 (continued) 

I CIRCUIT SCHEMATIC I 
20~--------------~~~----------------------------~09 

r-----~------~------~------~----~ __ ----_oIO 

4 5 6 

6-DIODE "AND" GATE 

Mc204 MC200 DTL SERIES 

3-Input Diode Transistor Logic NAND/NOR Power Gate_ 

MAXIMUM RATINGS (TA= 25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage V +8 Vdc 
V~' 7,8,9 -6 
V6 +6 

Forward Current 15 thru 10 30 mAdc I 
Load Current 13 75 mAdc 

Operating Temperature Range TJ -55 to + 125 °c 
Storage Temperature Range Tstg -65 to + 175 Oc 

• Numerical subscripts refer to pin numbers. 
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--Integrated Circuits --

MC204 (continued) 

ELECTRICAL CHARACTERISTICS 

(Vb = 4 Vdc, V, = 2 Vdc, V, = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Breakdown Voltage BV3 Vde 
(13 = 5 pAde, V7 = 0) 8 -

"1" Output Current, 13 pAde 

(V - 1.1 Vde, V 3 = 5 Vde) - - 100 
7, 8, or 9 

(V7 , 8, or 9 - 0.7 Vdc, V3 - 5 Vde, TJ = 125'C) - - 100 

(V7, 8, or 9 = 1.4 Vdc, V3 = 5 Vde, TJ = -55"C) - - 100 

"0" Output Current 13 mAde 
(V7 , 8, or 9 C 1.7 Vde, V3 = 0.6 Vde) 40 - -
(V7 , 8, or 9 - 1.3 Vde, V3 = 0.6 Vde, TJ = 125"C) 40 - -
(V7 , S, or 9 - 2.0 Vde, V3 = 0'.,6 Vde, TJ = -55"C) 40 - -

Input Breakdown Voltage Vde 
(17 = 10 pAde, V 8 = 0) BV7 8.0 - -

(IS = 10 /lAde, V7 - 0) BVS S.O - -
(Ig = 10 pAde, V7 = 0) BVg S.O - -

IUIJul LeakU{;t' CUll eut •• AAn ,.. ........ 
(V7 =5Vde, VS=O) 17 - - 0.25 

(V7 = 5 Vde, Vs = 0, TJ = 125'C) 17 - - 25 

(VS = 5 Vde, V7 = 0) IS - 0.25 

(VS = 5 Vde, V7 = 0, TJ = 12;;"C) IS - - 25 

(Vg= 5 Vde, V7 = 0) 19 - - 0.25 

(Vg = 5 Vde, V7 = 0, TJ = 125"C) Ig - - 25 

Input Turn-Off Current mAde 
(Alternately, V 7, V S, V 9 = 0) \ IS, Ig - -3.75 

(Alternately, V7, VS, V9 0:: 0, TJ ::: _55 D C to +125°C) 17, IS, Ig - - -3.9 

(V 10 = 0) liD - - -4.8 

Output Capacitance C3 - - 15 pI 
(V 3 = 2.0 Vde, V in:: 25 rnVrms, f = 1 me, unused pins grounded) 

Input Capacitance pI 
(V 7 ;; 2.0 Vdc, Vin ::: 25 mVrms, f = 1 me, unused pins grounded) C7 - 10 

(VS ::0 2.0 Vdc, Vin ::: 25 mVrms, f = 1 me, unused pins grounded) Cs - - 10 

(V 9 = 2.0 Vdc, Vin ::: 25 mVrms, f;; 1 me, unused pins grounded) Co - - 10 

Power Supply mW 
(Output "OFF", V 7. = 0) - - 20 

(Output "ON") - - 60 

Switching: Times osee 
Turn-On Delay t on 

- 35 

Turn-Off Delay t off - - gO 

Average Propagation Delay (Figure 2) tpd - 40 - nsee 

Fan-Out n - 20 
(to MC201, TJ = _55°C to + 125"C) 

Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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--Integrated Circuits--

MC204 (continued) 

CIRCUIT SCHEMATIC 

A 7o-----~~----~ 

B 8o-----~~----~ 

C 9O-----~~------. 

10 o---------------J 
POWER GATE MC204 

ISWITCHING TIME TEST CIRCUITI 
PROPAGATION DELAY 

MEASUREMENT CIRCUIT 

TEKTRoNIK 
110 

PULSE 
GENERATOR 

DR 
EQUIVALENT 

Mc20S 

5112 

LINE DRIVER 

-2V 

TEKTRONIX 
5Bl 

OSCILLOSCOPE 
OR 

EQUIVALENT 

lOan 
7 STAGES 

SWITCHING TIME WAVE FORMS 

r- r=t= A L5V 

r- I.5V 
r- A 

~!o"f.-r-r-r-~ 
15V V r- '8. I-

I.5V- B 111 
, l'--i-

MC200 DTL SERIES 

3 0 

Diode Transistor Logic Line Driver. 
MAXIMUM RATINGS (TJ = 25"C) 

Characteristic Symbol Rating Unit 

Applied Voltage V3, 4, 6 +1i Vde 

V5 -6 

VB, 10 -t8 

Forward Current 15,8,10 30 mAde 

Load Current 13, 4, 6 75 mAde 

Operating Temperature Range T J -55 to +125 'c 

Storage Temperature .Range Tstg -65 to +175 'C 

13-11 

I 



--- Integrated Circuits ---

MC205 (continued) 
ELECTRICAL CHARACTERISTICS 

Characteristic 

output Saturation Voltage 
(13 = 40 mAde, TJ = _55°C to +125°C) 

Output Voltage, "Off" Level 

• (v. = 4 Vdc, Vs = 2 Vdc, V, = 0, 
TJ = 25"C unless otherwise noted) 

Symbol Min 

V3 

-
(1 3 = 10 mAde, V 6 = 0.7 Vdc, T J = _55°C to +125°C) V3 

2.0 

Input Breakdown Vqltage 
(16 = 10 pAde, V 10 = 0) BV6 6.0 
(1 10 = 10 pAde, V 6 - 0) 

BV IO 6.0 

Input Leakage Current 
(V 6 = 5 V dc, V 10 = 0) IS 
(V6=5Vdc, VIO=O, TJ =125' C) 16 -
(V 10 = 5Vdc, V6 = 0) 110 
(V 10 = 5 Vde, V 6 = 0, T J = 125' C) 110 -

Turn-Off Current at Inputs 
(V 6 = 0) 16 -
(V6 = 0, TJ =-55to+ 125'C) 16 -
(V 10 = 0) 110 -
('-'10 "" 0, TJ:-I:;"~,... '0. ~, 

110 -~I 

Typ 

-

-

-

-

-

-
-
-
-

Load Resistor R6 _ 4 - 125 

Input Capacitance 
(Va = 2 Vdc, V in = 25 mVrms, f = 1 me, unused pins grounded) C6 - -
(V 10 = 2 Vdc, V in"" 25 mVrms, f = 1 me, unused pins grounded) C IO - -

Power Consumption from Power Supply 
(Output "Oll", V 6 = 0) - -
(Output "On") - -

Switching Times 
Turn-On Delay t 

on - -
Turn-Off Delay toll - -

Average Propagation Delay 
(C L = 1000 pI) tpd - 50 

Fan-Out n 
(to f1IC201, T J = -55 to + 125'C) - -
(to MC209, T J = -55 to + 125'C) - -

Max; 

0.6 

-

-
-

0.25 

25 

0.25 

25 

-3.75 

-3.9 

-3.75 

-3.9 

-

10 

10 

30 

60 

90 

50 

-

20 

15 

Numerical ~ubscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

ISWITCHING TIME TEST CIRCUITI 

TEKTRONIX 
lIO 

+4V 

GE~~mOR I-:--t--...,....., 
OR 

EQUIVALENT 
5In 

-2V 

TEKTRONIX 
581 

OSCILLOSCOPE 
OR 

EQUIVALENT 

lOOn 

1000 pI 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

AVERAGE tp~ PER STAGE = ~ 

--iSTAGES-

SWITCHING TIME WAVE FORMS 

1 I 
A 1.5V 

- 1.SV 

-.!., 

~ 
~I."I-

1-= 
f-- If '-8 1:j; 1.5V-

1'-
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Unit 

Vde 

Vde 

Vde 

uAdc 

mAde 

ohms 

p[ 

mW 

nsec 

nsec 



---Integrated Circuits ---

MC205 (continued) 

CIRCUIT SCHEMATIC 

10 0---10.--' 

LINE DRIVER MC205 

Mc206 MC200 DTL SERIES 

Dual (2-2) Input Diode TransistorLogic NAND/NOR Gate. 
MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage V 2,3,4,6 thru 10 +8 Vdc 

V5 -8 

Forward Current I2,10 +30 mAde 

~ thru 4, 
-30 

7 thru 10 

Operating Temperature Range TJ -55 to +125 °c 

Storage Temperature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATIC 

A 3 o---i.--, 
2 E 

I 
B 40--1_-..... 

'=1 

10 F 
C 7 o---ie--. 

o 80--1_--' 

2-2 NAND/NOR GATE 

13-13 



--Integrated Circuits --

MC206 (continued) 
ELECTRICAL CHARACTERISTICS 

Output Breakdown V ol!age 
(I2 = 1 pAde, V3 = 0) 
(II0 = I/lAde, V7 = 0) 

"I" Output Current 

Characteristic 

(V3 = l.1 Vde, V2 = 5 Vde 
(V 3 = 0.7 Vde, V 2 = 5 Vde, TJ = +125'C) 
(V3 = l.4 Vde, V2 = 5 Vde, TJ = -55"C) 
(V7 = l.1 Vde, VlO = 5 Vde) • 
(V7 = 0.7 Vde, VlO = 5 Vde, TJ = 125. C) 
(V7 = 1.4 Vd(), V10 = 5 Vde, TJ = -55 C) 

"0" Output Current 
(V3=1.7V*,V2=~6Vd~ • 
(V 3 = 1.3 Vde,. V 2 = 0.6 Vde, T J = 125. C) 
(V 3 = 2.0 Vde, V 2 = 0.6 Vde, T J = -55 C) 
(V7 = l.7 Vde, V 10 = 0.6 Vde) • 
(V 7 = l.3 Vde, V 10 = 0.6 Vde, :s = 125

0 
C) 

(V 7 = 2.0 Vde, V 10 = 0.6 Vde, T.J = -55 C) 

Input Breakdown Voltage 
(I3 = 10 /lAde, V 4 = 0) 
(I4 = 10 /lAde, V 3 = 0) 
(I7 = 10/lAde, V8 = 0) 
(18 = 10/lAde, V7 = 0) 

Input Leakage Current 

• (v. = 4 Vdc, V5 = 2 Vdc, V, = D, 
TJ = 25'C unless otherwise noted) 

Symbol Min 

10 
10 
10 
10 
10 
10 

Typ Mal 

50 
50 
50 
50 
50 
50 

(Diode under test at 5 Vdc, all other inputs = 0) 0.250 
(Diode i.mcter te5t a.t 5 vcte, .all other inputs = OJ TJ C 12S0C) 

Input Turn-Off Current 
(Alternately V 3' V 4' V 7' V 8 = 0) " 
(Alternately V 3' V 4' V 7' V 8 = 0, T J = -55 to +125 C) 

Output Capacitance 
(V 2 = 2.0 Vdc, V3 "" 0, Yin "" 25 mVrms, f = 1 mc, unused P~ grounded) 
(V 10 = 2.0 Vdc, V 7 = 0, V in c: 25 mVrms, f == 1 me, unused pms grounded) 

Input Capacitance 
(V3 = 2 Vdc, V. "" 25 mVrms, (= 1 mc, unused pins grounded) 
(V 4 == 2 Vdc, V~n ::: 25 mVrms, f::: 1 mc, unused pins grounded) 
(V 7 = 2 Vdc, v~ = 25 mVrms·, f = 1 mc. unused pins grounded) 
(V 8 = 2 Vdc, v~ "" 25 mVrrqs, f "" 1 mc, unused pins grounded) 

Load Resistor Current 
(V 9 = 0) 

Power Consumption from Power Supply 
(Output "Of/", V3 = V7 = 0) 
(Output "On") 

Switching Times 
Turn~On Delay 
Turn~Off Delay 

Average Propagation Delay 

Fan-Out 
(T J = -55 to +125"C) 

-1.6 

i 
t pd - 30 

i 

-l.8 
-l.9 

10 
10 

10 
10 
10 
10 

-2.4 

17 
12 

Numerical subscripts refer to pin numbers. Pins not speCifically referenced are left electrically open. 

SWITCHING TI~ TEST CIRCUIT 

13-14 

PROPAGATION DELAY 
MEASUREMENT CIRCUIT 

'-.. - .... ---fSTAGES -

SWITCHING TIME WAVE FORMS 

I 
r-++- , 

1.5V 

-~ 
H'·" 
~~- " .. ~ 

=:,= -'ilL 
/ 

1.5V-

I I\... 

Unit 

Vde 

/lAde 

mAde 

Vde 

/lAde 

m...<\dc 

pC 

pC 

mAdc 

mW 

nsec 

nsee 



-- Integrated CirclJits ---

Mc207 MC200 DTL SERI ES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

V 2,3,4,6 thru 10 +8 

V5 -8 

Forward Current mAdc 

12,10 + 30 

12 thru 4, -30 

7 thru 10 

Operating Temperature Range TJ -55 to +125 °c 

Storage Temllerature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATIC 

2 F 
A 3 D---WlI---. 

8 4 Q..-..wl---I 
"='1 

C 7o--Id--, 
10 G 

o 8O--Wl-~ 
F = A8 G = CoE 

E 9 Q..--WlII---I 3 - 2 NAND/NOR GATE 

SWITCHING TIME TEST CIRCUIT 

I 
SWITCHING TIME WAVE FORMS 

1 
=+=;=+1 A luv I 
---t 1.5'0' 

; I 
f-f.-'-:..~ -t.,,1"" I 
I-l=~. I VT I 
I- B : ~ f- '~I7f I -;-ISV -\l i ! 

1'--'-
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--Integrated Circuits ---

MC207 (continued) 

ELECTRICAL CHARACTERISTICS ,;, 

(V,,-4Vdc v-- 2Vdc v]-o T,-25~Cunlc"sotherwjsenoted) - ,,-- - -
Characteristic Symbol Min Typ Mat Unit 

Output Breakdown Voltage Vde 
(12 = 1 "Ade, V3 = 0) BV2 8 - -
(110 = 1 /lAde, V7 = 0) BV10 8 - -

Ill" Output Current /lAde 
(V3= 1.1 Vdc, Vz = 5 Vdc 12 - - 50 
(V3 = 0.7 Vdc, V2 = 5 Vdc, TJ = 125°C) ~ - - 50 
(V3 = 1.4 Vdc, V2 = 5 Vdc, TJ = _55°C) 12 - - 50 
(V7 = 1.1 Vdc, VIO = 5 Vdc) 110 - - 50 
(V7 = 0.7 Vdc, VIO = 5 Vdc, TJ = 125°C) 110 - - 50 
(V7 = 1.4 Vdc, V10 = 5 Vdc, TJ = _55°C) 110 - - 50 

"0" Output Current /lAdc 
(V3= 1.7 Vdc, V2 = 0.6 Vdc) 12 10 - -
(V3 = 1.3 Vdc, V2 = 0.6 Vdc, TJ = 125°C) 12 10 - -
(V3 = 2.0 Vdc, V2 = 0.6 Vdc, TJ = _55°C) 12 10 - -
(V7 = 1.7 Vdc, VIO = 0.6 Vdc) 110 10 - -
(V7 = 1.3 Vdc, VI0 = 0.6 Vdc, TJ = 1250 C) 110 10 - -
(V7 = 2.0 Vdc, VIO = 0.6 Vdc, TJ = -55°C) 110 10 - -

Input Breakdown Voltage Vdc 
(IJ = 10 "Adc, V4 = 0) BV3 6 - -
(14 = 10 "Adc, V3 = 0) BV4 6 - -
(17 = 10 /lAdc, V8 = 0) BV7 8 - -
(18 = 10 /.lAdc, V7 = 0) BV8 8 - -
(lg = 10 /lAdc, V7 = 0) BVg 8 - -

Input Leakage Current 13,14,17,18,1g /lAde 
(Diode under test at 5 Vdc, all other inputs = 0) - - 0.250 
(Diode under test at 5 Vdc, aU other inputs = 0, TJ = 125°C) - - 25 

Input. Turn-Off Current 13,14,17,16,lg mAde 
(Alternately V3' V 4, V7' V6, Vg = 0) - - -1.8 
(Alternately V3' V4 , V7' V8 , Vg = 0, TJ = -55 to+1250 C) - - -1.9 

Output Capacitance 1- pi 
(V2 = 2.0 Vdc, V3 = 0, Vin ;:;; 25 mVrrns, f = 1 me, unused pins grounded) C2 - 10 
(VIO = 2.0 Vdc, V7 = 0, Yin = 25 mVrms, f = 1 me, Wlused pins grounded) CIO - - 10 

Input Capacitance pi 
(V3 = 2 Vdc, Yin = 25 mVrms, f = 1 me. unused pins groWl.ded) C3 - - 10 
(V4 = 2 Vdc, Vin = 25 mVrms, f = 1 me, 1.U1used pins grounded) C4 - - 10 
(V7 = 2 Vdc, Vin = 25 mVrms, f ;:;; 1 me, unused pins grounded) C7 - - 10 
(Va = 2 Vdc, Vin = 25 mVrms,! = 1 me, unused pins grounded) C8 - - 10 
(Vg = 2 Vdc, Yin = 25 mVrms, ! = 1 me, unused pins gtounded) C9 - - 10 

Power Consumption from Power Supply - mW 
(Output "Off", V 3 = V 7 = 0) - - 17 
(Output "On") - - 12 

Switching Times (Figure 2) nsee 
Turn-On Delay ton - - 60 
Turn-Off Delay toff - - 50 

Average Propagation I;elay (Figure 3) ~d - 30 - nsee 

Fan-Out n -
(T J = -55 to + 1250 C) - - 5 

. . NumerIcal subscrIpts refer to pm numbers. PInS not speciflcally referenced are left electrically open • 
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--Integrated Circuits --

Mc208 MC200 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 

MAXIMUM RATINGS (T, = 2S'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

V2,3,4,6 thru 10 +8 

V5 -8 

Forward Current mAdc 

12 ,10 +30 

12 thru 4, -30 

7 thru 10 

Operating Temperature Range T J -55 to +125 °c 

Storage Temperature Range Tstg -65 to + 175 °c 

CIRCUIT SCHEMATIC 

A 30--:"-", 

B 40--1e-.... 

c 70--"-", 

D 80--~--1 

10 

E 90----1,.-..J 3 - 2 NAND/NOR GATE 
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--- Integrated Circuits ---

MC208 (continued) ':' (V. = 4 Vdc, Vs = 2 Vdc, V, = 0, 
ELECTRICAL CHARACTERISTICS TJ = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

output Breakdown Voltage 
(12 ~ I !lAde, V3 ~ 0) BV2 a - -
(110 ~ I !lAde, V7 ~ 0) BV IO a - -

Output Saturation Voltage 
(12 ~ a mAde, V3 ~ V4 ~ 2 Vde, TJ ~ -55 to + 125°C) V2 - - 0.6 
(110 ~ a mAde, V7 ~ Va ~ V9 ~ 2 Vde, TJ ~ -55 to+1250C) VIO - - 0.6 

Output HOff" Voltage 
(12 ~ 100 !lAde, V3 ~ 0.7 Vde, TJ ~ -55 to +125°C) V2 3.5 - -
(110 ~ 100 /.lAde, V7 ~ 0.7 Vde, TJ ~ -55 to + 125°C) VIO 3.5 - -

Input Breakdown Voltage 
(13 ~ 10 !lAde, V4 ~ 0) BV3 a - -
(14 ~ 10 !lAde, V3 ~ 0) BV4 a - -
(17 ~ 10 /lAde, VB ~ 0) BV7 B - -
(IB ~ 10· /lAde, V7 ~ 0) BVB B - -
(19 ~ 10 /lAde, V7 ~ 0) BV9 B - -

Input Leakage Current 13,14,17,1 B,I9 
(Diode under test at 5 Vdc, all other inputs ~ 0) - - 0.250 
(Diode WIder test at 5 Vdc, all other inputs ~ 0, TJ ~ 125°C) - - 25 

Input Turn-Off Current 13,14,17,IB,19 
(Alternately V3, V4, V7, VB, V9 ~ 0) - - -I.B 
(Alternately V3. V4. V7. Va. Vg ~ 0, TJ ~ -55 to + 125°C) - - -1.9 

Output Capacitance 
(V2 ~ 2.0 Vde, V3 ~ 0, Yin = 25 mVrms, f = 1 me, Wlused pins grounded) C2 - - 10 
(VIO ~ 2.0 Vde, V7 ~ 0, Yin = 25 mVrms, f = 1 me, unused pins groWlded) CIO - - 10 

Input Capacitance 
(V3 ~ 2 Vde, Yin ~ 25 mVrms, f = 1 me. unused pins grounded) C3 - - 10 
(V4 = 2 Vdc, Yin = 25 mVrms, f = 1 me, unused pins grounded) C4 - - 10 
(V7 = 2 Vdc, Yin ::: 25 mVrms, f = 1 me, Wlused pins grOtUlded) C7 - - 10 
(VB =.2 Vdc, Yin = 25 mVrms, f ::0 1 me, unused pins grounded) CB - - 10 
(Vg =2Vde,Vin ::o 25 mVrms, f = 1 me, Wlused pins grounded) Cg - - 10 

Power Consumption from Power Supply' -
(Output "Off", V 3 ~ V 7 ~ 0) - - 17 
(Output "On") - - 30 

Switching Times 
Turn-On Delay ton - - 60 
Turn-Off Delay toff - - 50 

'Average Propagation Delay ),d - 30 -

Fan-Out n 
(T J ~ -55 to+ 125°C) - - 4 

Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

SWITCHING TIME TEST CIRCUIT 

SWITCHING TIME WAVE FORMS 

I : 

L.. ------.,1J 
~ I 

13-18 

I-H-
f- Hl." 
~ .1 
f-~~--
f-' 

1.5V-

1 I ,\.. 

A 1.5V 

1.,,10-
\-------. 1.5V 

1/ , 

Unit .. 

Vde 

Vde 

Vde 

Vde 

/.lAde 

mAde 

pi 

pi 

mW 

nsec 

nsec 

-



---Integrated Circuits ---

Mc209 MC200 DTL SERIES 

Diode Transistor Logic Flip-Flop. 

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

Characteristic Symbol Rating 

Applied Voltage 
Y +8 y2, 3,4,6,7,8, 9,10 

-8 5 

Forward Current 

13. 8 +50 

12, 3' 4' 7 thru 10 -30 

Operating Temperature Range TJ -55 to +125 

Storage Temperature Range Tstg -65 to +175 

SWITCHING TIME TEST CIRCUITS AND WAVE FORMS 

PULSE 
GENERATOR 
DATA PULSE 

106 OR 

CLOCKEO SET·RESET MODE 

EOU IVALENT f-+---.--<>--l 

DIRECT SET·RESET MODE 

2.SV 

INPUT VGtTAGE TO 
ascI LLOSCOPE 
TEKTRONIX 581 

220 U DR EQUIVALENT 

INPUT VOLTAGE TO 

r:-:=,-----T---e- ~tKC~k6~1~°tsEl 

PULSE 
GENERATOR 
DATA PULSE 

106 OR 
EQUIVALENT 

OR EQUIVALENT 

13-19 

toll 

OUTPUT 

DIRECT SET/RESET INPUT 

1.5V 

20 nsec 

Unit 

Yde 

mAde 

°c 

°c 

I 
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--Integrated Circuits --

MC209 (continued) 

ELECTRICAL CHARACTERISTICS 
. (v. == 4 Vdc, V5 == 2 Vdc, V, == 0, TJ == 2SoC unless otherwise noted) 

Characteristic Laglc Logic Srmbol Min Trp Max Unit SYmbol State 
OUTPUT LEVEL 

HOff" Voltage 
(10 ~ -200 /lAdc, V4 ~ 0.6 Vdc, V7 = 2.0 Vdc) Q 1 Va 2.5 - - Vdc 
(13 ~ -200 /lAdc, V4 ~ 2.0 Vdc, V7 = 0.6 Vdc) Q 1 V3 2.5 - - Vdc 

HOn" Voltage 
(10 ~ 16 mAdc, V 4 ~ 2.0 Vdc, V 7 ~ 0.6 Vdc) Q 0 Va - - 0.6 Vdc 
(13 ~ 16 mAdc, V 4 ~ 0.6 Vdc, V7 ~ 2.0 Vdc) Q 0 V3 - - 0.6 Vdc 

DmECT SET-RESET INPUTS 
llUpJl Voltage SD 1 V4 2.0 - - Vdc 

RD 1 V7 2.0 - - Vdc 
IIDown" Voltage SD 0 V4 - - 0.6 Vdc 

RD 0 V7 - - 0.6 Vdc 
"Up" Current 

1250 C) (V4 ~ 5 Vdc, TJ ~ SD 1 14 - - 25 /lAdc 
(V7 ~ 5 Vdc, TJ ~ 125°C) RD 1 17 - - 25 /lMc 

uDown" Current 
(V4 ~ 0) So 0 14 - - -La mAdc 
(V7 ~ 0) RD 0 17 - - -La mAdc 

CLOCKED SET-RESET INPUTS 
IIDown " Current 

(V9' 10 ~ 0, TJ ~ 25°C) Sc 0 19 - - -1.4 mAdc 

(V2' 10 ~ 0, Tfn ~ 25°C) RC 0 I - - -1.4 mAdc 
Effective Clock put Capacitance ~1O - 75 - pi 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay ton - - 100 osee 

Turn-Off Delay toi! - - 75 naec 

Direct Set-Reset Mode 
Turn-On Delay ton - - 100 nsee 
Turn-Off Delay toff - - 75 nsee 

FAN-OUT n - - a -
POWER CONSUMPTION - 16 - mW 

Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

CIRCUIT AND LOGIC DIAGRAMS 

...--... 1-....:)-....:)-....:)-0 4 S. 

--........ , Q 

II-.......... IM .... '-__ ...... 2 Re 

BINARY ELEMENT MC209 

13-20 

s·D· Se 

Re 
RD Q 

C 

CLOCKED SET·IIESET DIRECT SET-RESET 

Se Re • S • R. • 
0 0 1 0 0 

0 I 1 0 I 1 

1 0 0 I 0 0 

1 1 
.. 

1 1 N • 
Change Chan, 

POSITIVE lOGIC DEFINITION ~ HIGH VOLTAGE _ 1 
LOW VOLTAGE;;:: 0 

'"BOTH_Q andQ IN 1 STATE UNTIL EITHER So OR RD RISES 



--Integrated Circuits --

Mc212 MC200 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS (TJ = 25°C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

V2thru10 +8 

Forward Current mAdc 
12,10 +30 

12 thru 5, -30 

7 thru 10 

Operating Temperature Range TJ -55 to +125 °c 

Storage Temperature Range Tstg -65 to +175 °c 

SWITCHING TIME TEST CIRCUIT 

SWITCHING TIME WAVE FORMS 

r-r-fffr- r-,-- I 1--1--1-- -I--
A 1.5V 

1--~MLSt'-~ 
f- --.J::1:.\'- I--I-f"" l7 1-1-
f-fa-

f- 'il/ 1.5'{_ 

1--1-11 1'- 1 

CIRCUIT SCHEMATIC 

A 30--,w1---. 

B 4 n--,wl--I 
2 G 

I 
C 5 o--~-..J 

=1 

D lo--~-... 10 H 
=1 

E 8o--W.--I 
H=DEf 

=1 

F 9O-~~-..J 
3 - 3 NAND/NOR GATE 
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--Integrated Circuits ---

MC212 (continued) 

ELECTRICAL CHARACTERISTICS ',' (v. = 4 Vdc. V, = O. TJ = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Breakdown Voltage Vdc 
(12" I J.!Adc, Vs " 0) BV2 8 - -
(IIO " I J.!Adc, V7 = 0) BVIO 8 - -

"l" Output Current J.!Adc 
(Vs = 1.1 Vdc, V2 -= 5 Vdc 12 - - SO 
(VS" 0.7 Vdc, V2 = S Vdc, T J " 12S°C) 12 - - SO 
(VS = 1.4 Vdc, V2 = S Vdc, TJ = -SSoC) 12 - - SO 
(V7 = 1.1 Vdc, Vl0 " S Vdc) 110 - - SO 
(V7 " 0.7 Vdc, VIO " S Vdc, T J = 12S0C) 110 - - SO 
(V7 = 1.4 Vdc, V 10 = S Vdc, T J " -SSOC) 110 - - SO 

j '0'1 Output Current mAde 
(VS" 1.7 Vdc, V2 = 0.6 Vdc) 12 10 - -
(V3 = 1.S Vdc, V2 " 0.6 Vdc, TJ = 12S0C) ~ 10 - -
(V3 " 2.0 Vdc, V2 = 0.6 Vdc, TJ = -SSOC) ~ 10 - -
(V7 = 1.7 Vdc, V 10 = 0.6 Vdc) 110 10 - -
(V7 = 1.S Vdc, VIO = 0.6 Vdc, T J " 12S°C) 110 10 - -
(V7 = 2.0 Vdc, VIO " 0.6 Vdc, TJ" -SSoC) 110 10 - -

Input Breakdown Voltage Vdc 
(Is " 10 J.!Adc, V4 " 0) BVS 8 - -
(14 " 10 J.!Adc, Vs " 0) BV4 8 - -
(IS" 10 J.!Adc, Vs " 0) BVS 8 - -
(I7 = 10 J.!Adc, V8 " 0) BV7 8 - -
(I8 " 10 J.!Adc, V7 " 0) BV8 8 - -
(lg " 10 J.!Adc, V7 " 0) BVg 8 - -

Input Leakage Current IS,14,ls.I7,la,lg J.!Adc 
(Diode under test at 5 V de. all other inputs = 0) - - 0.2S0 

. (Diode under test at 5 Vdc, all other inputs " 0, TJ = 125°C) - - 2S 

input Turn-Off Current IS,14,ls,17,la,lg mAde 
(Alternately VS' V4, V5, V7, Va' Vg " 0) - - -La 
(Alternately VS' V4, V5, V7, Va, Vg = 0, TJ = -55 to +1250C) - - -1.g 

putput Capacitance pf 
(V2 = 2.0 Vdc, V3 = 0, Yin = 25 mVrms, f = 1 mc, unused pins grmmded) C2 - - 10 
(VlO = 2.0 Vdc, V7 = 0, Yin = 25 mVrms, f = 1 mc, unused pins grounded) CIO - - 10 

I!nput Capacitance pf 
(Va" 2 Vdc, Yin " 25 mVrms, f = 1 me, Wlused pins groWlded) Ca - - 10 
(V4" 2 Vdc, Yin = 25 mVrms, f = 1 me J unused pins grounded) C4 - - 10 
(V5 " 2 Vdc, Yin = 25 mVrms, f = 1 me t Wlused pins grounded) C5 - - 10 
(V7 = 2 Vdc, Vin " 25 mVrms, f = 1 me, unused pins grounded) C7 - - 10 
(Va " 2 Vdc, Vln" 25 mVrms, f = 1 roe , unused pins grounded) C8 - - 10 
(Vg " 2 Vdc, Vln = 25 mVrms, f = 1 mc, unused pins grounded) Cg - - 10 

ower Consumption from Power Supply - mW 
(OUtput "Off", Va " V7 " 0) - - IS 
(output "On") - - 12 

SWitching Times (Figure 2) nsec 
Turn-On Delay ton - - 60 
Turn-Off Delay toff - - 50 

Average Propagation Delay (Figure 3) ),d - 30 - nsec 

Fan-OUt n -
(T J " -55 to + 125°C) - - 5 

, , 
NumerIcal subscrIpts refer to pm numbers. Pms not specifIcally referenced are left electrIcally open. 
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---Integrated Circuits ---

Mc213 MC200 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 

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

Characteristic Symbol Rating Unit 

Applied Voltage Vde 

V2 thru 10 +8 

Forward Current mAde 

I2,10 +30 

I2 thru 5, -30 

7 thru 10 

Operating Temperature Range T J -55 to + 125 °c 

Storage Temperature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATIC 

A 30--f .. -., 

B 4 c>---1.--I 

C 5 C>---1.-...I 

o 70---1"-., I 
E 80--�8_--1 10 

G = ABC H = CDE 
F 90---11a--...I 

3 - 3 NAND/NOR GATE 
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---Integrated Circuits ---

MC213 (continued) 
ELECTRICAL CHARACTERISTICS (v. = 4 Vdc V, - 0 TJ - 25"C unless otherwise noted) 

Output Breakdown Voltage 
(12 = I /lAde, V3 = 0) 
(liD = I /lAde, V7 = 0) 

Characteristic 

Output Saturation Voltage 
(12 = 8 mAde, V3 = V4 = V5 = 2.Vde, TJ = -55 to +1250C) 
(l1O = 8 mAde, V7 = V8 = V9 = 2 Vde, TJ = -55 to+1250C) 

Output "Off" Voltage 
(12 = 100 /lAde, V3 = 0.7 Vde, TJ = -55 to +125°C) 
(110 = 100 MAde, V7 = 0.7 Vde, TJ = -55 to +1250C) 

Input Breakdown Voltage 
(13 = 10 /lAde, V4 = 0) 
(14 = 10 /lAde, Va = 0) 
(15'= 10 /lAde, V a ~ 0) 
(17 = 10 /lAde, V8 = 0) 
(18 = 10 /lAde, V7 = 0) 
(19 = 10 /lAde, V7 = 0) 

Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs ::: 0) 
(Diode under test at 5 ~dc, all other inputs = 0, T J = 125°C) 

Input Turn-Off CW'r~nt 
(Alternately Va, V4, V5, V7, Va, V9 = 0) 
(Alternately Va' V4, V5, V 7, Va' V9 = 0, T J = -55 to+1250c) 

Output Capacitance 
(V2 = 2.0 Vdc, V3 ::: 0, Yin ::: 25 mVrms, f ::: 1 me, unused pins grotUlded) 
(V 10 = 2.0 Vdc, V7 = D, Yin = 25 mVrms, f ::: 1 mc, unused pins grounded) 

Input Capacitance 
(Va == 2 Vdc, V in ::: 25 mVrms, f = 1 me, unused pins grounded) 
(V 4 = 2 Vdc, Vin ::: 25 mVrms, f ::: 1 mc, W1used pins grounded) 
(V5 = 2 Vdc, Vin = 25 mVrms, f = 1 me, unused pins grounded) 
(V7 := 2 Vdc, Vin =: 25 mVrms, f = 1 mc, unused pins grounded) 
(Va = 2 Vdc, Vin = 25 mVrms, f = 1 mc, 'Wlused pins grounded) 
(Vg = 2 Vdc, Yin == 25 mVrms, f = 1 mc, 'Wlused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", Va = V 7 = 0) 
(Output "On") 

Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 

Symbol Min 

3.5 
3.5 

8 
8 
a 
a 
a 
a 

Typ Max 

0.6 
0.6 

0.250 
25 

-La 
-1.9 

10 
10 

10 
10 
10 
10 
10 
10 

15 
30 

60 
50 

Unit 

Vde 

Vde 

Vdc 

Vde 

IIAde 

mAde 

pf 

pf 

mW 

nsec 

Average Propagation Delay (Figure 3) ~d 30 - nsee 

Fan-Out 
(T J = -55 to + 125°C) 

Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 

I I PROPAGATION DELAY 
L-___ S_W __ IT_C_H_I_N_G_T_I_M_E_T_E_S_T __ C_IR_C_U __ IT __ ~ ~ ____ r=M~EA~S~U~R~E~M=E=N~T~C~IR~C~U~IT~ ____ ~ 

'-"'--i~---7SiAGES-

SWITCHING TIME WAVE FORMS 

I I 
H-t- A 1.5V 

I--~ 
Hl.5V 

.1 ~t."f--
I--t; cnr-r- V I-- a I-- uv 

1.5V_ 01/ 
I 1'-
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--Integrated Circuits --

Mc215 MC200 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA= 25"C) 

Characteristics· Symbol Rating Unit 

Applied Voltage Vde 

V2, 3, 7 thru 10 +8 

V6 ±8 

Forward Current 12 thru 10 ±30 mAde 

Operating Temperature Range TJ -55 to +125 °c 

Storage Temperature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATIC 

6 

r-------~~---e~--<)4 50---..... --411..----..... 

I 

7 8 9 10 2 3 
DUAL "AND" GATE 
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---Integrated Circuits ---

MC215 (continued) 

ELECTRICAL CHARACTERISTICS (TJ = 25"C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Diode Breakdown Voltage Vdc 
(12 3 10 = 10 /lAdc, V 4 = VI = 0) V 2, 3, 10 8 - -, , 
(17 8 9 = 10 /lAdc, V 5 = VI = 0) V7, 8, 9 8 - -, , 

Diode Forward Voltage Vdc 
(14 = 2 mAdc, V2 3 10 = VI = 0) V4 - - 0.85 , , 
(I5 =2mAdc,V7 8 9=V1 =0) V5 - - 0.85 , , 

Diode,Reverse Leakage Current /lAde 
(V 2 3 10 = 5 Vdc, V 4 = VI = 0) 12, 3, 10 - - 0.25 , , 
(V2 3 10 = 5 Vdc, V 4 = VI = 0, T J = 1250 C) 25 , , 
(V7 8 9 = 5 Vdc, V 5 = VI = 0) 17, 8, 9 - - 0.25 , , 
(V7 8 9=5Vdc, V5 =V1 =0, TJ =1250 C) 25 , , 

Input Capacitance pf 
(V 2 3 10 = 2 Vdc, V 4 = VI = 0, f = 1 mc, C2, 3, 10 - - 10 , , 
V in = 25 mVrms, unused inputs grounded) 

(V 7 8 9 = 2 Vdc, V 5 ~ V 1 ~ 0, f = 1 mc, C7, 8, 9 - - 10 , , 
V in = 25 mVrms, unused inputs grounded) 

Reverse Recovery Time \1Bec 
(IF2 3 10 = ~2 3 10 = 2 mAdc, V 4 = VI = 0, t rr2 , 3, 10 - - 4 , , , , 
recover to 0.2 mAdc) 

(IF7 8 9 = ~7 8 9 = 2 mAdc, V 5 - VI - 0, trr7, 8, 9 - - 4 
'J " 

recover to 0.2 mAdc) 

Resistor Isolation Leakage nAdc 
(V 6 = 5 Vdc, V 4 = V 5 = 0) II - - 600 

Resistor Current ,mAde 
(Va = 4Vdc, V4 =V 1 - 0) 14 1.6 - 2.4 

(V 6 = 4 Vdc, V 5 = VI = 0) 15 1.6 - 2.4 

Resistor Temperature Coefficient - - 0.1 - ty°C 

Diode Forward Conductance Change with AVF2, 3, 10 - -1.7 - mV;oC 
Temperature 

AVF7, 8, 9 - -1.7 -
Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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--Integrated Circuits --

Mc217 MC200 DTL SERIES 

Diode Transistor Logic Dual-Diode Array. 

MAXIMUM RATINGS (TA:=:25°) 

Characteristics Symbol Rating Unit 

Applied Voltage Vde 

V 2, 3, 7 thru 10 8 

---
Forward Current 12 thru 5, 7 thru 10 30 mAde 

---
Operating Temperature Range TJ -55 to +125 °C 

---
Storage Temperature Range Tstg -65 to +175 °C 

I CIRCUIT SCHEMATIC I 
5 ~--~---------e~------~ r-----1~---... -O 4 

7 8 9 2 3 10 

DUAL DIODE ARRAY 
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--Integrated Circuits --

MC217 (continued) 

ELECTRICAL CHARACTERISTICS (TJ == 25'C unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Diode Breakdown Voltage Vdc 
(12 3 10 = 10/.lAde, V 4 = VI = 0) V2, 3, 10 8 - -, , 
(~ 8 9 = 10 !LAde, V 5 = VI = 0) V7, 8, 9 8 - -, , 

Diode Forward Voltage Vdc 
(14 = 2 mAde, V2 3 10 = VI = 0) V4 - - 0.85 , , 
(I5 = 2 mAde, V 7 8 9 = VI = 0) V5 - - 0.85 , , 

Diode Reverse Leakage Current !LAde 
(V 2 3 10 = 5 Vdc, V 4 = VI = 0) 12, 3, 10 - - 0.25 , , 
(V 2 3 10 = 5 Vdc, V 4 = VI = 0, T J = 125°C) 25 , , 
(V 7 8 9 = 5 Vdc, V 5 = VI = 0) 17, 8, 9 - - 0.25 , , 
(V 7 8 9 = 5 Vdc, V 5 = VI = 0, T J = 1250 C) 25 , , 

Input Capacitance pf 
(V 2 3 10 = 2 Vdc, V4 = VI = 0, f = 1 me, C - - 10 , , 2, 3, 10 

V in = 25 mVrms, unused inputs grounded) 

(V789=2Vdc'V5=Vl=0,f=lmc; C7, 8, 9 - - 10 , , 
V in = 25 mVrrns, unused inputs grounded) 

Reverse Recovery Time nsec 
(IF2 3 10 = Iru 3 10 = 2 mAde, V 4 = VI = 0, t rr2, 3, 10 - - 4 , , , , 
recover to 0.2 mAde) 

(IF7 8 9 = Ia7 8 9 = 2 mAde, V 5 = VI = 0, trr7 , 8, 9 - - 4 
" " 

recover to 0.2 mAde) 

Diode Forward Conductance Change with t;.V F2, 3, 10 - -1.7 - mV/oC 
Temperature 

t;.V F7, 8, 9 - -1.7 -

*Nurnerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 
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---Integrated Circuits ---

Mc2S0 DTL series 

SUFFIX "F" DEVICES 
CASE 72 

SUFFIX "G" DEVICES 
CASE 71A 

Commercial monolithic integrated Diode Transistor 
Logic circuits for low-power, high-speed applications. 
The MC250 series operates over a temperature range 
of 0 to +750 C and provides guaranteed performance at 
250 C. 

SERIES MC250 DTL CIRCUITS 

Typical Maximum 

Propagation Power Dissipation 
Maximum Type Description Delay Dutput Off I Output On Fan Out 

(nsec) (mW) (mW) (0 to +75°C) 

MC251 4-Input NAND/NOR Gate 30 10 7 5 

MC252 3-Input NAND/NOR Gate 30 10 7 5 

MC253 6-Input Diode AND Gate - - - -
MC254 3-Input Power NAND/NOR Gate 40 23 66 20 

MC255 Line Driver 50 30 65 20(MC251) 
15(MC259) 

MC256 Dual (2-2) Input NAND/NOR Gate 30 20 12 5 

MC257 Dual (3-2) Input NAND/NOR Gate 30 20 12 5 

MC258 Dual (3-2)Input NAND/NOR Gate 30 20 34 4 

MC259 Flip-Flop - 16 16 8 

MC260 Flip-Flop - 16 16 8 

MC262 Dual (3-3) Input NAND/NOR Gate 30 19 12 5 

MC263 Dual (3-3) Input NAND/NOR Gate 30 19 33 4 
MC265 Dual (3-3) Input AND Gate - - - -
MC267 Dual-Diode Array - - - -
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Mc251 
Mc252 

--- Integrated Circuits --

MC250 DTL SERIES 

4-Input and 3-Input Diode Transistor Logic NANDI 
NOR Gates. 

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

Characteristic Symbol Rating Unit 

Applied Voltage Volts 

V 4,6 thru 10 +8 

V5 -8 

V3 +6 

Forward Current 12 thru 10 30 rnA 

Operating Temperature Range T J o to +75 "c 

Storage Temperature Range T stg -65 to +175 °C 

CIRCUIT AND LOGIC DIAGRAMS 

4-INPUT NAND/NOR GATE MC251 

NAND NOR 
("UP" LEVEL = "1") ("DOWN" LEVEL = "1") 

3 E 

B8 o--~-" 
E = A+B+C+D 

C90--"'-. 

DI0 0---+111--1 

3-INPUT NAND/NOR GATE MC252 

NAND NOR 

("UP" LEVEL - "1") ("DOWN" LEVEL - "1") 

3 E 

B80---I4I--' 

C9 0--"";.--1 
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--Integrated Circuits --

MC251, MC252 (continued) (V. = 4 Vdc. V, = 2 Vdc. V, = 0, 
ELECTRICAL CHARACTERISTICS TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vde 
(13 = ~/lAde, V S, 6,1 0) BV3 6 - -

"I" Output Current /lAde 
(Vin = 1.0Vde, V3 = SVde) 13 - - SO 

(Vin = 0.75Vde, V 3 = SVde, 13 - - 50 

T J = 75'C) 

(Vin = 1. 1 Vde, V3 = SVde, 13 - - 50 

TJ = O'C) 

"0" Output Current mAde 
(V7 = 2.0Vde, V3 = 0.55Vde, 13 10 - -
TJ = 0 to 75'C) 

Input Breakdown Voltage' Vde 
(Diode. under test at SVde, BV7, B, 9,10 B - -
All other diodes = 0) 

Input Leakage Current' 17, B, 9, 10 /lAde 

(Diode under test at SVde, -all - - 0.50 
other inputs = 0) 

(Diode under test at 5Vde, all - - 25 
other inputs = 0, T J = 7S' C) 

Input Turn-Off Current' 17, B, 9,10 mAde 

(Alternately V 7' VB' V 9' V 10 = 0) - - -2.3 

(Alternately V 7' VB' V 9' \' 10 = 0, - - -2. S 

TJ = 0 to 7S'C) 

Output Capacitance pf 
(V 3 = 2.0Vde, Y7 = 0, Yin = 25mVrms, C3 - - 15 

f = Ime, unused pins grounded) 

Input Capacitance' pf 
(V7 -= 2Vde, Yin = 25mVrms, C7 - - 10 

f = Ime, unused pins grounded) 
VB = 2Vde, Yin = 25mVrms, CB - - 10 

f = Ime, unused pins grounded) 
(V 9 = 2Vde, Yin = 25mVrms, C9 - - 10 

f = Ime, unused pins grounded) 
(V 10 = 2Vdc., Yin = 25mVrms, CI0 - - 10 

f = Ime, unused pins grounded) 

Load Resistor Current 14 mAde 
(V4 = 0) -1. 3 - -2. B5 

Power Consumption from Power Supply mW 
(Output "orf", V 7 = 0) - - 10 

I 
(Output "On") - - 7 

Switching Times nsec 
Turn-On Delay t on - - 60 

Turn-Off Delay toff - - 00 

Average Propagation Delay tpd - 30 - nsec 

.. Input Diode at pin 10 available on MC2S1 only 
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--Integrated Circuits ---

Mc253 MC250 DTL SERIES 

6-Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS (TA = 25'C) 

Characteristic Symbol Rating Unit 

Applied Voltage Vs thru 8 +8 Vde 

V2, 9 ±8 

Forward Current 12 thru 10 SO. mAdc 

Operating Temperature Range I TJ o to 75 'c 

Storage Temperature Range Tstg -65 to +175 'c 

ELECTRICAL CHARACTERISTICS (TJ = 25'C unless otherwise noted) 

Characteristic Symbol Minimum Typical . Maximum Unit 

Diode Breakdown Voltage V3 thru 8 Vde 

(IS thru 8 = 10/lAde, VIO=Vl =O) 8 -. -

Diode Forward Voltage V I0 Vde 

(IIO = 2mAde, Vs thru.8 = 0) - - 0.85 

Diode Reverse Leakage Current IS thru 8 /lAde 

(V3 thru 8 = 5Vde, V ro=V 1 =0) - - 0.50 

(V3 thru 8 = 5Vde, V 10=V 1 =0, T J=75' C - - 25 

Input Capacitance C3 thru 8 pf 

(V3 thru 8=2Vde, V ro=V 1 =0, f=lme, - - 10 

Vin=25rnVrms, unused inputs 

grounded) 

Reverse Recovery Time t rr 3 thru 8 nsee 

I (IF S thru 8 = IR 3 thru 8=2mAde, - . 4 

V I0 = VI = 0, recover to O. 2mAde) 

Resistor Current 19 mAde 

(V9 = 4Vde, V2 = 0) 1.3 - 2.85 

Resistor Temperature Coefficient - 0.1 - %/"C 

Diode Forward Conductance Change with 
Temperature 6V F 3 thru 8 - -1.7 - mV/"C 
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--Integrated Circuits --

MC253 (continued) 

MC25l 6-DIODE "AND" GATE 

20~------------~IV\t~------------------09 

1 
r---~~---,----~----,---~~------~10 

4 6 

Mc254 MC250 DTL SERIES 

3 
4 
6 5 

7 
8 

3-Input .Diode Transistor Logic NAND/NOR Power 
Gate_ 

MAXIMUM RATINGS (TA=2S0C) 

Characteristic Symbol 

Applied Voltage V7,8,9 

V5 

V3,6 

Forward CUrrent 15 thru 10 

Load Current 13 

Operating Temperature Range TJ 

Storage Tempe rature Range Tstg 

MC254 POWER GATE 
A7 

B8 

C9 

10 

13-33 

Rating 

+8 

-6 

+6 

30 

75 

o to 75 

-65 to +175 

6 

8 
9 

Unit 

Vde 

mAde 

mAde 

·C 

·C 
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---Integrated Circuits ---

MC254 (continued) (Vb = 4 Vdc, Vs = 2 Vdc, V, = 0, 
ELECTRICAL CHARACTERISTICS TJ = 25"C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Vo!tage BV3 Vde 

(IS" 5pAde, v 7 " a 6 - -
"I" Output Current 13 pAde 

(V7,S or 9" LOVde, V3" 5Vde) - - lOa 

(V 7,s or 9" 0,75Vde, V3" 5Vde, - - 100 

TJ "75'C) 

(V 7,S or 9" 1,lVde, V3 "5Vde, - - 100 

T J" a' C) 

"0" Output CUrrent 13 mAde 

(V 7,8 or g" 2,OVde, V3 "0.55, 30 - -
T J " a to 75' C) 

Input Breakdown Voltage Vde 
(17" la/lAde, V S " 0) BV 7 S.O - -
(IS" lOjlAde, V 7 " 0) BVS S. a - -
(I9" 10jlAde, V 7" 0) BV 9 B. a - -

Input Leakage Current jlAde 
(V 7 "5Vdc, V S " 0) 17 - - 0.50 

(V 7" 5Vde, V S " 0, T J " 75' C) 17 - - 25 

(VB" 5Vde, V7 " 0) IS - - 0.50 

(VS" 5Vdc, V7 " 0, TJ = 75' C) IS - - 25 

(V 9 = 5Vdc, V7 " 0) 19 - - 0.50 

(V 9 = 5Vde, V 7 " 0, T J = 75' C) 19 - - 25 

Input Turn-Off Current mAde 
(Alternately, V 7, VB, V 9 " 0) 17, IS, 19 - - -4.5 

(Alternately, V7,VS,V 9 " 0, 17, IS, 19 - -
TJ ~ a to 75'C) 

(Via" 0) 110 - - -5.5 

Output Capacitance C3 pf 

(V 3 = 2. OVde, V in" 25mVrms, - - 15 

f :::;: Imc, unused pins grounded) 

Input Capacitance pf 
(V 7" 2. OVde, V in " 25mVrms, C7 - - 10 

f::: lrue, unused pins grounded) 

(V S ~ 2. OVde, V in = 25mVrms, Cs - - 10 

f::: lme, unused pins grounded) 
(V 9 = 2. OVde, V in" 25mVrms, Cg - - 10 

f ::: Imc, unused pins grounded) 

Power Supply rnW 
(Output "OFF", V 7 " 0) - - 23 

(Output "ON") - - 66 

Switching Times nsee 
Turn-On Delay 

ton - - 35 

Turn-Off Delay 
toff - - 100 

Average Propagation Delay tpd - 40 - nsee 
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---Integrated Circuits --

Mc25S MC250 DTL SERIES 

Diode Transistor Logic Line Driver. 

MAXIMUM RATINGS (TJ = 25'C) 

Characteristic Symbol Rating Unit 

Applied Voltage V 3,4,6 +5 Vde 

V5 -5 

V 8,10 +8 

Forward Current 15,8,10 30 mAde 

Load Current 13,4, {3 75 mAde 

Operating Temperature Range TJ o to + 75 'C 

Storage Temperature Range T stg -55 to +175 'C 

MC255 

10 

LINE DRIVER 

I 
10 
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---Integrated Circuits ---

MC255(continued) 

(V. = 4 Vdc, Vs = 2 Vdc, V, = 0, 
ELECTRICAL CHARACTERISTICS TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical 

Output Saturation Voltage V3 

(13 = 30mAdc, T J = 0" C to +75" C - -
Output Voltage, "Off" Level V3 

(13 = 10mAdc, V 8 = O.7Vdc, 2.0 -
T J = 0 to 75" C) 

Input Breakdown Voltage 
(18 = IOIlAdc, V 10 = 0) BV8 8.0 -
(110 = IOIlAdc, V 8 = 0) BVIO 8.0 -

Input Leakage Current 
(V 8 = 5Vdc,. V 10 = 0) 18 

(V 8 = 5Vdc, V 10 = 0, T J = 75" C) 18 - -
(VIO = 5Vdc, V8 = 0) 110 

(V 10 = 5Vdc, V 8 = 0, T J = 15" C) 110 - -

Turn -Off Current at Inputs 
(V 8 = 0) 18 - -
(V 8 = 0,. T J = 0 to +75" C) 18 - -
(V 10 = 0) 110 - -
(V 10 = 0, T J = 0 to +75" C) 110 - -

Load Resistor R6_ 4 - 125 

Input Capacitance 
(V 8 = 2Vdc, V in = 25mVrms, 

f-lmc, unused pins grounded) C8 - -
(V 10 = 2Vdc, V in = 25mVrms, C IO - -
f=lmc, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V 8 = 0) - -
(Output "On") - -

Switching Times 
Turn-On Delay t - -on 
Turn -Off Delay toff - -

Average Propagation Delay 
(C L = 1000pf) tpd - 50 

13-36 

Maximum Unit 

Vdc 

0.55 

-

Vdc 
-
-

Adc 
0.50 

25 

0.50 

25 

mAdc 
-4.5 

-4.7 

-4.5 

-4.7 

- Ohms 

pf 

10 

10 

mW 
30 

65 

nsee 
90 

60 

nsee 
-



--Integrated Circuits ---

Mc256 MC250 DTL SERIES 

Dual (2-2) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise not 

Characteristic Sym~ol Rating Unit 

Applied Voltage Vde 

V3,4,6 thru 9 +8 

V5 -8 

V2,10 +6 

Forward Current mAde 

12,10 +30 

12 thru 4, -30 

7 thru 10 

Operating Temperature Range TJ o to 75 'c 

Storage Temperature Range T Btg -65 to +175 'c 

MC256 

2 10 
4 

2·2 NAND/NOR GATE 

2E 

A3 0--11'---. 

B40---loII1----' 

C7 0--11'---. 

10E 
DB 0--11'----' 
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--- Integrated Circuits ---

MC256 (continued) 

ELECTRICAL CHARACTERISTICS 
(Vb = 4 Vdc, V, = 2 Vdc, V, = 0, TJ = 25'C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Brekdown Voltage Vdc 
(12 = 5/lAdc, V 3 = 0) BV2 6 - -
(110 = 5/lAdc, V 7 = 0) BV 10 6 - -

"1" Output Current /lAdc 
(V 3 = 1. OVdc, V 2 = 5Vdc) 12 - - 50 

(V 3 = O. 75Vdc, V 2 = 5Vdc, 12 - - 50 

T J = 75' C) 

(V3 = 1.1Vdc, V2 = 5Vdc, 12 - - 50 

TJ=O'C) 

(V 7 = 1. OVdc, V 10 = 5Vdc) 110 - - 50 

(V 7 = 0.75Vdc, V 10 = 5Vdc, 110 - - 50 

TJ = 75' C) 

(V7 = 1.1Vdc, V10 = 5Vdc, 110 - - 50 

T J = 0' C) 

"0" Output Current mAdc 
(V3 = 2.0Vdc, V2 = 0.55Vdc, 12 10 - -
TJ = 0 to 75'C) 

(V 7 = 2.0Vdc, V10 = 0.55Vdc, 110 10 - -
TJ = 0 to 75'C) 

Input BreakDown Voltage Vdc 
(13 = IO/lAdc, V 4 = 0) BV3 8 - -
(14 = 10/lAdc, V 3 = 0) BV4 8 - -
(17 = 10/lAdc, V 8 = 0) BV7 8 - -
(18 = 10/lAdc, V 7 = 0) BV8 8 - -

Input Leakage Current 13,14,17,18 /lAdc 

(Diode under test at 5Vdc, all - - 0.50 

other inputs = 0) 
(Diode under test at 5Vdc, all - - 25 
other inputs = 0, T J = 75' C) 

Input Turn-Off Current 13,14,17,18 mAdc 

(Alternately V 3, V 4, V 7, V 8 = 0) - - -2.3 

(Alternately V 3, V 4, V 7, V 8 = 0, - - -2.5 

'TJ = 0 to 75'C) 

Output Capacitance pf 
(V 2 = 2. OVdc, V 3 = 0, V in = 25mVrms C2 - - 10 

f ::::: true, unused pins grounded 

(V 10 = 2. OVdc, V 7 = 0, V in = 25mVrms, C10 - -- 10 

f = lrue, unused pins grounded) 
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---Integrated Circuits ---

MC256 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Input Capacitance pI 
(V 3 = 2Vde, V in = 25mVrms, f = lme, c3 - - 10 

unused pins grounded) 
(V 4::: 2Vdc, V in = 25mVrms, f:::: lme, c4 - - 10 

unused pins grounded) 
(V 7::: 2Vdc, V in::: 25rnVrms, f = lrue, C7 - - 10 

unused pins grounded) 
(V 8 = 2Vde, V in = 25mVrms, 1= Ime C8 - - 10 

unused pins grounded) 

Load Resistor Current 19 mAde 

(V 9 = 0) -1. 3 - -2.85 

Power Consumption from Power Supply mW 
(Output "Oll", V 3 = V 7 = 0) - - 20 

(Output "On") - - 12 

Switching Times nsee 
Turn-On Delay t - - 60 on 
Turn-Oll Delay toll - - 60 

Average Propagation Delay tpd - 30 - nsee 

Mc251 MC250 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 

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

Characteristic Symbol Rating Unit 

Applied Voltage Vde 

V 3,4, +8 

6 thru 9 

V5 -8 

V2,10 +6 

Forward Current mAde 

Iz,10 +30 

12 thru 4, -30 

7 thru 10 

Operating Temperature Range TJ -0 to +75 ·C 

Storage Temperature Range T stg -65 to +175 ·C 
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---Integrated Circuits --

MC257 (continued) 

ELECTRICAL CHARACTERISTICS 
(v. - 4 Vdc. V. = 2 Vdc, V, = 0, TJ = 25 D C unless otherwise noted) -

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vde 
(I:! = 5/IAde, V 3 = 0) BV2 6 - -
(110 = 51/Adc, V 7 = 0) BV10 6 - -

"1" Output Current I/Ade 
(V 3 = 1.0Vde, V2 = 5Vde I:! - - 50 , 
(V 3 = O. 75Vde, V 2 = 5Vde, I:! - - 50 

TJ = 75'C) 

(V3 = 1.lVde, V2 = 5Vde, I:! - - 50 

TJ = 0: C) 

(V 7 = 1.0Vde, V 10 = 5Vde) 110 - - 50 

(V 7 = 0.75Vde, V 10 = 5Vde, 110 - - 50 

T J = 75' C) 

(V7 = 1.lVde, V10 = 5Vde, 110 - - 50 

TJ = O"C) 

"0" Output Current mAde 
(V 3 = 2. OVde, V 2 = O. 55Vde, I:! 10 - -
TJ = 0 to 75'C) 

(V 7 = 2. OVde, V 10 = 0.·55Vde, 110 10 - -
TJ = 0 to 75'C) 

Input Breakdown Voltage Vde 
(13 = 1OI/Adc, V 4 = 0) BV3 S - -
(14 = 10l/Ade, V 3 = 0) BV4 S - -
(17 = 10l/Ade, V S = 0) BV 7 S - -
(IS = 10l/Adc, V 7 = 0) BVS S - -
(19 = 1OI/Adc, V 7 = 0) BV 9 S - -

Input Leakage Current 13,14,17, pAde 

IS, 19 
(Diode under test at 5Vde, all - - 0.50 
other inputs = 0) . 

(Diode unde r te st at 5V dc, all - - 25 
other inputs = 0, T J = 75' C) 

Input Turn-Off Current 13,14,17, mAde 

I 
IS, 19 

(Alternately V 3, V 4, V 7, V S, V 9 = 0) - - -2.3 

(Alternately V 3, V 4, V 7, V S, V 9 = 0, - - -2.5 

T J = 0 to 75' C) 

Output Capacitance pf 
(V 2 = 2.0Vde, V 3 = 0, V in = 25mVrms, C2 - - 10 

f = 1me, unused pins grounded) 
(V 10 = 2. OVde, V 7 = 0, V in = 25mVrms, ClO - - 10 

f = 1me, unused pins grounded) 
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--- Integrated Circuits·---

MC257 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 
(V 3 = 2Vdc, V in = 25mVrms, 

f = 1 me J unused pins grounded) 
(V 4 = 2Vdc, V in = 25mVrms, 

f =- lrue, unused pins grounded) 
(V 7 = 2Vdc, V in = 25mVrms, 

f = lrue, unused pins grounded) 
(V 8 = 2Vdc, V in = 25mVrms, 

f = lrue, unused pins grounded) 
(V 9 = 2Vdc, V in = 25mVrms, 

f = lrue, unused pins grounded) 

Power Consumption from Power Supply 
(OUtput "Off", V3 = V7 = 0) 

(Output "On") 

Switching Time s 
Turn-On Delay 

Turn-Off Delay 

Average Propagation Delay 

4 

A3 0----14'-..., 

B4 0-""",.--' 

C7 0--+ __ -., 

D8 0--101.-. 

E9 o---I<-.---l 

F-AB 

Symbol 

c3 

C4 

C7 

C8 

C9 

-

t on 
toff 

tpd 

MC257 

8 
9 

3·2 NAND/NOR GATE 

13·41 

Minimum 

-
-
-
-
-

-
-

-
-
-

6 

Typical Maximum Unit 

pI 
- 10 

- 10 

- 10 

- 10 

- 10 

mW 
- 20 

- 12 

nsec 
- 60 

- 60 

30 - nsee 

10 

I 



Mc258 

--Integrated Circuits--

MC250 DTL SERIES 

Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate . 

. MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

3 

4 

A3O-~II-, 

B4 o-~II-.J 

C7o-~ ___ .., 

D8 0-","1-. 

E9 o-~II-..J 

Symbol 

V 3,4,6 thru 9 
V5 

V2,10 

1:!,10 

I:! thru 4, 
7 thru 10 

TJ 

Tstg 

MC258 

7 
8 
9 

3·2 NAND/NOR GATE 

13-42 

Rating Unit 

Vde 
+8 

-8 

+6 

mAde 
+30 

-30 

o to +75 'C 

-65 to +175 'C 



--- Integrated Circuits ---, 

MC258 (continued) 

ELECTRICAL CHARACTERISTICS 

(v. = 4 Vdc, V5 = 2 Vdc, V, = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Saturation Voltage Vdc 
(12 ~ amAdc, V 3 = V 4 ~ 2Vdc, V2 - - 0.55 

T J = a to 75' C) 

(110 = amAdc, V7 = Va ~ Vg ~ 2Vdc Via - - 0.55 

T J ~ a to 75' C) 

OUtput "Off" Voltage Vdc 
(12 ~ 100~Adc, V 3 = 1. OVdc V2 3.5 - -
(12 = 100~Adc, V 3 = O. 75Vdc, V2 3.5 - -
T J = 75' C) 

(Iz ~ 100~Adc, V3 ~ 1.1Vdc, V2 3.5 - -
T J = a' C) 

(110 ~ 100~Adc, V 7 ~ 1. OVdc Via 3.5 - -
(110 ~ 100~Adc, V 7 ~ O. 75Vdc, Via 3.5 - -
TJ = 75'C) 

(110 = 100~Adc, V 7 = 1.1Vdc, Via 3.5 - -
TJ = a' C) 

Input Breakdown Voltage Vdc 
(13~ lO~Adc, V 4 ~ 0) BV 3 a - -
(14 = lO~Adc, V 3 = 0) BV4 a - -
(17 = lCiJAdc, V a ~ 0) BV 7 a - -
(la = 10~Adc, V 7 = 0) BVa a - -
(1g = 10~Adc, V 7 = 0) BVg a - -

Input Leakage Current La, 14, 17, ~Adc 

la,lg 
(Diode under test at 5Vdc, all - - 0.50 
other Inputs = 0) 

(Diode under test at 5Vdc, all - - 25 
other inputs = 0, T J = 75' C) 

Input Turn-Oll Current 13,14,17, mAdc 

la,lg 

(Alternately V 3, V 4, V 7, Va, v 9 = 0) - - -2.3 

(Alternately V 3, V 4, V 7, V a, v 9 = 0, - - -2.5 

T J = a to 75' C) 

OUtput Capacitance pI I 
(V 2 = 2. OVdc, V 3 = 0, V in ~ 25mVrms, C2 - - 10 

f = lme, unused pins grounded) 
(Via = 2.0Vdc, V7 =0, Yin = 25mVrms, Cia - - 10 

f = tme, unused pins grounded) 
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---Integrated Circuits ---

MC258 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

. 
Characteristic Symbol Minimum Typical Maximum Unit 

Input Capacitance pf 
(V 3; 2Vdc, V in; 25mVrms, f; 1mc, C3 - - 10 

unused pins grounded) 
(V 4; 2Vdc, V in; 25mVrms, f; 1mc, C4 - - 10 

unused pins grounded) 
(V 7 = 2Vdc, V in; 25mVrms, f; 1mc, C7 - - 10 

unused pins grounded) 
(Va; 2Vdc, V in; 25mVrms, f; 1mc, Ca - - 10 

unused pins grounded) 
(V g ; 2Vdc, V in; 25mVrms, f; 1mc Cg - - 10 

unused pins grounded) 

Power Consumption Power Supply - mW 
(Output "Off", V 3 ; V 7; 0) - - 20 

(output "On") - - 34 

Switching Times nsee 
Turn-On Delay t - - 60 on 
Turn-Off Delay toff - - 60 

Average Propagation Delay tpd - 30 - nsee 

Mc259 MC250 DTL SERIES 

Diode Transistor Logic Flip-Flop. 

MAXIMUM RATINGS (TJ=25°C) 

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 

V2,3,4,6,7 +8 

8, g, 10 
V5 -8 

Forward Current mAdc 

13, a +50 

12,3,4, -30 

7 thru 10 

Operating Temperature Range TJ o to +75 'c 

Storage Temperature Range T stg -65 to +175 'C 
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---Integrated Circuits --

MC259 (continued) 

ELECTRICAL CHARACTERISTICS 

(V. = 4 Vdc, V, = 2 Vdc, VI = 0, TJ = 25"C unless otherwise noted) 

Characteristic 
Logic Logic 

Symbol Minimum Typical Maximum Unit Symbol Siaia 

OUTPUT LEVEL 
"Off" Voltage 
(IS = -200/1Adc, V 4 = O. 55Vdc, Q 1 Vs 2.5 - - Vdc 

V7 = 2.0Vdc, TA = 0 to 75'C) 

(13 = -200J1Adc, V 4 = 2. OVdc, -cr 1 V3 2.5 - - Vdc 

V7 = 0.6Vdc, TA = 0 to 75'C) 

"On" Voltage 
(IS = 16mAdc, V 4 = 2. OVdc, Q 0 Vs - - G.55 Vdc 

V 7 = O. 55Vdc, T A = 0 to 75' C) 

(13 0 16mAdc, V 4 = O. 55Vdc, -cr 0 V3 - - 0.55 Vdc 

V7 0 2.0Vdc, TA 00 to 75'C) 

DIRECT SET-RESET INPUTS 
"Up" Voltage SD 1 V4 2.0 - - Vdc 

RD 1 V7 2.0 - - Vdc 

"Down" Voltage Sc 0 V4 - - 0.55 Vdc 

RD 0 V7 - - 0.55 Vdc 

"Up" Current 
(V 4 = 5Vdc, T J = 75' C) SD 1 14 - - 25 J1Adc 

(V 7 = 5Vdc, T J = 75' C) RD 1 17 - - 25 /1Adc 

"Down" Current 
(V 4 = 0) SD 0 14 - - -2.3 mAdc 

(V 7 = 0) RD 0 17 - - -2.3 mAdc 

CLOCKED SET-RESET INPUTS 
"Down" Current 
(V g, 10 = 0, T J = 25' C) Sc 0 Ig - - -1. 75 mAdc 

(V 2,10 0 0, T J 0 25' C) RC 0 12 - - -1. 75 mAdc 

Effective Clock Input CIO - 75 - pi 
Capacitance 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay t -on - 100 nsee 

Turn-Off Delay toff - - 75 nsee 

Direct Set-Reset Mode 
Turn-On Delay t - - 100 nsee on 
Turn-Off Delay toff - - 75 nsee 

POWER CONSUMPTION - 16 - mW 
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---Integrated Circuits ---

MC259 (continued) 

MC259 B I NARY ELEM ENT 

Mc260 MC250 DTL SERIES 

Diode Transistor Logic Flip- Flop. 

MAXIMUM RATINGS (TJ = 25'C unless otherwise noted) 

Characteristic Symbol Rating Unit 

Applied Voltage Vde 

V 2,3,4,6, +8 

7,8,9,10 
V5 -8 

Forward Current mAde 

13,7 +50 

~,3,4, -30 

7 thru 10 

Operating Temperature Range TJ o to +75 'C 

Storage Temperature Range Tstg -65 to +175 'C 
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--Integrated Circuits --

MC260 (continued) 

ELECTRICAL CHARACTERISTICS (V. = 4 Vdc, V, = 2 Vdc, V, = 0, TJ = 25'C) 

Characteristic Logic Logic 
Symbol Minimum Typical Maximum Unit Symbol State 

OUTPUT LEVEL 
"Off" Voltage 
(17 = -200/lAdc, V 4 = O. 55Vdc, Q 1 V7 2.5 - - Vdc 

Momentarily connect pin 2 to 
-2.0Vdc, T = 0 to 75' C) • 

(I3 = -200/lA-tlc, V 4 = 2. OVdc, 'Q' 1 V3 2.5 - - Vdc 

T J = 0 to 75· C) 

"On" Voltage 
(17 = 16mAdc, V 4 = 2. OV dc, Q 0 V7 - - 0.55 Vdc 

Momentarily connect pin 2 to 
-2.0Vdc, T J = 0 to 75' C) 

(13 = 16mAdc, V 4 = O. 55Vdc, 'Q' 0 V3 - - 0.55 Vdc 

TJ = 0 to 75·C) 

DffiECT SET INPUT CURRENT 
"Up" Current 
(V 4 = 5Vdc, TJ = 75· C) SD 1 14 - - 25 /lAdc 

"Down" Current 
(V 4 = 0) SD 0 14 - - -2.3 mAdc 

CLOCKED SET-RESET INPUTS 
"Down" Current 
(V 8, 9 = 0, T J = 75" C) Sc 0 18 - - -1.75 mAdc 

(V 2,10 = 0, T J = 75" C) RC 0 12 - - -1.75 mAdc 

Effective Clock Input 
Capacitance 

(V 9 = 2. OVdc, V 8 = OVdc) Cg - 75 - pf 

(V 10 = 2. OVdc, V 2 = OVdc) C10 - 75 - pi 

(V 8 = 4.0VdC) 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay t -on - 100 nsec 

Turn-Off Delay toff - - 75 nsec 

Direct Set Mode 
Turn-On Delay t - - 100 nsec on I 
Turn-Off Delay toff - - 75 nsec 

POWER CONSUMPTION - 16 - mW 
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--Integrated Circuits --

MC260 (continued) 

MC260 

Q7o---I--...... ;'--+--03 Q 

1 r 
C9 5 ClO 

13-48 



--Integrated Circuits --

Mc262 MC250 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 

MAXIMUM RATINGS (TJ = 25"C unless otherwise noted) 

Characteristic 

A pplied V oJtage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

4 

A3 

B4 

C5 

D7 

EB 

F9 

G=ABC 

Symbol 

V3thru9 

V2,10 

12,10 

12 thru 5, 
7 thru 10 

TJ 

Tstg 

MC262 

B 
9 

3·3 NAND/.NDR GATE 

H=DEF 

13-49 

Rating Unit 

Vdc 
+B 

+6 

mAde 
+30 

-30 

6 to +75 'C 

-65 to +175 'C 

I 



---Integrated Circuits --

MC262 (continued) 

ELECTRICAL CHARACTERISTICS 

(v. = 4 Vdc, V5 = 2 Vdc, V, = 0, TJ = 25°C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Breakdown Voltage Vde 
(12 = 51lAde, V 3 = 0) BV2 6 - -
(110 = 5/lAde, V 7 = 0) BVlO 6 - -

"1" Output Current Ade 
(V3 = 1.0Vde, V2 = 5Vde) Iz - - 50 

(V 3 = 0.75Vde, V2 = 5Vde, Iz - - 50 

T J = 75' C) 

(V3 = 1.1Vdc, V2 = 5Vdc, Iz - - 50 

TJ = 0' C) 

(V 7 = 1. OVdc, V 10 = 5Vde) 110 - - 50 

(V 7 0.75Vde, V 10 = 5Vde, 110 - - 50 

T J = 75' C) 

(V7 = 1.1Vde, V10 = 5Vde, 110 - - 50 

TJ = 0' C) 

"0" Output Current mAde 
(V in = 2Vde, V2 = 0.55, Iz 10 - -
T J = 0 to 75' C) 

(V in = 2Vde, V 10 = O. 55, 110 10 - -
T J = 0 to 75' q 

Input Breakdown Voltage Vde 
(13 = 10/lAde, V 4 = 0) BV3 a - -
(14 = 10/lAde, V 3 = 0) BV4 a - -
(15 = 10/lAde, V 3 = 0) BV 5 a - -
(17 = 10/lAde, Va = 0) BV 7 a - -
(Ia = lO/lAde, V 7 = 0) BVa a - -
(19 = 101lAde, V 7 = 0) BV9 a - -

Input Leakage Current 13,14,15, /lAde 

(Diode under test at 5Vde, all 
17, la, 19 

- - 0.50 
other inputs = 0) 

(Diode under test at 5Vde, all - - 25 
other inputs = 0, T J = 75' C) 

Input Turn-Off Current 13,14,15, mAde 

(Alternately V 3, V 4, V 5, V 7, V 8, 

17, la, 19 

- - -2.3 

V 9 = 0) 

(Alternately V 3, V 4, V 5, V 7, Va, - - -2.5 

V 9 = 0, T J = 0 to 75' C) 
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---Integrated Circuits ---

MC262 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Minimum Typical Maximum Unit 

Output Capac itance pI 
(V 2 ~ 2.0Vdc, V3 ~ 0, V in::: 25mVrms, C2 10 

f::: Imc, unused pins grounded) 
(V 10::: 2. OVdc, V 7::: 0, V ill ::: 25mVrms, ClO 10 

f::: !.mc, unused pins grounded) 

Input Capacitance pI 
(V 3::: 2Vctc, V in:::: 25mVrms, f=lmc, C3 10 

unused pins grounded) 
(V 4::: 2Vdc, V in::: 25mVrms, f::: Imc, C4 10 

unused pins grounded) 
(V 5::: 2Vdc, V in::: 25mVrms, [ ::::: Imc, C5 10 

unused pins grounded) 
(V 7 - 2Vdc, V in ::: 25mVrms, f::: lrue, C7 10 

unused pins grounded) 
(V 8::: 2Vdc, V in :::: 25mVrms, f::: lme, Cs 10 

unused pin s grounded) 
(V 9 == 2Vdc, V in ;-;: 25mVrms,. f::: Irue, C9 10 

Power Consumption from Power Supply mW 
(Output "Oil", V 3 ~ V 7 ~ 0) 19 

(Output "On") 12 

Switching Times nsec 
Turn-On Delay t 60 on 
Turn -all Delay toll 60 

Average Propagation Delay tpd 30 nsec 

Mc263 MC250 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 

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

Characteristic Symbol Rating Unit 

Applied Voltage Vdc 
V3thru9 +8 

V2,10 +6 mAde 

Forward Current ~,10 +30 

12 thru 5, -30 

7 thru 10 

Operating Temperature Range TJ o to 75 ·C 

Storage Temperature Range T stg -65 to +175 ·C 
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--Integrated Circuits ---

MC263 (continued) 

ELECTRICAL CHARACTERISTICS 
(v. = 4 Vdc, Vs = 2 Vdc, V, = 0, TJ = 2S'C unless otherwise noted) 

Characteristic Symbol Minimum Typical .Maximum Unit 

Output Breakdown Voltage Vde 
(12 = 5pAde, V 3 0) BVZ 6 - -
(110 = 5pAde, V 7 = 0) BV10 6 - -

Output Saturation Voltage Vde 
(Iz = 8mAde, V 3 = V 4 = V 5 = 2Vde, Vz - - 0.55 

T J = 0 to 75' C) 

(110 = 8mAde, V7 = V8 = Vg = ZVde, V10 - - 0.55 

T J = 0 to 75' C) 

Output "Off" Voltage Vde 
(12 = 100pAde, V 3 = O. 7Vde, V2 3.5 - -
T J = 0 to 75' C) 

(110 = 100pAde, V 7 = O. 7Vde, V10 3.5 - -
TJ = 0 to 75' C) 

Input Breakdown Voltage Vde 
(13 = 10pAde, V 4 = 0) BV3 8 - -
(14 = 10pAde, V 3 = 0) BV4 8 - -
(15 = 1OllAde, V 3 = 0) BV 5 8 - -
(17 = IOIlAdc, V 5 = 0) BV 7 8 - -
(18 = 101lAde, V 7 = 0) BV8 8 - -
(Ig = lO/lAde, V 7 = 0) BVg 8 - -

Input Leakage Current 13,14,15, /lAde 

17,18,19 
(Diode under test at 5V dc, all - - 0.500 
other inputs = 0) 

(Diode under test at 5Vde, all - - 25 
other inputs = 0, T J = 75' C) 

Input Turn-Off Current ~,14, 15, mAde 

17,18,19 

(Alternately V 3, V 4, V 5, V 7, V 8, - - -2.3 

Vg = 0) 

I 
(Alternately V 3, V 4, V 5, V 7, V 8, - - -2.3 

V 9 = 0, T J = 0 to 75' C) 

Output Capacitance pf 
(V2 = 2.0Vde, V3 = 0, Yin = Cz - - 10 

25mVrms, f = lrue, unused 
pins grounded) 

(V 10 = 2.0Vde, V7 = 0, Yin = C10 - - 10 

25mVrms, f·= lrue, unused 
pins grounded 

13-52 



---Integrated Circuits ---

MC263 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 
(V 3 = 2Vdc, V in = 25mVrms, 

f::: lme, unused pins grounded) 
(V 4 ::: 2V dc, V in = 25mVrms, 

f::: tme, unused pins grounded) 
(V 5 = 2Vdc, V in = 25mVrms, 

f = lme, unused pins grounded) 
(V 7 = 2Vdc, V in = 25mVrms, 

f = tme, unused pins grounded) 
(V S = 2Vdc, V in = 25mVrms, 

f ::: Imc, unused pins grounded) 
(Vg:::: 2Vdc, Vin ::: 25mVrms, 

f = lrue, unused pins grounded) 

Power Consumption from Power Supply 
(Output "Off", V 3 = V 7 = 0) 

(Output "On") 

Switching Times 
Turn-On Delay 

Turn-Off Delay 

Average Propagation Delay 

A3 

B4 

C5 

D7 

E8 

F9 

G-ABC 

3 

4 

H=CDE 

Symbol 

C3 

C4 

C5 

C7 

Cs 

Cg 

-

t on 

toff 

tpd 

MC263 

3·3 NAND/NOR GATE 

13·53 

Minimum Typical 

- -
- -
- -

- -
- -
- -

- -
- -

- -
- -
- 30 

Maximum Unit 

pJ 
10 

10 

10 

10 

10 

10 

mW 
19 

33 

usee 
60 

60 

- usee 

2G 

I 
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---Integrated Circuits ---

Mc265 MC250 DTL SERIES 

Dual (3-3) Input Diode Transistor Logic AND Gate. 

MAXIMUM RATINGS(TA=25'C) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

I 

7 
8 

Symbol 

V 2,3,7 thru 
10 
V6 

12 thru 10 

TJ 

Tstg 

MC265 

DUAL "AND" GATE 

13-54 

Rating Unit 

Vdc 
+8 

±8 

±30 mAde 

Oto+75 ·C 

-65 to +175 ·C 

10 



--- Integrated Circuits --

MC265 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Typical Maximum Unit 

Diode Breakdown Voltage Vde 
(I2,3,10~ 10!lAde, V4 ~Vl = 0) V2,3,10 8 - -
(17,8,9 = 10!lAde, V5 =V 1 = 0) V7,8,9 8 - -

Diode Forward Voltage Vde 
(14 = 2mAde, V2,3,10 =V 1 = 0) V4 - - 0.85 

(15 = 2mAde, V 7,8,9 = VI = 0) V5 - - 0.85 

Diode Reverse Leakage Current !lAde 
(V2,3,10 = 5Vde, V4 =V1 = 0) ~,3, 10 - - 0.50 

(V 2,3,10 = 5Vde, V 4 = VI = 0, 12,3,10 - - 25 

TJ = 75'C) 

(V7,8,9 = 5Vde, V5 =V1 ~ 0) 17,8,9 - - 0.50 

(V 7,8,9 = 5Vde, V 5 = VI = 0, J7, 8, 9 - - 25 

TJ =75'C) 

Input Capacitance pf 
(V2,3,1O ~ 2Vde, V4 = VI = 0, C2, 3, 10 - - 10 

f = true, V in = 25mVrms, unused 

inputs grounded) 
(V 7,8,9 = 2V dc, V 5 = VI = 0, C7,8,9 - - 10 

f = lme, V in = 25rnVrms, unused 

pins grounded) 

Reverse Recovery Time nsec 
(IF2 , 3, 10 = ~2, 3, 10 = 2mAde, trr2 , 3,10 - - 4 

V 4 = VI = 0, recover to O. 2mAde) 

(IF7, 8, 9 = IR7 , 8, 9 = 2mAde, t rr7, 8, 9 - - 4 

V 5 = VI = 0, recover to 0.2mAde) 

Resistor Isolation Leakage mAde 
(V6 = 5Vde, V4 = V5 ~ 0) II - - 600 

Resistor Current mAde 
(V6 = 4Vde, V4 = VI = 0) 14 L3 - 2.85 

(V6 = 4Vde, V5 = VI = 0) 15 1.3 - 2.85 

Resistor Temperature Coefficient - - 0.1 - %;0 C I 
Diode Forward Conductance Change dV F2,3,10 - -1. 7 - mVj'C 

with Temperature dV F7,8,9 - -1. 7 -
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---Integratecl Circuits ---

Mc261 MC250 DTL SERIES 

Diode Transistor Logic Dual-Diode Array. 

MAXIMUM RATINGS (TA=25'C) 

Characteristic 

Applied Voltage 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

I 

Symbol 

V2,3, 
7 thru 10 

12 thru 5 

7 thru 10 

TJ 

Tstg 

MC267 

10 
2 
3 

DUAL DIODE ARRAY 

2 

13-56 

Rating Unit 

Vdc 
8 

mAde 
30 

o to +75 °C 

-65 to +175 °C 

4 

4 

3 10 



--Integrated Circuits ---

MC267 (continued) 

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

Characteristic Symbol Minimum Typical Maximum Unit 

Diode Breakdown Voltage Vdc 
(IZ, 3, 10 =10pAdc, V 4 = V 1 = 0) VZ,3,10 8 - -
(17,8,9 = 10,'Adc, V5 =Yl = 0) V7,8,9 8 - -

Diode Forward Voltage Vdc 
(14 = ZmAdc, V 2,3,10 = V 1 = 0) V4 - - 0.85 

(15 = 2mAdc, V 7,8,9 = V 1 = 0) V5 - - 0.85 

Diode Reverse Leakage Current /lAdc 
(V Z,3,10 = 5Vdc, V4 = VI = 0) Iz, 3, 10 - - 0.50 

(V2,3,10 = 5Vdc, V4 =V1 = 0, 25 

TJ = 75° C) 

(V 7,8,9= 5Vdc, V 5 =V1 =0) 17,8,9 - - 0.50 

(V 7, 8, 9 = 5V dc, V 5 = VI = 0, 
25 

T J = 75° C) 

hlput Capacitance pf 
(V 2,3,10= 2Vdc, V 4 = VI = 0, C2, 3, 10 - - 10 

f:;:: lrue, V in = 25mVrms, 

unused inputs grounded) 
(V 7,8,9=2VdC, V5 =V 1 =0, C7, 8, 9 - - 10 

f = lrue, V in = 25mVrms 9 

unused inputs grounded) 

Reverse Recovery Time nsec 
(IF2, 3,10 = IR2 , 3,10 = 2mAdc, t rr2, 3, 10 - - 4 

V 4 = V 1 = 0, Recover to 0.2mAdc) 

(IF7, 8, 9 = IR7, 8, 9 = 2mAdc t rr7, 8, 9 - - 4 

V 5 = V 1 = 0, recover to O. 2mAdc) 

Diode Forward Conductance Change 4V F2,3, 10 - -1. 7 - mV/oC 

with Temperature 4V F7,8,9 - -1. 7 -

I 
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---Integrated Circuits --

MECL Mc300 series 
MONOLITHIC SILICON 

EPITAXIAL PASSIVATED 

The MECL series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 

circuits combine extremely high speed with a 
systems'oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil
ity. The major features of the MECL series are: 

5 nsec propagation delay per logic decision 

• Virtually constant noise immunity with 
±10% power supply variation, and tem· 
perature changes from -55" :to + 125"C 

Simultaneous "OR"·"NOR" or "AND"· 
"NAND" outputs 

• High fan·in and fan·out capabilities 

The series is comprised of the following 
elements: 

McaOl - A high·speed five·input gate ele· 
ment that provides the positive logic 
"OR" function and its complement si· 
multaneously. 

MCa02 - A DC Set· Reset flip·flop with an 
expandable input and the power dissipa· 
tion of only one gate. 

MCaOa - A half· adder that provides the 
"SUM", "CARRY", and "NOR" func
tion simultaneously. 

MCa04 - A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MCa05 - A five-input expander for use with 
the MC302 and the MC306,7. 

MCaOS,7 - A high-speed expandable three
input gate element that provides the 
positive logic "OR" function and its com
plement simUltaneously. 

MCaOS - A clocked J-K flip·flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MCa09,lO,ll- A high-speed dual two
input gate element that provides the pos· 
itive logic "NOR" function. 

MCa12 -'- A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 

LOGICAL"l" = 
-0.75V 

LOGICAL "0" = 
-1.55V 

BASIC MECL CIRCUIT 

Vee = GND. 

1-1 INPUT +--l-i-o "NOR" OUTPUT 

(+lINPUT o-~-t---' 
Vu =-1.15Vdc 

I R, 
1 L _______ _ 

DifFERENTIAL 
AMPLIfIER 

EMITTER 
fOLLOWERS 

VH=-S.2Y 

FOR LOGICAL "1" INPUT; "NOR" OUTPUT = -1.55V 
"OR" OUTPUT =-0.75V 

FOR LOGICAL"O" INPUT: 'NOR" OUTPUT =-O.75V 
"OR" OUTPUT = -l.55V 

MECL - A CURRENT MODE SWITCH 

"OR" OUTPUT 

The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high·speed operation with non·critical transistor paramo 
eters. High fan-out operation is permitted due to the low.im
pedance emitter-follower and the high·input impedance of the 
circuit. The basic gate has both the function and its comple· 
ment available simultaneously. Since the current in the differ· 
ential amplifier is switched from one ·side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
-1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (-) input. 
If a logical "0" is applied to the (-) input, the current through 
RE is supplied by the fixed biased transistor. A drop of 800 mV 
occurs across RC2• The "OR" output then is -1.55V, or one 
VIE-drop below SOOmV. Since no current flows in the (-) input 
transistor, the "NOR" output is a VlE"drop below ground. or 
-0.75 volts. When a logical "I" leve! is applied to the (-) 
input. the current through RCJ is switched to the (-) input 
transistor and a drop of 800mV occurs across ReI< The "OR" 
output then goes to -0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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--Integrated Circuits --

MC300 MECL series (continued) 

10 PIN 12 PIN 
(MC312G ONLY) 

10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 
(MC312F ONLY) 

CASE 71 CASE 98 CASE 72 CASE 83 

FAMILY CHARACTERISTICS 

The fo!lowing information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 

designed. All performance curves are based 
on distributional spreads and the minimum
maximum ranges can be interpreted for design 
purposes as 10% -90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 

MAXIMUM RATINGS!,·t2"C' 

Characteristics 

Logic Input Voltage 

Power Supply Voltage 

Output Source Current 

Operating Temperature Range 

Storage Temperature Range 

Anyone of the supply nodes, VI), Vee, 
or Vu may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vee node. In 
such a case: 
Vee = a V.I = -1.15V VEli = -S.2V 

Symbol 

-

-

'0 

TA 

Tstg 

SYSTEM LOGIC SPECIFICATIONS 

The output logic swing of C.SV then 
varies from a low state of Vt = -1.5SV 
to a high state of VH = -O.75V with 
respect to ground. 
Positive logic is used when reference is 
made to logical "a's" or "1 's". Then 

"0" - -155V} . 
"I" ;;; -0:75V typical 
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Maximum Unit 

5 Ydc 

10 Ydc 

10 mAde 

-55 to + 125 °c 

-65 to +150 °c 

Dynamic logic refers to a change of 
logic states. Dynamic "0" is a negative 
going voltage excursion and a dynamic 
"1" is a positive going voltage excur· 
sion. 

I 
I 



--Integrated Circuits --

MC300 MECL series (continued) 

DC CHARACTERISTICS FOR MC300 SERIES 

WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 

eift (VOLTS] 

1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 
-1.350 -0.795 

."CII)~_-I---j--+--l 08 
v, v, 

1---j--=-!!~--,I!!f-+=~+--I----1--+--I 10 
1f----+------------1-D95D 

~ -+-+-----1--+-+---112 "; 
1-',,--+--------1-1350 

" 
-+--+-~I---j--+--l L4 

--+----,f,1liiI----I16 

18 

D'V\! 
25CPS 

06 

1'i-+----4--+-+--I 08 

-+--I--+--+---il---I 12 i -1--1---1--+---1 ID l 
J 

12 

L4 

18 16 

WORST CASE NOISE MARGIN 

30 0 

U!'NGIMC~D4 .T,LJTJ, 

0 

__ w.+.iD~J 
~ ''1'' FAN·OUT - 25 

j...-

0 

I 2D 

10 

50 0 

US1ltlG IrIXE~ vBl 01 L I.J5 V 
f.--f.--

D 
"'" "N·OUT ~ ~ -- f.--f.--............ r-. j. .. ..f--" f.----

0 V 

VV 
~ ~j::: 
VI-- 1-1-V 1--t-

DV yV "0" FAN-OUT = 1-25 

V "'''rAN"loUTt 21" 
0 

40 

'D 

o D 
-55 -35 -15 25 45 65 85 105 125 -55 -35 -15 25 45 65 85 IDS 125 

TEMPERATURE Inc) TEMPERATURE (OC) 
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-- Integrated Circuits --

MC300 MECL series (continued) 

MC304 
BIAS DRIVER 

A temperature compensating regulator intended 
for use in conjunction with the MC300 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of -55"C to +125"C. 

ELECTRICAL CHARACTERISTICS 

Test 

Fan-Out 

Output Voltage 

(No LQad to Full Load) 

Power Dissipation 

Conditions 

Vee =0, VEE = -t'i.2 Vdc :1:1% 

lout = a to 2. 5 mAde 

Vee = 0, VEE = -5.2 Vdc ! 1% 

CIRCUIT SCHEMATIC 

v •• 
REGULATED 

OUTPUT 

-55'( 25'( 125'( 
Symbol Unit 

min min min max 

" 25 " 
VBB 1.19 1.32 1.09 l.Z2 0.95 1.08 Vd, 

Pn 24 24 22 

CIRCUIT DESCRIPTION 

Circuit Operation: 
The divider network RI. RI, Dio 01 compensates for tem

perature variations of the base-emitter voltages of QI. and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi· 
tions over the temperature range of -SS·C to +12S·C. In 
addition, compensation for power supply variations is 
achieved, since the bias output voltage is derived from the 
system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if Vee is grounded in the 
logic ,system, then -

Vee = 0; Vu = -S.2V; 
V.I = -LIS nominal output voltage at 2S·C 
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--Integrated Circuits --

MC300 MECL series (continued) 

MC301. MC306. MC307. MC309 thru MC312 

LOGIC GATES 
CIRCUIT SCHEMATICS 

MC306/MC307.3.INPUT R" 

10o-~--~~---4~--~~--' 

MC309 DUAL "NOR" 

-Resistors Ro are omitted in Me3D7 cir
cuits to permit reduction of Power Dissi· 
pation in systems where logic operations 
are performed at circuit outputs. 

EXAMPLE: where (n) gates are to perform 
an "OR" function, one MC3Q6 gate and 
(n·l) Me3D7 gates can be used to provide 
savings of Power Dissipation in (n.l)gates. 

"Pins 9 and 10 are for use in conjunction 
with the Me30S input expander to in· 
crease the fan-in capability in increments 
affive. 

"·To be supplied from bias·driver circuit 
MC304 for optimum temperature stability. 

NOTE: Any unused inputs should be 
connected to Vu. 

R. 

MC310 DUAL "NOR" 

MC312f DUAL "NOR" 
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LOGIC SPECIFICATIONS 

POSITIVE LOGIC 
When"'VH is defined as a logical "1" and Vl as 
a logical "0" the "OR" '''NOR'' function is 
performed: 

SI",le liate 

~D=F~"NOR" A+B+C+O+E 

g G~"OR"~A+B+C+O+·E 
E 

DualCate r,:----, 
~~G""NOR"~A+B+C 
~::::;L/l=![)tl 
E H ~ "NOR" " 0 + E+ F 
F I L! ____ J 

NEGATIVE LOGIC 
Inversely, when VH is defined as a logical "0" 
and Vl as a logical "1" the "AND" /"NANO" 
function is performed: 

Sin,le Gate 

~~F~"NANO"~A. B· C· O· E 

~~G~"ANO""A. B· C· O· E 

Dual Gate 

~ i~G""NANO""~ 

fV+- H" "NANO"" o;-r;T 
L ____ J 

MC311 DUAL "NOR" 

MC312G DUAL "NOR" 



-- Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

DC ELECTRICAL CHARACTERISTICS Vee =0, V(l= _5.2 Volts. (aU =1%), VII = _1.2SVdc@_5SoC 
VII = _1.15Vdc@+2SoC 

Unused inputs connected to V" VII = _1.OOVdc@+12S·C 

Test Conditions Symbol 

Total Unit Power Supply All inputs open IE 
Current Drain MelOI, Me3D6 

MelD7 
MCJ09, MellO, MellZ 
MeJll 

Input Current Vl min @ 2S oC lIN 

Fan-ill 

Fan-Out 

"NOR" OUTPUT - All Types 

"NOR" Logical "1 ' Output Each Input: V, 
Voltage ~~: =!:~~ ~~~: ~~~:~ 

Vin ~ -1.30 Vdc © + 12SoC 

"NOR"' Logical "0" Output Each Input: V, 
Voltage ~~ : =~:~:~ ~~~ ~ :~~~~ 

Yin : -0.655 Vdc@ +12SoC 

. 'NOR" Saturation Breakpoint dv (NOR) ,0 V3 
Voltage dVin 

"NOR" Output Voltage Change All inputs open 
'VI 

(No load to full load) No load = 0 current at pin 5 
Full load = 2.5 mAde :5% at pin 5 

"OR" OUTPUT - Types MC301. MC306. MC307 only 

"OR" Logical "1" Output Each Input: 
Voltage Vin = ~O. 945 Vdc @ ~550C 

Vin = ~O. 795 Vdc @ +250C 
Yin = -0.655 Vdc @ +-1250C 

"OR" Logical "0" Output Each Input: 
Voltage Vi' = -1,45 Vdc@ _55°C 

Yin ., -1.35 Vdc(q +-250C 
VI, = -1.30 Vdc@ +-l2SoC 

"OR" Output Voltage Change No load = o current © pin 4 
(No load to full load) FuH load = 2.5 mAde "! 5% at pin4 

Yin = 0.945 Vdc, (g _55°C 
Yin = 0.795 Vdc, @:+250C 
Yin = 0.655 Vdc, @+12SoC 

TYPICAL INPUT CHARACTERISTICS 

v5 

V2 

'V5 

'> a 
i 

I 
~ 1 

U'> ---0 
B 
j 

- ;O( 2'O( ;O( 

min max min max min max 

8,85 B.85 8.15 
J.6 J.6 J.J 

13,0 13.0 12.0 
10,1 10,1 9.25 

100 

2J 

25 

0.825 0.945 
0,690 0.795 

0.525 0.655 

1.560 1.850 
1.465 1.750 

1.340 1.675 

0.40 0.55 0.680 

0.055 0.055 0.060 

0.625 0.945 
0.690 0.795 

0.525 0.655 

1.560 1.850 
1.465 1.750 

1.340 1.675' 

0.055 
0.055 

0.060 

TYPICAL OUTPUT CHARACTERISTICS 

(!!' :::! :£.I. 

w2im· . w1"4ill. 

, 01 b 
II 
, 

II, n 
I 

II .~ 

1.6 1.4 1.2 1.0 0.8 0.6 2.0 1.6 1.2 0.8 0.4 

e" fO.1 V/DIVl eo~t (0.1 V/DIVJ 
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Unit 

mAde 

/.lAde 

Vdo 

Vdo 

Vdo 

Vdo 

Vdo 

Vdo 

Vdo 

I 
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--Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHI NG CHARACTERISTICS Vcc=o, Vu=-S.2Volts, (all :;-1%) V .. =_1.25Vdc,VH =_O.870Vde, Vl= _1.650Vdc@_5S·C 
VII'" -1.15Vdc, V tl = _O.750Vdc, V l = -1.SSOVdc@.2S·C 

The stra)' capacitance introduced by the te.t Jiil WillS VII = _l.OOVdc, VH = _O.600Vdc, Vl = _1.4SOVdc@+12S·C 
Cs = In + 12) pf where n = number of flln-out •• 

Test Conditions 

MC301 

Propagation Delay 
"NOR" Output Fan-In 1, Fan-Out 01 '., '.5 10,0 '.5 

"OR" Output Fan-In I, Fan-Out 01 "1 8.0 12.0 8.5 

"NOR" Output Fan-In 1, Fan-Out 01 t", 7.5 11.0 8.0 

• 'OR" Output Fan-In 1, Fan-OUt = 1 .., 5.5 9.0 '.0 

Rise Tlme t, 
"NOR" Output Fan-In I, Fan-Out = 1 8.5 14.0 9.0 

"OR" Output Fan-In I, Fan-Out I '.5 9.0 7.0 

Fall Time 4 
"NOR" Output Fan-In = I, Fan-Out 01 7.0 12.0 7.5 

"OR" Output Fan-In " I, Fan-Out" 1 7.0 11.5 7.5 

MC306. MC307 - "NOR" AND "OR" Output; MC312 - "NOR" Output only 

Propagation Delay 
"NOR" Output 

"OR" Output 

"NOR" Output 

"OR" Output 

RiseTlme 
"NOR" Output 

"OR" Output 

Fall Time 
"NOR" Output 

"OR" Output 

Fan-In" 1, Fan-Out = 1 

Fan-In" 1, Fan-Out" 1 

Fan-In = 1, Fan-Out" 1 

Fan-In" 1, Fan-Out" I 

Fan-In" 1, Fan-Out." 1 

Fan-In " I, Fan-Out" I 

Fan-In " I, Fan-Oolt " 1 

MC309. MC310. MC311 - "NOR" Output only 

Propagation Delay 
Either Output 

Either Output 

Ri.se Time 
Either Output 

Fall Time 
Either ().Ltput 

e .• 

Fan-In " I, Fan-Out = 1 

Fan-In" 1, Fan-Out" 1 

Fan-In'" I, Fan-Out " 1 

'ran-In" I, Fan-Out" 1 

SWITCHING TIME TEST CIRCUIT 

G 

Z.M-C-30-6/~e-'1. ,-r2_~_-_./_-.J-t<'e''''I'-'Z.M-C-30-6/--VT 

_~;;-LJ"-52V L JL_"--'~-o 
TO TEKTRONIX II - J I n 

567 -. - _ ....... -<J1 OR EQUIVALENT 1. 
INPUT PULSE t. AND t, = 6 nsec ±2 nsec L -" - - "0--0 _J \ 

_L_.--L-<J 
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'.1 5.5 10.0 5.5 

tdl 7.0 11.0 7.0 

I.Z 7.0 10.5 7.0 

td2 5.5 10.0 5.5 

" 7.5 11.5 '.5 

6.0 8.5 6.0 

't 
'.5 12.0 '.5 

'.5 10.5 '.5 

'dl 5.5 10.0 6.0 

'", '.5 13.0 7.0 

I, 
6.0 12.0 '.0 

4 
7.0 13.0 7.5 

PROPAGATION DELAY 
e, e, 

l=jr "OR"- 50% 

tell - -l.!J 
e, e, 

fi "NOR"_ I '-~O% 

tdl - - tdl 

11.0 7.5 14.0 

12.5 10,0 15.5 

12.5 10.0 15.5 

10.0 8.0 12.0 

14.5 11,0 17.5 

10.0 10.5 15.0 

12.5 10.0 15.5 

13.0 10.0 16.0 

10.5 7.0 12.5 

11.5 9.5 14,5 

11.0 9.5 14,5 

11.0 7.0 12.5 

12.5 9.5 15.0 

10,0 8.0 13.0 

12.5 9.0 15.0 

12.0 9.0 15,0 

11.0 7.0 12.0 

13.5 9.5 15.0 

12.0 7.0 13.5 

14.0 9.5 17.0 

RISE AND FALL TIME 

e'M 90% 

10% 

t/ t, 

The fan-in is obtained with 
MC305 Input expanders, with all 
but the driven Input connected 
to -l.SSOV. 



--Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

0 

50 

50 

1: 40 
.5 

" 30 ;: 
~ 

'" 10 .i 

10 

0 

120 

100 

~ 80 

'l: 
i= 50 

~ 40 

0 

o 

0 

0 

o 

tr 

.-- e-,a-: p' 

~ 

......-::: ~ 
.. §t. ~ .-. 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"OR" OUTPUT 
MC30! 

n, FAN-OUT 

10 l~ 

n, FAN-OUT 

... -' '.= .-' 

10 15 
n, FAN-OUT 

,.-/ 

V ....-: 
~ ~ --.- -.-
.-' 1--

10 15 
n, FAN-OUT 

10 

.-' 

10 

V 

-5I"C------
+25"C-'-' - .-.-.-
+115"C----

50 
Idl 

u 50 • .5 

~ 40 

z 

~ 
30 

~ 20 
go 
;; 10 

-~-. 

0 
0 

50 
td2 

"HOR" OUTPUT 
MC30! 

. r-~' 
10 15 

n, FAN-OUT 
20 25 

15 0~0-L-~~L-~10~-L~15~-L~270-L--725· 
n, FAN-OUT 

50 
tr 

50 

] 40 

'l: 
30 ;: 

'" 20 

~-:": 
- . ·r=- ... ·~ 

10 

0 
15 0 10 15 10 15 

n, FAN-OUT 

V 

--.~ 
~ --- -.-. -' f--

10 15 
n, FAN-OUT 
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--Integrated Circuits --

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

1 ,. 
;= 

'" .i 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"OR" OUTPUT 
MC30G, MC307, MC303 "SUM" -5SOC-----

+25'C-·_·-·_·_·
+125'C----

60 
tdl 

"U 50 

~ 

~ 
40 

z 30 

I 20 

-'" 
10 - .---. 

"NOR" OUTPUT 
MC30G, MC307, MC312 

0~0-L--7-L-~1~0-L-~1~5-L-~2~0-~~25' 0 
0 10 IS 20 25 

n, FAN·OUT 

0 
td2 

0 

0 

0 

0 

0 .-. .~~ . 
0 

10 IS 20 

n. FAN-OUT 

60 
t, 

50 

40 

30 

20 

10 

=>. ~ .-' f--

0 
0 10 IS 20 

n. FAN·OUT 

120 

~ 
100 

n, FAN-OUT 

25 

25 

0 

"U 5 0 • .5 g 4 0 

is 3 

~ 
0 

i 2 0 

j I 0 

0 

60 

50 

"U • 40 
.5 

~ 
;= 30 

'" .i 20 

10 

0 

td2 

-:::. f.::::: ~ 
::. 1--"'"' --

t, 

=' .--- _.--

'"' ~ 
0 

n, FAN-OUT 

,/" 

./ 
~ 

V V -V -- --:::-: ~ -.- ~;: 
""".:- -:-:-=.:- .=:.: -~. _.--

10 IS 20 25 

n, fAN-OUT 

..;=: 

10 IS 20 25 

n, fAN-OUT 

120.--.--,---.--,---.--,---.--.----.--, 

100f-'~+-f-'+-f-'+-f-'+-+_-J. .... /"'--I 
j 801-+-+---1-+--+-+--:V/~/--:_+-"'-I 
~ 60 f--+--+--+-f---l:7"9-,/"'-:-*':"'---b-.....,l--"=---j 

~ 40 f--+--+--b,....-:.j./~. t' -"",'"",...,.",,' -'-0' ..,f-"---'-1' I-""'-='-='..f--':'~ 
k~~::-:-':"'I--'-

n, FAN-OUT 
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---Integrated Circuits ---

MC300 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

"NOR" 
Mcaos, Mcal0, MCall 

and MC3D3 "NOR" and "CARRY" -$$"C----
+2$"C -._.-.-.

+12$"C---

t.ll 1 $0~~--+-_+--+__4--~--~-+--~__1 
~ 40~~--+-_+--+_~--~--~-+--~~ 

9 30t-~--t-_+--+_~--~--~-+--~~ 
~ i 20t-~--t-_+--+_~--~--~-+--~~ 
;:, 101 ~~~~~~~~~~~ 

" 11 
~ 

" 

r- F; '-'F' . =.' =:-'F'"' 

o o!:--'---"--'---JIO---'---I'-$ --'---'-20---'----'25 

n, FAN-OUT 

0 
0 10 15 20 25 

n, FAN-OUT 

60 
t, 

50 

40 

30 

10 

4 

70 

60 

50 

140 

~ 30 
~ 

20 

0 

TYPICAL SWITCHING TIME VARIATIONS 
MCaDS 

SUPPLY VOLTAGE VARIATION 

c-! ! 
'-". . 't;;;;:- -

t,12 J 

"1\ 
FAN·OUT ~ I 
TA = 25°C 
NOR OUTPUT 

U U U ~ U U U U U U U 
-v •• , POWER SUPPLY VARIATION (VOLTS) 

FAN·IN VARIATION 

FAN·OUT ~ I </ TA = 25°C 
NOR OUTPUT V V 

/' Y 
/'" ....... V 

./ / 
..-: :::--- I" -

I" 

10 U M ~ ~ W 
m,FAf'-IN 

LINE DRIVER APPLICATION 
o RL RETURNE~_I Rl = 200 ____ 
o~~~~·~fVclC_RL=OO ___ 

--7-

~ 4 

~-<. --a TA = 25°C -
I--

0 --- -~~--+--+--4-~r-~--~~~~~~'~- ~ 3 
. b=!i~ ~~""':"..: .:;;:;: 20 

'" 20 ...; ----- _-T' ----0 - t",-<.. 
10 .. ~ ~ 

0 --- - := 
I".LJ 

0 
0 10 15 20 25 

0 
25 10 15 20 

n, FAN-OUT n, FAN-OUT 

120...-... --,.--,--,--,,-.... --,--,--.... ---. OUTPUT WIRED "OR" FUNCTION 
6 

TA = 25°C 
8 

---~----4 
~ ---2 

---- ~ 
t",-

0 -:::-- I, 

8 .. ,-
6 

4 
2 4 6 10 

n, FAN-OUT COMMON OUTPUT EMITTERS (MC307'lol 
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---Integrated Circuits ---

MC300 MECt series (continued) 

MC303 
HALF-ADDER 

10 

~ 6 
!>! 
-= 
ffi 
~ 
.} 

o 

• Provides the "SUM," "GARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of -55·C to +125·C. 

• Average Propagation Delay - 6 nsee 

CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 

Vee 

10 

RECOVERY CHARACTERISTICS WITH SIMULTANEOUS "0" 
ON ALL INPUTS 

T,I_ 2;,C 

,/' 

~8&10 

~ -"SUM" 

PINS 7 & 9 ARE LOGICAL "0" 
PINS 8 & 10 ARE TI£D TOGE1HER TO 
PULSE GENERATOR OUTPUT 

II II 
20 30 50 70 100 200 300 500 700 1000 

pw, PULSE WIDTH (nsec) 

~:§,------,~"SUM" ~ AS + AS 
MC303 "CARRY" ~ AS 

"NOR" ~ AS 

The "NOR" and "CARRY" outputs can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un· 
defined state can occur. When all inputs are 
at a logical "0" ReI has two R£ currents which 
saturates the VIB transistor. The "SUM" out
put goes to -2.3 Volts. The recovery time 
characteristics are shown in the curve below. 

SWITCHING TIMES TEST CIRCUIT 

fktiN709 _ UNIT !!!!~R.!.EST "NOR" 

e" - f jA f~/ f 

50" 2K GII~G 
o -= -52V MC306 \ A __ -/1 MC306 T 

-0;L.I" . . TO TEKTRONIX LI -,- - '0-<> 
567 _J \ 

ONAV," = -0.750 Vde OR EQUIVALENT l_J ,.L--<> 1n I L __ 

I 
'--'--'<C<> 

_.1 \ 

PROPAGATION 
DELAY TIME 

eo"su~" rs:..~:'.~~ & "CARRY") 

50% 
_. ' 1..-

t,/I td2 

. WAVEfORM AT INPUT Of 
GATE UNOER TEST 

-l __ ./L-o 

RISE AND 
FALL TIMES 

"CARRY" OUTPUT & 
"NOR" OUTPUT 

~
90% 
10% 

t/ "SUM" t, "SUM" 
t, "NOR" 1/ "NOR" 

"SUM" OUTPUT 

(RISE TIME = 10% 10 90% POINT OF POSITIVE GOING WAVEFORMS 
FAll TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 
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--Integrated Circuits --

MC300 MECL series (continued) 

HALF-ADDER (CONTINUED) 

ELECTRICAL CHARACTERISTICS Vn=-5.2Vdc ±l%. Vee"O VII=_1.2SVdc@_55·C 
V n =_1.15Vdc@+25°C 
Vn a_l.OOVdc@+125°C Unused Input. connected to VII 

Te .. Conditions 

DC CHARACTERISTICS 

"NOR" Logical "I" 
Each Input: V1 Vde Output Voltage 

Yin '" -1.-4.50 Vdc@' -5SoC 0.825 0.945 
Vin '" -1.350 Vdc@ .250 C 0.690 0.795 
Vin = -1.300 Vdc@: +12SoC 0,525 0.655 

''NOR'' SaturaUon 
dV "NOR"/dvin '" a for all test temperatures V3 

Brellkpo1ot Voltage 
0.400 0.550 0.680 vd, 

"NOR" Logical "0" Each Input: V, Vd, Output Voltage Vin = -0.945 Vdc@ -5SoC 1.560 1.850 
Vin = -0.795 Vdc@ .2SoC 1.465 1.'150 
Vin ", -0,655 Vdc@ +12SoC 1.340 1.675 

"SUM" Lopcal "I" Each Input: V, Vd, Output Voltage Vin = _0.945 Vdc@ -550(: 0.825 0.945 
Vin = -0.795 Vdc@.25()C 0.690 0.795 
Vin '" -0.655 Vdc@ +1 2SoC 0,525 0.855 

"SUM" Logiea.l "0" Each Input: V, Vde Output Voltage 

~:~ : :t:~~~ ~~~ ~ :i~~g 1.560 1.850 
1.465 1.750 

Vin" -1.300 Vdc (i! +1250C 1.340 1.675 
"CARRY" Logical "1" Each Input: V1 VO' OUtput Voltage Vin " -1.450 Vdc © _55°C 0.825 0.945 

Vln " -1.350 Vdc © ,.250 C 0.690 0.795 
Vin" -1.300Vdc © +1250C 

0.525 0.655 
"CARRY" Logical "0" Each Input: V, Vd, 

Vln = _0.945 Vde © -S50C 1.560 1.850 Vin" -0.795 Vdc © .250 C 1.465 1.750 
Yin = -0.655 Ydc © +1250C 

1.340 1.675 
"CARRY" Saturation dv "CARRY"!dvin " 0 for all test temperatures V, 0.400 0.550 0.680 Vd, Breakdown Voltage 

Total Unit Power &1pply 
Current 

All Inputs Open 
IE 15.30 15.30 14.10 mAde 

LOADING CHARACTERISTICS 

"NOR" Output Voltage Change All Inputa open .V1 0.055 0.055 0.060 Vde 
Between No Load and Full \ No load '" a current (pin 5) 
Load. Conditions ,I Full load '" 2.5 mAdc (pin 5) 

"CARRY" Output Voltage All inputs open .V1 0.055 0.055 0.060 Vdo 
Change Between No Load No load " a current (pin 6) 
and Full Load Conditions Full load '" 2.5 mAde (pin 6) 

"SUM" Output Voltage Change No load '" 0 current (pin 4) .V. Vd, 
Between No Load and Full Full load '" 2.5 mAdc (pin 4) 
Load Conditions Input (pin 9): 

Vin '" -0.925 Vdc @ -55~C 0.055 
Vln .. -0.795 Vde@+25 C 0.055 
Vin "' -0.655 Vde@+1250C 0.060 

SWITCHING CHARACTERISTICS VH = -O.870Vdc, Vl = _1.650 Vdc@-SS-C 
The stray capacitance introduced by the ust iii was VH '" -O.750Vdc. Vl = -1.S50Vdc@+2S"C 
C$ '" (n + 12) pf where n = number o11an-outs. VH = -O.~Vdc. Vl = _1.450Vdc@+12S-C 

typ typ typ 
Propagation Delay Time 

"SUM" Output Fan-In '" I, Fan-Out", 1 '01 8.0 12.0 8.0 12.0 10.5 1'1.0 
"NOR" Output Fan-In '" I, Fan-Out", 1 tdl 6.0 10.0 6.0 11.0 7 •• 13.0 
"CARRY" Output Fan-In '" I, Fan-Out'" 1 tdl 8.0 10.0 6.0 11.0 7.' 13.0 

""SUM" Output Fan-In" I, Fan·Out", 1 td2 '.5 8.0 '.5 8.5 7.' 12.0 
"NOR" Output Fan-In" I, Fan-CM,.1 td2 7.' 10.5 7 .• 11.0 10.0 15.0 
"CARRY" Output Fan-In '" I, Fan-Out" 1 ... 7.' 10.5 7 .• 11.0 10.0 15.0 

Rise Time 
"SUM" Output Fan-In = I, Fan-Out", 1 t, 8.0 10.0 6.' 11.0 10.0 16.0 
"NOR" output Fan-In .. I, Fan·Out. 1 t, 6.0 11.5 6.-5 12.0 7 .• 14.0 

"CARRY" Output Fan-In. I, Fan-OJt" 1 t, 6.0 11.5 6.' 12.0 7.' 14.0 

Fall Time 
"SUM" Output Fan-In" I, Fan-Out::; 1 ~ 8.0 12.5 8.' 13.5 11.0 16.0 
"NOR" Output Fan-In '" I, Fan-Clut" 1 ~ 7.5 12.0 6.0 13.5 10.5 16.5 
"CARRY" Output Fan-In '" I, Fan-Out", 1 ~ 7 •• 12.0 8.0 13.5 10.5 16.5 
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--Integrated Circuits --

MC300 MECt series (continued) 

FLIP-FLOPS 

MC302 
DC R-S FLIP-FLOP 

• Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of -55"C to +125"C 

CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 

When VH is defined as a logical" I" and Vl 

as a logical "0". the function is as follows: 

sBa MC302 _ 

R a 

D 1 1 

1 D D 

D D !l" 
1 1 N.D. 

V" 
NOTE: Any unused inputs, should be connected to VEE. 

MC30a 
J-K FLIP-FLOP 

• Performs the Single Phase Binary Function of "Q" 
and "Q" Outputs at High Speeds over a Temperature 
Range of -55"C to +125"C 

LOGIC SPECIFICATIONS 

CIRCUIT SCHEMATIC 

When VH is defined as a logical "1" and VL 

as a logical "0", the function is as follows: 

T K C Q'" 

Ko- roo <b ¢ 0 a' 

TO:; 0 0 1 a' 

c-d MelD8 0 I 1 I 

f-oli I D I 0 
1 1 I 0' 

Clocked JK Operation 

The J and K inputs refer to logic levels 
while the C input refers to dynamic logic 
swings. The J and R inputsshouJd bechanged 
to a logical "1" only while the C input is in a 
logic "I" state. 

2 VEE 
NOTE: Any unused inputs should be connected to Vu. 

Set· Reset operation is the same as the 
MC302. 
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--Integrated Circuits --

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

ELECTR ICAL CHARACTER ISTICS v" = -S.2Vdc ±l%. Vee =0 

(These characteristics apply to both the MC302 R-S Flip-Flop 
and the MC308 J-K Flip-Flop) Unus&d inputs connllcted to V" 

Test Conditions 
2 ' 

Symbol min max min max min max Unit 

DC CHARACTERISTICS 

"Q" or "Q" Logical "I" Output Each lnput:(Set Input [or Q. Reset Input lor Q) V, Vde 
Voltage Vin ,,·1.45 Vdc @ -S50e 0.825 0.945 

Vin =.1.350Vdc@250C 0.690 0.795 
Vin ,,·1.30 Vdc@ +1250C 0.525 0.655 

"Q" or "Q" Logical "0" Output Each Input: (Set Input [oroQ, Reset Input for Q) V, Vde 
Voltage Yin" -1.45 Vdc@ -55 C 1.560 1.850 

Vln = -1.350 Vdc@ zsoe 1.465 1.750 
Vin = -1.30 Vdc@ +-12SoC 1.340 1.675 

"Q" or "Q" Saturation 
Breakpoint Voltage 

dV "Q"/dVln = 0; dV "Q"/dVio = 0 V3 0,50 0.65 0.75 Vde 

"Q" or "Q" Latch Voltage dVl/dVin "'.., VL 1.16 1.34 1.09 1.21 0.93 1.07 Vde 

Total Power Supply Current 
Drain (MC302) 

All Inputs Open 'E 10.35 10.35 9.52 mAde 

Total Power Supply Current Alllnputa Open 'E 21.0 21.0 19.5 mAde 
Drain (MC30S) 

LOADING CHARACTERISTICS 

"Q" Output Voltage Change Alllnputs Open, measured between no load ,"V, Vde 
and full load 

No load - 0 current (pin 5) 
Full load = 2.5 mAdc !:. 5% (pin 5) 

Vin (pin 6) = -0.94.5 Vdc@ _55°C 0.055 
Vin(pin 6) = -0.795 Vdc@250C 0.055 
Vin (pin 6) '" _0.655 Vdc @ +i2SoC 0.060 

"Q" Output Voltage Change AU Inputs Open, measured between no load and full ,"V, Vde 
load • .v in at pin 10 for MC302, pin 1 for Me308 

No load _ 0 current (p~ 4) 
Full load = 2.5 mAde - 5\{, (pin 4) 

Yin = _0.945 Vdc @ -SSoC 0.055 
Vin = -0.795 Vdc@ 2SoC 0.OS5 
Vin = -0.655 Vdc@ + 125°C 0.060 

TRANSFER CHARACTERISTICS 

~
_~,350V '.. 0 

V, 

VI I eov' 

v, 
_,:vv 

= 25 CPS 

·FOR "0" TESTS REVERSE ··S" & '·R·· CONNECTIONS 
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--Integrated Circuits --

MC300 MEeL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC302 

SWITCHING CHARACTERISTICS v" = o. v" = -5.2 Volt •. t." "'%). Ve =-O.B70Vd,.V,=-'.650Vd,@-WC 
V .. = -O,750Vdc, V, = -1.550Vdc@+2S-C 

The stray capacitance introduced by the test jig was Unused inputs connected to V" V .. = -O.600Vdc, V, = -1.450Vdc@+12S-C 
C\ = (n + 12) pf where n = number of f .... n-outs. 

Test 

Propagation Delay Time 

Rise Time 

Fall Time 

Conditions 

Either Output (Fan·In '" I, Fan-Out" 1) 
Either Output (Fan-In = 1, Fan-Out = l) 

Either Output (Fan-In'" I, Fan·Out = 1) 

Either Output (Fan-In = I, Fan-Out = 1) 

SWITCHING TIME TEST CIRCUIT 

Symbol typ 

td, 9.0 

till B.5 

t, 9.0 

tf 7.0 

55°( 2SOC 12SOC 
max typ max typ I max 

14.0 10.5 16.0 22.0 29,0 

14.0 11.5 19.5 16.0 24.0 

15,0 11.5 19,0 23.0 31.0 

13.0 12.5 19.5 IB.O 29.0 

SWITCHING TIME TEST PROCEDURE 

Unit 

e,.$ 
PW 

100 nsec 
PW 

IOOnsec 

-5.2V 

e,._ 

-5.2V 

60 

1 
td, 

50 
:;: 
;= 40 

~ 
30 ~ 

0 

5i 10 

i 
iO 

.:> 

0 
0 

60 
t, 

50 

] 40 

:;: 30 ;= 

'" 10 .J 

10 t-

00 

NOR 

UNIT 
UNDER 
TEST aD 

G el or e;~ , I MC306 

I~~~ 1° n~~c ~ 
±:2 nsec 

INPuT TO RESET-+---J e •• 

Q OUT -t--...... bl---I-;;;~-90% 
l\;;;;;;;;;;r=c"'-"-IO% 

--,'---------~ TO TEKTRONIX 1/===1""'50",%,-90% 
Q OUT---~r--->";~~IO% 

10 

10 

567 
OR EQUIVALENT 

-I. 

SWITCHING CHARACTERISTICS 

15 

n, FAN·OUT 

15 

n. FAN·OUT 

(10% to 90% distribution) 

-55"C-- ---
+25"C-·_·_·_·-
+125"C-----

= _._=.=: 

10 15 

10 15 
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~ 
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.....-
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/ 
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./' 
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--Integrated Circuits --

MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC308 

SWITCHING CHARACTERISTICS Vee'" O. Vu = -5.2 Volt!>. (all -1%). V .. = -O,870Vdc, V, = -1.650Vdc@_5S·C 
V .. = -O.7SOVdc, V, = -1.S50Vdc@+2S"C 

The stray capacitance introduced by the test jilil was 
C\ '" (n + 12) pf where n = number of fan-cuts. 

Unu5ed mputs connected to V" V .. '" -O.600Vdc, V, = -lASOVdc@+12S"C 

Test Conditions Symbol -55°C 2S·C 125"( 
Iyp max . typ TviJ 

Propagation Delay Time Either Output (Fan-In = I, Fan-Out ~ 1) t d, 7.0 11.5 7.0 12.5 9.5 18.5 
Either Output (Fan-In = I, Fan-Out: \) tdl 8.5 14.0 8.5 14.5 10.0 16.5 

Rise Time Either Output (Fan-In = I, Fan-Out. 1) 
" 

6.5 18.0 0.5 18.5 10.0 24.0 

Fall Time Either Output (Fan-In = I, Fan-Out = 1) 7.5 14.5 8.5 16.5 11.5 21.5 

SWITCHING TIME TEST CIRCUIT SWITCHING WAVEFORMS 

2N709 

50% 
INPUT 

Unit 

90% 

-52 

60 

] td, 
50 

:g 

" 40 

~ 30 z 
0 

5 20 

i 
10 

.01 
.""", p,---' 

0 
0 10 

60 

t, 
50 

u 
40 • .5 

:g 
30 " 

'" 20 .i . .,..:; -
10 

=-' 

0 
0 10 

MC306 
10% 

EITHER OUTPUT 90% 
50% 

I" 

SWITCHING CHARACTERISTICS 

n, FAN-OUT 

n, FAN.()UT 

(10% to 90% distribution) 

15 20 

-'- .-:'-' 

15 20 

-55"C- ----
+25"C-·-·_·_·-

+125°C 

25 

0 

¥ 5 
tdf 

0 

0 

0 

O~ 

"'" 0 

0 

12 0 

100 

~ 8 0 

0 
:g 

" 

~ 

.-' .-' ~ 
0 

o .... 
~ 

0 
25 
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--Integrated Circuits --

MC300· MECL series (continued) 

MC305 
GATE EXPANDER 

Designed primarily for use in conjunction 
with the MC306 and 
MC 307 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five_ 

ELECTRICAL CHARACTERISTICS 

Test 

Bage Leakage Current 

Input Voltage 

Collector Leakage Current 

Conditions 

VEE" 2.0 Vdc, Vee" 0, 

VBB " -5.2 Vdc 

VeB ~ 0.7 Vdc. VB = 0, 

IE " -1.33 mAde 

Vee" -2 Vdc, V BE = O. 3 Vdc (all inputs), 

VEE "0 

SWITCHING CHARACTERISTICS 

PropagaUon Delay 

Rise Time 

Fall Time 

Symbol 

IBL 

VBE 

leEX 

'dl 
'd2 

'. 
'r 

SWITCHING TIME TEST CIRCUIT 

-55'( 
min max 

0.5 

0.810 0.880 

1.0 

typ max 

5.0 8.0 
4.0 8.0 

8.0 10.5 

3.0 8.5 

lNI09 

;y 125'( 
min max min max 

0.5 5.0 

0.660 0.730 0.490 0.540 

1.0 100.0 

typ max 'yp max 

5.0 8.5 5.5 9.5 
4.0 8.0 4.5 10.0 

8.5 11,5 6.5 13.0 

3.5 8.5 4.5 9.5 

300 

lNI09 

-Ll5V 

50 1 K 

-5.1V 

Me3D5 

1.14K 

CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC306 3·INPUT GATE 

Me3D5 
GATE EXPANDER 

r------ ---- - - - -- ---, 
1 

L ___________________ _ 

NOTE: Any unused inputs should be connected to Vee. 
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2K 

-5.2 V 

v" 

Me3DS 
3·INPUT GATE 

Unit 

/lAde 

!lAde 

1-
nsec 

nsec 

nsec 

OUTPUT 



--Integrated Circuits--

MECL Mc3.50series 

The MECL series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil
ity. The major features of the MECL series are: 

• 5 nsec propagation delay per logic decision 

• Virtually constant noise immunity with 
±lO% power supply variation, and tem
perature changes from a to +75°C 

• Simultaneous "OR"-"NOR" or "AND"
"NAND" outputs 

• High fan~in and fan-out capabilities 

MECL integrated circuits are used in various 
combinations to provide such intermediate sys
tem blocks as adders, counters, shift registers, 
decoders, multivibrators, etc. They provide a 
line of monolithic computer circuits designed 
analytically and practically to meet the stringent 
demands of the most advanced computer sys
tems. The series is comprised of the following 
elements: 

MC351 - A high-speed five-input gate ele
ment that provides the positive logic 
"OR" function and its complement si
multaneously. 

MC352 - A DC Set-Reset flip-flop with an 
expandable input and the power dissipa
tion of only one gate. 

MC353 - A half-adder that provides the 
"SUM", "CARRY", and "NOR" func
tion simultaneously. 

MC354 - A bias driver that compensates 
for changes in circuit parameters with 
temperature. 

MC355 - A five-input expander for use with 
the MC352 and the MC356,7. 

MC356,7'- A high-speed expandable three
input gate element that provides the 
positive logic "OR" function and its com
plement simultaneously. 

MC358 - A clocked J·K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 

MC359,60,61 - A high-speed dual two· 
input gate element that provides the pos
itive logic "NOR" function. 

MC362 -A high-speed dual three-input gate 
element that provides the positive logic 
"NOR" function. 

13-75 

LOGICAL "1" = 

-0.75 V 
LOGICAL "0" = 

-1.55V 
(-)INPUT 

BASIC MECL CIRCUIT 

Vcc ~, GND. 

~-I--:-<> "NOR" OUTPUT 

DIFFERENTIAL 
AM?lIf1ER 

EMITTER 
FOLLOWERS 

VEE = -5.2V 

FOR LOGICAL "1" INPUT; "NOR" OUTPUT = -1.55V 
"OR" OUTPUT ~ -0.75V 

FOR LOGICAL"O" INPUT; 'NOR" OUTPUT = -0.75V 
"OR" OUTPUT ~- -1.55 V 

MECL - A CURRENT MODE SWITCH 

"OR" OUTPUT 

The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor paramo 
eters_ High fan-out operation is permitted due to the low im
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple· 
ment available simultaneously. Since the current in the differ· 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straighHorward. A fixed bias of 
-1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (-) input_ 
If a logical "0" is applied tothe (-) input, the current through 
R( is supplied by the fixed biased transistor. A drop of BOOmV 
occurs across Rcl• The "OR" output then is -1.55V. or one 
VBE-drop below BOOmV. Since no current flows in the (-) input 
transistor, the "NOR" output is a Vu-drop below ground, or 
-0.75 volts. When a logical "1" level is applied to the (-) 
i,nput, t~e current through ReI is switched to the (-) input 
transistor and a drop of BOOmV occurs across Rcl • The "OR" 
output then goes to -0.75 volts and the "NOR" output goes 
to -1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature_ 

I 
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--Integrated Circuits --

MC350 MECL series (continued) 

it 1~ 1\1 V "'WI/' ; 11/' A 

10 PIN 12 PIN 10 PIN FLAT PACKAGE 14 PIN FLAT PACKAGE 
(MC362G ONLY) (MC362F ONLY) 

CASE 71 CASE 98 CASE 72 CASE 83 

FAMILY CHARACTERISTICS 

The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 

designed. All performance curves are based 
on distributional spreads and the minimum
maximum ranges can be interpreted for design 
purposes as 10%·9096 spreads at all points on 
the curve except for guaranteed pOints on the 
electrical characteristics. 

MAXIMUM RATINGS '""'C) 

Characteristics 

Logic Input Voltage 

Power Supply Voltage 

Output Source Current 

Operating Temperature Range 

Storage Temperature Range 

Anyone of the supply nodes, V ... Vee. 
or Vu may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vee node. In 
such a case: 
Vee = 0 V .. = -1.1SV VIE = -5.2V 

Symbol 

-

-

Io 

TA 

Tstg 

SYSTEM LOGIC SPECIFICATIONS 

The output logic swing of O.SV then 
varies from a low state of Vl = -loSSV 
to a high state of VH = -O.7SV with 
respect to ground. 
Positive logic is used when reference is 
made to logical "O's" or "l's", Then 

"0" = -1.55V} . 
"1" = -0.7SV typIcal 
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Maximum Unit 

5 Ydc 

10 Ydc 

10 mAde 

o to +75 °c 

-40 to +150 °c 

Dynamic logic refers to a change of 
logic states. Dynamic "0" is a negative 
going voltage excursion and a dynamic 
"1" is a positive going voltage excur
sion. 



--Integrated Circuits --

MC350 MECL series (continued) 

DC CHARACTERISTICS FOR MC350 SERIES 

WORST CASE TRANSFER CHARACTERISTICS OEFINITION OF TRANSFER CHARACTERISTIC POINTS 
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---Integrated Circuits ---

MC3S0 MECL series (continued) 

MC354 
BIAS DRIVER 

A temperature compensating regulator intended 
for use in conjunction with the MC350 
"MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 
of "MECL" logic systems over a temperature 
range of 0 to +75·C. 

ELECTRICAL CHARACTERISTICS 

Test Conditions 

Fan~Out 

Ou>put Voltage Yee ~ 0, VEE "- -5.2 Vdc ~ 1%, 

(No Load to Full Load) lout = o to 2.5 mAde 

Power DIssipation Vee '" D,VEE " -5.2 Vdc ! 1% 

CIRCUIT SCHEMATIC 

TEST R2 
POINT 

Vee 
REGULATED 

OUTPUT 

Symbol 0'( 25'( 75'( Units 
min max min max min max 

" 25 25 

YBB 1.14 1.27 1.09 1.22 1.04 J.16 Yd, 

PD 25 24 22 

CIRCUIT DESCRIPTION 

Circuit Operation: 
The divider network Rio Rh 01, D1 compensates for tem

perature variations of the base-emitter voltages of QI. and of 
the driven gates. producing a bias voltage for the MECL logic 
circuits that maintains a constant set of de operating condi· 
tions over the temperature range of 0 to +75°C. In addition, 
compensation for power supply variations is achieved, since 
the bias output voltage is derived from the system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must coincide 
with that of the logic system. Thus, if Vee is grounded in the 
logic system, then -

Vee = 0; VEt = -5.2'1'; 
VII = -1.15 nominal output voltage at 2S"C 
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--Integrated Circuits --

MC3S0 MECL series (continued) 

MC351. MC356. MC357. MC359 thru MC362 

LOGIC GATES 
CIRCUIT SCHEMATICS 

MC359 DUAL "NOR" 

·Resistors Ro are omitted in MC357 cir· 
cuits to permit reduction of Power Dissi· 
pation in systems where logic operations 
are performed at circuit outputs. 

EXAMPLE: where (n) gates are to perform 
an "OR" function, one MC356 gate and 
(n.1) MC357 gates can be used to provide 
savings of Power Dissipation in (n.l)gate5. 

"""Pins 9 and 10 are for use in conjunction 
with the MC355 input expander to in
crease the fan-in capability in increments 
of five. 

u""To be supplied from bias·driver circuit 
MC354 for optimum temperature stability. 

NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in· 
puts they should be connected to VEE' 

MC360 DUAL "NOR" 

MC362F DUAL "HDR" 
4 
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lOGIC SPECIFICATIONS 

POSITIVE LOGIC 
When Vii is defined as a logical" 1" and Vl as 
a logical "0" the "OR" /"NOR" function is 
performed: 

SinlleGate 

~~F-"NOR"= A+ B + C + D + E 

~~G="DR"=A+B+C+D+£ 

Dual Gate 

~ ~~G="NOR"=A+S+C 

;~l.-H ="NOR"= D + E+ F 
F~ 

NEGATIVE lOGIC 
Inversely. when Vii is defined as a logical "0" 
and Vl as a logical "1" the "AND" /"NANO" 
function is performed: 

SinlleGate 

~~F="NAND" A·S·C·D.E 

~~G="AND"-A. B· C· D. E 

Dual Gate 

~::::a=-===\..LG = "NANO"= ~ 
c~ 

~=$[)+-H ="NANO"= ~ 
L ____ J 

MC361 DUAL "HOR" 

MC362G DUAL "NOR" I 
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--Integrated Circuits --

MC350 MECL series (continued) 

LOGIC GATES (CONTINUED) 

DC ELECTRICAL CHARACTERISTICS: Vee = 0, Vu = _5.2 Volts, (all ,;;1%). V.,=-1.18Vdc@O·C 

Test Conditions Symbol 

Total Unit Power Supply AU inputs open IE 
Current Drain MC351, MC356 

MC357 
MC:l59, Me3SD, MC362 
MC361 

Input Current VI min@ 25 u C I!. 

Fan-In 

Fan-Out 

"NOR" OUTPUT - All Types 

"NOR" Logical "Q"OJ.tput Each Input: VI 
Voltage Vin = -1.350 Vdc 

"NOR" Logical "0" Output Each Input: V, 
Voltage Vin '" -0.850 Vdc@ DOC 

Yin '" -0.795 Vdc@ 25°C 
Vln'" -0,725 Vdc@ 7SoC 

"NOR" Saturation Breakpoint dv"NOR" • V, Voltage ~ 
"NOR" Output Voltage Change AU inputs open 4Vl 

(No load to Cull load) No load = 0 current at pin 5 
Full load = 2.5 mAdc -: 5% 3.t pin 5 

"OR" OUTPUT - Types MC351, MC356, MC357 only 

"OR" Logical "1" Output Each Input: 
Voltage Vin = -0.S50 Vdc@ OoC 

Vin" -0.795 Vdc@ 25°C 
Yin = -0.725Vdc@750C 

"OR" Logical "0" Output Each Input: 
Voltage Yin = -1.35 Yde 

Transition Region Slope V "OR" Between: 
-1.400 Vdc and -1.00 Vde@ DoC 
-1.350 Ydc and -0,950 Vdc@ 25°C 
-1.250 Vdc and -0.S50 Vdc @ 750C 

"OR" Output Voltage Change No load " 0 current at pin 4 
(No load to full load) Full load = 2.5 mAde! 5% at pin 4 

Vin = -0.850 Vde © DoC 
V in = -0.795 Vdc If! 25°C 
Vin = -0.725 Vdc ~ 75°C 

TYPICAL INPUT CHARACTERISTICS 

1.6 1.4 1.2 1.0 0.8 0.6 

e;~fO.l V/OIV) 

V, 

V, 

4V, 

I 2 

g 1 
'" ~ 
~ 
;:: 
~ ---0 
e 
-' 

2.0 
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V 11 =-1.15Vdc@+2S"C 

VI. = -1.08Vdc@+7S"C 

0"( 25"( 75"( 
min max min max min 

9.25 B.85 

'.8 '.6 
13.55 13.0 
10.5 10.1 

10. 
Z3 

25 

0.715 O,B50 0.6'10 0.795 0,590 

1.570 1.830 
1.465 1.700 

1.395 

0.51 0.55 

0.055 0.055 

0.715 0.850 
0.670 0.795 

0.590 

1.570 1.830 1.465 1.700 1.395 

0.095 
0.095 

0.055 
0,055 

TYPICAL OUTPUT CHARACTERISTICS 

II ! I IT, ~2i"CI 
II. I II 
I iii;;;;]· ~ II I"ii":rnl. 

II " 
I 6, ~ E 
I 
I i I 

R i .t ! n 
IIL~' ~~,mD-n II II 1-

1.6 1.2 08 04 

eout(O.l V/DlV) 

max Units 

mAde 
8.15 ,., 

12.0 
9.25 

/lAde 

Vdo 
0.725 

Vdo 

1.680 

0.63 
Vdo 

0.075 Vdo 

Vdo 

0.725 

Vdo 
1.680 

Vdo 

0.105 

Vdo 

0.075 



--Integrated Circuits --

MC3S0 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS: Vcc=O.Vu= -S.2Volts. (all ~1%). VII = _1.18Vdc, VH = _O.790Vdc, V~=-1.640Vdc@O·C 
The stray capacitance introduced by the test jig was; VII = -1.15 Vdc. VH = -O.750Vdc. VL = _1.550Vdc@ +2S·C 
Ci = (n + 12) pf where n = number of fan-outs. VII'" _1.08 Vdc, VH::::I -O.675Vdc. VL = -l.500Vde@ +7S·C 

Test Conditions Symbol Q'C 25"C 75C Units min max min max min max 
MC351 (See curves) 

Propagation Delay .. , 
"NOR" Output Fan-In .. 1, Fan-Out" 1 3.0 10.0 4.0 11.0 '.0 13.0 

Fan-In = I, Fan-Out" 10 4.0 13.0 '.0 15.0 '.0 1'1.0 

"OR" Output Fan-In = 1, Fan-Out = 1 ... 3.0 12.0 4.0 12.0 5.0 17.0 
Fan-ln = 1, Fan-Out = 10 '.0 20.0 9.0 21.0 15.0 58.0 

"NOR" Output Fan-In '" I, Fan-Out" 1 ... 3.0 11.0 4.0 15.0 '.0 16.0 
Fan-In" I, Fan-Out" 10 '.0 17.0 7.0 20.0 15.0 50.0 

"OR" Output Fan-In =- I, Fan-Out" 1 ... 3.0 9.0 4.0 9.0 5.0 11.0 
Fan-In = I, Fan-Out" 10 3.0 12.0 4.0 12.0 5.0 14.0 

RlseTJme 'r "NOR" Output Fan-In = 1, Fan-Out " 1 3.0 12.0 4.0 14.0 5.0 15.0 

"OR" Output Fan-In = I, Fan-Out'" 1 3.0 11.0 '.0 12.0 '.0 14.0 

Fall TIme 

" "NOR" Output Fan-In = I, Fan-Out" 1 3.0 14.0 4.0 15.0 5.0 16.0 
"OR" Output Fan-In '" I, Fan-OUt" 1 3.0 14.0 4.0 15.0 5.0 16.0 

MC356, MC357 - "NOR" AND "OR" Output; MC362 - "NOR" Output only 
Propagation Delay "I "NOR" Output Fan-In = 1, Fan-Out .. 1 3.0 '.0 4.0 '.0 5.0 11.0 

Fan-In = I, Fan-Out,. 10 4.0 11.0 '.0 11.0 '.0 14.0 

''OR'' OJtput Fan-In = I, Fan-Out" 1 
' d• 

3.0 9.0 4.0 10.0 5.0 15.0 
Fan-In = I, Fan_Out = 10 '.0 19.0 9.0 20.0 15.0 37.0 

"NOR" Output Fan-In = 1, Fan-Our" 1 ... 3.0 10.0 4.0 11.0 5.0 13.0 
Fan-In = I, Fan-Out,. 10 '.0 17.0 7.0 21.0 15.0 36.0 

"OR" Output Fan_In '" 1, Fan-Out" 1 'd2 3.0 '.0 3.0 '.0 4.0 11.0 
Fan_In = 1, Fan-Out'" 10 3.0 11.0 4.0 11.0 5.0 13.0 

RIse Time I, 
"NOR" Output Fan-In" I, Fan-Out = 1 3.0 11.0 4.0 12.0 5.0 15.0 

"OR" Output Fan-In" I, Fan-Out = 1 3.0 9.0 3.0 10.0 5.0 11.0 

Fall Time ~ 
"NOR" Output Fan-In" 1, Fan-Out = 1 3.0 12.0 4.0 14.0 5.0 16.0 

"OR" Output Fan-ln ., I, Fan-OUt = 1 3.0 11.0 4.0 14.0 '.0 16.0 

MC359, MC360, MC361 - "NOR" Output only 

Propagation Delay ... 
"NOR" Output Fan-In" I, Fan-OUt" 1 3.0 9.0 3.0 10.0 4.0 12.0 

Fan-ln '" I, Fan-OUt = 10 3.0 11.0 5.0 12.0 '.0 15.0 

"NOR" Output Fan_In" I, Fan-Out" 1 'd2 3.0 10.0 5.0 n.o 5.0 14.0 
Fan-In = 1, Fan-Out" 10 '.0 16.0 7.0 19.0 15.0 55.0 

Rise TIme I, 
"NOR" Output FaD-in = I, Fan-Out" 1 3.0 9.0 4.0 10.0 4.' 12.0 

Fall Time ~ 
"NOR" Output FaD-in = I, Fan-OUt" 1 3.0 12.0 4.0 14.0 '.0 17.0 

SWITCHING TIME TEST CIRCUIT PROPAGATION DELAY RISE AND FALL TIME 
e, e, 

I 

' .. n- e'if90'. I "OR" 10'. 
iODo 

I T td.- - -td1 II - - I, 

-~.;LJ 
-5.2V MC356 I MC356 

L-.r-----o---o e, e, '\ , 

fi I -I ) 
"NOR" I 50'. INPUT PULSE t, AND t, ~ 6 nsec 'I , n T --L ___ -4--o 1 

- 1..-
The lan-In IS obtained wIth MC355 

1 __ -,,---,oQ-_<> inpul expanders with all but the 

\ , tdl - tdl driven Input connected to 1.55011 --, ) 
--L ___ ..,L--o 
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---Integrated Circuits ---

MC3S0 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 
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---Integrated Circuits--

MC3S0 MECL series (continued) 

LOGIC GATES (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+ 75OC----
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MC356. MC35J. MC353 "SUM" 
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--Integrated Circuits --

Me3S0 MECL series (continued) 

LOGIC GATES. (CONTINUED) 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) TYPICAL SWITCHING TlMEVARIATIONS 
"NOR" MC356 

MC359, MC360, MC361, +WC----
and MC353 "OR" and "CARRY" +25'C-----
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SUPPLY VOLTAGE VARIATION 
10 

I t-1-- " , (;;;. r---

~,J 
I" 

"-
FAN·OUT ~ I 
flo."" 25°C 
NOR OUTPUT 

4 4.7 4.B 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 

70 

60 

50 

j 40 

~ 30 

20 

0 

0 

-v •• , POWER SUPPLY VARIATION (VOLTS) 

FAN-IN VARIATION 
FAN·OUT - I I,V 
TA = 25°C 
NOR OUTPUT ".,/ ~ 

./ yf-"'" 
/' ..... ./" 

./ / 

...-: ;::...--- I" 

- I" 

10 12 14 16 18 20 
m, FAN-IN 

LINE DRIVER APPLICATION 

RL=200--- --If -or--~ r- I, .- ---0 

1--- -- 1-
0 
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0 --C :t -r: :r -= 
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i,.II I2T 0 r I" 

10 15 
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OUTPUT WIRED "OR" FUNCTION 
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TA = 25"'C 
8 V ,,---4 
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0 ---- -~ ::::.- j.--- I, 

8 lell -

6 

4 
10 

COMMON OUTPUT EMITTERS (MC357'~) 



--Integrated Circuits --

MC350 MECL series (continued) 

MC353 

HALF-ADDER 

• Provides the "SUM," "CARRY," and "NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of 0 to +75"C . 

• Average Propagation Delay - 6 nsec 

CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 

~~"SUM"=AB+AB 
: MC353 "CARRY" = AS 

B "NOR" ~ AS 

The "NOR" and "CARRY" outputs can be 
tied together to provide the "SUM" function. 

If complement inputs are not used an un· 
defined state can occur. When all inputs are 
at a logical "0" Reo has two RE currents which 
saturates the V .. transistor. The "SUM" out· 
put goes to -2.3 Volts. The recovery time 
characteristics are shown in the curve below. 

RECOVERY CHARACTERISTICS WITH SIMULTANEOUS "0" 
ON ALL INPUTS 

SWITCHING TIMES TEST CIRCUIT 

~
9lB _ UNIT UNOER TEST 

4 T~Ul 
3 

2 

II 
1 

~'&10 
a 

~ ...... SUM" 
9 

II PINS 7 & 9 ARE lOGICAL "0" 
PINS 8& 10 ARE TIED TOGETHE 
TO PULSE GENERATOR OUTPUT , 

11111111 III 
7 
0.01 0.1 La 10 100 

PW. PULSE WIDTH (JA.secl 

e,. - F A F S 
50£1 B-" 

~ 2. G: k>-C...r,;..1 -/.~~-'--o 
o -5.2V MC356 ! MC356 r 

-o.;LI }--.:r\---- ... ~--o 
ON ~ V;~;::: -0.750 Vdc J~crtl~~~~;E I --: ) n 

PROPAGATION 
DELAY TIME 

t:===~:~~:l \ , 
--I ) 
-i. ___ .... ..!--o 

--¥i-50% 
_. . L._ 

tdl tdl 

WAVEFORM AT INPUT OF 
GATE UNDER TEST 

RISE AND 
FALL TIMES 

"CARRY" OUTPUT & 
"NOR" OUTPUT 

~::: 
tf "SUM" t, "SUM" 
t, "NOR" tf "NOR" 

"SUM" OUTPUT 
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(RISE TIME'" 10% to 90% PO!NT OF POS(l(VE GOING WAVEFORMS 
FALL T(ME -=- 90% to 10% PO(NT or NEGAT(VE GO!NG WAVEFORMSJ 
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--Integrated Circuits --

MC350 MECL series (continued) 

HALF-ADDER (CONTINUED) 

ELECTRICAL CHARACTERISTICS' VEE = -5.2Vdc"'1%, Vee = 0 V'I= _l.lBVdc@O·C 
VII = _1.15Vdc@+2S-C 

V,. = _1.08 Vdc@ ... 7S·C 

Test Conditions Symb.1 OC 25C Units 
min max min max min max 

DC CHARACTERISTICS 
"NOR" Logical "1" Yin = -1.350 Vdc each input VI 0.715 0.850 0.670 0.795 0.590 0.725 Vdo 

Output Voltage 

"NOR" Saturation 
Breakpoint Voltage 

dV "NOR" = 0 
dVin 

V3 0.510 0.550 0,630 Vde 

"NOR" Logical "0" Each Input: V. Vdo 
Output Voltage Yin" -0.850 Vdc @ OoC 1.570 1.830 

Yin = _0.795 Vdc@ 2SoC 1.465 1.700 
Vin = .0,725 Vdc@ 7SoC 1.395 1.680 

"SUM" Logical "1" Each Input: V5 Vde 
Output Voltage Yin = -0.850 Vdc@ OOC 0.715 O,fl50 

Vin = -0.795 Vdc@ 2SoC 0.670 0.795 
Yin " -0.725, Vdc@ 7SoC 0,590 0.725 

"SUM" Logical "0" Vin = -1.350 Vdc each input Vz 1.570 1.830 10465 1.700 1.395 1.680 
Output Voltage 

Transition Region Slope Between: ,V Vde 
V"SUM" " _1.000 and ·1.400 Vde@ OOC 0.095 
V"SUM" = -0.950 and -1.350 Vde@ 25°C 0.095 
Y"SUM" " -0.850 and ·1.250 Vde@ 75°C 0.105 

"CARRY" Logical "1" Vin" ·1.350 Vdc each iuput VI 0.715 0.850 0.670 0.795 0.590 0.725 Vde 
Output Voltage 

"CARRY" Logical "0" Each Input: V4 Vde 
Output Voltage ~:: :~:~:~ ~~~ ~ ~~~C 1.570 1.830 

1.465 1.700 
Yin = -0.725 Vdc@ 75°C 1.395 1.680 

"CARRY" Saturation dV"CARRY" 00 V3 0.510 0.550 0.630 Vdo 
Breakpoint Voltage ~ 

Total Un1t Power Supply All Inputs Open IE 15.9 15.30 14.10 mAde 
Current 

LOADING CHARACTERISTICS 
"NOR" Output Voltage Change All Inputs open ,V1 0.055 0.055 0,075 Vdo 

Between No Load and Full No load = a Current (pin 5) 
Load Conditions Full load " 2.5 mAdc (pin 5) 

"CARRY" Output Voltage AU Inputs open oVl 0.055 0.055 0.075 Vdo 
Change Between No Load No load " a current (pin 6) 
and Full Load Conditions Full load " 2.5 mAde (pin 6) 

"SUM" Output Voltage Change No load" 0 current (pin 4) .V5 Vde 
Between No Load and Full Full load " 2.5 mAde (pin 4) 
Load Conditions Input (pin 9): 

Vin " -0.850 Vdc@ DoC 0.055 

Vin " .0.795 Vdc@ 250C 0.055 
Vin = -0.725 Vde@ 750C 0.075 

SWITCHING CHARACTERISTICS VI< = -O.790Vdc. Vl = -1.640Vdc@O·C 

I The stray capacitance introduced by the test jig was; VH =-O.750Vdc. Vl= -1.550Vdc@+25"C 

C, = (n + 12) pf where n = number of fan·outs VI< :_O.675Vdc, V l ", -1.SOOVdc@+75"C 

Propagation Delay Time 
"SUM" Output Fan· In " 1, Fan-Out" 1 'dl 3.0 12.0 ... 12.0 5.0 17.0 
"NOR" Output Fan·In " 1, Fan·Out = 1 'd1 3.0 8.5 3.0 9 •• 4.0 12.0 
"CARRY" Output Fan·In " 1, Fan·Out = 1 "'1 3.0 8.5 3.0 9.0 4.0 12.0 

"SUM" Output Fan·In = 1, Fan·Out = 1 

~ 
3.0 8.0 3.0 8.5 '.0 12.0 

"NOR" Output Fan·In = 1, Fan·Out " 1 3.0 '.0 '.0 10.5 5 •• 14.0 
"CARRY" Output Fan·In = 1, Fan-Out = 1 "" 3.0 9.0 '.0 10.5 5.0 14,0 

Rise Time 
"SUM" Output Fan· In = 1, Fan-Out" 1 " 3.0 10.0 ... 10.5 5.0 15.0 
"NOR" Output Fan-In = 1, Fan·Out -" 1 " 3.0 '.0 '.0 10.0 '.0 15.0 
"CARRY" Output Fan·ln = 1, Fan·Out = 1 " 3.0 9 •• 4 •• 10.0 '.0 15.0 

Fall Time 
"SUM" Output Fan-In = 1, Fan·Out = 1 '[ 3.0 12.0 ... 14.0 5.0 18.0 
"NOR" Output Fan-In -" 1, Fan·Out = 1 '[ 3.0 12.0 ... 14.0 5.0 17,0 
"CARRY" Output Fan·In = 1, Fan·Out = 1 '[ 3.0 12.0 ... 14.0 5.0 1'1.0 
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--Integrated Circuits --

MC350 MECt series (continued) 

FLIP-FLOPS 

MC352 
DC R-S FLIP-FLOP 

Performs the Binary Function of "Q" and "Q" 
Outputs at High Speeds over a Temperature 
Range of 0 to +75"C. 

CIRCUIT SCHEMATIC 

NOTE: Any unused inputs cIn normally be left open-circuited. In cases where 
tbere may b. edernal leala,e to Ihe unused inputs the, should be con· 
neeted to Yu. 

MC35e 
J-K FLIP-FLOP 

LOGIC SPECIFICATIONS 

When VH is defined as a logical"l" and VL 
as a logical "0". the function is as follows: 

0'.' sEa MC352 _ 

• a 

0 I I 

I 0 0 

0 0 a" 
I I N.D. 

Performs the Single Phase Binary Function of "Q" 
and ""Q" Outputs at High Speeds over a Temperature 
Range of 0 to +75°C. 

CIRCUIT SCHEMATIC 

NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con· 
nectedto Vu. 
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LOGIC SPECIFICATIONS 

When VH is defined as a logical .. t" and Vi 
as a logical "0". the function is as follows: 

Is K; c;, 0'.' 

K,o- K -oQ d> '" 
D 0' 

0 0 1 Q> 
1.0-1 

MC358 0 1 1 1 c.-c; -00 
1 0 1 0 
1 1 1 0' 

Cloded JK Oper.tlon 

The Js and j(s inputs refer to logic levels 
while the CD input refers to dynamic logic 
swings. The Js and KI inputs would be 
changed to a logical "I" only while the eD 
input is in a logic "I" state. 

Set-Reset operation is the same as the 
MC352. 

I 
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--Integrated Circuits --

MC3S0 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC352 .. MC3S8 

ELECTRICAL CHARACTERISTICS' v" = _5.2Vdo "%. Voo =. 
Test Conditions 

DC CHARACTERISTICS 
"Q" or "Q" Logical "1" Output Each Input: 

Voltage Vin " -1.350 Vdc 

"Q" or "Q" Logical "0" Output Each Input: 
Voltage Vin = -1.350 Vdc 

"Q" or "Q" Saturation 
BreakpoInt Voltage 

dV"Q"/dVin ,,0; dV "Q"!dVin = 0 

"Q"or"Q" Latch Voltage ~:~~~:: dV/dVin"'''' 
dV/dVin ~ 

Total Power Supply Current All Inputs Open 

LOADING CHARACTERISTICS 
"Q" Output Voltage Change 

"Q" Output Voltage Change 

Output Voltage at Max lin 

All Inputs Open, measured between no load 
and full load 
Vln (pin 6) = -0.850 Vdc@OoC 
Vin (pin 6) =. -0,795 Vdc @ 25~C 
Yin (pin 6) " -0,72:5 Vdc@ 75 C 

No load " 0 current (pin 5) 
Full load " 2.5 mAdc :!: 5% (pin 5) 

All Inputs Open, measured between no load 

;~: l~~~ ~~~5iin at pin 10 for MC352, 

~~ : =~: ~~~ ~~~ ~ ~;fic 
vin " .0.725 Vdc@ 72°C 

No load - 0 current (pin 4) 
Full load = 2.5 mAde ~ 5% (pin 4) 

Set "'1" t()upper state: 
Vin" -0.850 Vdc (pin 6)@ oOg 

~!:: :~:~;~ ~:~ i~~~ :~g ;;og 
Remove Vi' Then Input = 

~~~ ~~~~ :~~ g ~;fic and 75°C 

MC352: MCSS8: 

Input Output Input 

1. Pin 9 Pin 4 ("Q"l 1. Pin 1 
2. Pin 7 Pin 5 ("Q") 2. Pin 6 
3. Pin 10 Pin 4 ("Q") 
4. Pin 6 Pin 5 ("Q") 

Output 

Pin 4 ("'1") 
Pin 5 ("Q"J 

Symbol 

V, 

V, 

V, 
VL 
VL 

'E 

TRANSFER CHARACTERISTICS 

~
_:,350V e.. 0 

v, 

VI I eo •• 

v, 
_,:vv 

""" 25 CPS 

OC 
min max 

0,715 0.850 

1.570 1.830 

0.61 

1.11 1.34 
1.11 1.25 

9.' 

0.015 

25C 
min max 

0.670 0.795 

1.465 1.700 

0.65 

1.09 1.30 
l.O9 1.21 

8.90 

0,075 

75C 
min 

0.590 

1.395 

1.02 
1.02 

X-Y 
SCOPE 

max 

0.725 

1,680 

0.73 

1.23 
1.14 

8.30 

0,085 

*FOR "Q" TESTS REVERSE "S" & "R" CONNECTIONS 
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Units 

Vdo 

Vdo 

Vd, 

Vd, 
Vd, 

mAde 

Vd, 

Vd, 



--Integrated Circuits --

MC3S0 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC352 

SWITCHING CHARACTERISTICS: Vee:::: 0, VH '" -5.2 Volts. (all :--1%). VH=_O.790Vdc,V,=_1.640Vdc@O·C 

The stray c"pacitancc introduced by the test jig was; 
C, = (n + 12) pi where n = number of fan-outs. 

Test 

Propagation Delay Time 

Rise Time 

Fall Time 

Conditions 

Either Output (Fan-ln '" 1, Fan-Out = 1) 
Either Output (Fan-In" 1, Fan-Out" 1) 

Either Output (Fan-In = 1, Fan-Out = 1) 

Either Output (Fan-In = 1, Fan-OUt ~ 1) 

V H = _O.750Vdc, V l = _1.S50Vdc@+2S·C 

V K = -0.675 Vdc. Vl = _1.SOOVdc@+7S·C 

Symbol OC 25C 
max 

Id' 4.0 10,0 5.0 11,0 

Id[ 4.0 14.0 5.0 15.0 

I, 4.0 16,0 5.0 17.0 , 4.0 16.0 5.0 18.0 

75 C 
min max 

G.O 17.0 
G.O 17.0 

G.O 18.0 

G.O 21.0 

SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST PROCEDURE 
2N91S 

P. PW 

Units 

100 nsec 100 nsec 

0 

td, 
0 

TO TEKTRONIX 567 
OR EQUIVALENT 

IN:rU~ ~On~;~ _I 
INPUT TO RESET f,nR 

MC356 

SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 

+wc 
+2S0C ___ ... _ 

O"C-----

0 

t.lf 
0 

-j I, 
QOUT ~ 

~'I:' a OUT 

I, 

V 
I 4 

./" 
0 

,/ -:::; 
0 

0 

0 ._. ----- ~.-
0 - --- --------~--

../' 
V ~ p:::-

c ~ 

/ ... -~ ~ ---' 0 

~ ~ ~-"" ---
- --= 

~..=:r-=. 

0 

0 
to 15 0 to 15 

II, FAr'WUT n, FAN-OUT 

0 12 0 
t, ~ 

0 

0 

0 

~ r-- I---
0 - - -
~ 

0 - - -
-=- F 

0 
~ ......-0 

,./" 
0 ~ -

~ ,.---- .:.~ ---- -- ..;::..:-.-.,-:: 
0 

~ ~ ~ 
~..-'"~ 

0 :;;.. P-

to 

] B 

0 
10 15 

o 
to 15 

n. FAN·OUT n. FAN-OUT 
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--Integrated Circuits --

MC3S0 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC358 

SWITCHING CHARACTERISTICS: Vcc =O,Vu=-5.2Volt$, (all :r1%). V H :-O.790Vdc,Vl :::-l.640Vdc@O·C 

The stray capacitance introduced by the test jig ..... as; 
C, =: (n + 12) pf where n = number of fan_outs. 

Test Conditions 

VH:: _O.750Vdc, Vl = -1.S50Vdc@+2S·C 

v ... = -O.675Vdc, VL", _1.500Vdc@+7S"C 

Symbol 0"( 25"( 
min max min max 

75"( Units 
min max 

Propagation Delay Time Either Output (Fan·In - I, Fan~Out - 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 

t" 4.0 11.0 5.0 15.0 6.0 30.0 

tar 4.0 13.0 5.0 16,0 6.0 18.0 

Rise Time Either Output {Fan-In = I, Fan-Out = I} t, 4.0 15.0 5.0 15.0 6.0 27.0 

Fall Time Either Output (Fan-In = I, Fan-Out = 1) tf 4.0 16.0 5.0 16.0 6.0 35,0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SWITCHING TIME TEST CIRCUIT SWITCHING WAVEFORMS 

It,~6nsec 

50% 
INPUT -PW 

td. 

MC356 MC356 50% 
EITHER OUTPUT 

50 2K 
EITHER OUTPUT 

50% 

~5.2 t" 

SWITCHING CHARACTERISTICS 
(10% to 90% diatribution) 

t1r 

-= -== ~ - t--- ---_. 
10 

n, FAN-OUT 

tr 

~ -- !---

=-~-= 1-=-= =--- --='=' ---- . 

10 

n, fAN-OUT 

+75"C----~ 

+25"C------

O"C-----

0 

0 

0 

0 

0 --== 
0 

15 0 

12 0 

10 0 

- 0 

0 

0 

0 

15 0 

13-90 

tdf ./ 
/' 

./ 
/' ....---

,/ ~ ;:;;;~ =:--:::::-= 

~ ~ 1""-- ---- -- ---
10 

n, FAN·OUT 

t; 

..-----
~ 

..-----~ ---~ --- ~ f='-;:' - .:::-::::-= --- :.:-==-== 
~ p:----

10 

n, FAN-OUT 

90% 

10% 

90% 

10% 

.....-

--
---

15 

~ -=--=-::-' ---
15 



--Integrated Circuits --

MC3S0 MECL series (continued) 

MC355 
GATE EXPANDER 

Designed primarily for use in conjunction 
With the MC356 and 
MC357 "MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 

ELECTRICAL CHARACTERISTICS 

Test Conditions Symbol 
DO( 

min rna> 
Base Lcako.ro;e CUI'"t"cnt VEE -2.0 Vdc. Vee ~ 0, IBL 0.5 

VES = -S.2 Vdc 

Input Voltage Ven = -O.7VdC,VB = 0, VBE 0.730 0.770 

IE = -1.33 mAde 

Collector Leakage Current Vee = _2 Vdc, VBE = 0.3 Vdc [CEX 1.0 

(All inputs), VEE = 0 

SWITCHING CHARACTERISTICS 
Propagation Delay tdI 3.0 8.0 

td2 11.0 

Rise Time t, 3.0 12.0 

Fall Time 3.0 13.0 

SWITCHING TIME TEST CIRCUIT 

2N918 

50 2K 

5.2 V 

25'( 75°( 
Units min max min max 

0.5 2.0 IIAde 

0.G80 0.720 0.580 0.520 

1.0 15.0 /lAde 

3.0 

t:: I 
4.0 11.0 

4.0 5.0 

4.0 13,0 5.0 15.0 

4.0 14.0 i 5.0 16,0 

JOO 

2N918 

- Ll5V 
OUTPUT 

1.24 K 2K 

52V 

CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC356 3-INPUT GATE 

Me355 Me355 
GATE EXPANDER 

NOTL Any unused inputs can ncrmally be left open·circuited. In cases where 
there may be external leakage to the unused inpLlts they shoLlld be con
nected to VEE' 

13-91 

Me356 
3-INPUT GATE 

I 
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---Integrated Circuits ---

Mc6S0 VTL series 
DIGITAL CIRCUIT SERIES 

Mc6S0G 
DUAL 3·INPUT GATE 

Mc651F 
DUAL 4·INPUT GATE 

Variable Threshold Logic provides a means for 
varying noise immunity characteristics by varying the 
external supply voltage. This series provides input 
noise immunity as high as 5 volts with logic swings as 
great as 10 volts. 

12 PIN 
(MC650G ONLY) 

CASE 98 

14 PIN FLAT PACKAGE 
(MC651F ONLY) 

CASE 72 

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

Characteristic Symbol Rating 

Power Supply Voltage VCC +12 

Power Supply Voltage VEE -12 

Input Voltage V. +12 
III 

Current (All Pins) - 30 

Operating Temperature Range TA o to +75 

storage Temperature Range Tstg -65 to +175 

CIRCUIT SCHEMATIC AND LOGIC DIAGRAMS 

• v~ 

12 
eN' 

1 

"~~~: ' 
Vu 7 6 

BOTT<JdVlfW 

MC650G 

13-92 

8 Vee 

) V. 

MC651F 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

1. 
---,~--=:t"--ll 

v" 
lOPVl~ 

12 

11 

l' 



--- Integrated Circuits ---

MC650G, MC651F (continued) 

ELECTRICAL CHARACTERISTICS (Vee = IOVde. v" = -IOVde. TA = a to +75· unlc55 othe,w;se noted) 

Characteristic 
Output Saturation Voltage 

(lout = 15 rnA, All Inputs to V CC) 

Output High Voltage 
(lout = -25 /lA, All Inputs to ground) 

Input Leakage Current 
(Vin = +10 V) 

Input Down Current 
(Inputs individually to ground) 

TRANSFER CRARACTERISTICS 

Output Voltage 
(VIL(min) = 4.3 V, lout = -25 Il A ) 

(VIH(max) = 6.5 V, lout = 15 rnA) 

GroWld DC Noise Immunity 
(Fan-Out - 5) 

SWlTCHmG TIME 

Propagation Delay 
(Fan-Out = 5) 

Propagation Delay 
(Fan-Out = 1) 

Output Capacitance 
(f = 100 ke, input pins grounded) 

Input Capacitance 
(I = 100 ke, input bias = 0 V, unused pins grounded) 

Supply Current - Both Gates 

Inputs Open 

Inputs Ground 

Fan-Out 

TRANSFER CHARACTERISTIC DEFINITIONS 

I I 
I I 

V1L• ---1--.i 
I I 

. I L 
c-,. "ZERO"--"i 

I I 
I 
I 
I 

v "ZERO'" 
VOl-

!l "1£RO" = V[l" - VOL" 

6 "ONF' = VOH• - V1H'" 

• MEASURED VALUES 
'GUARANTEED VALUES 

(NOT TO SCAW 

v.;. "ONr', Vm •• 

VOH* "ONE" 

Figure No. 

1 

9 

16 

16 

14 

12 

10 

-2 

13-93 

Symbol Min Typ Max Unit 

V "0" Vde 
max - - 0.725 

Vmin "1" Vde 
9.65 - -

IR /lAde 
- - 5.0 

IF mAde 
- - 3.0 

Vout Vde 
9.55 - -

- - 0.750 

VNG - 3.7 - Vde 

td2 osee 
- 45 -

tdl nsee 
- 55 -

C out 
pf 

- 11 -
C. pf 

In - 4 -

ICC - - 19 mAde 

lEE - - 7.5 mAde 

ICC - - 10.0 mAde 

lEE - - 7.5 mAde 

n - - 5 -

INPUT/OUTPUT TRANSFER CHARACTERISTIC 
VARIATIONS WITH TEMPERATURE 

u u w u u u u u g U 
V;.(0.5V/CMI 

I 
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--Integrated Circuits --

MC650G, MC651 F (continued) 

6. 7 

5. 9 

1 

4. 3 

:0 
~ 3. 5 
? 
<l 2. 7 

9 

1 

O. 3 

6. 7 

5. 9 

5. 1 

4. 3 
:0 

~ 3. 5 

<l 2.7 

1.9 

1.1 

4. 5 

4. 1 

7 

3 

3, 

:0 3. 

~ 2.9 
? 
<l 

2.5 

2. 1 

TYPICAL CHARACTERISTIC CURVES 

INPUT DC NOISE MARGIN versus POWER SUPPlY RATIO 

-... LOGICAL "1" -- T" = 25°C 

--- fANOUT~5 --- r--. --- ------ --- Vee = lOY --- -- -- I- -- I- --- 8V - I- - - 6, 

4'---=:::: 

0.25 0.50 

---.;.-- ----- ,...--
0.25 0.50 

0.75 1.00 

I :~~ I POWER SUPPLY RATIO 

----f-- -I-- --~ 
0.75 LOO 

I ~I POWER SUPPLY RATIO 
Vee 

INPUT DC NOISE MARGIN versus TEMPERATURE 

25 

LOGICAL "1" 
fANOUT - 5 -

50 

T .. AMBIENT T1MPERATURE lOCI 

JOV 

8V 

6V 

4V 

75 

4. 5 

4. 1 

3. 7 

:0 3. 3 

~ 2.9 

<l 2. 5 

2. 1 

1.7 

1.3 
o 
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1.25 1.50 

I 
L LOGICAL "0" 

T" = 25°C 

_'e~~10V 
fANOUT~5 

- 8V ---- -- -

1.25 

LOGICAL "0" 
fANOUT~ 5 

L50 

1.75 

~ 

4V 

L75 

10V_ 

8V 

6V 

4V 

25 50 75 
TA• AMBIENT TEMPERATURE lOCI 



--Integrated Circuits --

MC650G, MC651 F (continued) 

POWER DISSIPATION versus POWER SUPPLY RATIO 

20 0 
I 

~ 18 

ill 16 

0-TA~25'C 

0 
l.---- Vee = IOV 

0 --J--~ 
~ 14 

g 12 0 

GROUND NOISE IMMUNITY versus TEMPERATURE 

4.0 

3.5 fANOUT ~ 5 Vee = IVEE! = IOV 

~ 
8V 

~ 3.0 

i 2.5 
~ 

~ I--to 
z 10 

6V-g 2.0 
0 

I--l--
0 

6V 
0 

~ 
~ 8 

ffi 

~ 
4V 

:2 
~ 1.5 

j 1.0 

~ 4 a O. 5 
4V 

a 2 
0.25 0.50 0.75 1.00 1.25 

I~I POWER SUPPLY RATIO 

1.5 1.75 25 50 
TA, AMBIENT TEMPERATURE I'CI 

75 

GROUND NOISE IMMUNITY versus POWER SUPPLY RATIO 

4. 5 

a r- TA~25'C 

-----5 

-----0 

4. 

V ---5 
f--" --a I---

5 

I----a 

.5 

0.25 0.50 

INPUT NOISE MARGIN 

I'-.... Vee = IOV 

0;;;;;;:;,-

r------- I-----. 8V 

~ i--- --- 6V 

r----- 4V -
0.75 1.00 1.25 1.50 

I~I' POWER SUPPLY RATIO 

TEST CIRCUITS 

GROUND NOISE IMMUNITY 

Vee 
UNIT UNDER GATESAMEAS UNIT 

TEST UNDER TEST 

+ VARIABLE 
VNG 

VARIABLE VE~ APPLIED TO 
ALL GATES 

VARIABLE VNS TO UNIT UNDER 
TEST ONLY 

13-95 

VNS is increased until the 
output goes "high". This is 
defined as the "failure point" 

1.75 

I 
I 
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--Integrated Circuits --

MC650G, MC651 F (continued) 

8. 4 

7.6 , 
8 

"-
0 

"-
1'\ , 

....... 
\ 

3.6 

2. 8 

2.0 
50 100 

6. 8 \ 1\ 
"-6. 0 

\ 
2 

"-
4 

......... 
6 

2. 8 "-
2. 0 

50 100 

10. 0 

8. 0 

~ 
6. 0 

l\ 
l\' ...... 

0 

~ ...... 
II 
~ 4. 

\ , .0 

" 0 
50 100 

......... 

t'--. 

PULSE NOISE TESTS 
For a given pulse width. the pulse amplitude is increased until the output goes "high. This is'defined as the "Failure Point" 

SIGNAL·lINE NEGATIVE PULSE AMPLITUDE versus PULSE WIDTH 

200 

FAN JUT~5 
TA ~ 25°C 

Vee ~ IV"I ~ IOV-

300 

PULSE WrOTH (nsee) 

8V_ 

6V-

4V.-: 

400 

-

-

-

:-=-:-= 
~PW-l 

PULSE AT PA Vce 
POINT A T 

500 
*Adjustfor point A equal to Vee 

SIGNAL·lINE POSITIVE PULSE AMPlITUDE versus PULSE WIDTH 

1 I 
I Vee - IVul- lOY 

FAN OUT J 1 
TA = 25°C I 

8V 

I 
6~ 

NOTE: Signal lille noise immunity I 
......... 'Iquals IPuise Amp'iVeESAt 4~ 

200 300 

PULSE WIDTH (nsee) 

400 500 

GRDUND·lINE POSITIVE PULSE AMPLITUDE versus PULSE WIDTH 

FAN JUT ~ 5 
TA = 25°C 

Vee ~ Iv,,1 ~ 10V 

200 300 

PULSE WIDTH (nsec) 

8V 

6V 

4V 

400 500 
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40g 

E·" RESfARCH 
MOOEL 121 
PULSE GENERATOR 
OR EQUIVALENT 

10 g 
PULSE 

IN i 
11M 

oV::::1 PW tr 



---Integrated Circuits ---

MC650G, MC651 F (continued) 

" ~ 
" >= 

'" .5 

t" PROPAGATION OElAYversus TEMPERATURE 

8 .-J- .-.-5 
6 

k I I 
4 

·FMto-;;t7-2 - l-I-

---
,-

0 

8 
/" VCC=IVEEI=o-~4V --6 

~lOV-

4 
I I 2 
FANOUT=5 ---0 

l..- I-- I..-
8 f.:::: .:2,...-
6 

~ ....-1-
4 ;::;:;; 

4 
4 it-~ 

l....-

o 25 50 75 

TA • AMBIENT TEMPERATURE (OC) 

AVERAGE PROPAGATION DELAY versus POWER SUPPLY RATIO 

0 

5 ./ fA =25°C 

51----- Vcc=4V / 
- Vcc=lOV / 

/ ,-
5 

/" 

/ ./ 

FANOUI ~l, 1--...... ---
,-

5 

~ ....... ""'" 
..- ---~ - \ 

5 :::;;;; = ~FANOUI 5 

5V I 
0.25 0.75 LOa 1.25 1.50 1.75 

I~l Vee 

RISE TIME versus TEMPERATURE 

12 0 t-
Yee jVEEI-' 4V 

L-l-I::: ~ I-~ >= 1="6V l-F 
I- J.... ~ 0L-I--

10 
fANOUT'---i 

0 

I-- -16V.8rl~ 
fANOUT = 5 

/4V-I--

6 0 "-
o 25 50 75 

lA, AMBIENT TEMPERATUR£ (OC) 
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t" PROPAGATION DElAY versus TEMPERATURE 

8 

:-JdJ~ ,- .-~- ._'-
4 

~,- - L-~= IVEE ) =4V----o~/ f--
l-

f..-- f--
~lOV-

6L..-

L-I---L-I--
2 

s V V 
41--/ 

3 0 
o 

PULSE 
IN 

£.H RESEARCH 
MODEL 121 
PULSE GENERATOR 
OR EQUIVALENT 

-f-- l..-
f-- ~-f- -f-- .-

L .... ~--
.-:;; r- FA~ OUI ~ 51 

25 50 75 

TA• AMBIENT TEMPERATURE (OC) 

SWITCHING TIME TEST CIRCUIT 

PULSE IN t 1 Vee~ lOY ·C,islolalshuolcapacH.n" 
-SOOnsec of test jig, connectors and active 

OV oscilloscope probe. 

FAN R C, 
OUI ohms pI 

I 4K I 

5 800 20 

FALL TIME versus TEMPERATURE 

0 
_I-FANOJI~ ~ ~-'~4.-

.-
~- . -

-FANOUT = 1 

~-,-
f- .-,-6V ,-

I- .- 1v +-+-
,-' - ,- .-

I- j:.- 4V 
0 :;..-
/' Vee = IVEE ) = lOY 

~. ~ 1-1-

~ -~ I 6V -- f--
::.-~ -r 

2 0 

__ I--f-- Ii"' 
o 25 50 75 

TA• AMBIENT TEMPERATURE (oGI 

I 



I 

Mc652F 
Mc652G 

CASE 83 
(I4-pin flat package) 

CASE 98 
(I2-pin) 

--Integrated Circuits --

This VTL R-S flip-flop has two set and two reset in
puts, a feature which allows logic operations to be per
formed while generating the set and reset functions. A 
shift register may be fabricated from two MC652 units. 

ELECTRICAL CHARACTERISTICS Vee = 10 Vde, VEE = -10 Vde, TA = 0 to +75'C 

unless otherwise noted 

Characteristic Symbol Min Typ Max Unit 

Output "LOW" Voltage, 

~ == 12 rnA, Hl and HZ == Vee Q - - 0.725 Vdc 

IQ = 12 rnA, S1 and 82 = Vee ~ - - 0.725 Vdc 

Output I<IDGH" Voltage 
IQ = -25 ~A, SI and 82 = Vee Q 9.65 - - Vdc 
IQ = -25 ~A, RI and R2 = Vee Q 9.65 - - Vdc 

Input Leakage Current IR - - 5.0 /lAde 
(Vin = + 10 Vdc) 

Input "DOWNI> Current IF - - 3.0 mAde 
Inputs individually to ground 

Ground DC Noise Immunity Voltage VNG - 3_7 - Vdc 
(Fan-Out = 4) 

Switching Times, Figure 2 and 3 (Fan-Out = I) 
Set-Reset Mode tdl - 40 - nsee 

td2 - 75 - nsee 

DC Set-Heset Mode tdl - 40 - usee 

td2 - 70 - osee 

Supply Current lee - - 23.0 mAde 
(AU Inputs Open) lEE - - 7.5 mAde 

Input Capacitance Cin - 3 - pI 
(f = 100 kc. Input Bias = 0, unused pins grounded) 

Output Capacitance 
(f = 100 kc I Input pins grounded) 

Cout - 14 - pI 

Fan-Out n - - 4 -
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--Integrated Circuits --

MC652F, MC652G (continued) 

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

Characteristic Symbol Rating Unit 

Power Supply Voltage VCC 12 Vdc 

VEE -12 

Input Voltage Vin 12 Vdc 

Current (all pins) - 30 mAdc 

Operating Temperature Range TA o to + 75 °c 

Storage Temperature Range Tstg -65 to+ 175 °c 

NOTE: To assure correct biasing apply negative voltage to VEE pin ONLY" 

S, 

*14 pin FLAT PACK 
**12 pin TO·5 

Vee 8** 8* 

Rdo Sde 
ll*'" 3" 

12' 3' 

CIRCUIT SCHEMATIC 

S, 

RL 

R, 

SET - RESET MOOE" 

S, S, R, R, Q"t' 

0 X 0 X 0" 
0 X X 0 0" 
X 0 X 0 0" 
X 0 0 X 0" 
0 0 1 1 0 
0 1 1 1 0 
1 0 1 1 0 
1 1 0 0 1 
1 1 0 1 1 
1 1 1 0 1 
1 1 1 1 NA 

x = don't care 

DC SET RESET MODEt -

Sde R" ant' 

0 0 NA 
0 1 1 
1 0 0 
1 1 ll" 

- -
'Rdc c Sdc -. 1 
+(5 1 + 52)' (RI + R2) =- 0 

FIGURE 1 - AVERAGE POWER DISSIPATION versus POWER SUPPLY VOLTAGE 
220 

180 
/ 

140 / 

60 

/ 
~ 
~ 

~ 
V 

100 

20 

10 

Vee = I VEE I (vOLlS) 
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-- Integrated Circuits --

MC652F, MC652G (continued) 

FIGURE 2 - PROPAGATION DELAY versus TEMPERATURE 
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-- fAN our 7' 1 

100 ------
~ 

~ 80 t" 

z 
0 .4--" --
" ~ 
:l' 60 
J 

J 

t" 

40 

20 
25 50 

fA. AMBrE~T TEMPERATURE (OC) 

4V' 

IOV 

DC SET-RESET MODE 
90.----------r----~----,_--------~ --

50 

fA. AMBIENT TEMPERATURE (OC) 

75 

FIGURE 3 - TEST CIRCUIT PROPAGATION DELAY 
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A 
V" 
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+ 1001) 
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-.J t" r 

Vee 
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Vee = IVEE I = IOV 

FAN Rl C' 

OUT ohms pI 
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4 IK 16 

··Oelay = 800 nsec, PRF Dr 100 kc 

·C.IS TOTAL SHUNT CAPACITANCE OF 
TEST IIG, CONNECTORS ANO ACTIVE 
OSCILLOSCOPE PROBL 

:j:Adjust for DC level at points A & 8 
to equal Vee 
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---Integrated Circuits ---

MC652F, MC652G (continued) 

FIGURE 4 - "SET" PULSE AMPLITUDE versus PULSE WIDTH 
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FIGURE 5 - "SET" PULSE AMPLITUDE versus PULSE WIDTH TEST CIRCUITS 
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--Integrated Circuits --

Mc700G RTL Series 
INDUSTRIAL/COMMERCIAL RTL INTEGRATED CIRCUITS 

The Commercial/Industrial RTL line consists of a combina
tion of Milliwatt RTL (low power) and RTL (medium power) 
devices, and is intended for use in commercia I / industrial ap
plications. The loading diagrams are guaranteed over a tem
perature range of +15°C to +55°C by utilizing a worst-case 
specification. til I' I 

· I MC715G, MC71 BG, MC726G, 

CASE 96 CASE 96A MC727G, MC799G ONLY 

MILLIWATT RTL - LOW POWER 
ADDER 
BUFFER 
LOGIC GATES 

DUAL 2-INPUT GATE 
4-INPUT GATE 
DUAL 3-INPUT GATE 
5-INPUT GATE 

HALF-ADDER 
FLIP-FLOP MC713G 
GATE EXPANDER 

MC708G 
MC709G 

MC710G 
MC711G 
MC718G 
MC728G 
MC712G 
MC720G 
MC721G 

TYPICAL DESIGN CHARACTERISTICS 

Characteristic 

Power Dissipation 
Milliwatt RTL (Low Power) 
RTL (Medium Power) 

Noise Immunity 

Average Propagation Delay 
MC713G 
MC720G 
MC723G 
MC726G 

A verage Propagation Delay 
(Ring Oscillator Operation) 

MC700G 
MC701G 
MC702G 
MC702G 
MC704G 

MC705G 
MC706G 
MC707G 
MC708G 
MC709G 

MC710G 
MC711G 
MC712G 
MC714G 
MC715G 

MC718G 
MC721G 
MC727G 
MC728G 
MC729G 
MC799G 

RTL - MEDIUM POWER 
BUFFER MC700G 
DUAL BUFFER MC799G 
COUNTER ADAPTER MC701G 
FLIP-FLOPS MC726G MC702G MC723G 
LOGIC GATES 

3-INPUT GATE 
4-INPUT GATE 
5-INPUT GATE 
DUAL 2-INPUT GATE 
DUAL 3-INPUT GATE 

HALF-ADDER 
HALF-SHIFT REGISTERS 

MC703G 
MC707G 
MC729G 
MC714G 
MC715G 
MC704G 

MC705G. MC706G 
QUAD INVERTER MC727G 

(TA = 25°C) 

Rating Unit 

mW/node 
3 
20 

300 mV 

nsee 
70 
60 
25 
40 

nsee 

15 
20 
10 
10 
10 

20 
20 
10 
50 
25 

25 
25 
50 
10 
10 

25 
25 
10 
25 
10 
15 

13-102 



MC700G (continued) 

GENERAL RULES 

-- Integrated Circuits --

The number of load circuits that may be driven from an output is determined by the 
input loading factor. The summation of input loading should not exceed the drive 
capability of the output. 

All unused inputs should be returned to ground. 

The MC721G is essentially the same as the MC710G with the omission of node resis
tors, and is intended only for use with the MC710G, MC711G, and MC718G. 

Vcc is applied to Pin 8 with Pin 4 grounded except on the MC715G and MC718G, where 
Vcc is applied to Pin 10 with Pin 5 grounded. 

Loading diagrams are intended for use when mixing Milliwatt RTL and RTL in sys
tem applications. 

. 
tr:\ 
'~80 

MC700S 

3~'" " 
3 l 6 13 

3 , , 
3 • 

MC704S 

'~" 3 1 6 .16 

3 , , 
3 • 

MC707S 

~
" 

1 • 

: 2 '3 

1 l. S 

MC711S 

'¥'" ,. 3 1 • 3 

3 3 7 3 

16 • s' 3 

MC715S 

3~" 10 
5 2 " 6 3 

3 1 4 S 10 

MC723S 

1~"4 I' • 

I, , 
1 • 

1 

MC728G 

LOADING DIAGRAMS 
Valid from + 15°C to +SsoC with V" = 3.6 V ± 10% 

~
" 

• 1G .' . 
3 1 4 ~ 16 

MC7DIS 

3~13 

'~13 
MC7D2G 

3#" 13 9 Z Ii 16 

3 1 4 5 13 

MC70SS 

~ ~ 
1 • 

1 2 6 3 ' , 
0.8 3 5 : '. 3. 

O.S ' 

MC70as MC7D9S 

~' .:~ : 1 I 4 1 2 ! Ii 3 

1 , , 1 3 

1 • 
' , 

MC712S MC713S 

,~. 1~2 1 1 I 1 

2 2 ~ : 6 1 1 J 1 1 

4 4 5' 1 1 3 5 2 . 
MC71as MC72DG 

3$,'" 16 3 2 • , a 3 

5 ~ • 16 
3' , . , . 

MC726S 

3~·'.16 3' • 

3, , 
3 • 

3 

MC729G 
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3~' 
3 2 6 16 

3 '. 

MC703G 

MC706S 

§if', 4 

: 2 '4 

1 , , 
1 • 

MC710S 

3 §if' , I. 
3 2 6 16 

3 , , 

3 • 

MC714S 

1 §if' , -0.' 
I 1 Ii -0.5 

1 , , 

1 • 

MC721S 

3~'" 16 3 ~ a 16 

3 J 1 16 
3 4 5 6 16 

MC727G 

16 

6 
,<>-~<"",,_--O80 

MC799S 

I 



--- Integrated Circuits --

Mc900G / Mc800G RTL Series 

MC900G SERIES / MC800G SERIES RTL INTEGRATED CIRCUITS 

The RTL line consists of 
monolithic, integrated 
Resistor-Transistor Logic 
Circuits. The MC900G series 
and MC800G series are de
signed for use over the tem
perature range of -55°C to 
+125°C and O°C to +lOO°C, 
respectively. 

BUFFERS 

MC900G, MC800G 
MC999G, MC899G 

COUNTER ADAPTERS 

MC901G, MC801G 

HALF-ADDERS 

MC904G, MC804G 

LOGIC GATES 

3-INPUT GATES 
MC903G, MC803G 

4-INPUT GATES 
MC929G, MC829G 

5-INPUT GATES 
MC929G, MC829G 

DUAL 2-INPUT GATES 
MC914G, MC814G 

DUAL 3-INPUT GATES 
MC915G, MC815G 

HALF-SHIFT 
REGISTERS 

MC905G, MC805G 
MC906G, MC806G 

FLIP-FLOPS 

MC902G, MC802G 
MC916G, MC816G 
MC927G, MC827G 

INVERTERS 

MC927G, MC827G 

LOADING DIAGRAMS 
Valid for Vee = 3.0V ± 10%; Temperature Range = -55 to + 125°C for MC900G series 

o to + }(laoe for MC800G series 

~ '~:5 
MC9DDG, MCBDDG 

I~' 
1~4 
MC9D2G, MCBD2G 

'~' 1 1 6 4 

I , • 
I • 

MC9D4G, MCBD4G 

2 l j i '~' 
1 1. 0 \ 4 

MC9D6G, MCBD6G 

'~5 1 1 6 5 

I , • 
I • 

MC9l4G, MCB14G 

':@:' , , . 
CP 2 r 1 PRESET 

1 1, \ 3 

MC9l6G, MCB16G 

~ 
, . , . , . 
: 14 5 6

7 
: 

MC927G, MCB27G 

2~"5 
2' , 

1 1. \ 5 

MC9D1G, MCBD1G 

'~' 
I '. '5 

I '. 

MC9D3G, MCBD3G 

'~' 3 1 6 5 

1 1. ~ 4 

MC9D5G, MCBD5G 

'~ , . 
1 5 

I , • 
I • 

MC9D7G, MCBD7G 

'~5 1 2 8 1 

1 1 I 1 

5 I \ 6 1 

MC9l5G, MCB15G 

,~. I ; 1 1 

2 -0 • 

1 J, 5 6 7 " 

MC926G, MCB26G 

~-
, . , , 

; ;. ; 

MC929G, MCB29G 

~:~ .. 
? ! i B 

5 1 ,_ L I 1 

2, 4 5 6 1, 

MC999G, MCB99G 
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--Integrated Circuits --

MC900G / MC800G series (continued) 

MAXIMUM RATINGS (TA=2S·C) 

Characteristic Symbol Rating Unit 
Logic Input Voltage - ±4 Vdc 

Power Supply Voltage - +12 Vdc 

Operating Temperature Range MC900G Series TA -55 to +125 ·C 
MCBOOG Series o to +100 

Storage Temperature Range Tstg -65 to +150 ·C 

Power Dissipation Pn 500 mW 

TEST CONDITION TOLERANCES 
V,OT == ±10mV Vee == ±10mV Vin = ±2mV Von=±2rnV Voff == ±2mV 

GENERAL RULES 
o The number of load circuits that may be driven from an output is determined by the input loading factor. The sum· 

mation of input loading should not exceed the drive capability of the output. 

o A gate output connected In parallel with another output reduces the drive capability by 1 load. (Paralleling gate 
circuits requires a Vee connection to only one of the gates.) 

o Any number of gates may be paralleled if the input loading is increased by '/4 load. 

o If the counter adapter Is paralleled with another circuit, the output drive capability must be reduced by 2 loads. The 
reason for this drive reduction is the 12BO·ohm resistance that connects the output terminals on the counter adapter. 

o All unused inputs should be returned to ground. 

DEFINITIONS 
l .... l, I ..... , IA5 Minimum available output current for 

~~f.u:~dw~t~e~J~~t;~ne,:actor of 

IA. Minimum available output current from the 
MC900G Buffer 

leEX Output leakage current 

VIOT 

Maximum input current, with Vin applied 
and a fan~in greater than one 

Maximum Input current for 2 or 3 bases, 
respectively, with V;, applied 
Maximum Input voltage 

Vee 
Veo 

Vin 

Voff 

V., 
Vout 

V. 

Supply voltage 
Maximum saturation voltage, Vin applied 
to input 
Minimum high·level voltage 

~a~~~~~~~fs~~~oltage that will not turn 

Minimum turn-on voltage 
Maximum output voltage, Von applied 
to input 
Resistor connection to Vee for output 
voltage reading 

OUTLINE DIMENSIONS 
8 LEAD PACKAGE 

OMO~50 0.016 o:om 

0.;;- 0200 
0.335 . 
1--

Qlli 1L 0500 J 
(lJ85 MIN 

0.029 
0.045 

10-LEAD PACKAGE 
MC915G, MC815G, Mt:926G, MC826G, 

MC927G, MC827G, MC999G, MC899G ONLY 

0I!§o501 0.335J MAX IW6 0.l70 
0.019 DlA 

rI &oJ 

~:~~~ 0.230" 
1-- -.~~~ 

~ 0.500_J 
0.135 MIN 
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--Integrated Circuits --

MC900G / MC800G series (continued) 

The buffer is designed to drive a greater number of load circuits 
than the basic RTL circuit. Because this circuit has a very low output 
impedance the rise times of output waveforms are maintained when 
driving capacitive loads. A resistor which is internally connected to the 
input allows for capacitive coupling to the input, the differentiation of 
input waveforms, and various' multivibrator applications. 

BUFFERS 

MC900G 
MCaOOG 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

R4 

R1 

TYPICAL RESISTORS 

HI = 4500 
R2 = 6400 
RJ = JOllQ 
R4 = 10000 

POSITIVE 
lOGIC 

3=7.5* 

R3 

'1 

Rl 

NEGATIVE 
lOGIC 

3=7.5* 

rfr\ 
VI 

·OUTPUTS 5 & 7 MAY NOT BE USEO CONCURRF]'fTlY 

It 0-4--lD---4-'<HD~ 
lOOnsec 

O~ .. _ .. 

~ r---- -, 
0.5 V 0.5 V 

IN OUT 

O~ .. _,+ 

~ r---- -, 
o.~ V 0.5 V 

It ~~?--D--¢; 
100 nsec 

OUT 

COUNTER ADAPTERS 

This device provides the true output at Pin 7 and the complement 
output at Pin 5 for an input applied to Pin 1. A positive gating signal may 
be applied to Pin 2 to inhibit both outputs. A positive signal applied to 
Pin 3 will hold output Pin 5 at near-ground potential. The output nodes 
are returned separately to the power suopry so that the outputs might 
be paralleled with other circuits. 

MC901G 
MCa01G 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

POSITIVE 

~ 
NEGATIVE 

~ 
lOGIC lOGIC 

, . , . 
7=1+2 , , 7=1_2 , , 
5=(i·+2)3 5=1.2+3 
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

It <>--+-lD-~HD----9't 
100 nsec 

O.~5V 0.5V ~~ t,_,_ 
t'+7+ .. 

0.5 V 0.5 V 

IN 

Ground unused 
Input pins. 

OUT 

O~. o.sv' t!_ .... 

~ r---- -, 
O.SV o.S V 

It <>--+-;o-~~----9't 
100 nsec 

IN 



---Integrated Circuits ---

MC900G / MC800G series (continued) 

BUFFERS 

ELECTRICAL CHARACTERISTICS MC900G 
Test Conditions 
Volts Ohms 

e L-55.e 
1.014 1.014 1.50 0.710 3.00 680' 

@ Test +2S0C 0.844 0815 1.50 0.565 3.00 680· 
'lemperature + 12S"C 0.674 0.674 1.50 0.320 3.00 820' 

Power Dissipation @ T~ = 2S"C: Input HIgh: 16mW ly"i(.1I, 24mW maximum 
Input low: 45 mW typIcal, 52 mW maximum 

V," VO " 
VElDT VoH Vee V' 

Characteristic Pin No. Pin No. Pin No. in No. in No. fin RNo. 

Symbol Test limits 

Grounded Open Pin No. -55'( +25'( +125'( 
Pin No. Pin No. in ( ) Min Max Min Max Min Max Unit 

1I11'ut Current 1,5,7 21 in (JJ 990 870 940 ,lAde 

OU\llU\ Current 1,5 IAS (7) 2.47 2.54 2.35 mAde 

1,1 i A13(5) 12.4 12.7 11.8 mAde 

Output Voltage 1,1 Voul(S) 110 300 320 

1,5,7 V out(7) 110 300 320 mYdc 

iaturatioll Voltage 1,7 VeE(5) 200 210 280 mYdc 

1,5,7 VCE(71 200 210 280 mVde 

1,8 3,5,7 VCE(7) 210 280 mVde 

Switching Time, Pulse Pulse ,,, 001 

1,1 t3+5_ 30 

1,1 t 3_5+ 30 

1,5 t3+7_ 2B 

1,5 13_7+ 32 

Pins 2 and 6 omitted. CR~5h;tor Value to V CL' 

COUNTER ADAPTERS 

ELECTRICAL CHARACTERISTICS MC901lG 

Test Conditions 
Volts 

,L -55'e 
1.014 1.014 1.50 0.110 3.00 

@ Test +2S"C 0.844 0.815 1.50 0.565 300 Power Dissipation @ T A 2S·C: 55 mW typical. 70mW maximum 
Temperature +12S.C 0.674 0.674 1.50 0.320 3.00 

Symbol Test Limits 

V," VO" 
VBOl Volf Vee Grounded Open Pin No. -55'( +25'( +125'C 

Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) Min Max Min Max Min Max Unit 

Input Currp.nt 6,8 3,5,7 2'in(1) 990 870 940 /lAde 

6,8 3,5,7 2'1Il(2} 990 810 940 /lAde 

",S 1,3,5,7 2'I'n(2) 990 810 940 IJAde 

6,8 2,5,7 'in(3} 495 435 470 /lAde 

I Output Current I.' 6,8 2,1 'AS(5} ;1.47 2.54 "2.35 mAde 

2,5 6,8 'AS(S) 2.47 2.S4 2.35 

1,1 6,8 2,3,S IAS(7} 2.47 2.S4 2.35 mAde 

2,1 6,8 1,3,5 I (1) 2.47 2.54 2.35 

Output Voltage 6,8 l,S,7 V (5) 110 '00 320 mVdc 

SaturallOn Voltage 6,8 3,5,7 VCE(5) 200 210 280 mVdc 

2,' 6,8 1,5,7 VCE(5) 200 210 280 mVdc 

1,2 6,8 3,S,7 VCE (7} 200 210 280 mVdc 

Switchlllg Time Pulse Pulse 
10 001 

6,8 2,3,7 11+5_ 42 

6,8 2,3,7 li_5+ 42 

6,8 2,3,5 li+7+ 38 

6,8 2,3,5 li_7. J6 
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--- Integrated Circuits ---

MC900G / MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
~------:V~'~~HC=:==~----~~~m-.~ 

@ Test { O·C ~ -~:~t-~ ... __ ~~7~ ~ _ I _~_ 
+25"C 0.844 0.844 1.50 0.554 3.00~680· 

~~perature +100.C T71i-rij:riij--t---i~!SO 0.370 3.00 ~ 

Vln Von VIOT I VaH Vee I ~I· , 
Characteristic Pin No. Pin No. Pin No. Pin No.1 Pin No. Pin No. 

~----------~~---~- ~----
Input Current 3 - - 6 -

- - , 

BUFFERS 

MCaOOG 

Power Diuipmon@fA-25"C: Input HiFJ: 16mWtypieal. Z4mW maximum 
Input Low: 45 mW typieaJ. 52 mW muilllUnl 

~~tl-o-n"C.C-O-ltag--. --i-i-+--_'-- 'I' , 

~S-W-lt'-h-",,-TW-'------ ~~ ~,_-__ ~_-+_1~"~~_+-___ ~_4-~~_+--+_+--+_4-~ __ 4-___ 

,~-~ L \1':1 
___ ~~-L~~_7~~i~ __ -L __ ~ __ L-____ ~~ __ ~~~ __ L-~-L-L~ __ _ 

Plna 2 and 6 omitted. -ae,iJltor Value to Vee 

COUNTER ADAPTERS 

ELECTRICAL CHARACTERISTICS MCS01G 

Test Conditions 
V~f. 

{ o·c ,->V> ,,- ._W . _" .... 
@ Test +2S"C' ,-"" ",,44 '_00 ..... '.00 

Temperature +)OO.C lffiO --'.7l1! .... 0.370 ,.00 Power ~ @T ..... -2S·C: S5mW typiaII, 70mW mlZjmum 

,------------

V'n V: 
VIO' 

Voff Vec Grounded Open 
Charaderistic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current . , - , - ',' • 3,5, '1 , - 1 - ',' • 3,5, '1 , - - - ',' • 1,3,5, '1 

3 - 1 - ',' • 2,5, '1 

Output Current • 1,3 ',' • ',7 

+W,: I 3 ',' • 7 
- - ',' • 2,3,5 

- 2,7 - - ',' • 1,3,5 

Output Volbge - , , - ',' • 1,5, '1 

Saturation Volbge 1 , ',' • 3,5,7 

- - 2,3 - ',' • 1,5,7 

- - - I,' ',' • 3,5,7 

8w1tcblns' Time -. Pul .. 
In "'" I • - - ',' • 2,3, '7 

~r.~ -,-..'!:C T':2~~t. [+lOOT.~' ~ 
____ -+-___ --I---__ l----~.----l--~--I-------___I_----_l__-i-n(-~) ___ [Min'MIiC Min'l.lai~ _ Unif_ 

2Iin(i) 1.01 - 0.90 - O. go mAde 

2Iin(2) - 1.01 - 0,90 - O'~I mAde 

2Iin(2) - 1.01 - 0 90 - 0.901 mAde 

lin(3) - 504, - 450 _ <450 I ~Ad' 
I AS(5) 2.52 2.38 2.25 mAde 

IAS(5) 2.52 - 2.38 - 2.25 - mAde 

IA5('J) 2.52 - 12.38 - 2.25 - mAde I 

IAS('J) 2.'2 - j 2.38 - 2.211 1 - mAde I 
Vout(5) 574 '~ff-·.oo"-=-t-i7'--,-.;,~ 

:---t-=-t--.----j------:=--j---.-+.--;ri---.---4--.'C;-;;-4---.i. C=E:"('")-~-+~2;;;;go!---=- 200 t--:t--uO l~-vdc I 
VCE(5) - 290 - 260 - MO! ::: i 
·CE(7) - ,90 - ,60 - ... A 

---42--n.secl 
1 • - - ',' • 2,3,7 

1 7 - - " , • 2,3, S 

1 7 - - " , • 2,3,5 ===::=-=::1 
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-- Integrated Circuits-

MC900G / MC 800 G series (continued) 

RTL 
DUAL BUFFER 

The dual buffer is designed to drive a greater number 
of load circuits than the basic RTL circuit. Because this cir
cuit has a very low output impedance the rise times of output 
waveforms are maintained when driving capacitive loads. A 
resistor which is internally connected to the input allows for 
capacitive coupling to the input, the differentiation of input 
waveforms and various multivibrator applications. MC999G 

MC899G 

2: 3,4* 

'I = 9,6* 

R4 

R1 

R1 

R1 450n Typ. 

R2 640n Typ. 

R3 lOOn Typ. 

R4 looon Typ. 

LOGIC SYMBOLS AND FUNCTIONS 

ro ro 

*Outputs 3 & 4 or g & 6 may not be used concurrently. 

POSITIVE LOGIC NEGATIVE LOGIC 

CIRCUIT DIAGRAM 

4 10 6 

R3 

R1 R1 

R1 

R1 

2" 
'f 

3,4* 

9,6* 

8 

~----~----~~6----o7 

SWITClllNG TIME TEST CIRCUIT 

a 10 
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---Integrated Circuits ---
MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS DUAL BUFFERS 

Test Conditions Volts Ohms MC999G 
-5S·C 1.014 1.014 1.50 0.710 3.00 680' 

@ res' { +25'C 0 ..... 0.815 1.50 0.565 3.00 680' 
Temperaturl +125"C 0.674 0.674 1.50 0.320 3.00 820' 

Symbol Test Limits 
V,. V~ Voo, VoH Vee V' Grourtded Characteristic • Pin No. -SS'( +25'( +12S'( Unit Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) Min Max Min Ma, Min Max 

Input Current 10 21IN(2) 990 870 9.0 /lAde 

10 2IIN(7) 990 870 940 /lAde 

Output Current 10 IA,(3) 2.47 2.54 2.35 mAde 

10 IA,(9) 2.47 2.54 2.35 mAde !. lAB") 12.4 12.7 11.8 mAde 

10 IAB (6) 12.4 12.7 11.8 mAde 

Output Voltage 10 VOUT(') 71. 300 320 mVdc 

10 VOUT(6) 71. 300 320 mVdc 

10 VOUT(3) 71. 300 320 mVdc 

10 VOUT(9) 710 300 32. mVdc 

Saturation Voltage 10 VeE") 200 210 280 mVdc 

10 VeE(6) 200 210 280 mVdc 

10 VeE(3) 200 210 280 mVdc 

10 VeE(9) 200 210 280 mVdc 

1,10 VeE(3) 200 210 280 mVdc 

8,10 VeE(9) 200 210 280 mVdc 

Switching Time Pulse Pulse 
in out 

10 t2+4_ 30 nsec 

10 t2_4+ 30 n.ec 

10 t 2+3_ 28 osee 

10 12_3+ 32 osec 

10 t 7+6_ 30 osec 

10 t'_6+ 30 osee 

10 t 7+9_ 28 Rsec 

10 t7_9+ 32 

Pins not referenced are open . 

• Resistor to Vee 

SWITCHING TIME WAVEFORM 
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--- Integrated Circuits --

MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS DUAL BUFFERS 

Test Conditions Volts Ohms MCS99G 
{ O'C 0.909 0.909 1.50 0.574 3.00 680' 

@ Test +2S"C 0.844 0.844 ,.", 0.554 3.00 "'" Temperature +lOO'C 
0.710 0.710 0.370 3.00 850' 

Symbol Test Limits 
Yin Vo" VaOl VoH Vec V' rounded Characteristic R Pin No. O'C +2S0( +100"( Unit 

Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) Min Max Min Max Min Max 

Input Current 10 2~N(2) 1. 01 0.90 0,90 mAde 

10 2I 1N(7) 1.01 0,90 0.90 mAde 

Output Current 10 'A5(3) 2.52 2.38 2.25 rnA"" 

10 'A5(') 2.52 2.38 2.25 mAde 

10 IAB(4) 12.6 11.9 11. 25 mAde 

10 'AS(6) 12.6 11.9 11. 25 mAde 

Output Voltage 10 VOUT(4) 574 400 370 mVdc 

10 VOUT(6) 574 400 370 mVdc 

10 VOUT(3) 574 400 370 mVdc 

10 VOUT(9) 574 400 370 mVdc 

Saturation Voltage 10 VCE(4) 290 260 340 mVdc 

10 VeE(6) 290 260 340 mVdc 

10 VeE (3) 290 260 340 mVdc 

10 VCE(') 290 260 340 mVdc 

1,10 VeE(3) 290 260 340 mVdc 

S,10 VeE (,) 290 260 340 mVdc 

Switching Time Pulse Pulse 
i, out 

to t2+4_ 30 

10 t2_4+ 30 

10 t2+3_ 28 

10 t2_3+ 32 

10 t7+6_ 30 

10 t 7_6+ 30 

10 t7+9_ 28 

to t7_9+ 32 I Pins not referenced are open. 
~ Resistor to Vee 
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---Integrated Circuits --

MC900G / MC800G series (continued) 

HALF-ADDERS 

MC904G 
MCa04G 

TYPICAL 
RESISTORS 

HI:::: 450U 
R2:::: 640n 
R3 = aDDU 

This half-adder device can be used to supply the "SUM" and 
"CARRY" operations on two input signals. If the inputs are applied to 
Pins 1 and 2, and their complements to Pins 3 and 5, the "SUM" of the 
inputs appears on Pin 7 while the "CARRY" appears on Pin 6. This cir· 
cuit also performs the exclusive "OR" function. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

POSITIVE 
lOGIC 

@ 6='3"'+'5 , . 
• 2 7:::: (1 + 2) (3 + 5) 

IF:3=T,&5::::2 , , '1 THEN,6:::: 1_ 2 

7::::1 e 2+1.2 

NEGATIVE 
LOGIC 

6="j--;s 

~ 7=1-2+3_5 ' . 
.1 IF:3=1,&5::::2 

THEN: ' , 
6=1+2 

7::::1-2+1-'2 

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

IN OUT 

ft <>--4--¥>--+'.:>-OO~ 
100 nsec 

IN OUT 
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---Integrated Circuits ---

MC900G / MCBOOG series (continued) 

ELECTRICAL CHARACTERISTICS 

T 1St Conditions 
Volts 

{ -55'C 1.014 1.014 1." 0.710 3.00 
@ Test +2S"C 0.844 0.815 1.'" 0.565 3.00 

Temperature +12S"C 0.fi74 0.fi74 I." 0.320 3.00 
~. 

Vin Von Veor Vou Vee Grounded 
Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 

Output Current 3,5 

1,3,7 

2,5,7 

Output Voltage 

1,2 

Saturation Voltage 

1,2 3,5 

3,5 1,2 

Switching Time Pulse Pulse 
1n Out 

3 

4,6 

4,6 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
Volts 

@ Test {+2~:~ ~:_ 0.909 1.50 ~~~~_~ 
T empllrature + lOO.C l-7co.7"lno +'~":~ffi;0.-t,:"::,,,r-0"'.3"7.0 + ... , .. ..,M--i 

Vin Von Veor Vou Vee 
Characteristit Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 

Output Current 3,5 

1,3,7 

2,5,7 

Output Voltage 

1,2 

Saturation Voltage 

1,2 3,5 

3,5 1,2 

Switching Time Pulse Pulse 
1n Out , 

Grounded 
Pin No. 

13-113 

HALF-ADDERS 

MC904G 

Power Di"ipatk>n @ T~ - 2S"C: 45mW typical, 53 mW maximum 

p?~no.1 
Test Limits Symbol 

Pin No. SS'C +2S'C +12S'C 
jn( ) Min ,Max Min Max Min Max Unit 

3,5,6,7 Iin(l) -I"~I-I'" 470 "Ado 

3,5,6,7 Iln(2) -1<195 - 435 470 "Ado 

1,2,6,7 IIn(J) - ' 495 1- i 435 470 "Ado 

1,2,6,7 lin(S) - 495 -: 435 470 j-lAdc 

1,2,7 i A4(6) 1.98 -
~:~:I = 1.B6 mAde 

2,5,6 tA <;(7) 2.47 - 2.35 mAde 

1,3,6 IAS(7) 2,-17 - 2. 54 1 - 2.35 mAdo 

1,2,5,6,7 V out(6} ..... ~7101-1300 '" mVdc 

1,2,3,6,7 Vout(6) - I 710 i - i 300 320 mVdc 

3,5,7 Vout{7) - ; 710: - I 300 "0 mYdc 

1,2,5,6,7 VCE(6) = I ::: I = I ::: 280 mYdc 

1,2,3,6,7 VCE(S) 280 mVdc 

6,7 YCE(7) _ 200 _ 210 280 mYdc 

6,7 V q {7) - 200 - 210 280 mVdc 

1,2,5,7 t3+6_ 20 

1,2,5,7 t 3_6+ " 2,3,5 tl+7+ 36 nae_J 2,3,5 t l _7_ 36 n.sec 

MCS04G 

Power Di$Sip.;ltion@T .. =2S·C:45mWtypiCOlr,53mWmuimum 

Symbol Test limits 
Open Pin No. O°C +2SoC +100'C 

Pin No. in ( ) 'Mfl~~llNn 'Max 
Unit 

3,5,6,7 11n(l) - 504 1 - 450 - 450 "Ado 

3,5,6,7 Iln(2) - 50<1- 450 - 450 "Ado 

1,2,6,7 Iln(3) - 504 - 450 - 450 "Ado 

1,2,6,7 Iin(5) -1504 - 450 - 450 "Ado 

1,2,7 IA4(6) 2.021-12.05 1.80 mAde 

2,5,6 IAS('l) 2.S2 - 2.38 :It.2S -3 1,3,6 IAS(7) 2.52i - 2.38 2.25 - mAde 
~-.--

~:t(6) 574 1,2,5,6, 'l 400
1

- 370 mVdc; 

1,2,3,6, 'I Vout(S) 574 400 - '70 mVdj 
3,5,7 Vout(7) 574 "or 370 mVdc 

-~~ 
1,2,5,6,7 VCE(6) .'" 260 -

340 mVdo I 
1,2,3,6,7 VCE(S) .'" 260 - MO I mVdc 

6,7 VCE(7) m 260 - :1 mVdc 

6,7 VCE(7) '''' 260 1- mVdc 

I 
1,2, S, 7 t 3+6_ [[= 20 

MOO I 1,2,5, 'I t3_S+ " nsec 

2,3,5 tl+7+ - - - " MOC 

2,3,5 t l _7_ " nsee 

I 



-- Integrated Circuits --

MC900G / MC800G series (continued) 

LOGIC GATES 

MC903G 
MCS03G 

This device provides the "NAND/NOR" function on Pin 6. Individ· 
ual gate elements may be paralleled or used with other logic elements 
for increasing the number of inputs (subject to loading rules). 

3-INPUT "NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

R2 

Rl 

R1 

Rl 

TYPICAL RESISTORS +----<>----' 
RI = 4500 
R2:::: 640p. 

POSITIVE 
LOGIC 

6:::1+2+3=1_2'_3 

NEGATIVE 
lOGIC 

6=~=1+2+3 

MC907G 
MCa07G 

This device provides the "NAND/NOR" function on Pin 6. Individ
ual gate elements may be paralleled or used with other logic elements 
for increasing the number of inputs (subject to loading rules). 

4-INPUT "NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

Rl 

TYPICAL RESISTORS '---~~-~----' 
Rl:::: 450U 
R2=640U 

POSITIVE 
lOGIC 

6::::1+2+3+5:::1-'2-'3-'5 

NEGATIVE 
lOGIC 

6=~=1+2+3+5 

£1', , , 

;. ' 

e" ; , 

; , . 
SWITCHING TIME TEST CIRCUITS AND WAVEFORMS (ForAIITYJ>C» 

NOTE: 
Dotted line for MC907G 
.nd MC807G only. OUT 
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---Integrated Circuits--

MC900G / MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 

Tesf Conditions 
Volts 

@ Test {::::~ 1.014 1.014 ~:~~~ 
Temperature .... 125.C 1-'.:~'.'::~O:-;4+--~"::C;;475 +--:"':~'.'~+';:;03:;;2';:;O+-~"::;;:'-{ 

Vi" Vo" VeOT V off Vee 
Characteristic Pin No. Pin No. Pin No Pin No. Pin No. 

Input Curn'lll 2,3 

1,3 

1,2 

Output Cun,'nt 1,2,3 

Output Leak:q:;e Cllrrellt 1,2,3 

Output Volt.l;;(' 

SJ.tUl"J.tlOn Volt.!.!:!' 

SWitching TIll\e Pulse Pulsl' 

", 0"' 

PIIl~ J and 7 olllltted 

Grounded 
Pin No 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
Volts 

@ Test {::::~ 1.014 1.014 1.50 0.710 3.00 

O.B44 O.BlS 1.50 0.565 3.00 
Temperature +12S'~ 0.674 0.674 1.50 0.320 3.00 

Vi" V VSOY Voff Vee Grounded 
Characteristic Pin No. Pin °No. Pin No. Pin No. Pin No. Pin No. 

Input Curn'nt 2,3,5 

',3,5 

',2,5 

1,2,3 

Output Current 1,2,3,5 

Output Leakapc Current 1,2,J,5 

Output Vult<l~(, 

SaturatlOTl Voll<lgr 

Swltchilll'TLIllt' Pulse Pub" 
10 0"1 
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LOGIC GATES 

MC903G 

Power DISs'pJIIOrl (al T. 2S"C: Input High: 19 'nl'>' typ,cal. 27 mW ma.,mum 
Input Low: 5mW typlc.)l, 9mW mJxrmum 

Symbol Test Limits 

Open Pin No. SS( +25 C +12S( 
Pin No. in ( ) Min Me< Min Max Min Max Unit 

~"'O ' 4!J5 ~:V} 470 

-1(15 13') 

1".'31 4(J5 135 

1,\5(';) 2.47 2.5·1 -- 2.35 

ICEX(G) 21H 

2,3,(; ~""I~ ~~ 710 300 320 It)Vd, 

1,3,fi 30() IlIVdl 

1,2,(; <>, :lUO Il)\'d( 

2,3,tJ 

~~~::: 
200 2111 lllVd, 

1,3,6 210 

1,2,G 200 

1,3 t 2 _6_ ''',., 
1,3 t 2 _6-,- 2e ''''' 

MC907G 

Power Dis~ipation @ T~ = 25'C: Input High: 19mV;' typical. 27mW m~limum 
Input low: SmV;' typical. 9 mW m,lXImum 

Symbol Test Limits 

Open Pin No. 55'( +2S( +12H 
Pin No. in ( ) Min Max Min Max Min Max Unit 

6,7 'm(l) 495 435 ,170 

6,7 1111(2) 495 435 470 I}Adc 

G,7 Im(3) 495 43"1 470 

6,7 1111 (5) 495 435 470 

'A5(6) 2.47 2.54 2. 3~ I:V\r!C 

7,8 IO:x(G) .,,\(!( 

2,3,5,6,7 V'"'(Gi 7\0 300 320 

1,3,5,G,7 710 3011 320 mVd( 

1,2,5,G,7 710 300 320 

1,2,3,6,7 Vo:;(6) 710 300 320 

2,3,5,6,7 

~f~i~\ 
200 210 LlIVd( 

1,3,5,6,7 200 280 nlVdc 

1,2,5,6,7 200 200 ·llVd( 

1,2,3,6,7 200 210 "0 

1,3,5,7 t2 .. 6_ 

1,3,5,7 12_6 + 28 ""., 

I 



--Integrated Circuits --

MC900G / MC800G series (continued) 

LOGIC GATES 

ELECTRICAL CHARACTERISTICS MCa03G 

Test Conditions 
Volts 

{ o'e 0.909 0.909 1.50 0.574 3.00 
@ Test +2S"C 0.844 0.844 1.50 0.554 3.00 

Power Dinipation@T .. =2S"C;lnput High: 19mW typical, 27mW ma.imum 

Temperature +lOO.C 
Input low: 5 mW typical, 9 mW mnimum 

0.710 0.710 1.50 0.370 3.00 

Symbol Test limits 

V;" V VBOT Voff Vee Grounded Open Pin No. O°C +25°C +loo'C 
Characteristic Pin No. Pin °Na. Pin No. Pin No. Pin No. Pin No. Pin No. in! ) Min Max Min Max Min Max Unit 

Input Currenl 2,3 Iin(l) '0' 450 450 ~Adc 

1,3 Iin(2) 50. 450 450 /LAde 

I,' lin(3) SO, 450 450 MAde 

Output Current 1,2,3 IA5(6) 2.52 2.38 2.25 mAde 

Output Leakage Current 1,2,3 ICEX(6) 100 22S 22S I-tAde 

Output Voltage 2,3,6 Vout(6) S74 400 370 mVdc 

1,3,6 Vout(6) S74 400 370 mVdc 

1,2,6 Vout(6) 57. 400 370 mVdc 

Saturation Voltage 2,3.6 VeE(6) 290 260 340 mVdc 

1,3,6 VeE(6) 290 260 340 mVdc 

1,2,6 VeE(6) 290 260 3,0 mVdc 

Switching Time Pulse Pulse 
In (rut 

6 1,3 t 2 +£_ 20 

1,3 t 2_6+ 28 

Pins 5 and 7 omitted 

ELECTRICAL CHARACTERISTICS NlCa07G 

Test Conditions 
Volts 

{ o'e 0.909 0.909 1.50 0.574 3.00 
@ Test +2S"C 0.844 0.844 1.50 O.S54 3.00 

Power Oissipation @TA '" 2S"C: Input High: 19mW typical, 27 mW muimum 

Temperature +100'C 
Input low: 5 mW typical, 9 mW maximum 

0.710 0.710 1.50 0.370 3.00 

Symbol Test limits 

V;" YO" VBOT Voff Vee Grounded Open Pin No. O'C +25°C +1OO'C 
Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in! ) Min Max Min Max Min Max Unit 

Input Current 2,3,5 6,7 Iin(l) SO, 450 450 /..IAdc 

1,3,5 ',7 1in(2) '" 4SO 450 /..IAdc 

1,2,5 6,7 1In(3) SO, 450 450 /..IAdc 

1,2,3 6,7 lin(5) SO, 450 450 /..lAde 

Output Current 1,2,3,5 IA5(6) 2.52 2.38 2.25 mAdc 

Output Leakage Current 1,2,3,5 7,8 ICEX(6) 100 22S 22S /..lAde 

Output Voltage 2,3,5,6,7 Vout(6) 57' 400 370 mVdc 

1,3,5,6,7 Vout(S) '" 400 370 mVdc 

1,2,5,6,7 Vout(6) 57' 400 370 mVdc 

1,2,3,6,7 Vout(6) 57' 400 370 mVdc 

Saturation Voltage 2,3,5,6,7 VCE(6) 290 260 340 mVdc 

1,3,5,6,7 VCE(6) 290 260 340 mVdc 

1,2,5,6,7 VCE(6) 290 260 340 mVdc 

1,2,3,6,7 VCE(6) 290 260 340 mVdc 

Switching Time Pulse ,Pulse 
In Oot 

2 1,3,5,7 t 21£_ 20 

1,3,5,7 t 2_6+ 28 

13-116 



--- Integrated Circuits-

MC900G/MC800G series (continued) 

These devices provide the NAND/NOR function on pin 
7. Individual gates may be paralleled with other logic ele
ments for increasing the number of inputs (subject to load
ing rules). The MC929G is designed for operation over the 
full military range of -55°C to +125°C while the MC829G is 
guaranteed over a temperature range of O°C to +lOO°C. 

RTL 
5-INPUT GATE 

MC929G 
MCS29G 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL .. STD-806B) 

7 = 1+2+3+5+6 1'2'3'5'6 

r· 2' 3· 5' 6 

POSITIVE LOGIC NEGATIVE LOGIC 

SWITCHING TIME TEST CIRCUIT 

100 ns 

4 4 4 

In Out Ground Unused 
Input Pins 

SWITCHING TIME WAVEFORM 

+ ~"" ~t .5V 

t 

! t 
.5V .5V 

+ + 
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--- Integrated Circuits -

MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 5-INPUT GATES 

Test Conditions Volts MC929G 
-5S·C 1.014 

@ Test { +2S·C 0.844 
Temperature 

+12S·C 0.674 

Vi" Characteristic Pin No. 

Input Current 1 

2 

3 

5 

6 

Output Current 

Output Leakage 7 
Current 

Output Voltage 

Saturation Voltage 

Switching Time Pulse 
in 

1 

1 

PinS not referenced are open 

RI = 450n Typical 

R2 = 640n Typical 

1.014 1.50 

0.815 1.50 

0.674 1.50 

V VBOT 
Pin °No. Pin No. 

2,3,5, 
6 

1,3,5, 
6 

1,2,5, 
6 

1,2,3, 
6 

1,2,3, 
5 

7 

1 

2 

3 

5 

B 

1 

2 

3 

5 

B 

Pulse 
out 

7 

7 

2 

0.710 3.00 

0.565 3.00 

0.320 3.00 

Symbol Test limits 
V.H Vee Grounded 

Pin No. Pin No. Pin No. Pin No. -5S'C +25°C +125°C Unit 
in ( ) 

Min Max Min Max Min Max 
8 4 IIN(I) --- 495 --- 435 --- 470 pAde 

8 4 IIN(2) --- 495 --- 435 --- 470 .uAdc 

8 4 IIN(3) --- 495 --- 435 --- 470 IIAde 

8 4 IIN(5) --- 495 --- 435 --- 470 pAde 

8 4 IIN(B) --- 495 --- 435 --- 470 {lAde 

1,2,3, 8 
5,B 

4 IA5(7) 2.47 --- 2.54 --- 2.35 --- mAde 

1,2,3, 4 ICEX(7) --- 100 --- 218 --- 235 .uAde 
5,B 

8 4 VOUT(7) --- 710 --- 300 --- 320 mVdc 

8 4 VOUT(7) --- 710 --- 300 --- 320 mVdc 

8 4 VOUT(7) --- 710 --- 300 --- 320 mVdc 

8 4 VOUT(7) --- 710 --- 300 --- 320 mVdc 

8 4 VOUT(7) --- 710 --- 300 --- 320 mVdc 

8 4 VCE(7) --- 200 --- 210 --- 280 mVdc 

B 4 VCE(7) --- 200 --- 210 --- 280 mVdc 

B 4 VCE(7) --- 200 --- 210 --- 280 mVdc 

8 4 VCE(7) --- 200 --- 210 --- 280 mVdc 

8 4 VCE (7) --- 200 --- 210 --- 280 mVdc 

8 2,3,4, t1+7_ --- --- --- 20 --- --- nsec 
5,6 

8 2,3,4, t1_7+ --- --- --- 28 --- --- nsec 
5,6 

CIRCUIT DIAGRAM 

7 

4 
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--- Integrated Circuits --

MC900GjMC800G series (continued) 

ELECTRICAL CHARACTERISTICS 5-INPUT GATES 

Test Conditions Volts MCS29G 
O'C 0.909 0.909 1.50 0.574 3.00 

@ Test { +2S"C 0.844 0.844 1.50 0.554 3.00 
Temperature 

+lOO·C 0.710 0.710 1.50 0.370 3.00 

Symbol Test limits 
Vi" Y VBor VoH Yee Grounded 

Characteristic Pin No. Pin °Na. Pin No. Pin No. Pin No. Pin No. Pin No. O°C +2SOC +lOC°C Unit 
in ( ) Min Max Min Max Min Max 

Input Current I 2,3,5, 8 4 [!Nil) --- 504 --- 450 --- 450 pArle 
6 

2 1,3,5, 8 4 [!N(2) --- 504 --- 450 --- 450 pAde 
6 

3 1,2,5, 8 4 [IN(3) --- 504 --- 450 --- 450 }.lAde 
6 

5 1,2,3, 8 4 [m(5) --- 504 --- 450 --- 450 flAdc 
6 

6 1,2,3, 8 4 [m(6) --- 504 --- 450 --- 450 pAde 
5 

Output Current 7 1,2,3, 8 4 IA5(7) 2.52 --- 2.38 --- 2.25 --- mAde 
5,6 

Output Leakage 7 1,2,3, 4 ICEX(7) --- 100 --- 225 --- 225 .£lAde 
Current 5,6 

Output Voltage I 8 4 VOUT(7) --- 574 --- 400 --- 370 mVdc 

2 8 4 VOUT(7) --- 574 --- 400 --- 370 mVdc 

3 8 4 VOUT(7) --- 574 --- 400 --- 370 mVdc 

5 8 4 YOUT(7) --- 574 --- 400 --- 370 rnVdc 

6 8 4 VOUT(7) --- 574 --- 400 --- 370 mVdc 

Saturation Voltage [ 8 4 VCE(7) --- 290 --- 260 --- 340 mVdc 

2 8 4 VCE(7) --- 290 --- 260 --- 340 mVdc 

3 B 4 VCE(7) --- 290 --- 260 --- 340 mVdc 

5 8 4 VCE(7) --- 290 --- 260 --- 340 mVdc 

6 8 4 VCE (7) --- 290 --- 260 --- 340 mVdc 

Switching Time Pulse Pulse 
in out 

I 7 8 2,3,4, tl+7_ --- --- --- 20 --- --- nsec 
5,6 

I 7 8 2,3,4, tl_7+ --- --- --- 28 --- --- nsec 
5,6 

Pins not referenced are open. I 
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---Integrated Circuits ---

MC900G / MC800G series (continued) 

This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other 
applications of this circuit include cross-connecting to form a bistable 
multivibrator, or a two-input noninverting gate. 

LOGIC GATES 

MC914G 
MC814G 

DUAL 2-INPUT "NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

it o--+..;v---9'--'<>--D~ 

POSITIVE 
LOGIC 

7=T+"2=I-2' 
6=3'"+'5=3-5' 

e" 
, . 
, , . 

TYPICAL RESISTORS 
RI::: 450n 
R2:::: 640U 

e" NEGATIVE 
lOGIC 2 ! 

7=T;""2=1+2 1 _ _ _ 5 

6=3-5=3+5 4 

100 nsec 

This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other 
applications of this circuit include cross-connecting to form a ·bistable 
multivibrator with two "SET" and two "RESET" inputs, or as a three-

IN OUT 

O~t'_'+ 
~ ,-- ~ 

0.5 V 0.5 V 

Ground unused 
Input pins. 

MC915G 
MCS15G 

input noninverting gate. DUAL 3-INPUT "NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

TYPICAL RESISTORS 
Rl::: 4500 
R2::: 6400 

POSITIVE LOGIC 

R2 

~'"' , . 
, , . , . 

4:::1+2+3=1-2"_3 
9:::6+7+8:::6-"1-"8 

10 

.2 

~'"' , , 
NEGATIVE LOGIC , , 

" . 
4:::T7273:::1+2+3 
9:::67']"";8:::6+7+8 

it <>--?--iO--1'-'{>-)O-?'t 

100 nsec 

IN OUT 

O~t'_'+ 
~ .---- ~ 

O.SY 0.5 II 
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---Integrated Circuits ---

MC900G / MC800G series (continued) 

LOGIC GATES 

ELECTRICAL CHARACTERISTICS MC914G 
Test Conditions 

Volts 

Power Diui~tion @T,,"2S·C:lnplllsHigh:38mWtypit:..1l, 54mW lN~imllm 
Inpuls low: lOmW typoul, 18mW mUlmum 

. . ~~ ··'~·~·~i~-----r----I---
Sy~--_--Test!i~!s ~ 

Vln Von VIOl VoU Vee Grounded ~pen P~n N_~. [3~T+2~p'_25°C . 
r---_.,.Ch_,_,,_el_"'_·,"_·,_+p_in_N_O.+P_i.n_N_'-+. _Pi--,n _N0--j' _p_in_N_O'j--P_in_N_"t-_Pin_N_O_. --t---:--p,:-n -,.NO_,_ "--_~~_~) __ [J~~;T.M M-;in Max Min, _~x Umt 

lnputCurteot 3,5,6,7 Itn(1) - 4951_ 435 -: 470] ,"", 
3,5,6,7 i ln(2) - 495 - 435 - I 470 ilAde 

1,Z,6,7 Im(l) - 495 - 435 - i '110 /lAde 

1-:----,-----j--t---c--j--+-,..,.+-:--j---:--t-I-C·-'-Z~~ __ I_ln~5_) _ :~~--:---=- ' 435 C l4_~~-+~ 
o...tpo.rt Current 7'!1 1,2 3,5,6 IAS(7) 2.47 - : 2.54 1 -12.35, - : mArlc 

3,5 1,2,7 IAS{S) 2.47 - .2.54 - 2'351-' mAde 

1-:",,-,,-.-, "'-""'-'-0'-"-"-'-, j--t---.l....-+...:,.-,+--+----+-1-.2:...:..7~6-~~--= ~=-- -;~8-=- -~~~~ 
_______ t--_t-_+-_+-I_.2_t_--t ____ t-'._'_.6 __ .6-t_~_((;71; __ I=-~<-= !IS - '~_~~ 

o.rtput Voltage Z, 3, 5, 5, 7 V t(7) - I 710 I - 300 -1320 I mVdc 

1,3,5,6,7 V:~t(7) - 710: - 300! -1320: mVdc I 

1,2,5,5,7 V t(6) - 7101- 300 I - I 320 I mVdc 

1,2,3,6,7 V::t (6) 710 - 300! -_1320 ~ mVdc 

saturation Volta.ge 2,3,5,5,7 VCE(7) ZOO 210 _! 280:!mVdC 
1,3,5,fl,-= VCE(7) 2.10 _ 280 mVdc 

1,2,5,5,7 VCE(6) ZOO 210 - 280 i mVdc 

1,2,3,6,7 VCE(6) 200 210 - 280 I mVdc 

~s-~-"-hID-.-T-Im-'-----+-~-I'-.4-~-~-,4---+---+---+--------~~~---~-'~----- i 
In "'" J 

L-____________ L-__ ~ __ ~ __ -L __ ~ __ ~ ________ ~::...:::...:::_:~ __ :~~:~:~._~_.~~; ~~~~~ 

ELECTRICAL CHARACTERISTICS 

MC91l5G 
Test Conditions 

Volts 

{ -"'0 1.014 1.014 1." 0.710 3.011 
@ TlSt +2S'C 0.'" 0.815 O.S65 '.00 

Pow., Diui~tion @ T~ '" 2S'C: Inputs Hi&f1: 38mWtypiYl, 54mW rt'Ia~imum 

Tr;mp;ratur. +125'C 
Inputs Low: 10mW typic.al, 18 mW rt'IaKlmum 

0.674 , 0.674 1." 0.'" 3.'" 

! 
Symbol T"ILimi" ~ 

VIr. V., VWT V,. Vee Grounded 0"" Pin No. 55°C +25°( +125°C 
Olarattcristit P,n No. 

Pil~~~ 
Pin No. Pin No. Pin No. Pin No. in{) Min Max Min Max Min Max Unit 
--

10 
------ .., m f70 ,"", Input Current ~,6, 7, 8, g Iln(l) 

- 1,3 10 ~,6, 7, 8, 9 Iln(2) .., 470 ).LAde I 
- 1,2 10 <1,6,7, B,9 Iln(3) .., ,70 ,"", 1 

- 7,8 10 1,2,3,4,9 Im(6) .., m f70 ,"", 
',' 1,2,3,4,9 Iln(7) "d'i 
'.7 1,2,3,<1, Ii Iln{B) m 470 "d, 

Outp.d Current 1,2,3 10 6,7,8,9 IAS(4) 2.<17 2. 541 - ".35 

6,7,8 1,2,3,4 IAS{9) l.U :2.54 - l,35 m"", 
Output Leab.i:e Current 1,2,3 13,7,8,9,10 ICEX{4) 100 : 216 '" """, 

6,7,8 1,2,3,4,10 ICExl9} 100J = 216 '" ",,,to 

Output Voltage 10 2,3,4,6,8,9 Vout(4) 7101 30' 
,,, 

10 1, 3,t, 6,8,9 Vout(4) 710 I 300 '" 10 1,2,4,6,8,9 Vout(4) 710 '" 10 1,3,t,7,8,9 V out(9) 710 '00 "0 

10 1, 3,t,6,8, 9 Vout(9) 710 '00 "0 mVdc I 
10 1,3,4,13,7,9 Vout(9) 71' 300 320 mVdc I 

Sa.turaUon Volta(e 1,6 2, 3,t, 7,8,9 VCE(4) 200 210 260 mVde 

2,6 1,3,4.7,8,9 VCE(4) 200 210 280 mVde 

~6 10 1,2,-4,'1,8,9 VCE(4) 200 260 mVdc 

',6 10 2, 3,t. 7,8,9 VCE(9) 200 210 260 mVde 

1.7 2,3.4.6,8,9 VCE(9) -1 2M 210 260 mVdc 

1,6 10 2,3,-4.6,7,9 VCE(9) - i 200 210 260 mVdc 

Sw1tehine Time "'I" """, -I- I In <>d 

10 1,3.8,7,8,9 t 2+4_ 20 -1-
10 1,3,6,7,8,9 t 2_4+ - - 26 -i-
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-_. -Integrated Circuits --

MC900G / MC800G series (continued) 

LOGIC GATES 

ELECTRICAL CHARACTERISTICS MC814G 

@ T .st {+2~:~ 
Temperature +lOO'C 

CharaCf.ristic 
Input Current 

OutPllt: Current 

.-~~--~~-~-----

T,st Conditions 

o:i09~J09 ~~TO.!74TiOO
:: ilio- -~= -t-ci:i~+-i~-

1= 1,2 

I,' 

Pow.,. Diulpation@ToO.-2S"C:lnpub;Hi&fI:38mWtypicIol.54mWrnnlmum 
Inputs Low: IOmWtypiuol,18mW muimum r Symbol --O'C--~+~~~2lsjr'C' ~~"I-+1~OO;;;;-'C 

Grounded Open Pin.No. r_~---.I ~ I . 
Pin No. Pin No. inC) ~i!1_~~!Min !Ma~~~n ~ ~ 

: ::~:::~ ;:~~: = ~~I = I ::~I = :~~ ::: 
• 1,2,6,' 1in(3) - 5O-ti - 4S0 - .. 50 IJ.Adc 

.. 1,2,6,7 1(5) - 5041-[450i-"~ J.lAdc 

-I 3,5,* IAS(7) 2,53 -t23~ -12.25 - mAd<:: 

.. 1,2,7 -.!.~ 2~~ ~~ - ~ 2:..5: ~ --'-'I'r- - '.' - , '.'.'.' " .. _~ljOOI_I"'I_'21S'/JAdC: __ '7 - - 1,2 - .. ~J5'6IB ICEX(7) - 1001- 225 -1225! jJAdc 
-I-~-t~--t---t---- -- --~- -+-+--+--T-~-

O-ltput Voltage 1 - 1 - - 8 .. 2,3,5,6,7 V 111('1) - 5'141 - <0'1-1310 I mVde 
- 2 - _ B 4 1,3,5,6,'11 v:W('1) - 5'1. - 400 - 3101 mVde 

3 _ _ 8 4 1,2,5,6,'11 V t(ll) - 5'141 - 100 - no mVde 

-----1-- I, - - 8 , 1,2,3,8,' V:(8) -}" L-=. <0, L::- I 170 l~ f------- - - 1 --, -t -1' -
SiLturationVoltage -= 1-= 1 - 8 4 2,3,5,6,'11 VCE('I) - allOl - 260 -, HO mVde 

_ 2 - 8 1 1,3,5,15,:! VCE('I) - 2110

J 
- 260 - ,HOI mV", 

=--t - : = : -~---I :~:J ;:~c=: I = :: = :~2 
Lwlt;tngTi;;------~,llIe 'I· ~,' ! 

- - B 4 I 2,3,S,6 tl+'I_ - -1- 20 - -llUIee 

____ ~_-'-_'_Li· _'--'-. - - 8 _~ __ ____"__~3~S.6 ~~~_ - - 28 - -_1 neee 

ELECTRICAL CHARACTERISTICS 
MC815G 

Test Conditions l 

@ Test { +2~:~ 
-o:iOg f-o:iOt-,~! 0.574 -iQOI 

Paw., ~ion C T ..... 25°C: Inpub Hi&f!: 38 mW tnMal, 54mW mulmum 

:: L~~ 1~50 O,?~ 3_00 Inpublow: 10mW typic.aI,llSmWmuimum Temperature +l()O.C 1-5. '->70 --3AO--

Symbol Test Limits 

d V~ V_ Voor Voff Pi:~o. Grounded Open Pin No. '-O·C~ -"':i-'2s'c ~ 
7.'.- ~*,r.;;, . __ Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) ": ':: "" ':: ~r Input Cu.r-rent 2;3 10 4,6, 'I, 8, II Im!l) .,Me I 

1,1 10 4,6, 'I, 8, II Im(2) - 504 -'450 - 450 ,Ad, 
3- 1,2 10 4,6, 'I, 8, 9 ',.l3) - ... -1'1' - '50 

,Ad, 
',8 10 1.2,3,4," Im(6) _5Of,_450_450 ,Ad, 
8,8 1,2.3.4," Im ('1) _ 5Of, - 450 _ 450 ,Ad, 
8,' 1,:1.3.4, " Im(8) _ 504. - 450 _ 450 ,Ad, 

Output Current 1,2,3 10 8, 'I, 8,9 IAS(4) J.52 2.38 - 2.U =1 
mAd, 

8,7,8 10 1,2,3,4 iAS(II) 2.52 2.38 - ... mAd' 
~~ 

Output Leakage Current 1,2,3 8, 'I, 8.9.10 ICEX(4) 100 223 '" ,Ad, 
8,7, B 1,2,',4,10 IcEx(lI) 100 223 '" ,Ad, 

Output Voltage 10 2,3,4,6,8,9 Vout(4) 

"'I 
400 37' mVde 

10 1 1,3,4,e,8,11 Vout(4) '" 400 
'"" 

mVde 

10 1,2 .... e.8, Vout(4) '" "'" '70 mVde 

1,3,4,7,8.9 Vout(9) '" "" 37' mVde 

10 1,3,4,8,8, Vout{lI) '" 400 3'10 I .lV" 
10 1, '.4.8, 'I,ll V (') '" "'" '70 mVde 

--~ -

\ 

&.turatlon Voltap 1,8 10 2,',~,'I,8,1I VeE(4) 20' 260 - '" mVde 

2,8 10 1,3,4,'1,8,11 VCE(4) 20' _I ,",. 
= I ~: 

mVde 

',8 I 10 1,2,4,',8, VCE(4) .. , - 260 1 mVde 

1,8 10 2,',4,',8,11 VCE{II) 20' - 260: - '" mVde 

I,' 2,,.4,6,8,Q VCE{Q) 20' - .60 - .<0 mVdc 

1,8 to 2,3,4,8,',Q ~ t-=-. .. , - ." - '" mVele 
-~ -1-- r-

SwUc:hIna: Time Put .. ""~, 1 In Out 

2 , 10 1,',8,',8,11 t2+4. 20 -1-
1,3, e, ',8, t 28 - --. 
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--Integrated Circuits--

MC900G / MCBOOG series (continued) 

HALF-SHIFT REGISTERS 

MC905G 
MCS05G 

This half-shift register consists of three input RTL gate circuits and 
two output RTL gate circuits cross-connected to form a bistable storage 
unit_ A gating signal is applied to the three input gate circuits. Logic in
puts are supplied to Pins 1 and 3, with the gate signal on Pin 2 con
trolling these inputs. The complement of the gating signal is furnished 
at Pin 6. Information is shifted into the storage unit by applying near
ground logic levels at the inputs. For example, the logic levels appearing 
at Pins 1 and 3 will be transferred to Pins 7 and 5 respectively when the 
gate signal on Pin 2 goes to the condition of near-ground potential. Low 
logic levels on all three inputs will cause low logic levels at both outputs. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

POSITIVE LOGIC 

7=5(1+2) 
5=7(3+2) 

~
" 

, o· 
, , 

MC906G 
MCS06G 
(WITHOUT INVERTER) 

NEGATIVE lOGIC 

7=5+1-2 
5=7+3-2 

it <>--'?-7C>--1'-'1HD..-.-9'j 
100 nsec 

O'~5V 
0.5'1 t,_,_ 

t,+,+ 

---r 

IN OUT 

0.5'1 0.5'1 

...JL o--'\1--){>---?,-,<1-7{>--fi'~'hl.:-W~D--1 
-I 1-

IN OUT 

This half-shift register consists of two input RTL gate circuits and 
two output RTL gate circuits cross-connected to form a bistable storage 
unit. A gating signal is applied to the two input gate circuits. Logic inputs 
are supplied to Pins 1 and 3, with the gate signal on Pin 2 controlling 
these inputs. Information is shifted into the storage unit by applying 
near-ground logic levels at the inputs. For example, the logic levels ap
pearing at Pins 1 and 3 will be transferred to Pins 7 and 5 respectively 
when the gate signal on Pin 2 goes to the condition of near-ground po
tential. Low logic levels on all three inputs will cause low logic levels at 
both outputs. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

POSITIVE LOGIC 

7=5(1+2) 

5= 7(3 + 2) 

@" 
2 ~ 6 

, , , 

NEGATIVE lOGIC 

7=5+1-2 
5=7+3_2 

Typical Resistors 
Rl = 450 ohms 
R2 = 640 ohms 
Rl = 800 ohms 
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---Integrated Circuits --

MC900G / MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Switching Time 

t Silicon Diode to Ground 

Test Conditions 
Volts 

Vin Von VIOT VoH Vee Grounded 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

',5 
3,5 

',7 
1,7 

Pulse Pulse 
In Out 

1,3 

',3 

1,2 

1,2,3 

1,2,3 

',3 

1,2 

4,7 t 

4 

4,St 

4,5 t 
',7 

• 
4,7t 

',5 

4,5 

',5 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Input Current 

Output Current 

Output Voltage 

SaturatIon Voltage 

SWitching TIme 

t SiUcon Diode To Ground 

Test Conditions 
Volts 

V In Von V BOT V off Vee Grounded 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

2,5 

3,5 

',7 
1,7 

Pulse Pulse 
In Out 

1,3 

',3 
1,2 

1,2,3 

1,2,3 

2,3 

1,2 

4,7 t 
4 

4,5 t 

4,5 t 
',7 
4,7 t 
4,5 

',5 
',5 

13-124 

Open 
Pin No. 

3,5,6,7 

5,6,7 

1,5,6,7 

1,3,6 

1,2,6,7 

1,3,5,7 

1,3,6 

2,3,5,6 

1,5,6 

1,3,5, (i, 7 

3,6,7 

6,7 

1,5,6 

1,3,5,6,7 

5,6 

3,6,7 

2,3,6 

2,3,6 

1,3,5,7 

1,3,5,7 

Open 
Pin No. 

3,5,6,7 

5,6,7 

1,5,6,7 

1,3,6 

1,2,6,7 

2,3,5,6 

1,5,6 

3,6,7 

'6,7 

1,5,6 

5,_ 
3,6,7 

2,3,6 

2,3,6 

HALF-SHIFT REGISTERS 

MC90SG 

Power DiS$i~lion @T .. '" 2S·C: 53 mW typical, 64mW maximum 

Symbol 
Pin No. 

in ( ) 

Test Limits 
-55°e +25°C +125°C 

Min Max Min Max Min Max Unit 

1.98 

1.98 

2.47 

1.98 

1.98 

495 ,0435 470 IlAde 

1.48 - 1.30 - 1.41 mAde 

495 435 470 IlAde 

710 

710 

710 

200 

200 

200 

200 

200 

2.19 

2.19 

2.54 

2.19 

2.19 

300 

300 

300 

210 

210 

210 

210 

210 

40 

40 

28 

24 

1.BS 

1.88 

2.35 

1.88 

1.88 

mAde 

mArl, 

mArl, 

mAd, 

mAde 

320 mVdc 

320 mVdc 

320 mVdc 

280 mVdc 

280 mVdc 

280 mVdc 

280 mVdc 

280 mVdc 

MC906G 

Power Dissipation@TA=2S"C:36mWtypical,43mWmalimum 

Symbol 
Pin No. 

in ( ) 

Vout(5) 

Vout(7) 

Test Limits 
-55°e +25°e +125°e 

Min Max Min Max Min Max Unit 

1. 98 

1.98 

1. 98 

1.98 

495 

090 

<OS 

710 

no 
200 

200 

200 

200 

2.19 

2.19 

2.19 

2.19 

435 

870 

435 

300 

300 

210 

210 

210 

210 

40 .0 

1. 88 

1.88 

1.88 

1.88 

470 ;JAde 

94.0 ;JAde 

410 ;JAde 

mAd, 

mArl' 

mArl, 

mAd, 

320 mVdc 

320 mVdc 

280 mVde 

280 mVdc 

280 mVdc 

290 mVdc 



--Integrated Circuits ---

MC900G / MC800G series (continued) 

HALF-SHIFT REGISTERS 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
Volts 

@Test {+2~:~ ~~:",:'~9+~",::":;+-,:~:~,,-~+~,,,::~:,": +-c:,,::~ 
Temperature +lOO'C ~0."'71C:o+0"'.''''10''-+--''''.5''-0 +o"'.,e:;,'"o +-C3".OO~ 

Vin Von V80T Voff Vee Grounded 
Characteristic 

tnput Current 

Output Cuncl,t 

Output Voltage 

Saturation Voltage 

Switchlllg Time 

t S!llcon DIOde to Ground 

Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

2,5 

3,5 

2,7 

1,7 

Pulse Pulse 
In Out 

1,3 

2,3 

1,2 

1,2,3 

1,2,3 

2,3 

1,2 

4,7 t 

4 

4,5 t 

4,5 t 
4,7 

4 

4,71 

4,5 

4,5 

4,5 

ELECTRICAL CHARACTERISTICS 

@ Test +2S"C { 
o'C 

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Switching Time 

t Slllcon Diode to Ground 

0.909 

0.1144 

0.710 

Test Conditions 
Volts 

0.909 

0.844 

0.710 

1.50 

I.SO 

1.50 

0.574 

0.554 

0.l7!> 

'.00 
3.00 
3.00 

V in Von V BOT Voff Vee Grounded 
Pin No. Pin No. Pin No. Pin No. Pin NQ. Pin No. 

2,5 

3,5 

2,7 

1,7 

Pulse Pul:;e 
In Out 

1,3 

2,3 

1,2 

1,2,3 

1,2,3 

2,3 

1,2 

4,7t 

4 

4,5 t 

4,5 t 
4,7 

4,7 t 
4,5 

4,5 

4,5 

13-125 

Open 
Pin No. 

3,5,6,7 

5,6,7 

1,5,6,7 

1,3,6 

1,2,6,7 

1,3,5,7 

1,3,6 

2,3,5,6 

1,5,6 

1,3,5,6,7 

3,6,7 

6,7 

1,5,6 

1,3,5,6,7 

5,5 
3,6,7 

2,:1,6 

2,3,6 

1,3,5,7 

1,3,5,7 

Open 
Pin No. 

J, 5, 6, 7 

5,6,7 

1,5,6,7 

1,3,6 

1,2,6,7 

1,3,6 

2,3,5,6 

1,5,6 

3,6,7 

6,7 

1,5,6 

5,6 

3,6,7 

2,3,6 

2,3,6 

MCa05G 

Power Diuipation @ T~ = 2S"C: 53mW typical, 64mW malim~m 

Symbol 
Pin No. 

in ( ) 

Test limits 
Q"( +25'( +lQQ'C 

Min Max Min Max Min Max Unit 

504 450 450 ).JAde 

1.51 - 1.35 _ 1.35 

504 450 450 ).JAde 

2.02, 2.05 1.80 mAde 

2,02 2.05 1.80 mAde 

2.52 2.38 2.25 mAde 

2.02 2.05 1.80 mAde 

2.02 2.05 1. 80 mAde 

574 

574 

574 

290 
290 
290 
290 
290 

400 

400 

400 

260 

250 

260 

250 

260 

40 

40 

28 

24 

370 mVdc 

370 mVdc 

370 mVdc 

3<10 mVdc 

3<10 mVde 

3<10 mVde 

340 mVde 

340 mVdc 

MCa06G 

Power Dissipation@T.. 25°C: 36mW typical, 43mW maximum 

Symbol 
Pin No. 

in ( ) 

Test limits 
Q"( +25"( +lOQ"( 

Min Max Min ax Min Max Unit 

2.02 

2.02 

2.02 

2.02 

504 <ISO 

1010 - 900 

504 450 

574 

574 

290 
290 
290 
290 

2.05 

2.05 

2.05 

2.05 

400 

400 

260 

260 

260 

260 

40 

40 

1. 80 

1.80 

1.80 

1.80 

450 ).lAde 

900 ).lAde 

450 ).lAde 

mAd, 

mAdc 

mAdc 

nAdc 

370 mVdc 

370 mVdc 

340 mVdc 

340 mVdc 

340 mVdc 

340 mVdc 

I 
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---Integrated Circuits ---

MC900G / MCBOOG series (continued) 

This flip.flop is formed by internally cross·coupling two basic RTL 
"NOR" gates. This bistable storage element can be set to one of its 
stable states by applying a high logic level on one of the inputs. High 
logic levels on both inputs will result in simultaneous low levels at both 
outputs. 

FLIP-FLOPS 

MC902G 
MCS02G 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

R2 R2 it <>--4-7!>-~>-J:Do---?,! 
TYPICAL RESISTORS 

Rl::;; 4500 
R2::;; 6400 

., ., 100 nsec 

IN OUT 

Rl Rl O'~5V 
0.5 V b_,+ 

tl+7_ 

~ ---, 
0.5 V 0.5 V 

POSITIVE @ NEGATIVE 
LOGIC lOGIC 

7=1-"5 7=1+5 
5=3.7 '. ' 5=3+7 

The JK Flip·Flop has no undefined state in its operational truth 
table. The output state of this flip·flop is predictable for any combination 
of inputs. 

The versatile JK Flip·Flop is suitable for use in counters, shift reg· 
isters, or any other control type application. This flip·flop can be oper· 
ated in the toggling mode. Simultaneous logic ONE pulses applied to the 
SET and CLEAR terminals cause the output state to reverse. A PRESET 
input allows asynchronous entry for presetting counters, inserting paral. 
lei data into registers, and other similar applications. 

R2 

R2 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

.2 
.2 

....__-----1 
R2 

TYPICAL RESISTORS 
Rl::;; 4500hms 
R2::;; 640 ohms 
R3::;; 510 ohms 
R4 = 225 ohms 

MC916G 
MCS16G 

J-K FLIP-FLOP 

@" 
, . 
'. ' 

H Is more positive than l. 
X Is the output state at time n. 

PIN 3 PIN 7 
PIN 1 CLEAR "I" OUTPUT 
SET t=n 1="+1 
H H X· 

H l H 

l H l 

l l .. 
for swltchln, specifications s8e back cover. 
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--Integrated Circuits --

MC900G / MC800G series (continued) 

FLIP-FLOPS 

ELECTRICAL CHARACTERISTICS 

@ Test +25"C {
-we 

Temperature +12S"C 

Characteristic 

Input Current 

Output Current 

Output Voltagl' 

Saturation Voltage 

Switchmg Time 

Pins 2. and 6 omitted 

1-014 

0.844 

0.674 

Test Conditions 
Volts 

1.014 

0.815 

0.674 

1.50 

1.50 

1.50 

0.710 

0.565 

0.320 

3.00 

3.00 

3.00 

Vin Von VSOT Voff Vee Grounded 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

1,1 

1,3 

Pulse Pulse 
In Out 

t Silicon Diode to Ground 

4.5t , 
4,7t 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Inp..,'. Current 

Output ClJrrent 

OutPlJt Voltage 

Saturation Voltage 

Turn-On Voltage 

Test Conditions 
Volts 

Vin Von VeOT Voff Vee Grounded 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

1.3, 

I, , 

5, , 

1,3 

1,3 

1,3 

1,3 

t Silicon Dtode to GroWld 

~Pin 7 Loaded by: 1. 52 mAde (+25"C) 
1.48 mAde (-55"C) 
1.41 mAde (+125°C) 

:j:Pin2=~ 

4,5t 

',' ',
',' " , 
',' 
4,7t 

4,5t 

" , 
',' " , 

MC902G 

Power DIs,sipallon@TA 2S"C: 22mW 1'1';<;;11, 28mWm; .. imum 

Open 
Pin No. 

3,7 

I,' 

',7 
1,3,5 

',7 
I, J. 7 

',7 
3,7 

',7 
I,' 

3,' 
3,' 

Open 
Pin No. 

2,3,6,7 

5,6,7 

1,2,5,6 

1,2,3,7 

2,3,7 

1,2 

2,3,7 

Symbol 
Pin No. 

in ( ) 

Symbol 
Pin No. 
;n() 

1,2,3,7 Vout(7) 

VOlJt(7);# 

5,7 V out<7):j: 

Vout(7)i§ 

1,2,3,7 VeE(7) 

1,2,3,5,6 VeE(7) 

1,2,3,7 VeE(5) 

TeSllimits 
55'( +25'( +125'( 

Min ~ax Min Min Max Unit 

1.98 

1,98 

'" 
'" 

710 

710 

710 

710 

200 

200 

200 

200 

2.19 

2.19 

'" 
'" 

300 

300 

300 

300 

210 

210 

210 

210 

20 

30 

1. 68 

1.88 

470 /.lAde 

470 /-lAde 

mAd, 

mAd, 

320 mVdc 

320 mVdc 

320 mVdc 

320 mVdc 

280 mVdc 

260 mVdc 

280 mVdc 

''0 

MC91GG 

Power Di$sipation@TA=2S"C;54mWtypical 

Test Limits 
55'( +25"( +12SOC 

Min Max Min ~ax Min Max Unit 

1.48 

1. 48 

1.48 

'" 990 

'" 
'" 

710 

710 

710 

710 

200 

200 

200 

1.52 

1.52 

1.52 

'" 870 

'" 
'" 

300 

300 

300 

300 

210 

210 

210 

1.41 

1.41 

1.41 

470 MAde 

940 MAde 

470 MAde 

470 /-LAde 

mAde 

mAd, 

mAd, 

320 mVdc 

320 mVde 

320 mVdc 

320 mVdc 

260 mVde 

280 mVde 

280 mVde 

7' 

5,7· 

v on(7):t:§ 1014 '" '" '" 

67' 
67' 
67' 

mVde 

mVde 

mVde 

Von(7); 1014 

Von(7):j:#* 1014 

§Pin 5 = LOW l 
#Pin 7" LOW Set by a momentary ground prior to the application of the negative-going Clock Pulse. 
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---Integrated Circuits ---

MC900G / MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
Volts 

@Test +2S"C t-:"0.844~+0"'.844::::-+-:'''.50::-f-0''.5;:S4:;-+-'3'''.OO:::-l { 
o·c 0.909 0.909 1.50 0.514 3.00 

Temperature + lOO.C mo.;;,,;;'o +'0"'.7;;:'0;-t-;'''.50~rO'''.3;;70;;-t-'3;:;.OO;;-J 

Vin Von VaOT Yo" Vee Grounded 
Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 

Output Cur;renl 

Output Voltage 

Saturation Voltage 1,3 

4,51 

1,3 

4, '71 

Switching Time Pulse Pulse 
In Out 

Pms 2 and 6 omitted tSIllcon Diode to Ground 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
Volts 

@Test {+2~:~ f-~~:=~:tJ~~::~tj:~::~~~~::~~~~:~::~ 
Temperature +IOO.C ~O.710 0.710 1.50 0.370 3.00 

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Turn-On Voltage 

Vln Von Vaor VoH Vee Grounded 
in No. Pin No. Pin No. Pin No. Pin No. Pin No. 

5, , 

I,' 
3 

1,3 

1,3, 

I, , 

3 

t Silicon Diode to Ground 

1,3 

t,3 

~Pln 7 loaded by: 1.43 mAde: (+25°C) 
1.51 mAde (OGC) 
1.35 mAde ( ... IOO°C) 

*Pin2"~ 

4,St 

• 
4,5 

" , 
" , 
<,' 
<,5 
4,7t 

4,St 

',' 
',' 
',' 

FLIP-FLOPS 

MCS02G 

Power Dissipation@T ... =2S·C:22mWtypinl,28mWmaximum 

Open 
Pin No. 

3,7 

1,5 

5,7 
1,3,5 

5,7 
1,3, '7 

5,7 
3,7 

5,7 
1,5 

3,5 

3,5 

Open 
Pin No. 
2,3,6,7 

5,6,7 

:1,2,5,6 

1,2,3,7 

2,~. '7 

1,2 

2,3, '7 

Symbol 
Pin No. 
in( ) 

Symbol 
Pin No. 
inl) 

1,2,3, '7 V out(7) 

Vout(7)*# 

5,7 V out(71* 
Vout(7)t§ 

1,2, 3, '7 V CE('71 

1,2,3,5,6 V CE(7) 

1,2,3,7 V CE(S) 

Test limits 
D'( +25'( +100'( 

Min Max Min Max Min Max Unit 

2.02 

2.02 

50' 
50. 

574 

574 

574 

574 

290 

290 

290 

290 

2.05 

2,05 

<SO 

450 

400 

.00 
'00 

.00 

260 

260 

260 

260 

20 

30 

1. 80 

1.80 

450 IJAdc 

450 >lAde 

mAde 

mAde 

370 mVdc 

370 mVdc 

370 mVdc 

370 mVdc 

340 mVdc 

340 mVdc 

340 rnVdc 

340 mVdc 

MCS16G 

Powe,.Diuip;lIion@T .. =2S"C:54mWtypical 

Test Limits 
0'( +25'( + 100'( 

Min Max Min ~x Min Max Unit 
504 450 450 )..lAde 

1010 900 900 )..lAde 

504 450 450 )..lAde 

504 450 450 )..lAde 

1.51 1.43 1.35 mAde 

1.51 1.43 1.35 mAd!: 

1.51 1.43 1.35 mAde 

m 
57< 

m 
m 

290 

290 

290 

400 

.00 

400 

.00 

250 

260 

'50 

370 mVdc 

370 mVde 

370 mVdc 

370 mVde 

340 mVdc 

340 mVdc 

340 mVdc 

7' 

5,'7'" 

Von(7)t§ 909 .. < ... ... 
710 

710 

710 

mVdc 

mVdc 

mVdc 

Von(7)* 909 

V on('7)*#'" 909 

§Pin 5 = LOW ) 
Set by a momentary ground prior to tbc application of the negative-going Clock Pulse. 

#Pin 7" LOW 
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--Integrated Circuits --

MC900G / MC800G series (continued) 

FLIP-FLOPS 

SWITCHING TIMES - MC916G, MC816G 

Test 
CPabove von +SOmV 

Maximum 

Over full 
Figure temperature 

No. @ 2S0( only range Unit 

80 

60 min 

190 

100 

" " 
" 
50 

90 

1. Challge of state occurs on trailing ed~ of clock pulse. 

2. With a high level on Pin 6, and with the proper SET and CLEAR inputs 
for a low level at Pin 5, Pin:; will be high except for a short period 
after the negative-going edge of a clock pulse. Pin:; will go low for 
up te> 50 rusec, and then return to a high level within 100 osee after a 
negative clock transition. 

TOGGLE CHARACTERISTICS 

Toggle FreQ~ency 

Output load (clock frequency = 8me) 

Output load (clock frequency"" 4mc 

3.00V 

Duty Cycle - 35%·65% 

MC916G - Va Magnitude = 1.2V (jiJ -5S"C. R = 50 ohms = 0.9'1 Gil +12S'C, R = 33 ohms 

MC816G - Ve' Magnitude = LOY @ C·C. R = 39 ohms = 0.9'1 Iii IOO'C, R = 33 ohms 

Vc~ will rise above V .... since the input current, pin 2, Is typicall~ 1.4 I ... 

Pin 4 :::: .ground; Pin U :::: Vee:::: 3.00 V; 

ratings valid from -55 to +125 0 C for MC916G 
o to +100 0 C for MC816G 

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 

Yo, 

FIGURE 1 

r-----~SCOPE 

C :::: 100 pf {includes Jig and Probe Callacitancej. SCOPE 
0:::: 1N3063 or equivalent at temperature 01 unit under test. 

=+ Vc~ (PIN 2) 

[1 nsec < b_ < 100 nsec] 

FIGURE 2 

cp, 

VD'~ ~ flo." ~___ ~<h-<100nsecl 

b_s_ or 1t_1_--'----'---,--
V'N~ur 0.SV{2S'C) ~PI:rl 0.5 V 

h_l ... or It_J ... +---1/ 
PIN 5 or 7 -----__ ---'----. 

0.5 V 

FIGURE 3 

3.00V 

50011 

,--+----~-o SCOPE 

PIN 3 

--- t, ... I_ 

" Vcn---h h+l-

or --- PIN2 

vcrz~b-'-,:;;V_(2~.:)"", ~ ::~~: =25,;:" 
b_I_ Iyp 

_____ ~ PIN2 

0.SV(2S'C) 

0.5'01 

PIN 6 -----tb "" l·S 
PIN 5 ------r 

C:::: 100 pf (includes Jig and Probe Capacitancej. 
0:::::: 1N3063 or equivalent at temperature of unit under test. 

1501} 

0.5'01 
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- Integrated Circuits --

MC900G/MC800G series (continued) 

The JK Flip-Flop has the unique advantage over the 
conventional binary element in that no ambiguous output 
state can result with any combination of data input signals. 
A simultaneous low level set and clear input will cause the 
output state to reverse. Whereas, high levels on both set 
and clear inputs prevent the output state from changing. 

The versatile JK Flip-Flop storage element can be used 
to advantage in shift registers, binary counters, and other 
control functions where JK logic minimizes the logic struc
ture of the unit. 

Preset and preclear inputs are available for presetting 
counters, for asynchronous entry of data into registers, and 
other similar applications. A high level on the preset input 
causes the Q output of the flip-flop to assume the low logic 
state. A high level on the preclear input sets the Q output to 
the high logic state. 

The MC926G is designed for operation over the full mil
itary temperature range of -55·C to +125·C. The MC826G 
is guaranteed over a temperature range of O·C to +100·C. 

t - n 

Set Clear 
(2) (4) 

H H 

H L 

L H 

L L 

J:I is more positive than L 

X is output state at time n 

t - n+l 10 

Output 
Preclear 

(9) 

Xn 

H 

L 

Xii 

JK FLIP-FLOP 

MC92GG 
MCS2GG 

Preset 
~~----------~~I 

LOGIC SYMBOL AND LOADING DIAGRAM 

SWITCHING TIMES 

MAXIMUM 

@2S0C 
Over Full 

TEST Temperature Unit 
Only Range 

tS_9 _ 60 90 

t3 _7_ 60 90 

t3_9+ 60 90 

t3_7+ 60 90 

t2+3_ SO 

t4+3_ so 
t 2_3_ 30 

t 4_3 _ 30 

t 3 _2_ +S' 

t 3 _4_ +S' 

t3_2+ 0' 

t3_4+ 0' 

t l or 8 + to 90 

output -

t1 or 8 + to 70 

output + 

t3_9 _ 25 (Min) # 

t3_7_ 25 (Min) # 

t3_9+ 25 (Min) # 

t3_7+ 25 (Min) # 

* Negabve sWItching bme means the lnputs can 
momentarily change before the clock pulse 
transition. 

# Lightly loaded 

Pin 2 

Pin 4 

Pin 2 

Pin 4 

Pin 7 

Pin 9 

SWITCHING TIME WAVEFORMS 

"- , 
"" O. SV 

SETUP t 
PIN 3 

TIME * or 4 

VJKINPUT ~ 
O.5V 

or2 -,-
RELEASE 

or 4 

'" 
V TIME 

VJK INPUT 

/ ""-or 2 

or 9 
t3 _9_ or '" ----.l t3 _7_ 

'" MV 
t 

L V t 3_9+ or 

0.5V/ t3_7+ 
or 7 

f 
SWITCHING TIME WAVEFORMS 

/"'----------PINS 1 or 8 

t1+7_ or 

tS+9_ 

t1+9+ or 

tS+7+ 

13-130 



--- Integraled Circuits --

MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS FLIP-FLOPS 

Test Conditions Volts MC92GG 
{ -55"e 1.014 1.014 1.5() 0.710 3.00 

@ Test +2S"C 0.844 0.815 1.5() 0.565 3.00 
Temperature 

0.674 0.674 1.50 0.320 3.00 +12S"C 

Symbol 
Test Limits 

Characteristic Vi" V VSOT Voff Vee Grounded Open 
Pin No. Pin °No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. -55·C +25·C +125°C Unit 

in ( ) 
Min Max Min Max Min Max 

Input Current 10 2,3,4,6, IIN(I) 495 435 470 JIAde 
7,8,9 

10 1,3,4,6, IIN(2) 495 435 470 /lAde 
7,9 

2,4 10 1,6,7, 211N(3) 990 870 940 JIAde 
8,9 

10 2,3,6, IIN(4) 495 435 470 JlAdc 
7, S, 9 

10 1,2,3,4, IIN(S) 495 435 470 .uAdc 
6,7,9 

Output Current 1,9 10 2,3,4, IA5(') 2.47 2.54 2.35 mAde 
6,7 

7,8 10 2,3,4, IA5(7) 2.47 2.54 2.35 mAde 
6,9 

Saturation Voltage 10 2,3,4, VCE (7) 200 210 280 mVdc 
6,7,9 

10 2,3,4, VCE (9) 200 210 280 mVdc 
6,7,9 

10 1,3,6, V CE(7)*L'I 200 210 280 rnVdc 
7,8,9 

10 1,3,6, VCE(9)§~ 200 210 280 mVdc 
7,8,9 

2,4 10 1,3,6, VCE(9}*1I. 200 210 280 mVdc 
7,8,9 

2,4 10 1,3,6, V CE(7)*6 200 210 280 mVdc 
7, S, 9 

2,4 10 1,3, S, VCE (9)§6 200 210 280 mVdc 
7, S, 9 

2,~ 10 1,3,6 VCE (7)§6 200 210 280 mVdc 
7, B, 9 

§ Pin 1 = Hi 
*PinS=Hi Set by a momentary application of V BOT prior to the application of the negative going clock pulse. 

LloPin3 = L 

Typical 

Resistors: 

RI = 3Kn 

"" ~ 2Kn 

R3 '" gOOn 

R4 = 700n 

R5 = 640n 

RS = 600n 

R7 = 550n 

HS = 300n 

CIRCUIT DIAGRAM: 

10o------?----------~----------~----~----------~--------__, 

50>-----.1 
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--- Integrated Circuits -

MC900GjMC800G series (continued) 

ELECTRICAL CHARACTERISTICS FLIP-FLOPS 

Test Conditions Volts MCS2GG o·c 0 .... 0 .... I." 0.574 3.00 
@ Tes' { +2S"C D."" D.'" I." 0.554 3.00 Temperature 

+l00'C 0.710 0.710 I." 0.370 3.00 

Symbol 
Test Umits 

Characteristic V;. V •• VaoT V.H Vee Grounded Open Pin No. DOC +2SOC +IDCfC Unit Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) 
Min Ma. Min Ma. Min Max 

Input Current 10 2,3,4,6, 'IN(l) 504 450 450 pAdc 
7,8,9 

10 1,3,4,6, 'IN(2) 504 450 450 pAde 
7,9 

2,4 '0 1,6,7, 2'IN(3) '01 0.9 0.9 mAde 
8,9 

'0 2,3,6,7, 'IN(4) 504 450 450 .Adc 
8,9 

10 1,2,3,4, 'IN(8) 504 450 450 IlAdc 
6,7,9 

Output Current 1,9 '0 2,3,4, ' A5(9) 2.52 2.38 2.25 mAde 
6,7 

7,8 10 2,3,4, 'A5(7) 2,52 2.38 2.25 mAde 
6,9 

Saturation Voltage 10 2,3,4,6, VCE (7) 290 260 340 mVdc 
7,9 

10 2,3,4,6, VCE (9) 290 260 340 mVdc 
7,9 

10 1,3,6,7, VCE(7)M --- 290 260 340 mVdc 
8,9 

10 1,3,6,7" VCE (9)!' --- 290 260 340 mVdc 
8,9 

2,4 10 1,3,6,7, VCE (9)*6. --- 290 260 340 mVdc 
8,9 

2,4 10 1,3,6,7, VCE (7)M --- 290 260 340 mVdc 
8,9 

2,4 10 1,3,6,7, VCE(9)!' 290 260 340 mVdc 
8,9 

2,4 10 1,3,6,7, VCE(7)!' 290 260 340 mVdc 
8,9 

§ Pin 1", Hi 
'" Pin 8 := Hi 

Set by a momentary application of V BOT prior to the application of the negative going clock pulse. 

6Pin3", L 

TEST CIRCUIT 

,..--------....-------0 VCC 

S<-
f '" Imc 
D.C. '" 50% 

(1 nsec < t3_ < 200 nsec) 

C= 100pF (includes jig and 
probe capacitance) 

D~ IN3063 or equivalent at 
temperature of unit under test 

R= 90 ohms 

Lightly Loaded (Per Output) 

8]- 450n 
15 pF 

D 

13-132 

TOGGLE MODE TEST CIRCUIT 

D = IN3063 or Equivalent 

TCKiGLE CHARACTERISTIC 

Min Max Unit 

Toggle Frequency 

Clock Pulse Duty Cycle (arnc) 25 75 % 

Capacitive Load/Output Unlimited pF 



--- Integrated Circuits ---

MC900G/MC800G series (continued) RTL 
QUAD INVERTER 

These devices perform the simple inversion function. 
The MC927G is designed for operation over the full military 
temperature range of -55'C to +125'C. The MC827G is 
guaranteed over a temperature range of O'C to +100'C. 

MC927G 
MCS27G 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 

10 10 

2~98 2m98 
3 7 3 7 

4 6 4 6 

P03ITNE LOGIC NEGATNE LOGIC 

CIRCUIT DIAGRAM 

9=1 
8=2 
7=3 
6=4 

101~-----~e-------~------~~---------, 

Rl = 45011 Typical 

R:! = 65011 Typical 

lOOns 

-I I
.s-L 2 

..... ----<>9 

2 

SWITCHING TIME TEST CIRCUIT 

8 10 

IN 

13-133 
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OUT 

Ground Unused 
Input Pins 
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--- Integrated Circuits --

MC900G/MC800G ,series (continued) 

ELECTRICAL CHARACTERISTICS QUAD INVERTERS 

{ -55·C 1.014 

@ Test +2S-C 0.B44 
T emperatlJre 

0.674 +12S-C 

Characteristic V;, 
Pin No. 

Input Cur rem 

Output Current 

Output Leakage 
Current 

Output Voltage 

Saturation Yoltage 

Switching Time Pulse 
in 

* Pin 8 connected to Pin 9 
"'* Pin 6 connected to Pin 7 

Test Conditions Volts IVIC927G 
1.014 1.50 0.710 3.00 

0.815 1.50 0.565 3.00 

0.674 1.50 0.320 3.00 

Symbol Test limits 
V., VBOT Voff Vee Grounded Open Pin No. -ssO( +25'( +125'( Unit Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) Min Max Min Max Min Max 

10 3,4,6,7 lin(1)* 495 435 470 .uAdc 

10 3,4,6,7 Iin(2)* 495 435 470 IlAdc 

10 1,2,8,9 Iin(3)** 495 435 470 .uAdc 

10 1,2,8,9 Iin(4)** 495 435 470 JJAdc 

10 1,2,3, IA5 (6) 2.47 2.54 2,35 mAde 
7,8,9 

10 1,2,4, IA5 (7) 2.47 2.54 2,35 mAde 
6,8,9 

10 1,3,4, IA5(B) 2.47 2.54 2.35 mAde 
6,7,9 

10 2,3,4, 'A5(9) 2.47 2.54 2.35 mAde 
6,7,8 

1,2,3,7, 'CEX(6) 100 21B 235 pAde 
8,9,10 

1,2,4,6, ICEX(7) 100 21B 235 .uAdc 
8,9,10 

1,3,4,6, ICEX(B) 100 21B 235 .uAde 
7,9,10 

2,3,4,6, ICEX(9) 100 21B 235 tJAdc 
7, B,10 

1,2,3 10 6,7,8,9 VOUT(6) 710 300 320 mVdc 

1,2,4 10 6,7,8,9 VOUT(7) 710 300 320 mVdc 

1,3,4 10 6,7,8,9 VOUT(8) 710 300 320 mYdc 

2,3,4 10 6,7,8,9 VOUT (9) 710 300 320 mVdc 

1,2,3,4 10 6,7,8,9 VCE (6) 200 210 2BO mVdc 

1,2,3,4 10 6,7,8,9 VCE(7) 200 210 2BO mVdc 

1,2,3,4 10 6,7,8,9 VCE(8) 200 210 2BO mVdc 

1,2,3,4 10 6,7,8,9 VCE(9) 200 210 2BO mVdc 

Pulse 
out 

10 2,3,4, tl+9_ 20 
6,7,8 

10 2,3,4, t l _9 + 2B 
6,7,8 

SWITCHING TIME WAVEFORM 

.5V /' 
~--~~--~-----~ • • 

.5V 
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--- Integrated Circuits ---

MC900G/MC800G series (continued) 

ELECTRICAL CHARACTERISTICS 
QUAD INVERTERS 

Test Conditions Volts MCS27G 
{ 0·0 0.90'3 0 .... 1.50 0.574 3.00 

@ Test +25-C 0.844 0.844 1.50 0.554 3.00 T emperafure 
+lOO·C 0.710 0.710 1.50 0.l70 3.00 

Symbol Test limits 
Characteristic V;n Von VBor VoH Vee rounded Open 

Pin No. 0'( +2S'( +100'( Unit Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 
in! ) Min Max Min Max Min Max 

Input Current 10 3,4,6,7 Iin(l)* 504 450 450 ,/.lAde 

10 3,4,6,7 Iin(2)· 504 450 450 pAde 

-- .... 10 1,2,8,9 Iin (3)** 504 450 450 .uAdc 

10 1,2,8,9 Iin(4)** 504 450 450 .uAdc 

Output Current 10 1,2,3, IA5(6) 2.52 2.38 2.25 mAde 
7,8,9 

10 1,2,4, IA5(7) 2.52 2.38 2.25 mAde 
6,8,9 

10 1,3,4, IA5!S) 2.52 2.38 2.25 mAde 
6,7,9 

10 2,3,4, IA5(9) 2.52 2.38 2.25 mAde 
6,7,8 

Output Leakage 1,2,3,7, leEx(6) 100 225 225 }lAde 
8',9,10 

1,2,4,6, ICEX(7) 100 225 225 pAde 
8,9,10 

1,3,4,6, leExlS) 100 
7,9,10 

225 225 JiAdc 

2,3,4,6, leEx(9) 100 225 225 ,uAde 
7,8,10 

Output Voltage 1,2,3 10 6,7,8,9 VOur(6) 574 400 370 mVdc 

1,2,4 10 6,7,8,9 Vour(7) 574 400 370 mVdc 

1,3,4 10 6,7,8,9 VOuT(8) 574 400 370 mVdc 

2,3,4 10 6,7,8,9 Vour(9) 574 400 370 mVdc 

Saturation Voltage 1,2,3,4 10 6,7,8,9 VeE(6) 290 260 340 mVdc 

1,2,3,4 10 6,7,8,9 VeE (7) 290 260 340 mVdc 

1,2,3,4 10 6,7,8,9 VeE(8) 290 260 340 mVdc 

1,2,3,4 10 6,7,8,9 VeE (9) 290 260 340 rnVdc 

Switching Time Pulse Pulse 
in out 

10 2,3,4, tl+9_ 20 
6,7, B 

I 10 2,3,4, t l _9 + 28 
6,7, B 

* Pin B connected to Pin 9 
** Pin 6 connected to Pin 7 
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--Integrated Circuits --

Mc908G MILUWA TT RTL SERIES 

The Milliwatt RTL Line con
sists of eight monolithic, inte
grated Resistor-Transistor Logic 
circuits. These devices are 
designed for use over the full 
military temperature range of 
-55 to +125°C. 

ADDER 
MC908G 

BUFFER 
MC909G 

LOGIC GATES 
DUAL 2-INPUT GATE 

MC910G 

4-INPUT GATE 
MC911G 

5-INPUT GATE 
MC928G 

DUAL 3-INPUT GATE 
MC918G 

FLIP-FLOP 
MC913G 
MC920G 

HALF-ADDER 
MC912G 

GATE EXPANDER 
MC921G 

LOADING DIAGRAMS 

Valid from -55°C to +12soC with Vee = 3.00 V ± 10% 

1~' 4 2 6 
1 3 

:::' , ~6 
MC908G 2 30 

2 , 

MC909G 
I , 

1 4 

1 4 
MC910G 

2 6 
1 3 

1 , , 
1 

MC911G 

~
' 1 3 

2 6 
1 4 

1 l' , 1§ I , 

MC912G 1.8 
2 I I 6 

1 ~ G 3 

1 3 , , 

B ' 1 4 
2 • 

1 1 

1 1 , , 
4 1 

• 6 

MC913G 

MC918G 

MC920G g=' 1 -0.5 

2 6 
1 -0.5 

1 , , 

1 ~8, MC92lG : 2 6 4 

I 3 4 5 

1 

MC928G 

13-136 



--Integrated Circuits ---

MC908G RTL SERIES (continued) 

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

Characteristic 
Maximum Applied Voltage to pin 8 

(pulsed, ~ 1 sec) 

Maximum Applied Voltage to pin 8 
(continuous) 

Maximum Applied Voltage to any input 

Operating Temperature Range 

Storage Temperature Range 

Maximum Power Dissipation 

TEST CONDITION TOLERANCES 

Vee = :!::IO mV 
VaOT = :!::lO mV 

GENERAL RULES 

Vin = ±2 mV 
Von = ±2 mV 

Rating 
12 

8 

±4 

-55 to +125 

-65 to +150 

250 

Voff = ±2 mV 
VLl = ±2 mV 

Unit 
Vdc 

Vdc 

Vdc 

"C 

"C 

mW 

VRl = ±1% 
VRH = ±1% 

.. The number of load circuits that may be driven from an output is determined by the input loading factor. The summa
tion of input loading should not exceed the drive capability of the output. 

.. All unused inputs should be returned to ground. 

DEFINITIONS 

IAl Minimum available output current for outputs 
with loading factor of 3 

IA. Minimum available output current for outputs 
with loading factor of 4 

lA, Minimum available output current from the 
MC909G (Buffer) 

lAM Maximum available gate output current 

leEx Output Leakage Current 

lin Maximum input current with Vin applied and a 
fan-in of two or greater 

IL leakage current 
V'OT Maximum input voltage 
Vee Supply voltage 
VeE Maximum saturation voltage (V;, applied 

to input) 
V;, Minimum high level voltage 
Vll A supply voltage low enough to allow flow of 

leakage currents only 

Voff Maximum input voltage that will not turn on 
the transistor 

Von Minimum turn-on voltage 

Vo,! Maximum output voltage (Vo, applied to input) 

VOH Voltage drop across resistor connected to Vee. 
representing the highest node resistor value of 
Milliwatt RTL 

VRL Voltage drop across resistor connected to Vee 
representing the lowest node resistor value of 
Milliwatt RTL 

0.8 lin Maximum input current with Vin applied and a 
fan-in equal to one 

1.8 I;, Current drawn from the V;, supply by pin I of the 
MC913G (Flip, Flop) 

2 I in Current drawn from the Vin supply by an input of 
the MC909G (Buffer) 

OUTLINE DIMENSIONS 

8-LEAD PACKAGE 

01 V"";' 0.019 

r-
~:m 0.200 

~ 

0.165 I I 0.500 J 
0.185 -J.--I-.- MIN 

0.029 
0.045 

0.0501 MAX 

10-LEAD PACKAGE 
MC918G ONLY 

0.305 ~lJI~!!!!!iI~~~ O'L 
O.l65ll- 0.500 J 
0.185 MIN 

13-137 
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---Integrated Circuits ---

MC90BG SERIES (continued) 

MC90SG 
ADDER 

The MC90BG is an RTL Adder. The binary half-adder function can 
be performed by connecting pin 1 to pin 3 and pin 2 to pin 5. The "SUM" 
is available on pin 7 while the "CARRY" is available on pin 6. The device 
may also be used as a data selector by connecting pin 1 to pin 3 and 
using pins 2 and 5 as data inputs. A full adder can be made utilizing two 
MC90BGs and one MC911G. 

CIRCUIT DIAGRAM AND LDGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

@"@" 2 6 2 , 

=-= J ~ l5-
6=(3+5)=3-5 t • 6::::(3"_5)=3+5 

7 = (1 + 2){3 + 5) POSITIVE LOGIC NEGATIVE lOGIC 7 = 1.2 + '3. '5 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

Volts 

@ Test {:~::~ 0.970 0.935 1.8 0.650 3.00 0.500 
0.805 0.750 1.8 0.450 3.00 0.400 Temperature .c 

+125 0.590 0.555 1.8 0.260 3.00 0.300 

V;n 
Pin °No. 

VSOT Volf Vee V" Grounded 
Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 3,4,5 

3,4,5 

1,2,4,5 

1,2,3,4 

Output Current 
3,5 1. 2, 4 

3,5 2. , 

3,5 I, , 

Saturation Voltage 1,2,4 

1,2,4 

1,2 3,4,5 

1,2,3,5 

Output Voltage 1,2,3,5 

Leakage Current 1,2,3,4,5 

Switching Time Pulse Pulse 

" 0"1 

Turn-On Delay 2,5 I,' 
Turn-Off Delay 2,5 I,' 

13-138 

UK 

Pulse In 
---.fL 
--IL-

Open 
Pin No. 

',7 

6,7 

6,7 

6,7 

6,7 

6,7 

6,7 

8,7 

Vee T.P. 1.8V 

~ ~l+'
~~ 

T.P. 

7S0Q 

IN3063 Or 
Equiv. 

Ground 
Unused 
Input Pin 

Average Power Dissipation = 10 mW @ T A = 2SoC 

Symbol Test limits 
Pin No. -SSO( +2S'C +125'C 
in() Min Max Min Mox Min Max Unit 

[in(1) !25 130 110 /.LAde 

Iin (2) 125 130 110 MAde 

O.8Iin (3) 100 10' 88 MAde 

O.8Iin (5) 100 10' 88 MAde 

IA3 (6) 350 364 308 ILAde 

IA4(7) 475 49. '18 MAde 

IA4(7) 475 49' 418 MAde 

VCE (6) 2ZO 220 220 mVdc 

VeE (6) 220 220 220 mVdc 

VCE (7) 220 220 220 mVde 

VCE (7) 220 220 220 mVdc 

Vout(7) 620 300 230 mVdc 

I t ,(8) 100 100 100 pAdc 

t3+7_ 100 

t3_7+ 80 



---Integrated Circuits --

MC908G SERIES (continued) 

MC909G 
BUFFER 

The MC909G RTL Buffer is designed to drive a greater number of 
loads than the basic Resistor Transistor Logic circuit. Returning an in
put resistor to Vee allows for capacitive coupling in multivibrator and 
differentiator applications. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

R, 

6=2+'1' 

POSITIVE lOGIC NEGATIVE lOGIC 

Typical 
Resistors: 
RI:;:: 1.5K 
Rt = 3.6K 
RI::::; loon 

ELECTRICAL CHARACTERISTICS 
Test Conditions 
Volts Ohms 

{ -55'C 0.970 0.935 1.' 0.650 3.00 4.27K* 
@ Test +2S*C 0.805 0.750 1.8 0.450 3.00 4.3K" 

Temperature +12S*C 0.590 0.555 1.8 ().260 3.00 5" 

SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

22011 

Ground Unused 
Input Pin 

,,-.~~ 
'~~ 

Average Power Dissipation = 10 mW@T" = 25°C, Duty Cycle = 50% 

Test Limits Symbol 
Pin No. Vin Von V BOT Voff Vee V RH .. Grounded Open -sn +25'( +125'( 

Characferistic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Leakage Current 

Switching Time 

Turn-On Delay 

Turn-Off Delay 

2,3 

Pulse Pulse 
In Out 

·Resistor Value to Vce Pins 5 and 7 omitted 

3,4 

2,4 

3,4 

2,4 

2.3,4 

2,4 

2,4 

J 3- J 39 

I, 6 

I, 6 

I, 6 

jn() 

2Iin (2) 

21 in (J) 

IAn (6) 

Vaut (6) 

Vaut (6) 

VeE (6) 

VeE (6) 

IL(a) 

t 3+6 _ 

t3_6+ 

Min Max Min Max Min Max Unit 

250 260 220 /lAde 

250 260 /lAde 

3,75 4.0 3.3 mAde 

620 300 230 mVdc 

620 300 230 mVdc 

220 220 220 mVdc 

220 220 220 mVdc 

100 100 100 )LAde 

90 

70 

I 



---Integrated CirCllits ---

MC908G SERIES (continued) 

MC910G -DUAL 2-INPUT "NOR" GATE 

LOGIC GATES 

The MC910G Dual (2-2) Input Gate consists of a pair of "NOR" 
Gates. It may also be used as a pair of inverters, a double inverter or as 
an R-S Flip-Flop. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

Typical Resistors: 
RI;:::: 1.5K 
Rz = 3.6K 

e" ~" 2 6 2 6 

J S l S . . 
POSITIVE lOGIC NEGATIVE LOGIC 

1;:::: 17'2" 
6='"j"';'5 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

Volts 
@ T , {' -5S·C 0.970 0.935 1.8 0.650 3.00 

Temper:~ure +~~::~ f-.;~:::::~~~+~;::~;';~;;'5+-';:~:::::+-"~:-"::~---"~."'·:'--

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Leakage Current 

Switching Time 

Turn-On Delay 

Turn-Off Delay 

Vin Von VaOI VoH Vee 
Pin No. Pin No. Pin No. Pin No. Pin No. 

Pulse Pulse 
In Out 

1,2 

3,5 

Grounded 
Pin No. 

3,4,5 

3,4,5 

1,2,4 

1,2,4 

',5 
I, • 

2,3,4,5 

1,3,4,5 

1,2,4,5 

1,2,3,4 

2.3,4,5 

1,3,4,5 

1,2,4,5 

1.2,3,4 

1,2,3,4,5 

2,3,4,5 

2,3,4,5 

13-140 

Open 
Pin No. 

6,7 

6,7 

6,7 

6,7 

6,7 

6,7 

6.7 

6,7 

6,7 

6.7 

6,7 

6,7 

6.7 

Vee 

IN3063 Or 
Equlv. 

Ground 
Unused 
Input Pins 

t'~ .5V .SV 

Average Power Dissipation = 4 mW @ T .. = 25-C 

Symbol Test Limits 
Pin No. -SS"( +2S"( +1 j'C 
in() Min Max Min Max Min Max Unit 

Iln(l) 125 130 110 !JAde 

Iin(2j 125 130 110 !JAde 

lin(3) 125 130 110 !lAde 

1111 (5) 125 130 110 /.LAde 

lA/lAM(7) 475 730 ". a15 US 830 /JAde 

IA/lAM(6) 475 730 ". a15 416 a30 /.LAde 

Vout (7) 620 300 230 mVdc 

Vout (7) 620 300 230 mVdc 

Vout (6) 620 300 230 mVdc 

Vout(6) 620 300 230 mVdc 

VCE(7) 220 220 220 mVdc 

VCE (7) 220 220 220 mVdc 

VCE (5) 220 220 220 mVdc 

VCE(6) 220 220 220 mVdc 

ILa 100 100 100 /-tAdc 

tl+7_ 50 

tl_7+ 40 



-- Integrated Circuits --

MC908G SERIES (continued) 

MC911G -4-INPUT "OR/NOR" GATE 

LOGIC GATES 

The MC911G 4-lnput Gate provides the "NOR" function on pin 6 
and the "OR" function on pin 7. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

R, 

R, 

R, 

R, 

,~. 
7;1+2+3+5~ 
6:;::;;1+2+3+5 3 .f s 

POSITIVE lOGIC 

R, 

R, 
R, 

Typical Resistors: 

. 
HI = 1.5K 
HJ = 3.6K 

8 ' 
, . 

7=1·2 .. 3·5 , , ------
• 6=1.2_3·5 

NEGATIVE LOGIC 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Le3.kage Current 

Vln Von VaOT Voff Vee VLl 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

2,3,5 

1,3,5 

1,2,5 

1,2,3 

1,2,3,5 

Switching Time Pulse Pulse 

Turn-On Delay 

Turn-Off Delay 

In Out 

Grounded 
Pin No. 

1,2,3,4,5 

2,3,4,5 

1,3,4,5 

1,2,4,5 

1,2,3, " 
1,2,3,4,5 

2,3,4; 5 

1,3,4.,5 

1,2,4,5 

1,2,3,4. 

1,2,3,4,5 

1,2,3,4,5 

2,3,4.5 

2,3,.,5 

13-141 

Open 
Pin No. 

6,7 

6,7 

6,7 

G,7 

6,7 

G,7 

G,7 

G,7 

6,7 

G,7 

6,7 

G,7 

7 

G,7 

7500 

IN306l0r 
Equiv. 

Ground 
Unused 

Input Pins 

t'_~_ t,+,+ 
.5V .SV 
-'---' '--'--

Average Power Dissipation = 4 mW@T,,=2S·C 

Symbol Test Limits 
Pin No. 55°( +25°( +12S0( 
in () Min Max Min Max Min Max Unit 

IlnO) t25 130 110 ,:LAde 

I in(2) 125 130 110 /lAde 

Iln{3) t25 130 110 /lAde 

lin(S) 125 130 110 /LAde. 

tAl (6) 350 3G' 308 /JAde 

IAi IAM(7) 475 730 49. 815 418 830 .Ado 

Vout(6) G20 300 230 mVdc 

Vout(6) 620 300 230 mVdc 

Vout(6) 620 300 230 mVdc 

VOllt(6) 620 300 230 mVdc 

VOllt(7) 620 300 230 mVdc 

VCE (6) 220 220 220 mVdc 

VCE(6) 220 220 220 mVdc 

VCE(6) 220 220 220 mVdc 

VCE(6) 220 220 220 mVde 

VCE(1) 220 220 220 mVdc 

IL(a) 100 100 100 $lAde 

t l _7_ 70 

t1+7-+ 90 



--- Integrated Circuits ---

MC908G series (continued) 

This device provides the NAND/NOR function on pin 7. MW RTL 
5-INPUT GATE 

Individual gates may be paralleled with other logic elements 
for increasing the number of inputs (subject to loading 
rules). The MC928G is designed for operation over the full 
military range of -55°C to +125°C. MC92SG 

LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 

7 = 1+2+3+5+6 = 

4 
POSITIVE LOGIC 

3.6K 

6 2 

SWITCIDNG TIME TEST CIRCUIT 

T.P. 

51n 

1.5K 
2N709 

4 

NEGATIVE LOGIC 

8 

6 

T.P. 

Pulse 
In 

1.5K 750n 

--.lL 

U500 
nsee 

IN3063 
or 

Equiv. 
20pF 

SWITCHING TIME WAVEFORMS 

13-142 

4 
16pF 

IN3063 
or 

Equiv. 

Ground Unused 
Input Pins 



-- Integrated Circuits--

MC90BG series (continued) 

ELECTRICAL CHARACTERISTICS 
Test e"""iti' Volt, 

-5S-C 0.970 0.935 1.80 0.650 3.00 
@ Test { +zs-c 0.805 0.750 I." 0.450 >." Temperature 

+12S·C 0.590 0.555 I. .. 0.260 3.00 

Characteristic Vin Vo" VOOT VoH Vee 
Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current I 2,3,5, 8 
6 

2 1,3,5, 8 
6, 

3 1,2,5, 8 
6 

5 1,2,3, 8 
6 

6 1,2,3, 8 
5 

Output Cur rent 7 1,2,3, 8 
5,6 

Output Voltage I 8 

2 8 

3 8 

5 8 

6 8 

Saturation Voltage I 8 

2 8 

3 8 

5 8 

6 8 

Leakage Current 8 

Switching Time Pulse Pulse 
in out 

I 7 8 

I 7 8 

Symbol 
Grounded Pin No. 
Pin No. in ( ) 

4 IIN(I) 

4 IIN(2) 

4 IIN(3) 

4 IIN(5) 

4 IIN(6) 

4 IMI 

IAM (71 

2,3,4, VOUT(7) 
5,6 

1,3,4, VOUT(7) 
5,6 

1,2,4, VOUT(7) 
5,6 

1,2,3, VOUT(7) 
4,6 

1,2,3, VOUT(7) 
4,5 

2,3,4, VCE(7) 
5,6 

1,3,4, VCE (7) 
5,6 

1,2,4, VCE(7) 
5,6 

1,2,3, VCE(7) 
4,6 

1,2,3, VCE(7) 
4,5 

1,2,3, IL (8) 
4,5,6 

2,3,4, t1+7_ 
5,6 

2,3,4, tl_7+ 
5,6 

CIRCUIT DIAGRAM 

R2 

RI 

HI 1. 5Kn Typical 

H2 3. 6Kn Typical RI 
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5·INPUT GATES 

MC92BG 

Test limits 

-55°C +2Soe +1 ;Or Unit 

Min Max Min Max Min Max 

--- 125 --- 130 --- liD pAde 

--- 125 --- 130 --- liD pAde 

--- 125 --- 130 --- 110 pAde 

--- 125 --- 130 --- 110 ILAdc 

--- 125 --- 130 --- 110 pAde 

475 730 494 815 418 830 pAde 

--- 620 --- 300 --- 230 mVdc 

--- 620 --- 300 --- 230 mVdc 

--- 620 --- 300 --- 230 mVdc 

--- 620 --- 300 --- 230 mVdc. 

--- 620 --- 300 --- 230 mVdc 

--- 220 --- 220 --- 220 mVdc 

--- 220 --- 220 --- 220 mVdc 

--- 220 --- 220 --- 220 mVdc 

--- 220 --- 220 --- 220 mVdc 

--- 220 --- 220 --- 220 mVdc 

--- 100 --- 100 --- 100 pAde 

--- --- --- 50 --- --- nsec 

--- --- --- 60 --- --- nsec 

HI 

I 



--Integrated Circuits --

MC908G SERIES (continued) 

MC91SG - DUAL 3-INPUT "NOR" GATE 

LOGIC GATES 

This gate element consists of two "NAND/NOR" gate circuits that 
can be used in the same manner as the other gate elements. Other 
applications of this circuit include cross-connecting to form a bistable 
multivibrator with two set and two reset inputs, or as a three-input 
noninverting gate. 

CIRCUIT DIAGRAM AND LDGIC SYMBDLS SWITCHING TIME TEST CIRCUIT AND WAVEFDRM 

. , 
TYPICAL RESISTORS: Rl ::;;: 1.5K 

" 

~' , . 
, , . , . 
POSITIVE lOGIC 

R2::;;: 3.6K 10 

~' , . 
, , . . , 
NEGATIVE LOGIC 

4=~::;;:T+2+3 
9=6_7_8=6+7+8 

ELECTRICAL CHARACTERISTICS 

Vin 
Characteristic Pin No. 

Input Current 

Output Current 

Output Voltage 

Saturation Voltag 

Leakage Current 

SWitching Time Pulse 
In 

Turn-On Delay 

Turn-Off Delay 

Test Conditions 
Volts 

Von VBOT VoH 
Pin No. Pin No. Pin No. 

2,3 

1,3 

1,2 

7, • 

" . 
',7 

1,2,3 

6,7,8 

Pulse 
Out 

• 

Vee Grounded 
Pin No. Pin No. 

10 5,6,7,8 

10 5,6,7,8 

10 5,6, ',8 

10 1,2,3,5 

10 1,2,3,5 

10 1,2,3,5 

10 5,6,8 

10 1,3,5 

10 2,3,5,6,7,8 

10 1,3,5,6,7,8 

10 1,2,5,6,7,8 

10 1,2,3,5,7,8 

10 1,2,3,5,6,8 

10 1,2,3,5,6,7 

10 2,3,5,6,7,8 

10 1,3,5,6,7,8 

10 1,2,5,6,7,8 

10 1,2,3,5,7,8 

10 1,2,3,5,6,8 

10 1,2,3,5,6,7 

10 1,2,3,5,6,7,8 

10 1,3,5,6,7,8 

10 1,3,5,6,7,8 
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Open 
Pin No. 

',' 
',' 
',' 
',' 
',' 
',' 

',' 
',' 
',' 
',' 
',' ., , 
',' 
',' 
',9 

',' 
',9 
',9 

',9 

Voc T.P. T.P . 

7500 

IN3063 
Or 

Equiv. 

Ground 
Unused 

Input Pins 

~_.+ .C ~"+'_ 
(t.~vV O.SV _-L--><'--__ 

Average Power Dissipation = 4 mW@ T A. = 25-C 

Symbol Test Limits 
Pin No. -SSO( +2S0( +12S0( 
in( ) Min Max Min Max Min Max Unit 

Iln(l) 125 130 ItO IoIAde 

Iln(2) 125 130 ItO IoIAde 

lin(J) 125 130 ItO ;.tAde 

lin(6) 125 130 ItO ;.tAde 

Iln(7) 125 130 ItO j.lAdc 

Iln(8) 125 130 ItO IlAde 

IAt/IAM(4) '" 730 49' 815 '18 830 j.lAde 

tA/IAM(9) 475 730 49' 815 '18 930 j.lAde 

Vout(4) 620 300 230 mVde 

Vout(4) 620 300 230 mVde 

Vout(4) 620 300 230 mVde 

Vout(9) 620 300 230 mVdc 

Vout(9) 620 300 230 mVdc 

Vout (9) 620 300 23. mVdc 

VCE (4) 220 220 220 mVdc 

VCE (4) 220 220 220 mVdc 

VCE (4) 220 220 220 mVdc 

VCE (9) 220 220 220 mVdc 

VCE(9) 220 220 220 mVdc 

VCE (9) 220 220 220 mVdc 

IL(10) toO toO 100 JlAdc 

t2+4_ 50 

~-4+ 40 



--- Integrated Circuits --

MC908G SERIES (continued) 

MC913G 
FLIP-FLOP 

The MC913G RTL Type D Flip-Flop is a storage element that stores 
the state of pin 2 during negative transitions of pin 1. The flip-flop is not 
affected by changes of pin 2 during either the low or high state of the 
clock. Using pins 3 and 7 as inputs produces a standard R-S flip-flop. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

TYPICAL RESISTORS: RI = 1.5K RI = 1800 
R2 = 3.5K R4 = 4800 

€9.' 1 

1 , • ,. 
, , . 

DIRECT INPUTlI] 

Ne Nel11 
L H 
H L 
L L 

GATED INPUTIll 
I=n I=n+l 

2 6 5 
-H-H--L 

L L H 

1. PIN 1 MUST BE HIGH 
2. Ne = NO CHANGE 
3. PINS 3 AND 7 MUST BE 

LOW 

SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

T.P. 

1.5K 

IN3063 
0, 
£quiv. 

Ground 
Unused 
Input Pins 
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--Integrated Circuits --

MC908G SERIES (continued) 

MC913G 
FLIP-FLOP 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

Volts 

@ rest {:~::~ 0.970 0.935 1.8 0.650 3.00 0.500 

0.805 0.750 1.8 0.450 3.00 0.400 Average Power Dissipation = 12 mW @TA = 25°C Temperature +12S.C 0.590 0.555 1.' 0.260 3.0D 0.300 

Symbol Test Limits 
V;. Vo• VBOT Voff Vee Vll Grounded Open Pin No. -55"( +25"( +125"( 

Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. in ( ) Min Max Min Max Min Max Unit 
Input Current I' 3,4,7 5,6 Iin(2'* 125 130 110 !J.Adc 

I' 4,7 5,6 Iin(3)* 125 130 110 /LAdc 

I' 2,3,4 5,6 lin(7'* 125 130 110 /-LAde 

2,3,4,7 5,6 1. a lin(l) 225 234 198 /lAde 

3,4,7 5,6 1. 8 linO) 225 234 19. MAde 

Output Current 

2,7 IA3 (5) 350 364 308 /-lAde 

2,4 IAs (6) 350 364 308 /-lAde 

1*,3 2,4 lA3(S)'" 350 36. 308 /-lAde 

1·,7 lA3(6)· 350 364 308 /.lAde 

Output Voltage 1,7 2,4 5,6 V oul(5) 620 300 230 mVdc 

1,3 2,' 5,6 Voul(6) 620 300 230 mVdc 

2,3,4,7 Vout (5) 620 300 230 mVdc 

2,3,4,7 Vout (6) 620 300 230 mVdc 

Saturation Voltage 1,7 2,' 5,6 VCE (5) 220 220 220 mVdc 

1,3 ',' 5,6 VCE(6) 220 220 220 mVdc 

1 2,3,4,7 VCE (5) 220 220 220 mVde 

2,3,4,7 VCE(6) 220 220 220 mVde 

I' 3,4 5,6' VCE (5)* 220 220 220 mVdc 

1*,2 ',7 5,6 VCE(6)* 220 220 220 mVdc 

Leakage Current 1,2,3,4,7 5,6 IL (8) 100 100 100 /lAde 

Switching Time Pulse Pulse Pulse Pulse 
1" 0"1 1I" 21" 

3,4,7 t l _6_ ., 80 

3,4,7 11_6+ .. 120 

3,4,7 11_5_ ,. 80 

3,4,7 11_5+ .. 120 

3,4,7 12+1_ 60 

3,4,7 t l _2 _ 30 

3,4,7 12 _1_ 60 

3,4,7 t 30 

"Resistor to Vee: VRL @ _55°C = 2, 8 Kohms The voltage applied to Pin I must change [rom 

@ t25°C eo 2. 7 Kohms V RL to Vof[ prior to making measurements 

@ +125°C = 3,0 Kohms 

** Tie Pin 2 to Pin 5 
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--- Integrated Circuits ---

MC908G series (continued) 

The JK Flip-Flop has the unique advantage over the 
conventional binary element in that no ambiguous output 
state can result with any combination of data input signals. 
A simultaneous low level set and clear inputs will cause the 
output state to reverse, whereas, high levels on both set and 
clear inputs prevent the output state from changing. 

The versatile Flip-Flop storage element can be used to 
advantage in shift registers, binary counters, and other con
trol functions where JK logic minimizes the logic structure 
of the unit. 

A preset input is available for presetting counter and 
register stages. A high level on the preset input causes the 
Q output of the flip-flop to assume the low logic state. 

H is more positive than L 
X is the output state at time n 

Pin 1 Pin 3 Pin 7 
Set Clear "1" Output 

t=n 

H 

H 

L 

L 

Typical Resistors 

R 1 =1.5K 

R2 = 3.6K 

R3 = 3.0K 

R4 = 7500 

PRESET 

SET 

H 

L 

H 

L 

t=n+l 

Xn 
CP 2~----~----~ 

H 

L 

XIT 

CIRCUIT DIAGRAM 

Q 

4 2 
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-- Integrated Circuits --

MC908G series (continued) 

ELECTRICAL CHARACTERISTICS FLIP-FLOPS 

rest Conditions Volts MC920G 
{ -we 0.970 0.915 1.80 0.650 3.00 0.500 

@ T,st +2S.C 0 .... 0.750 1.80 0.450 3.00 0 .... 
Temperature +12S"C 0.590 0.555 1.80 0.260 3.00 0.300 

Vin V~ VIOT V •• Vee V" ~ro"ndtd 5ymbol Test limits 

Characteristic Open 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. -55'( +25'( +125'( Unit 

;n () Min Max Min Max M;n Max 

Input Current I 5 8 • 2,3, 
6,7 

IIN(I) 125 130 110 #Adc 

2 1,3 B • 5,6,7 2~N(2) 250 260 220 ItAdc 

3 7 B • 1,2, IIN(3) 125 130 110 ItAdc 
5,_ _ 

5 B • 1,2, IIN(6) 125 130 110 .uAde 
3,7 

Output Current 5 1,8 8 • 2,3,7 1.,(5) 238 247 209 pAde 

7 3 8 B 4,5* 1,2 1.,(7) 238 247 209 pAde 

5,6 1 8 • 2,3,7 1.,(5) 238 247 209 pAde 

Output Voltage 

_ 

B 4,5 1,2, VOUT(7) 620 300 230 mVdc 
3,7 

7 B 4,5* 1,2, YOUT(5} 620 300 230 mVdc 
3,_ 

5 8 4,7· 1,2, VOUT(7) 620 300 230 mVdc 
3,_ 

1,3 8 4,6 2,5,7 YOUT(7)MO 620 300 230 mVdc 

3 1 B ',6 2,5,7 VOUT(7)IIO 620 300 230 mVdc 

1,3 B 4,6 2,5,7 VOur(7)IIO§ _20 300 230 mVdc 

Saturation Voltage 

_ 

8 4,5 1,2, VCE(7) 220 220 220 mVdc 
3.7 

8 4,7· 1,2,3, VCE(7) 220 220 220 mVdc 
5,6 

B B 4,5* 1,2, VeE(5) 220 220 220 mVdc 
3,7 

Turn-on Voltage 1 , 8 4,6 2,5,7 VON(7)#** 935 750 555 mVdc 

1,3 B 4,6, 2,5,7 VON(7)#§ ** 935 750 555 rnVdc 

1,3 B 4,6 2,5,7 VON(7)#CI** 935 750 555 mVdc 

Leakage Current B 4 1,2,3, 100 100 100 IJAdc 
5,6,7 

.. SIlIcon Diode to Ground 
** Pin 7} Loaded by: 247 pAde (+25°C) 
o Pin 5 23811Adc (_55°C) 

-. 209 pAd(: (+125"C) 
#Pin2", L 

! ~!~ ~ : tg:} Set by a momentary ground prior to the application of the negative-going Clock Pulse. 

FIGURE I-SWITCHING TIME TEST CIRCUIT FORt2 _ 5 _ AND t 2 _ 7 + 
3V 

D = IN3063 Or 

I R 

R 

cpo---------------+---------~ 
1 nsec S CP - 100 nsec 

UNIT UNDER TEST 
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-- Integrated Circuits ---

MC908G series (continued) 

MC920G (continued) 
FLIP-FLOPS 

WAVEFORMS (SEE FIGURE 1) WAVEFORMS (SEE FIGURE 2) 
Pin 2 

Pin 2 (CP) 

Pin 5 

Pin 6 -:..:...:..'-" 

---t~ 
0.5V V 

---. CE 

Pin 7 

Clock pulse must be delayed from that at pins 1 and 3 

Limit (25'C) 

Test Min Max Units 
Test Limit Unit 

t 2_5_ 20 80 nSee t6+7_ 60 Max nsee 

t2_7+ -- 120 nsee t6+5+ 120 Max nsee 

FIGURE 2-SWITCHING TIME TEST CIRCUIT FORt 6 +1 _ ANDt 6H + 
3.6K 

r-~~r--~-----------------03V 

VON 0----------------, 

2 
CPo----------<~~ 

C = 16pF 

R = 750n 

D = IN3063 or equivalent D 

FIGURE 3 - TOGGLE TEST CIRCUIT 
3Vo--~------, Temper-

V R C Limit ature 
('C) (Volts) Ohms pF (mc) 

25 1.0 39 24 3.0 
50n 

25 1.0 39 50 1.5 
Minimum 

Toggle 
Frequency: 

-55 1.2 50 24 3.0 

-55 1.2 50 50 1.5 R 

+125 0.9 33 24 3.0 

D 

R 

6 

C 

+125 0.9 33 50 1.5 VON + 100 mV:=: VCP :=:VOFF 
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---Integrated Circuits --

MC908G SERIES (continued) 

MC912G 
HALF-ADDER 

The MC912G is an RTL Half-Adder. By applying the complement 
of pins 1 and 2 to pins 3 and 5, the "SUM" and "NOT SUM" functions 
of a binary half-adder are produced on pin 7 and 6 respectively. 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

R, 

R. 

Typical Resistors: 

. . 
RI = 1.5K 
R~ = 3.6K 

W' €b' 2 , Z & 

J 5 1 5 . . 
POSITIVE LOGIC NEGATIVE lOGIC 

7=(1+2)(3+5) 
6=1_2+3_'5 

7=1-2+3-5 
6=(1+2)(3+'5) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Input Current 

Output Current 

Output Voltage 

Saturation Voltage 

Leakage Current 

Switching Time 

Turn-On Delay 

Turn-Off Delay 

Test Conditions 
Volts 

Vln VOJTI VaOT Vo" Vee VLL 
Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

1,3 

2,5 

1,2,3,5 

1,2,3,5 

3,5 1,2 

1,2 3,5 

Pulse Pulse 
1. Out 

SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

Grounded 
Pin No. 

3,4,5 

Open 
Pin No. 

6,7 

3,4,5 6,7 

1,2,4 6,7 

1,2,4 6,7 

2,4,5 

1,3,4 

1,2,3,4,5 

6,7 

6,7 

t, Z, 3,4, 5 6,7 

2,3,4 

2,3,4 
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1.8V 

T.P. 

IN3063 Or 
Equiv. 

Ground 
Unused 
Input Pins 

t,_.~L ~'H_ 
~V_J~ 

Average Power Dissipation = 8 mW@T" = 2S·C 

Symbol Test Limits 
Pin No. SH +2S'C +12S'C 
in( ) Min Max Min Max Min Max Unit 

11n(1) 125 130 110 ,!.LAde 

lin(2) 125 ,,. 110 .uAdc 

11n(3) 125 130 110 j.lAdc 

lin(S) 125 130 110 .uAdc 

JA3 (7) 350 364 ,., /LAde 

IAJ (7) 350 36. 308 /-lAde 

IM (6) 475 49. 418 ,!.LAde 

V out (6) 620 300 230 mVdc 

VeE (6) 220 220 220 mVdc 

VCE (7) 220 220 220 mVdc 

VCE (7) 220 220 22' mVdc 

IL (6) 100 100 100 /lAde 

tl+6_ 100 

t l _6+ 80 



---Integrated Circuits ---

MC908G SERIES (continued) 

MC921G 

GATE EXPANDER 

The MC921G Gate Expander is designed to increase the fan-in 
capability of the MC910G, MC911G, and MC918G Gates. 

CIRCUIT DIAGRAM 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

Volts Ohms 

@ T esl {::::~ 0,970 0.935 1.8 0.650 3.00 4.27K· 2.8K-

0.805 0.750 1.8 0.450 3.00 4.3K* 2.7K* 
Temperature +12S.C 0.590 0.555 1.B 0.260 3.00 5.· 3'· 

V" V" VaOl V." Vee V •• VOl 
. 

Characteristic Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. Pin No. 

Input Current 

Output Voltage 

Saturation Voltage 

Output Leakage 1.2 
Current 

3,5 

Leakage Current 6,7, B 

·Resistor Value to V cc 

USE OF GATE EXPANDER 

~ 
Bi 
~ 

NOTES FOR THE USE OF THE MC921G 

1. The input loading factor of the expanded gale is 1.33. 
2. Pin 8 of the MC921G must be connected to Vee. 
3. The output loading factor of the expanded 

gate Is decreased 0.5 load for every added node. 

Err 
&J 
Err 
&J 

AVerage Power Dissipation Negligible 

Symbol Test Limits 
Grounded Open Pin No. -55°( +25°( +125°C 
Pin No. Pin No. in ( ) Max Max Max Unit 

3,4,5 lin(l) 125 130 no /lAde 

3,4,5 lin(2) 125 130 no /lAde 

1,2,4 lin(3) 125 130 no /lAde 

1,2,4 Iin(5) 125 130 no /lAde 

2,3,4,5 Vout(7) 620 300 230 mVde 

1,3,4,5 Vout(7) 620 300 230 mVde 

1,2,4,5 Vout(S) 620 300 230 mVde 

1,2,3,4 Vout(S) 620 300 230 mVde 

2,3,4,5 VCE(7) 220 220 220 mVde 

1,3,4,5 VCE(7) 220 220 220 mVde 

1,2,4,5 VCE(S) 220 220 220 mVde 

1,2,3,4 VCE(S) 220 220 220 mVde 

3,4,5 ICEX (7) 40 JJAde 

1,2,4 ICEX(S) 40 /lAde 

1,2,3,4,5 IL (6, 7, 8) 100 100 100 JJAde 
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---Integrated Circuits ---

Mc930/ Mc830 MOTL Series 

MC93D SERIES/MC83D SERIES MDTL 

INTEGRATED CIRCUITS 

The MDTL line consists of monolithic, modified, 
integrated Diode-Transistor Logic Circuits. The 
MC930 Series is designed for use over the tem
perature range of -55°C to +125°C, and the 
MC830 Series for use from O°C to +75°C. 

MAXIMUM RATINGS 

Characteristic Rating Unit 

Supply Voltage Vdc 
Continuous -t1l 
Pulsed, < 1 second +12 

Output Current into Outputs mAde 
MC932, MC832, MC944, MC844 - Continuous 150 

Pulsed, < 30 rns 300 

All othe r types 30 

Input Forward Current -10 mAde 

Input Reverse Current mAde 
Me932, MC832, MC944, MC844 5.0 
All other types 1.0 

Operating Temperature Range ·c 
Me93D Series -55 to +125 
Me83D Series o to +75 

storage Temperature Range -65 to +150 ·c 

GENERAL RULES 
• The number of load circuits that may be driven from an output is determlnated by 

the input loading factor. The summation of input loading should not exceed the 
drive capability of the outpul. 

• The outputs of the Dual 4 input gate may be tied together to perform the wired· 
collector OR function. For each added gate subtract 1 unit fan·oul. For six added 
gates only 5 unit loads need be subtracted. 

• The outputs of the Dual Buffer may not be tied together 

• The outputs of the Dual Power Gate may be tied together to perform the wired· 
collector OR function. 

• An external load resistor should be utilized with the Dual Power Gate. At Vce = 
5.0 ±0.5V, subtract the following output loads: 

R 
2 kU- 2 loads 
lkU- 4 loads 

51011- 8 loads 

• For Increased current capability, the inputs and outputs of V2 MC932 and V2 MC944 
can be paralleled (up to and including 4 common outputs). The combined output 
will equal 100 loads while each combined input will equal 4 loads. 
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OUTLINE 

DIMENSIONS 

TO·86 

lEAD 1 I()[NTlFlEO BY IMPRESSION 
ON UNDERSIDE OF CASE. 

0.030 

I'" L~ I 
or,- ---;r,l 
0.006 0.070 

ALL PINS El£eTRICALlY 
ISOLATED fROM PACKAGE 

0.01011-
0.019 I 

TO-l00 

~m OIA 

0.040 

~ 

~mOIA 

0.040 
MAX' 

~mh OiA 
0.165 
0.185 

-.JMIN 

~
.230 

0.140 
z 4 0.160 

I •• 

36~"" 
~00.019 
0.028 WO.045 
0.034 



---Integrated Circuits ---

MC930/MC830 (continued) 

DEFINITIONS 

icEX' Collector-la-emitter leakage of the output transistor 

FLIP-FLOPS 
MC931G, MC831G 
MC945G, MC845G 
MC948G, MC848G 
MC931F, MC831F 
MC945F, MC845F 
MC948F, MC848F 

~ If Forward current of Input diodes which are 2h of unit load 

IF Forward current af Input diodes for unit input load 

2 IF- Forward current of input diodes which are twice the unit toad 

IFe' Forward current of clock Input diodes 

'FO Forward current of dual expander diodes 

In Forward current of set and clear input diodes 

GATE EXPANDERS 
MC933G, MC833G 
MC933F, MC833F 

I..... Maximum rated power supply current with Vrnp applied 

IOH Output hIgh current 

MULTIPLE GATES 
DUAL 2-3 INPUT "NAND/NOR" GATES 

MC930G, MC830G 

DUAL 2-3 INPUT POWER GATES 
MC944G, MC844G 

DUAL 4-INPUT "NAND/NOR" GATES 
MC930F, MC830F 

DUAL 4-INPUT POWER GATES 
MC944F, MC844F 

TRIPLE 3-INPUT "NAND/NOR" GATES 
MC962F, MC862F 

QUAD 2-INPUT "NAND/NOR" GATES 
MC946F, MC846F 

DUAL BUFFERS 
MC932G, MC832G 
MC932F, MC832F 

IOL Output low current 

bOH Power supply drain with the Inputs high 

1.. Reverse current of input diodes with Va applied 

h.c. Reverse current of clock Input diodes 

Isc Short circuit current obtained from device output 
when one or more inputs are low 

Vcc Power supply voltage 

VCCH High power supply voltage 

VCCL low power supply voltage 

VCEX Output transistor collector-to-emitter voltage 

VCPTH Clock threshold voltage 

VF Forward voltage of input diodes 

VFO Forward voltage of dual expander diodes 

VrH Voltage for high input voltage state 

VrL Voltage for low input voltage state. 

VrLS Voltage for low set and clear input voltage state. 

Vma Maximum rated power supply voltage (Vcc) 

VOl-! Output high voltage with IOH flowing out of pin 

VOL Output low voltage with IOL flowing into pin 

Vro Power supply voltage for power dissipation test_ 

Va Reverse voltage for Input diode leakage test 

Vx low voltage utilized In testing expander inputs 

LOADING DIAGRAMS 

Valid for Vee = 5.0 V:!: 10%; Temperature Range = -55 to +125°C for MC930 Series 
o to +75°C for MC830 Series 

:6' 'R 'II 1 1 'II' o 1 2/3 2/3 o 1 1 1 

1 0 2/3 SIC 2/3 1 0 o 0 

1 1 3/4 I 0 3/4 1 1 1 1 

8 1 7 7 25 1 1 1 

8 25 

MC930F, MCS30F MC931F, MCS31F MC932F, MC832F MC933F, MC833F 

'& 1 1 
o 1 

1 0 

1 1 
*27 1 

,," 'II 2/3 '113 

2/3 SIC 2/3 
2 I 0 _ 2 

"10 10· 

:0' 8 1 

1 8 , , 
8 , 

8 
'Ii 2/3 2/3 

2/3 SIC 1/3 
2 I 0 2 

·"9 9* 

:g' , 8 , , , , 
8 , 

8 

"See General Rules 
MC944F, MCB44F 

*12 for MC845 
MC945F, MCB45F MC946F, MC846F 

*11 for MC848 
MC94BF, MC84BF 

Fan·oLlt applies also to can package; refer to IndiVidual device drawing for applicable pin numben. 
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--Integrated Circuits ---

MC930/MC830 (continued) 

FLIP-FLOPS 

MC931G 
MCS31G 
CLOCKED FLIP-FLOPS 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

IOVce 

CP~. ", 
S,2 8C" 

" , 
$03 I 0 75" 

Q4 6a 
5 GND 

NOTE: For Clock Pulse wa,eforms 
and Propagation Delay Time test 
circuit and waveforms, see page 14. 

ELECTRICAL CHARACTERISTICS MC931G 

TestCondltloftS 
mA • v.1ts 

{ 'S·C 10.0 -0.12 1." 2.10 4.00 4. .. !i.SO 
@Test +2,.C 10.8 -0.12 1.10 2.00 4.011 .~ . .... ~" 5,00 8.00 

Temperature +125.C ... 0.12 0.80 ... .... 4." ~" 
Symbol 

"' I 

10 Vee 

Characteristic lot IOH Vn.. V1H YJ V.. Yee VCCL YCCH 'PO Y..... cP. CPb ere Grounded 
Pin No PinNo PinNo PinNo PinNo PinHo PinNo PinNo PinNa PinNo PinNo PinNo PlnNo Pin No PinNo ~ Pin No 55"C +125"C ,,( ) MI, Max Min Min ~ Unit 

OatptVelbll 

•• "". Carnat 

forward Carnat 

'nerDr.]a Carnnt 

Swltch/nln •• 
{pins2.nd 6ar. 
connected, Plns4 

4@ 9 2,3 
4<D 8 2,] 
6(1) 8,9 
6(i) 8,9 
4 7ID 

Pulse Pulse 

~~ 10 
.nd8i1reconneeted} 1 - - - - 10 

Pms not IIsted.re left open 
@Momentarilygroundthisterminalbefore applyinl-{).12mA 
@CP.=:ClockPulsea } 

CP. = Clock Pulse b See page 14 
CPo = Clock Pulse c 

10 
10 
10 
10 
10 
10 
10 

10 
10 -
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 -
10 

10 
10 

2,S,S@ 
4@,5,9 

5 

2,3,5 

1.5 
1,5 

5,8,9 
1.5 
1,5 

2,3,5,8,9 

4,5,8 

5 
1,2,J,5,8,9 

Y",(4) 
Vo,(G) 
YOli{4) 2.50 
YQH(4) 2.50 
VOtl {6} 2.50 
VOH (6} 2.50 
VOH (4} 2.50 

1,(2} 
I,(J} 
1.17} 
I.(S} 
1.(9} 

I.c;,(l) 

1f.JI,(2) 
1f.J1.(J} 
'hI,(S} 
1f.JI,(9} 

I'Cf(l) 
I,c;,(l} 

1,,(7} 

1,,,..(10) 
I .. M (10} 

'.+ 
t,,-

0.40 0.40 
OAO 0.40 

2.60 2.50 
2.60 2.50 
2.60 2.50 
2.60 2.50 
2.60 2.50 

2.' 2.0 
2.0 2.0 
2.0 2.0 

2.' 2.0 
2.0 2.0 
20 20 

1.07 1.07 
-1.07 -1.07 
-1.07 -1.07 
-1.07 -1.07 
-3.20 -3.20 
-3.20 -J.20 
-1.20 -1.20 

11.0 
14.5 

25 75 
35 75 

00 Momentarily ground this luminal belore applying 10.. to complementary terminal, 
i.e., termiul of opposile function 

@VILS=V,l 
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0.45 Yd, 
0.45 Yd, 

Yd, 
Yd, 
Yd, 
Ydo 
Yd, 

5.' ... Adc 
5.0 ... Adc 
5.' ... Adc 
5.0 jl.Adc 

5.' ... Adc 
30 jl.Adc 

-hOO mAde 
-1.00 mAde 
-1.00 mAdc 
-1.00 mAd, 
-3.00 "'do 
-3.00 mAd, 
-1.10 mAd, 

mAd, 
mAde 



--Integrated Circuits --

MC930/MC830 (continued) 

FLIP-FLOPS 

MOS3iC 
MC8311G 
CLOCKED FLIP-FLOPS 

This clocked flip·flop consists of two. directly coupled flip·flops, operating on the familiar "master· 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip·f1op. When the clock voltage is high, the input informa· 
tion is stored in the "master" flip·flop, being transferred to the "slave" when the clock voltage is low. 

Tllis clocked flip·flop can be operated in either the R·S or J·K mode. For J·K operation the.Q output 
is connected to a clear input, and the Q output is connected to a set input. The direct set (SD) input 
is available. 

SYNCHRONOUS TRUTH TABLE 

~ 1,+. 

S, S, c, c, Q 
Pin 2 Pin 3 Pin 9 Pin 8 Pin 4 

0 , 0 , 0. 

0 , , 0 0. 
, 0 0 , 0. 
, 0 , 0 0. 

0 , 1 1 0 

, 0 1 1 0 

1 1 0 , 1 

1 1 , 0 1 

1 1 1 1 U 

ELECTRICAL CHARACTERISTICS -
lestConditioll5 

mA 
O'C 10.5 0.12 1.20 2.00 0.45 

@Test {+25.C 10.5 0.121.10 1.90 0.45 
Temperature +75 0 C 10.2 0.12 0.95 1.80 0.50 

loe 10 " V" V," V, 
Characteristic 

PinNa PinNo PinNo PinNo PinNo 

OutputValUl1 

40]) 9 2,3 
4<)) 2.3 
'0]) B,9 
,<)) 3 B,9 

7<)) 

RnerllCurrlnt 

ForwudturU!nt 

PawuDrllnCurrent 

Switchlnr;Timl Pulse Pulu 
(Pi~s 2 and 6 are 

~ t-¥-connected, Pins4 - - -
andSareconnected) 1 - - -

Plnsnctllstedueleltopen 

(j) Momentarily ground Ihislerminal before applying -0.12mA 
@CP.=Cloc~Pulse a 

CP. = Clock Pulse t:J 
CP,=Cloekf'ulste 

Yolts 
4.00 
4.00 
4.0(1 

V, 
Pin No 

-

-
-

-
-
-

-
-

5.00 
5.00 5.00 IS.DO 
!1.00 

Vee V" V_. " CP, 
PinNo PinNa PinNo PinNo 

10 
10 
10 
10 

'0 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 

J-K TRUTH TABLE 
(Connect 5, to Q, Cl to Q) 

~ 

S, C, 
Pin 2 Pin 9 

0 0 

1 0 

D 1 

1 1 

0- Low State (more negative) 
1 - High State (more positive) 

1.+. 

Q 
Pin4 

0. 

1 

0 

il. 

x _ State of the Input does not affect the state of the 
circuit. 

U-lndeterminateState 

MC831G 

.. " Symbol Tesll1mlts 
Groun~ed CP, CP, PinNa O'C +25-C +15·C 

Pin No PlnNo PinNc in( } Min Max Min Max Min 
2,5,6@ Vod4) 0.45 0.45 

4@,5,9 Vo,(6) 0.45 0.45 

5 VQH(4) HiO 2.60 2.50 

5 VQH(4) 2.60 2.60 2.50 

Vo~(6) 2.60 2.60 2.50 

Vo .. (61 2.60 2.60 2.50 

2,3,5 VQH(4) 2.60 2.60 2.50 

1,5 1.(2) 5.0 5.0 
1,5 I.(l) 50 5.0 

5,8,9 1.(7) 5.0 5.0 
1,5 1.(5) 5.0 5.0 
1,5 1.(9) 5.0 5.0 

2,3,5,8,9 l.c.U) 30 30 

¥.i1,(2) 0.95 0.95 
"hl,(Jj -0.95 -0.95 

¥.i1,(8) -0.95 -0.95 

¥.iI,(9) -0.95 -0.95 

1,<;>(1) -2.80 -2.50 

l,c,O) -2.80 -2.80 

4,5,5 I,,(7) -1.05 -1.05 

1.<:>«10) 14.0 

1,2,3,5,8,9 1 .... (10) lS.0 

t.+ 25 75 
t~.- 35 75 

(j) Momentarily ground this terminal before applying I,,, to complementary terminal, 
i.e., terminal 01 oPPosite function 

@VIU=V" 
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Mn 
0.50 

0.50 

10 
10 
10 
10 
10 
40 

0.90 
-0.90 

-0.90 

-0.90 

-2.67 
-2.67 

-'-1.00 

UnU 

Yd' 
Yd, 

'" 'd, 
"', 
I" 

'" j4Adc 

"Ade 
j4Adc 

"Me 
j4Adc 

"Adc 

mAde 
mAde 

mAcle 

mMe 
mAde 

mAde 

mMe 

mAde 

mAde 

I 
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--Integrated Circuits -

MC930/MC830 (continued) 

FLIP-FLOPS 

MC945G 
MCS45G 
CLOCKED FLIP-FLOPS 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

Q 4 

IOVce 

CP~9C' S,2 8C, 

5,3 I G 7s.. 

(14 60 
5 GND 

NOTE: For Clock Pulse Wa',eforms and 
Propagation Delay Time test circuit and 
circuit wQveforms, see page 13-166. 

Vcc lO O-~--+--+--+--+--'--+-+--r--<> 10Vce 

S,2 9C, 

S>3 sc, 

ELECTRICAL CHARACTERISTICS - MC945G 

Test Candililtlls 
mA Volts -,,·e 14.6 0.12 1.40 2.10 0 4.00 4.50 5.~D 

@Test {+2,.C 15.2 0.12 1.10 2.00 4.00 5.00 4.'0 5.50 •• 0 8.00 
Temperature +125.C 13.1 0.12 D.lD 2.00 4.00 4.50 5.50 

I", 1o, V" V" V, V, V" V,,, VCCH V~ V~ '" '" Grounded Symbol Test LimIts 
Characteristic CP, CP, PinNo SS'C +25·C 12S'C 

PinNo PinNo PinNo inNo Pin No Pin No PinNo PinNa PinNo PinNo PinNo PinNo PinNo PinNo in( ) Min M" Min M" Min M" Dnn 

DY!J.tV.Ib,. 10 2,5 Vo,(4! 0.40 0.40 0.45 Vd, 

10 5,' VOl (6) 0.40 0.40 0.45 Vd, 

2,3 10 V",,(4) 2.50 2.60 2.50 Yd, 
2,3 10 V(>M(4) 2.50 2.60 2.50 Vd, 

8,' 10 Voo.(6} 2.50 2.60 2.50 Vd, 

8,' 10 Voo.(6} 2.50 2.60 2.50 Vd, 

'0 10 2,3,5 Voo.(4} 2.50 2.60 2.50 Vd, 

.nerIlC.nut 10 1,5 '.(2) 2.0 2.0 5.0 J.<Ade 

10 1,5 1,(3} 2.0 2.0 5.0 J.<Ade 

10 5,8,9 1,(7} 2.0 2.0 5.0 ,A4, 
lO 1,5 I,(S} 2.0 2.0 5.0 I'Ade 

- 10 1,5 1.(9} 20 2.0 5.0 /LAde 
1,10 2,3,5,8,9 ',,,,,(1) 20 20 30 /LAde 

rllW.~C.rr •• t lO ¥.I1,(2) -1.07 -1.07 -1.00 mAd' 
lO - ¥.I1,(l) -1.07 -1.07 -1.00 mAde 

lO ¥.II,(8) -1.07 -1.07 -1.00 mAde 
10 ¥.II,(9} -1.07 -1.07 -1.00 mAde 

10 1,5 l,c,{1J -3.20 -3.20 -3.00 mAde 

10 2,5 l,s(7} -3.20 -3.20 -3.00 mAde 

' ... r Dral. CIII1IIt 10 "IIH(lO} 11.0 mAde 

10 1,2,3,5,8,9 1 .... (l0} 14.5 mAde 

Swltc:llll,TIIIi. ulse ulse 
(Pin2ccnnectedto In Ollt 
Pin 6,Pin4 r.-r.---- 10 - - t •• + 25 100 
connected to PinS) 10 - - '.- IS 55 

PlnsnDlllstedareleftDptn cD CPo Cloe~ Pulse a 
<DV,u=V" CP.=CloekPulsee 
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--Integrated Circuits --

MC930/MC830 (continued) 

FLIP-FLOPS 

MC945G 
MC84!5G 
CLOCKED FLIP-FLOPS 

This clocked flip-flop consists of two- directly coupled flip-flops, operating on the familiar "master
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip·flop. When the clock voltage is high, the input informa
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip·flop can be operatej in either the R-S or J·K mode. For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous input, direct 
set (SD), overrides the synchronous inputs. No matter what other inputs are applied to the flip·flop, the 
direct set input prevails. 

The outputs of the MC945 and MC845 are bUffered, thereby reducing the possibility of circuit disturb
ance from external line noise. 

SYNCHRONOUS TRUTH TABLE 

S, 
Pin 2 

S, 
Pin 3 

C, 
Pin 9 

C, 
Pin 8 

a 
Pin 4 

Q. 

Q. 

S, 
Pin 2 

J-I{ TRUTH TABLE 
(Connect 5, to a. c, to Q) 

C, 
Pin 9 Pin 4 

Q. 

~------~---------+----~ 

0- low Stale (more negative) 
l-High Stale (more positive) 

Q. 

x- Slate, of the input does not affect the stale of the 
CirCUit. 

U-IndeterminateState 

ELECTRICAL CHARACTERISTICS -- MC845G 

Test Conditions 
mA Volts 

, COC 16.8 0.121.20 2.00 0.45 4.00 5.00 
@Test {+250C 16.8 0.121.10 1.90 0.45 4.00 5.00 5.00 8.00 

Temperature +150 C 16.0 0.120.95 1.80 0.50 4.00 5.00 
CD ill 

Characteristic lo~ IOH V1L V1H VF V~ Vee V,o V"",. CP, CPc 
PinNa PinNa PinNa PinNa PinNa PinNa PinNa PinNa Pin No PinNo PinNa 

DlilpulVclbl1 

7'J:; 

RlnrnCurrlnt 

farwarliCu/Tent 

Powtr Drain Currut 

Swilehin,Timl Pulse Pulse 

Pin 6, Pin 4 

(Pin 2 connected to 

+~ 
eonneCledlOPln8) 

Pmsnolhstedare.eftopen 

2.3 

1.3 

8.9 

8,9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1,10 

10 

10 

10 

10 

10 

10 

10 

10 

10 - -

10 - -

®CP.-ClotkPulsea 
CP.""ClockPulsec 

Grounded 
PinNa 

2.5 

5.9 

5 

2,3,5 

1.5 

1.5 

5,8,9 

1.5 

1.5 

2,3,5,8,9 

1.5 

2,5 

1,2,3,5,8,9 
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Symbol TestUmits 
Pin No D·C +2S·C 
inC I Min Max Min Max 

',10,(4) 0.45 0.45 

',10,(6) 0.45 0.45 

',10 .. (4) 2.50 2.60 
VOl-l(4) 2.60 2.60 

Vott (6) 2.60 2.60 

Vo .. (6) 2.50 2.60 

Vo .. (4) 2.60 2.60 

1.(2) 5.0 5.0 

1.(3) 5.0 5.0 

1.(7) 5.0 5.0 

1.(8) 5.0 5.0 

1.(9) 5.0 5.0 

l'c.(1) 30 

lIJl,(2) -0.95 -0.95 

lIJl,(3) -0.95 -0.95 

lIJl,(S) -0.95 -0.95 

lIJl,(9) -0.95 -0.95 

l,e.(1) -2.S0 -2.S0 

1,,(7) -2.80 -2.80 

1 • .,..(10) 14 

1 .... (10) 18 

t.o+ 2S 100 

t •• - lS 55 

+7S·C 
Min Max Unit 

0.50 yo, 

0.50 yo, 

2.50 Vd, 
2.50 Vd, 

2.50 Vd, 

2.50 Vd, 

2.50 yo, 

10 pAde 
10 "Ade 
10 jiAdc 
10 jiAdc 
10 "Ade 

"Ade 

-0.90 

-0.90 

-0.90 mAde 
-0.90 

-2.67 mAde 
-2.67 mAde 

mAde 

mAde 

I 
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--Integrated Circuits --

MC930/MC830 (continued) 

FLlP·FLOPS 

MC94SG 
MC84SG 
CLOCKED FLIP-FLOPS 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

IOVee 

CP~'" S,2 Be, 

5,] I 0 1So 

04 sa. 
:'GND 

4Q 

10 Vee 

10 Vee O-~--+--+--..--+---'r---\-+--..--O 
NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time lest circuit and 
circuit waveforms, see page 13-166. 

2S, 

35, 

ELECTRICAL CHARACTERISTICS - MC948G 
Test Conditions 

m' Volts 
!!S·C 13.0 '.1 1.40 2.10 , 4.00 4.50 !1.50 

@Test {+25DC 13.6 '.1 1.10 2.0D , 4.00 5.00 ,UD 5.50 !i.oo 11.00 
Temperature +125.C 12.3 '.1 O.Bo 2.00 , 4.00 4.50 5.50 

<D '" 
Characteristic IOl IOH VIL V1H YF Y. Vee YCCL VCCH Y'D Ym.. CP. CPc 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DutputValtau 

4 

4 

6 , 
R."ne Current 

Forward Current 

~I 
Power Drain Currut 

$.it~hln,TI",e Pulse Puis 

(::: !,C;i:n::t::. to r-T--T 
nected to PinS) 

Pinsnollisledareleitopen 

CDV",=V" 

8 
9 
2 

3 

70 

2,3 
2,3 
8,9 

8,' 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 - -

10 - -

@CP.=CloekPulsea 
CP,=CloekPulsec 

10 

10 
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Grounded Symbol 

PinNo 
PinNa 55"C 
inC I Min Max 

Test limits 
+25"C +125-C 

Min Max Min Max 

2,5 VOl (4) 0.40 0.40 0.45 

5.9 Vo,(6) 0.40 0.40 0.45 
V",,(4) 2.50 2.50 2.50 
VOH (4) 2.50 2.50 2.50 

V",,(6) 2.50 2.50 2.50 

VOH (6) 2.50 2.60 2.50 

2,3,5 V",,(4) 2.50 2.60 2.50 

1,5 1.(2) 2.0 2.0 5.0 

1,5 1.(3) 2.0 2.0 5.0 

5,8,9 1.(7) 2.0 2.0 5.0 

1,5 1.(8) 2.0 2.0 5.0 

1.5 1,(9) 2.0 2.0 5.0 

2,3,5,8,9 1,,,(1) 20 " 
~1,(2) -1.07 -1.07 -1.00 

~1,(31 -1.07 -1.07 -1.00 

~1,(8) -1.07 -1.07 -1.00 

2f.lI,(9) -1.07 -1.07 -1.00 

1,5 1,(:.(1) -3.20 -3.20 -3.00 

2,5 1 .. (7) -3.20 -3.20 -3.00 

1, .... (10) 13.5 

1,2,3,5,8,9 ',.,,(10) 19.0 -

Ipd+ 2S 75 
I pd - 15 55 

6il 

Unn 

'do 
Yd, 

Yd, 
Yd, 

Ydo 
¥d, 

Yd, 

!lAde 
!lAde 
!lAde 
!lAde 
!lAde 
!lAde 

mAde 
mAde 
mAde 
mAde 
mAde 
mAde 

mAde 
mAde 



---Integrated Circuits ---

MC930/MC830 (continued) 

FLIP-FLOPS 

MCS4$G 
lNfl) C$4J.8<G> 
CLOCKED FLIP-FLOPS 

This clocked flip-flop consists of two directly coupled flip-flops, operating on the familiar "master
slave" principle_ Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant- in determining the state of this flip-flop_ When the clock voltage is high, the input informa
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low_ 

This clocked flip-flop can be operated in either the R-S or J-K mode_ For J-K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input_ Asynchronous input, direct 
set (So), overrides the synchronous inputs_ No matter what other inputs are applied to the flip-flop, the 
direct set input prevails_ 

The outputs of the MC948 and MC848 are buffered, thereby reducing the possibility of circuit disturb
ances from external line noise_ 

The output pull-up resistor has been changed from that utilized in the MC945 and MC845 in order 
to improve the propagation delay-versus-capacitance characteristics_ 

SYNCHRONOUS TRUTH TABLE 

S, 
Pin 2 

S, 
Pin 3 

C, 
Pin 9 

C, 
Pin B 

I ... , 

Pin4 

n. 
n. 
n. 

S, 
Pin 2 

J-K TRUTH TABLE 
{Connect SI tOQ, Cl to OJ 

C, 
Pin 9 

0- Low State (more negative) 
I-High State {more positive) 

Pin 4 

n. 

n. 

x-state.of the input does not affect the state of the 
ClfcUlt. 

U - Indeterminate State 

ELECTRICAL CHARACTERISTICS - MC848G 

O·C 
@Test {+250C 

Temperature +750 C 

Characteristic 

OulputYoltar:1 

Renne Current 

forward&urrent 

Pawn Drlln eunenl 

SwitclllnlTime 

(Pin 2 connecte.dto 

Pin 6,Pin 4col\

neeted to PinS) 

Test Conditions 
rnA Volts 

15.4 -0.12 1.20 2.00 0.45 4.00 5.00 
15.4 0.12 1.10 1.90 0.45 ".00 5.00 5.00 a.llo 
14.6 0.120.95 1.110 0.50 4.00 5.00 

~ ~ ~ ~ • • ~ ~ ~ I I 
PinNo PinNo PinNo PinNo PinNo PinNo PinKo PinNa Pin No PinNo PinNo 

4 8 2,3 
4 9 2,3 

6 2 8,9 
6 3 8,9 

70 

Pulse Pulse 

rT-~ 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 -
10 

10 

10 

10 - -

10 - -

@CP._ClockPulsea 
cp. = Clock Pulse c 

Grounded 
PinNa 

2,5 

5,9 

2,3,5 

1,5 

1,5 

5,8,9 

1,5 

1,5 
2,3,5,8,9 

1,5 

2,5 

1,2,3,5,8,9 
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Symbol Test Limits 
PinNa O·C +2S e C 
in! 1 Min ." Min M" 
Vo,(4) 0.45 0.45 

VOltS] 0.45 0.45 

Voo [4j 2.60 2.60 
VOH (4} 2.60 2.60 

VOH (6) 2.60 2.60 
V",,(6) 2.60 2.60 
VOH (4} 2.60 2.60 

1.(2) 5.0 5,0 

1.(3) 5.0 5.0 

1.(7) 50 5.0 

1.(8) 5.0 5,0 

1.(9) 5.0 5.0 

)lOU] 30 

0/:11,(2) -0.95 -0.95 

o/:tl,{3) -0.95 -0.95 

ZhI,(8) -0.95 -0.95 

ZhI,(9) -0.95 -0.95 

I,a(l) -2.80 -2.80 
l.d7) -2.80 -2.80 

1 ..... (10) 17 
1_(10) 22.5 

10.+ 25 75 
1.- 15 SS 

+75°C 
!.lin MOl Un~ 

0.50 Vd, 

0.50 Vd, 
2.50 Vd, 
2.50 yo, 

2.50 Vd, 
2.50 Vd, 

2.50 Vd, 

10 I'Adc 
10 /lAde 
10 ..... ' 
10 ",d, 
10 I'Adc 

I'Adc 

-0.90 mAde 
-0.90 mAde 
-0.90 mAd, 
-0.90 mAd, 
-2.67 mAde 
-2.67 mAd, 

mAde 
mAd, 

I 



--Integrated Circuits --

MC930/MC830 (continued) 

FLIP-FLOPS 

IIVIC931F 
IIVIC831F 
CLOCKED FLIP-FLOPS 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

1111"" CP2 13 

S,3 I2C, 

S,4 S Te lie, 
cos I 0 lOS, 

Q6 9Q 

Gr-I07 8 

NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 

C,5 

S,3 

S,4 

ELECTRICAL CHARACTERISTICS - MC931F 
Test Conditions 

rnA Volts 
-!!S·C 10.0 0.12 1.40 2.10 • .too 4.50 5.50 

@Test {+25.C 10.6 0.12 1.10 2.00 • 4.00 !i.00 4.!iO 5.50 !1.00 8.00 
Temperature +12S0 C .. , 0.12 0.110 2.00 • 4.00 4.!lO !i.50 

Characteristic 1m 10.... VrL V1H V~ Vl Vee Yea. VCCH Yptl V"",. C~. C~b C~c 
Pin No PinNo PinNo PinNo PinNo PinNo PinNo f'inNo Pin No PinNo PinNo Pin No PinNo PinNo 

OutputVolb,. 

lI.nruCurr.nt 

fltrwardCurrul 

PawerDrlinCurrut 

6CD II 3,4 
6<D 12 3,4 
(; lOd) 5 
9CD 3 1,12 
9CD 4 1,12 
9 50 10 

4 
II 

Swifchln,Tlm' Pulse Pulse 

(~~~~e~,a~~; :~~~Ct"i + r¥- _ 
areconnecled) 2 6 

Prns not listed are left open 

3 
4 

II 
12 

5 
10 

3 
4 
5 

10 
II 
12 

2 

14 
14 

Grounded 
Pin No 

3,7,90 
6@,7,12 

7 
7 

3,4,7 
7 
7 

7,11,12 

2,7 
2,7 

3,4,7 
7,11,12 

2,7 
2,7 

3,4,7,11,12 

7 
7 
7 
7 
7 
7 

4,7,9,10 
5,6,7,11 

7 
2,3,4.7,11.12 

14 Vee 

Symbol TutUmits 
Pin No 55°C 2S·C 
inC } Min MOl Min Max 
VOLIS) 0.40 0.40 
VOl(g} 0.40 0.40 
VOH(6) 2.50 2.60 
V",,(6} 2.50 2.60 
VOM(5) 2.50 2.60 
V",,(9) 2.50 2.60 
VOH (9) 2.50 2.60 
Voo (9) 2.50 2.60 

'_(3) 2.' 2.' 
1.(4) 2.' 2.0 
I.(S} 2.0 2.0 
r.{lD) 2.0 2.0 
I,(II) 2.0 2.' 
1,(12) 2.0 2.0 
r,am 20 20 
¥JI,(l) 1.07 1.07 
~1,(41 -1.01 1.07 
~'.(Il) -1.07 1.07 
~1.(12) -1.07 1.07 
l.c.(2) -3.20 3.20 
I,om -3.20 3.20 
l.sIS) -1.20 1.20 

1,,(10) -1.20 1.20 

1'0.<(14) 11.0 
1 .... (14) 14.5 

25 75 
35 75 

CD Momentarily ground this terminal before applying-0.12mA 
(!)CP,-ClockPulsea 

@ Momentarily ground this terminal before applyinc 101. to complemental)' 
lelminar.l.e .• terminalofoppositef~nction 

CP.-ClockPulseb 
CP.-ClockPulsec 
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@V'~S::::V'l 

125'C 
Min M" Unit 

0.45 yo, 
0.45 yo, 

2.50 yo, 

2.50 yo, 
2.50 yo, 
2.50 yo, 
2.50 yo, 
2.50 yo, 

5.' /lAde 
5.' /lAde 
5.0 /lAde 
5.' /JAde 
5.' /JAde 
5.0 pAdc 
30 Ad, 

-1.00 mAdc 
-1.00 mAdc 
-1.00 mAdc 
-1.00 mAde 
-3.00 mAd' 
-3.00 mAdc 
-1.10 mAde 
-1.10 mAd, 

mAdc 
mAd, 



---Integrated Circuits ---

MC930/MC830 (continued) 

FLIP-FLOPS 

[jlfL] <CS~1J IF 
M©SS"'OI:F 
CLOCKED FLIP-FLOPS 

This clocked flip·flop consists of two directly coupled flip·flops, operating on the familiar "master· 
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip·flop. When the clock voltage is high, the input informa· 
tion is stored in the "master" flip·flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip.flop can be operated in either the R·S or J·K mode. For J·K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Direct set (So) and direct 
clear (CD) inputs are available. 

SYNCHRONOUS TRUTH TABLE 

S, 
Pin 3 

S, 
Pin4 

C1 C1 

Pin 12 Pin 11 

0- Low State (more negative) 
1 _ High State (more positilfe) 

I .... , 

Q 

Pin 6 

x - State of the input does not affect Ihe state of the 
circuit. 

U - Indeterminate State 

ASYNCHRONOUS TRUTH TABLE 

s, C, Q ii 
Pin 10 Pin 5 Pin G Pin 9 

1 1 NC NC 

0 1 1 0 

1 0 0 1 

0 0 1 1 

J·I{ TRUTH TABLE 
(Connect 5, to 0, CI to QJ 

~ t.+. 

S, C, Q 

Pin 3 Pin 12 Pin 6 

0 0 a. 
1 0 1 

0 1 0 

1 1 a. 
Asynchronous inputs, direct set (So) and direct clear (Co), 
override the synchronous inputs; they are independent of all 
other inputs. 

ELECTRICAL CHARACTERISTICS MC831F 

~~~~~BTe;st~C;";d.~'tiO~'~'~~~~~ rnA Volts 

{ 
O·C 10.5 0.12 1.20 2.00 0.45 4.0(1 !I.Dt) 

@Test +2!0e 10.5 0.12 1.10 1.90 0.45 4.00 !I.oo 5.00 .CO 
Temperature +750C 10.2 H.12 US UO 0.50 4.011 5.00 

Characteristic '" IOL IOH V,L V,H v~ VII. Vee Vro V..... CP. 
PinN PinN PinNo PinN PinN PmN PinNo Pin No PinNe Pi~N 

OYlputhltq:t 

.".rnCurrtlit 

forwlnlCYrrllt 

PowerDnllClrTlIlt 

6ID 11 3,4 
6ID 12 3,4 
6 10C!) 5 
9ID 3 11,12 
9ID 4 11,12 
9 50 10 

, 
11 

SWitchlll.l ria. Pulu Pulse 

(:~~~e~,';i~~ :~~~~. 7--T-
Ife connected) 2 6 

Plnsnollistedarelefiopen 

J , 
11 
12 

5 
10 

<DMomenlirily Ifound this t.rmin.1 before Ipplyinl-O.12mA 
IDCP,-Clock Pulse I 

CP.-Clock Pulse b 
CP.-ClockPulue 

14 
14 
14 
14 
14 
14 
14 
14 

J 14 , 14 
5 14 

10 14 
11 14 
12 14 
2 14 

14 
14 
14 
14 
14 
14 
14 
14 

14 
14 

14 
14 

'" '" CP. CP, 
Pi~N o PinN 
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Symbol Test Limlls 
Grcundd 

PinNa D'C +25·C 
PinNe int) Uin "ax "I, lJax 

3,7,9<D Vod6) 0.45 0.45 
6CD,7,12 Vod9) 0.45 0.45 

7 V",,(6) 2.60 2.60 
7 V",,(6) 2.60 2.60 

3,4,7 V",,(6} HiD 2.60 
7 V",,(9) 2.60 2.60 
7 V",,(9) 2.60 2.60 

7,11,12 V",,(9) 2.60 2.60 
2,7 1.(3) '.0 '.0 
2,7 1.(4) '.0 '.0 

3,4,7 1.(5) 5.0 5.0 
7,11,12 1.(10) '.0 '.0 

2,7 1.(11) '.0 5.0 
2,7 1.(12) 5.0 5.0 

3,4,7,11,12 l'co (2) 30 30 

7 ;'..1,(3) -0.95 -{l.95 
7 ;'..1,(4) -0.95 -0.95 
7 ~1,(l1l -0.95 -0.95 
7 ~1,{l2) -0.95 -0.95 
7 l.co (2l -2.80 -2.80 
7 1'0-(2) -2.80 -2.80 

4,7,9,10 I'${S) -1.05 -1.05 
5,6,1,11 l'l(10) -LOS -1.05 

7 1,(IH(14) 14.0 
1,3,4,7,11,12 1 .... (14) 18.0 

'.+ 25 75 , - 35 75 

CDMomenlirily ,round this terminll belore Ippl)'in,IOl. to complementary 
lerminal,i.e., terminal of oppositefllnction 

@V,u =V,~ 

+75·C 
"I, "" Unit 

0.50 Vd, 
0.50 'do 

2.50 Vd, 

2.50 Vd, 
2.50 Vd, 

2.50 Vd, 
2.50 'do 
2.50 Vd, 

10 }L"'de 
10 }L ... de 
10 " ... de 
10 " ... de 
10 " ... de 
10 " ... de 
40 Ad, 

-0.90 mAd, 
-0.90 m"'de 
-0.90 m"'de 
-0.90 mAde 
-2.67 .Ad, 
-2.67 m"'de 
-1.00 mAde 
-1.00 .Ad, 

mAd, 
mAd, 

" " 



--Integrated Circuits --

MC930/MC830 (continued) 

FLIP-FLOPS 

MC945F 
MCS45F 
CLOCKED FLIP-FLOPS 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

'11 14

''" 

CP2 13 

S,3 12C, 

S,4 SIC lIe, 
CoS I I) lOs" 

Q6 90 

GND7 8 

Q6 

14 Vee 

Vee 140-_---1--+--+----1----.,.--1--1---..---<> 
NOTE; For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, see page 13-166. 

5,3 

5,. 

ELECTRICAL CHARACTERISTICS - MC945F 
Test Conditions 

mA Volts 
-!lSoC 14.1 0.12 1.40 2.10 0 e.GO 4.!!0 .... 

@Test {+250C 15.2 H.12 1.10 2.00 0 4.00 5.00 4.50 !I.SO 5.00 '.00 Temperature +1250C 13.1 0.12 0.10 2.00 • 4.00 4.50 !I. SO 

I" 10 " 
V. V," V, V. Vee Vea. VCCH V", V_ C~, 

OJ 
Grounded Characteristic CPo 

PinNo Pin No PinNo Pin No in No PinNo PinNo inNo PinNo inNo Pin No PinHo PinHo PinNo 

OltpulYan", I. 3,7 
14 7,12 

• II 3,' 14 7 
12 3,' 14 7 
IIJ@ , I. 3,4,7 
3 Il,i2 I. 7 

• Il,12 14 
5Q) 10 14 7,11,12 

burnC.rr •• t I. 2,7 

" ',7 
14 3.4,7 

10 14 7,11,12 
II 14 2,7 
12 14 2,7 

2,14 3,4,7,11,12 

FlNWlrdC~m.t " • 14 
II 14 
12 14 , I. 2,7 

10 14 2,7 
14 3,7,10,12 

10 14 4,5,7,11 

' .... rDrI)" CUrf •• t 14 
14 2,3,4,7,11,12 

Swltc.ln, Till' Pulse Pulse 
(Pin 3 ecnneeted ~ ~ toPing,PinS 2 • 14 
ccnnectedtoPinll) 2 14 

Pins not hsted Ire left open @CP.-ClockPulsea 

(!) V"l ""V" CP.=ClockPulsee 
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Symbol Test limits 
PinNII 55'C +25'C +125°C 
in( ) MI, M" Min M .. MI, M" 
Vo,(6) 0.40 0.40 0.45 
Vod9) 0.40 0.40 0.45 
v.,., (6) 2.50 2.60 2.50 
V"..!S) 2.50 2.S0 2.50 
V"..(S) 2.S0 2.S0 2.50 
V"..(9) 2.50 2.60 2.50 
V.,.,(9) 2.50 2.60 2.50 
V".. (9) 2.50 2.60 2.50 

1.(3) 2.0 2.0 '.0 
1.(4) '.0 2.0 '.0 
1.(5) 2.0 '.0 '.0 
r.(1O) 2.0 2.0 '.0 
1.(11) 2.0 '.0 '.0 
r.(12) '.0 2.0 '.0 
1.",(2) " " 30 

~1,(3) -1.07 -1.07 -l.ot) 
~I,(4) -1.07 -1.07 -1.t)0 

2f.JI,(l1) -1.07 -1.07 -LOt) 
2f.JI,C12} -1.07 -1.07 -l.0t) 
l,c.(2) -3.20 -3.20 -3.00 
l,c.(2) -3.20 -3.20 -3.00 
l,jIS} -3.20 -3.20 -3.00 
1,,(10) -3.20 -3.20 -3.0t) 

1,,,,,(14) 11.0 
'_,(141 14.5 

tp .+ " 100 
k~ " " 

90 

u,n 
yo, 
yo, 
yo, 
yo, 
yo, 
yo, 
yo, 
yo, 

JlAdc 
JlAdc 
/JAde 
/JAde 
/JAde 
JlAde 
/JAde 

mAde 
mAde 
mAde 
mAde 
mAde 
mAde 
mAde 
mAde 

mAde 



---Integrated Circuits ---

MC930/MC830 (continued) 

FLIP-FLOPS 

MC945F' 
MC84!5lF 
CLOCKED FLIP-FLOPS 

This clocked flip·flop consists of two directly coupled flip·flops, operating on the familiar "master
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip·flop. When the clock voltage is high, the input informa
tion is stored in the "master" flip·flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip·flop can be operated in either the R·S or J-K mode. For J·K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous inputs, direct 
set (So) and direct clear (CD), override the synchronous inputs. No matter what other inputs are applied 
to the flip·flop, the direct set and clear inputs prevail. 

The outputs of the MC945 and MC845 are buffered, thereby reducing the possibility of circuit disturb
ance from extern al line noise. 

SYNCHRONOUS TRUTH TABLE 

S, 
Pin 3 

S, 
Pin 4 

c, C, 
Pin 12 Pin 11 

o ~ Low state (more negative) 

1 _ High State (more positive) 

Pin 6 

Q. 

Q. 

Q. 

x- State of the input does not affect the state of the 
circuit. 

U_lndeterminateState 

ASYNCHRONOUS TRUTH TABLE 
s, 

Pin 10 

I 

0 

I 

0 

S, 
Pin 3 

C, Q 

Pin 5 Pin 6 

I NC 

I I 

0 0 

0 I 

J-K TRUTH TABLE 
(Connect 51 to a, Cl to QJ 

C, 
Pin 12 

Q 

Pin 9 

NC 

0 

I 

I 

Pin 6 

Q. 

a. 
Asynchronous inputs, direct set (So) and direct cleaf (CD), 
override the synchronous inputs; they are independent of all 
other inputs. 

ELECTRICAL CHARACTE~ISTICS MC845F 

rnA Yolls 

@ Test {+2::~ ~::: ~:~~ ~:~: ~::: ~::: ::~~ :::: 5.00 1.00 
Temperature +1S0C 16.0 0.1 0.95 1.80 0.50 4.00 5.00 

'" <!l 
Characteristic IOL IOH V1l V1H V, V. Vee V~ y ..... CP, CP~ 

~M~M~M~M~M~M~M~M~M~M~M 

OatplltYolt1te 

6 11 3,4 

R'YlluCurJut 

forwlldCurJlJlt 

'h.rDlllnC,frllt 

SwltchilllTiIi' Pulse Pulse 

~:i~i~ ~~~~:c~ed ~ r-¥-
cOl1nectedtGPinll) 2 

P,nsnotllstedlreleltopn 
<DV,u ::::VOl 

12 3.4 
UCD 5 
3 11,12 
4 11,12 
~ 10 

10 

, 
II 
12 

- 10 

14 
14 

I' 
I< 

I' 
I' 
I' 
I' 

I' 
I' , I' 

10 I' 
II I' 
I' I' 

2,14 

I' 
I' 
I' 
I' 
I' 
I' 
I' 
I' 

I' 
I< 

I' 
I' 

<iJ CP. = Clock Pulse I 
CP.=Clockhlsec 

Grounded 
PinNa 

3.7 
7,12 

7 

3,4,7 
7 
7 

7,ll,lZ 

'.7 

'-' 
3,4,7 

7,11,12 

'-' 
'-' 

3,4,7,11,12 

7 

2-' 
'.7 

3,7,10,12 
4,5,7,11 

7 
2,3,4,7,11,12 
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Symbol 
PinNa O·C 
inC I Min Max 
Vol (6) 0.45 
Vod9) 0.45 

" OH (5) 2.60 
\/.,.,(6) 2.50 
V.,..{6} 2.60 
'101«9) 2.60 
'1",,(9) 2.60 
VOli (9) 2.60 

I,tl} '.0 
1,(4) 5.0 
1,(5) '.0 

1.(10) '.0 
1.(11) '.0 
I,(IZ} 5.0 
l. ct (2) JO 

~1,(3} 0.95 
~ld4) -0.95 
~1.(l1) -0.95 
¥.!1.(l2) -0.95 
l,a(2) -2.80 
10<;0(2) -2.80 
11$(5) -2.BO 

1,,(10) -2.BO 

1.(lH(14) 
'_(14) 

t.+ 
t.-

Test limits 
+2SoC +75°C 

"'In Max Min lAax 
0.45 
0.45 

2.60 
2.60 
2.60 

2.60 
2.60 
2.60 

'.0 
5.0 
5.0 

'.0 
5.0 
'.0 
30 

0.95 
-0.95 
-0.95 
-0.95 
-2.80 
-2.80 
-2.80 
-2.80 

I' 
18 

" 100 

I' " 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

0.50 
0.50 

10 
10 
10 
10 
10 
10 
40 

0.90 
-0.90 
-0.90 
-0.90 
-2.67 
-2.67 
-2.67 
-2.67 

Unn 
vo, 
yo, 
yo, 
yo, 
yo, 
yo, 

'do 
yo, 

/lAde 
}lAde 

"Ade 
}LAde 
/lAde 
p.Adc 
jiMe 

mAd, 
mAde 
mAde 
mAde 
mAd, 
mAde 
mAde 
mAde 

mAde 
mAde 

I 

I 

I 
I 
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--Integrated Circuits --

MC930/MC830 (continued) 

FLIP-FLOPS 

MC94SF 
MC848F 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

CLOCKED FLIP-FLOPS 

SYNCHRONOUS TRUTH TABLE 

l 1.+ 1 

S, S, c, c, Q 

PIn 3 Pin 4 Plo 12 Pin 11 Pin G 

0 , 0 , 0. 

0 , , 0 0. 

, 0 0 , 0. 

, 0 , 0 0. 

0 , 1 1 0 

, 0 1 1 0 

1 1 0 , 1 

06 

'11 14 vee 
CP2 13 

5,3 12C, 

5,4 SIC !l C, 

C~5 '0 10 S" 

Q6 9(1 

GND7 8 

NOTE: For Clock Pulse Waveforms and 
Propagation Delay Time test circuit and 
circuit waveforms, sec page 13-166. 

1 1 , 0 1 14 Vee <>----.---+-t--.--+--,---t-+---,,--<> 
1 1 1 

0- low State (more negative) 
1 - High Stale (more positive) 

1 U 

x - State of the input does not affect the state of the 
circuit. 

U - Indeterminate state 
S,3 

S,4 

ELECTRICAL CHARACTERISTICS - MC948F 

-!550C 
@Test {+250C 

Temperature +1250 C 

Characteristic 

OutputVolu,1 

.... rs.Curr •• t 

forwardCurrnt 

'ower Drill C.rrnt 

Swltehln, Tim, 
(Pin3conMeted 
10 Pin 9; Pin G 
eonneeled 10 Pin III 

Test Conditions 
m. Volts 

13.0 0.121.40 2.10 4.00 'UD 5.50 
13.& 0.12 1.10 2.00 4.00 5.00 4.50 !!.50 5.00 11.00 
12.3 0.12 0.80 2.00 , 4.00 4.50 S.!lO 

_ill _'" 
IOL IOH V'l Viii V~ YR Vec YCCl CCH Yro y..... CPo CP., 
PinNonnNo~n~PinNo~n~PinNo~nNoPin~P~NoPinNo~nNoAn~PinNo 

6 11 3,4 
6 12 3,4 
6 IO(D 5 
9 3 ll,ll 
9 4 11,12 

S<D 10 

11 
12 

10 

10 

Pulse Pulse 

~ 2 ~ 6 
2 

10 
11 
12 

14 
14 

14 
14 
14 
14 
14 
14 
14 
14 

-
14 
14 
14 
14 
14 
14 
14 

14 
14 
14 
14 
14 
14 
14 
14 

14 
14 

Plnsnol listed are le!topen <DCP, Clock Pulse a 
CP, = Cloek Pulse c <DV,U=V" 
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Grounded 
PinNa 

3,7 
7,12 

7 
7 

3,4,7 
7 

7,11,12 

2,7 
2,7 

3,4,7 
7,11,12 

2,7 
2,7 

3,4,7,11,12 

7 
7 

2,7 
2,7 

3,7,10,12 
4,5,7,11 

7 
2,3,4,7,11,12 

Symbol 
PinNo 55°C 

Test limits 
+25°& +125°& 

in( l Min Mu Min Mu Min Mu 

VodG) 0.40 0040 0.45 

Vod9) 0.40 0.40 0.45 
VOH (5) 2.50 2.60 2.50 
V"",(6) 2.50 2.60 2.50 
VOM(G) 2.50 2.W 2.50 
VOH (9) 2.50 2.60 2.50 
VOM(9) 2.50 2.60 2.50 
VOM (9) 2.50 2.60 2.50 

1.(3) 2.0 2.' 5.' 
1.(4) 2.0 2.0 5.0 
1.(5) 2.0 2.0 5.0 
1.110) 2.0 2.0 S.' 
I.lll) 2.0 2.0 5.0 
10(12) 2.0 2.0 5.0 
l'c,(2) 20 20 30 

¥.JI,(3) 1.1)7 1.07 1.00 

7IJI,(4) -1.07 -1.07 -1.00 

¥.J',llll -1.07 -1.07 -1.0(1 

~1,n21 -1.07 -1.07 -1.00 

1.(;>(2) -3.20 -3.20 -3.00 

I.c, (2) -3.20 -3.20 -3.00 

In(S) -3.20 -3.20 -3.00 

Inll O) -3.20 -3.20 -3.00 

1,,,..(14) 13.5 
1_(14) 

'"+ 25 75 
t .. - 15 55 

90 

DnH 
yo, 

Vdo 
Vdo 
yo, 

Vdo 
yo, 
yo, 

Vdo 

/-lAde 
/-lAde 
/-lAde 
/-lAde 

"Ad, 
/-lAde 

"Ade 

mAde 
mAde 
mAde 
mAde 
mAde 
mAde 
mAde 
mAdc 

mAde 



--Integrated Circuits --

MC930jMC830 (continued) 

FLIP-FLOPS 

MCS9>4~EF 
MCS4SlF 
CLOCKED FLIP-FLOPS 

This clocked flip·flop consists of two directly coupled f1ip·flops, operating on the familiar "master
slave" principle. Since operation depends only on voltage levels, the shape of the input clock becomes 
unimportant in determining the state of this flip·f1op. When the clock voltage is high, the input informa· 
tion is stored in the "master" flip-flop, being transferred to the "slave" when the clock voltage is low. 

This clocked flip-flop can be operated in either the R-S or J·K mode. For J·K operation the Q output 
is connected to a clear input, and the Q output is connected to a set input. Asynchronous inputs, direct 
set (So) and direct clear (Col, override the synchronous inputs. No matter what other inputs are applied 
to the flip·flop, the direct set and clear inputs prevail. 

The outputs of the MC948 and MC848 are buffered, thereby reducing the possibility of circuit disturb
ances from external line noise. 

The output pull-up resistor has been changed from that utilized in the MC945 and MC845 in order 
to improve the propagation delay·versus·capacitance characteristics. 

ASYNCHRONOUS TRUTH TABLE 

s. c. Q ij 
Pin 10 Pin 5 Pin 6 Pin 9 

1 1 NO NC 

0 1 1 0 

1 0 0 1 

C 0 1 1 

S, 
Pin 3 

J-K TRUTH TABLE 
(Conne~t S1 to Q, Cl to QJ 

c, 
Pin 12 Pin G 

a. 
Asynchronous mputs, direct set (So) and direct clear (Co), 
override the synchronous inputs; they are independent of all 
other inputs. 

ELECTRICAL CHARACTERISTICS - MC848F 

0" 
@Test {+250C 

Temperature +750 C 

Characteristic 

OutputYolUli 

Re"rSlC~rrnt 

ForwardCurrllt 

PcwuOralnCurtut 

Swltcl11DIYimi 
(Pin 3 cOMected 
toPinS,Pln6 

TestCanditions 
rnA Volts 

15.4 ~}2 1.20 2.00 0.45 4.00 5.00 
15.4 0.12 1.10 1.90 O .• U 4.00 5.00 5.00 11.00 
14.6 0.12 0.95 1.80 0.50 ".00 5.00 

101. IOH V1L V1H VF VR Vee y~ V..... CPo C~c 
PinNoPjnNcPinNoP~NoPinNoP~NoP~NoPinNoPinNoP~NoP~No 

14 
14 

6 11 3,4 14 
6 12 3,4 14 
6 100 5 14 

3 11,12 14 
9 4 11,12 I. 
9 50 10 I. 

I. 
I. 
I. 

10 I. 
II I. 
12 14 
2 I. 

I. 
I. 

II I' 
12 I. 

I. 
10 I' I. 

10 I. 
I. 

I' 
Pulse Pulse 

~~- I. 
conneetedtoPlnll) 2 I. 

Pmsnot listed are leflopen @cp. CIOtkPulsea 

CP.= Clock Pulse c 

Grounded 
PinNo 

3.7 
7,12 

7 
7 

3,4,7 
7 
7 

7,11,12 

2,7 

'.7 
3,4,7 

7,11,12 

'.7 
',7 

3,4,7, II, 12 

2,7 

'-7 
3,7,10,12 
4,5,7,11 

2,3,4,7,11,12 
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Symbol Test limits 
PinNo O'C +2SoC 
In( J lJin Un lAin "IX 
Voc!S) 0.45 0.45 
Vo.(S) 0.45 0.45 
V",,(G) 2.60 2.S0 
V",,(6) 2.S0 2.60 
V",,(S) 2.60 2.S0 
V",,(9) 2.60 2.S0 
V",,(9) 2.S0 2.60 
V",,(9) 2.S0 2.S0 

1.(3) 5,0 5,0 
1.(4) 50 5,0 
1,(5) 5,0 5,0 

1,(10) 5,0 50 
1.(11) 50 5,0 
I,U21 5,0 5,0 
1.,,(2) 30 30 
¥lI,(3) 0.95 0.95 
¥lI,(4) -0.95 -0.95 

¥ll,(ll) -0.S5 -0.S5 
~I,(l2) -0.95 -0.95 

l'co(2} -2.80 -2.80 
1,,,(2) -2.80 -2.80 
1,,(5) -2.80 -2.80 

In{lO) -2.80 -2.80 

1, .... {l4) 17 
1_.(4) 22.5 

'.+ " 75 ... - 15 " 

+7S-C 
Ufn l.tu: Un~ 

0.50 ", 
0.50 ", 

2.50 Vdo 
2.50 ", 
2.50 ", 
2.50 Vd, 
2.50 ", 
2.50 ", 

10 ... Ade 
10 ... Ade 
10 ... Ade 
10 ... Ade 
10 ... Ade 
10 ... Ade 
40 ... Ade 

O.SO mAde 
-0.90 mAde 
-0.90 
-0.90 mAde 
-2.67 mAde 
-2.S7 mAde 
-2.S7 mAde 
-2.67 mAde 

mAd, 

I 

I 
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-- Integrated Circuits --

MC930/MC830 (continued) 

FLlP·FLOPS 

Pulse .. 
CPo > 2.5 V 

PULSE b 
CPb > 2.5 V 

PULSE c 
CPo > 2.5 V 

START 
OF 

TEST 

CLOCK PULSE WAVEFORMS 

TEST TIME 

I 
T, 

I -5S'C 

V, +2S'C 

+12S'C 

I O'C 

VOTH 
+2S"C 

+7S'C 

MOMENTARY GROUNDS RELEASED (MegJl, Me8l1) 

h<II4S 

TEST CONDITIONS 

VeITH 

MC931 MC945 MC948 

1.10 V LI5V 1.30 V 

0.95 V 0.95 V 1.15 V 

0.75 V 0.65 V 0.85 V 

Meall MC845 MC848 

1.00 V 1.00 V 1.20 V 

0.95 V 0.95 V 1.15 V 

0.85 V 0.65 V 0.B5 V 

PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH::: 200 ns 

t,=1t=10ns 

"'WI4Y«--1-"""'--~--OV('C=5'OVdC 
'.' 

~ , ~ IIC, 

06 gO 

0" 
'-----------<>--+-1-+----+--<> TO OSCILLOSCOPE 

Only connected pins are shown. 
All others are open 

Me833 or 
equ!v.illent 
used for 
diodes. 

For devices in the IO-pln can, 
the following connections apply, 

C, =pin 1 
S,=pirl2 
SI::: pin 3 
C,::: pin 9 
Cl= pin 8 
Q::: pin 4 
Q::::: pin 6 

Vee::: pin 10 
GND::: pin 5 

INPUT 
WAVEFORM ~ ~ /,,, 
~~GND 
:y=~ 

OUTPUT 
WAVEFORM 

13·166 

\ ~LSV 
GNO 



---Integrated Circuits ---

MC930/MC830 (continued) 

GATE EXPANDERS 

M<C$)33G 
1AAl<C$33G 
DUAL 3-4 INPUT 
EXPANDERS 

This dual expander consists of two independent diode networks with characteristics matched to 
the input diodes of the gate and buffer elements in this logic family. Its use increases the fan-in capa· 
bility of other MDTl devices to a maximum of 20 while only slightly affecting performance. 

10 W' 
2 B 

3 1 

4 6 
5 

MC9331F 
MC833fF 
DUAL 4-INPUT 
EXPANDERS 

CIRCUIT DIAGRAM AND [OGIC SYMBOLS 

10 O---j("'}---, 

This dual expander consists of two independent diode networks with characteristics matched to 
the input diodes of the gate and buffer elements in this logic family. Its use increases the fan·in capa
bility of other MDTl devices to a maximum of 20 while only slightly affecting performance. 

'1114 2 " 
3 12 

4 11 

5 10 
6 , 

7 8 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

r----ct--013 

I---{:I---o 12 

<>------+--*-,--{::!---+-----o 11 

I 

13-167 

I 
I 
I 
I 
I 
6 

I---{:I---o 10 

I 



--Integrated Circuits --

MC930/MC830 (continued) 

GATE EXPANDERS 

MC933G 
DUAL 3-4 INPUT EXPANDERS 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

mA Volts 
{ ,,·c 2.00 ~.oo 

@Test +2'.C 2.00 4.00 
Temperature +12'.C 2.00 '.00 

1", V, Characteristic 
Pin No PinNo 

farw,rdYolliU 

Rn.rnCurrnt 

PillS not Itsted are leltopen 

MC933F 
DUAL 4-INPUT EXPANDERS 

10 
2 

Graullded 
PinNo 

1,5 
3,5 
4,5 
5,10 

1,3,4,5,10 
5,6 
5,7 
5,9 

5,6,7,9 

3,4,5,10 
1,4,5,10 
1,3,5,10 

5,7,9 
5,6,9 
5,6,7 

1,3,4,5 
5 

ELECTRICAL CHARACTERISTICS 
Test Conditions 

mA Volts 
{ 55°C 2.00 04.00 

@ Test +2~OC 2.00 04.00 
Temperature +1250C 2.00 04.00 

Characteristic 1" V, Grounded 
Pin No PinNo Pin No 

ForwJrdYoltJ" 2,7 
3,7 
5,7 
6,7 

4 2,3,5,6,7 
11 7,9 
II 7,ICl 
II 7,12 
II 7,13 

Symbol 
PinNo 
in( I 

V,e(Z) 
V,c(2) 
V'C(Z) 
V,peZ) 
v,o(2) 

V.oCB) 
V.o{B) 

V,oCS) 
V,c(S) 

1.(1) 

1.(3) 
1.(4) 
1.(6) 

1.(7) 
1.(9) 

1,lID) 
SI.m 
51.(8) 

Symbol 
Pin No 
in! I 

V,c(4) 
V,o(4) 
V,c(4) 
V,o(4) 
V,c(4) 

V'D(Il) 
V'D{1I) 
V'D(1ll 
V'DUl) 

II 7,9,10,12,13 V'D(Il) 

RenrseCullut 3,5,6,7 1,(2) 
2,5,6,7 1,(3) 
2,3,6,7 1,(5) 
2,3,5,7 1,(6) 

7,10,12,1] 1,(9) 
10 7,9,12,13 1,(10) 

12 7,9,10,13 1,(12) 

IJ 7,9,10,12 1,(13) 
7 51.(4) 

II 7 5I,(1l) 

Pins not listed are left open 
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55"C 
Min Max 

0.98 
0.98 
0.98 
0.98 

0.85 
0.98 
0,98 
0.98 

0.85 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
10 
10 

WC 
Min Max 

0.98 
0.98 
0.98 
0.98 

0.85 
0.98 
0.9S 
0.9S 
0.98 

C.SS 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
10 
10 

Test limits 
+25-C +125-C 

Min "'ax Min Max Unit 

0.82 0,65 VO, 
0.82 0.65 VO, 
0.82 0.65 VO, 
0.8Z 0.65 VO, 

0.70 0.50 VO, 
0.82 0.&5 VO, 
0.82 0.65 VO, 
0.82 0.65 Vd, 

0.70 0.50 Vd, 

2.0 5.0 "Ade 
2.0 5.0 "Ade 
2.0 5.0 ",Adc 
2.0 5.0 ,uAdc 
2.0 5.0 ",AIle 
2.0 5.0 "Ade 
2.0 5.0 "Ade 
10 25 ,Ad, 
10 25 pAdC 

Test limits 
+2S"C +12S-C 

Min .ax Min Max Unit 

0.82 0.65 Vd, 
0.82 0.65 Vd, 
0.82 0.65 Vd, 
0.82 0.65 Vd, 

0.70 0.50 Vd, 
0.82 0.65 Vd, 
0.82 0.65 Vd, 
0.82 0.65 VO, 
0.82 0.65 Vd, 

0.70 0.50 Vd, 

2.0 5.0 /JAde 
2.0 5.0 pAdc 
2.0 5.0 pAdc 
2.0 5.0 pAdc 
2.0 5.0 pAdc 
2.0 5.0 /JAde 
2.0 5.0 pAdC 
2.0 5.0 /JAde 
10 25 pAdc 
10 25 /JAde 



-- Integrated Circuits --

MC930/MC830 (continued) 

GATE EXPANDERS 

[MJ]CCS33<Gl 
DUAL 3-4 INPUT EXPANDERS 

ELECTRICAL CHARACTERISTICS 

@Test 0 
{ ,., 

Temperature :~:o~ 

Characteristic 

hrwuc1ValtaZI 

RennltuTTut 

Pins not II$ted ~re left open 

Test Conditions 
rnA Volts 

2.00 
2.00 
2.110 

I" 
PinNo 

4.00 

"-DO 
4.00 

V, 
PinNo 

" 2 

DUAL 4·INPUT EXPANDERS 

Grounded 
PinNo 

1,5 
3,5 
4,5 

5,10 
1,3,4,5,10 

5,6 
5,7 
5,9 

5,6,7,9 

3,4,5,10 
1,4,5,10 
1,3,5,10 

5,7,9 
5,5,9 
5,6,7 

1,3,4,5 
5 

ELECTRICAL CHARACTERISTICS 
lest Conditions 

{ ,.,' mA Volts 
2.00 4.00 

@Tp!st +25.C 2.00 4.00 Temperature +75.C 2.00 4.00 

I" V, Grounded Characteristic 
PinNo PinNo Pin rio 

FOfwlfdVolt3,1 2,7 
3,7 
5,7 
6,7 

4 2,3,5,6,7 
11 7,9 
11 7,10 
11 7,12 
11 7,13 
11 7,9,10,12,13 

RneneCurrent 3,5,6,7 
2,5,6,7 
2,3,6,7 
2,3,5,7 

9 7,10,12,13 
10 7,9,12,13 
12 7,9,10,13 

" 7,9,10,12 
7 

1l 

Pins not IIUedare le1topen 

Symbol 
PillNo O·C 
in( I Min Max 

1100(2) 0.90 

Voo 12) 0.90 
"',,(2) 0,90 

.... o(2) 0.90 
V.,(2) 0.75 

V'D(8) 0.90 
\100 IS) 0.90 

",,(8) 0.90 

11'0(8) 0.75 

1,(1) 5.' 
1,(3) 5.0 
1,(4) 50 
I,{S) 5.0 
1,(7) 5.0 
1,I9} 5.0 

1,(10) 5.0 
21,(2) 
2I,(B) 

Symbol 
Pin rio O·C 
in( I Min Mal 
V,D(4) 0.90 
V,o(4) 0.90 
V,.(4) 0.90 
V,o(4) 0.90 
"",0(4) 0.15 
V,. (I I) 0.90 
V,.(ill 0.90 
V,.(Il) 0.90 
V. o(l1) 0.90 
V.D(Il) 0.75 

1,(2} 50 
I,m 5.0 
I,(S} 5.0 
1,(6) 50 
1,(9) 5.0 

1.(10) 5.0 
1.{l2) 5.0 
1,{lJ) 5.0 
21.(4) 

21,(11) 
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Test limits 
+25·C +15·C 

Uin Max lAin Un Unit 

0.82 0.75 yo, 
0,82 0.75 yo, 
0.82 0.75 yo, 

0.82 0.75 yo, 

0.68 0.60 vd, 
0.82 0.75 "0 
0.82 0.75 Vdo 
0.82 0.75 "0 

0.68 0.60 yo, 

5.0 " ,,,, 
5.0 10 liMe 
5.0 " pMc 
5.0 " ,'" 
5.0 " pAdc 

5.0 " "Ade 
5.0 " !lAde 

" "Ade 

" pAde 

Test limits 
+2S·C +7S"C 

Min Max Min Mal Unit 

0.82 0.75 Vdo 
0.82 0.75 Vd, 
0.82 0.75 Vdo 
0.82 0.75 Vd, 

0.60 YOo 
0.82 0.75 Vdo 
0.82 0.75 Vdo I 
0.82 0.75 Vdo 
0.82 0.75 Vdo 

0.68 0.60 Vdo 

5.0 10 "Me 
5.0 10 ).lAde 
5.0 10 I"~,de 

5.0 10 I'Adc 
5.0 10 "Me 
5.0 10 "Adc 
5.0 10 ).lAde 
5.0 10 "Me 
10 "Me 
10 "Me 



---Integrated Circuits ---

MC930/MC830 (continued) 

LOGIC GATES 

MC930G 
MC830G 
DUAL 2·3 INPUT 
"NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

10 @' 2 , 

3 7 

• 6 
5 

POSITIVE lOGIC 

4;::::~ 

6;::::8-9-(7) 

10 @' 2 , 

3 7 

• 6 
5 

NEGATIVE lOGIC 

4::::1+2+3 

6::::8+9+(7) 

ELECTRICAL CHARACTERISTICS - MC930G 
Test Conditions 

mA Volts 

@Test {~~::~ ~!:: ~:~2 ~:~: ~:~~ 1.80 
Temperature +1250C 10.8 0.12 0.80 2.00 

4.00 4.!l0 !i.SO 
4.00 4.50 5.00 4.50 5.50 5.00 B.OO 

o 4.00 

Characteristic 10l IOH V1l V1H Vx VF VR Yea Vee Yea. VCCH V~D V...... Grounded 
PinNPinNPinNoPinNoPinNoPinNPinNoPinNoPinNoPinNoPin~Pin~PinN ~nNo 

DutputYolblt 

Shart-CircultCutreftt 

RtverseCurrent 

OutputLukaKeCurrtnt 

Farwud Current 

Powtr Drain Cutrut 

SwitchiniTime 
(Pin 4 connecled 
loPin 8) 

Pulse Pulu 

-f-r7 
Pins not hsledare leltopen 

1,2,3 

',' 

2,3 
1,3 
1,2 

4,10 
6,10 

10 
10 
10 
10 
10 
10 
10 
10 

" 10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 

10 
10 
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1,4,5 
5,6,8 

2,3,5 
1,3,5 
1,2,5 

5,' 
5,' 

1,5 
5,8 

I,S,g 

Symbol 
PinNa 
in( } 

Voc!4) 
VOLl6} 
VoH (4) 
VoH (4) 

V"..(4} 
V",,(6) 
VoH (6) 

VO~ ~6) 

Ilc(4) 
lIe ~6) 

1,(1) 
I, ~2} 
1,13} 
1.18) 
1,(9) 

Icl .{4) 
Ic .. (6) 

I,ll} 
1,12} 
1,I3} 
1,18} 
1,(9) 

1.0tl (10) 
1 ... ,110) 

'.+ 
,"-

4 5 6 

TestL1mlts 
SS"C +2S"C 12S"C 

Min " .. Min " .. Min " .. Un" 
OAO 0.40 0.45 VO, 
0.40 0.40 0.45 VO, 

2.50 2.60 2.50 VO, 
2.50 2.60 2.50 VO, 
2.50 2.60 2.50 VO, 
2.50 2.60 2.50 VO, 
2.50 2.60 2.50 VO, 

2.60 VO, 

-1.34 -1.34 -1.30 mAde 
-1.34 -1.34 -1.30 mAde 

2.0 2.0 5.0 ~Adc 
2.0 2.0 5.0 ~Ade 
2.0 2.0 5.0 ~Ade 

2.0 2.0 5.0 ~Adc 

2.0 2.0 5.0 ~Adc 

50 ~Adc 
50 /lAde 

-1.50 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 

6.5 mAde 
5.5 

25 80 
10 30 



---Integrated Circuits ---

MC930/MC830 (continued) 

LOGIC GATES 

MC930G 
MCS30G 
DUAL 2-3 INPUT 
"NAND/NOR" GATES 

This gate element consists of one 2·input and one 3.input "NAND/NOR" gate circuit. Other applica· 
tions include cross·coupling to form a bistable multivibrator. or connecting the outputs in parallel to 
perform the logic "OR" function. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH = 200 ns 

JU1.:" :v~·~ v 
PULSE INPUT 0--------,1( 

Onlyconneclecl pins are shown. 
All others are Ilpen 

'lC....Y.-r-t--<--+---o 
Me833 or 
equivalent 
used for 
diodes. 

TO OSCillOSCOPE 

ELECTRICAL CHARACTERISTICS - MC830G 

D·C 
@Test {+250C 

Characteristic 

12.0 
12.0 
'1.4 

Icc 

rnA 
D.' 
D.' 
D.' 

'
0

" 

1.20 2.00 
1.10 1.90 
0.95 1.BO 

V" V," 

Test Conditions 
Viliis 

0.45 4.00 5.00 
1.80 0.45 4.00 5.00 5.00 5.00 8.00 

0.50 UO 5.00 

V, V, V. Vw Vee Vro V_. 
PinNo Pintlo Pintlo PinNo PinNo PinNo PinNG PinNo PinNo PinNo PinN 

Grllunded 
PinNa 

OutlfUtYattal:l 

Shart·ClrcultCumnl 

RenrseCurTut 

Fonll'lrdCurrent 

Po •• rDrain Curllnt 

SwltchinlTime 
(Pin 4 connected 
toPin8) 

Pulse Pulse 

~~ 
3 6 
3 

Pins not Iisled are left open 

1,2,3 
8,9 

-

',3 
1,3 

1,' 

9 

4,10 
6,10 

10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 

10 
10 
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1,4,5 
5,6,8 

2,3,5 
1,3,5 
1,2,5 

5,9 
5,8 

1,5 
5,8 

5 
1,5,8 

'~'" 
~~'NO 

B -.-1 LLSV 
----------- 'NO 

Symbol Test Limits 
PinNo O·C +25°C +7S-C 
in( I Min .ax Min .ax Min Max Unit 
Vol (4} 0.45 0.45 0.50 VO, 
VOl (6) 0.45 0.45 0.50 yo, 

"'o~(4) 2.60 2.60 2.50 yo, 
V.,..(4) 2.60 2.60 2.50 ", 
Vo~(4) 2.60 2.60 2.50 yo, 
Vo .. (6) 2.60 2.60 2.50 yo, 

Vo~(6) 2.60 2.60 2.50 Vd, 
Voo«6) 2.60 Vd, 

i1c (4) -1.30 -1.30 -1.25 mAde 
l'e(6) -1.30 -1.30 -1.25 mAde 

1,(1) 5.0 5.0 10 J.!Ade 
1,(2) 50 50 10 /LAde 
1,(3) 5.0 5.0 10 I'Adc 
1,(8) 5.0 10 I'Adc 
1,(9) 5.0 50 10 I'Ade 

Ic .. (4) 100 /lAde 
Icu(6) leO /lAde 

1,(1) -1.40 -1.40 -1.33 mAde 
1,(2) -1.40 -}.40 -I.33 mAde 
1,(3) -1.40 -1.40 -1.33 mAde 
1,(8) -1.40 -1.40 -1.33 mAde 
1,(9) -1.40 -1.40 -1.33 mAde 

1'010<(10) 8.0 mAdc 
1 .... (10) 8.0 - mAde 

'.+ 25 80 

... - 10 30 
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--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC944G 
MCS44G 
DUAL 2-3 INPUT 
POWER GATES 

10 @' 
1 8 

3 ) 

• 6 
5 

POSITIVE lOGIC 

4=~ 
6= 80ge(7) 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

10 @' 
1 8 

3 ) . , 
5 

NEGATIVE lOGIC 

4::::1+2+3 

6=8+9+(7) 

ELECTRICAL CHARACTER ISTICS - MC944G 
Test Conditions 

rnA volts 
{ ~!l5·C 36.0 2.10 0 4.00 4.50 !I. 50 

@Test +2S.C 40.0 5.00 1.10 2.00 1.80 0 4.00 4.!l0 5.00 4.50 !I.50 5.00 11.00 Temperature +12!1 0 C 36.0 2.00 0 4.00 4.50 5.50 

10< I" V" V," V, V, V, VCEX Veo VCCl VCCH V" V_, Grounded Symbol 
Characteristic Pin No 

Pin No PinNo PinNo PinNo PinNo PinHo PinNo PinNo PinNo Pin No PinNo PinNo PinNo PinNo inC J 

Output volta" 1,2, 10 Vo,(4) 
8,9 10 Vo,(6) 

output Brukdow. 10 1,5 lVe,(41 
Voltar_ 10 5,8 LVe,IS) 

RIvers. Current 10 2,3,5 1.(1) 
10 1,3,5 1.(2) 
10 1,2,5 1.(3) 
10 5,9 1,(8) 
10 5,8 1.(9) 

Out,utLllhl~ Curr~nt 10 le .. (4) 
10 1" .. (4) 
10 Ie .. (4) 
10 Iw(6) 
I. le .. (6) 
10 len(6) 

FarwlrlfCurnnt 2,3 10 1,(1) 
1,3 I. 1,(2) 
1,2 10 1,(3) , 10 1,(8) 

8 10 1,19) 

Power Drain Current 10 5 1,,,..(10) 
10 1.5,8 1_(10) 

SwftchlnlTlm. Pulse Pulse 
(J'1n4 connected 

~ ~ to Pin S) 
3 6 I. t~+ 

6 10 Ipo -

Pins not listed are left open 
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10 

5 4 6 

TeslLimits 
-55'C 25'C usoe 

Min Mn Min MOl MI, MOl U,H 

OAD 0.40 0.45 VO, 
0.40 0.40 0.45 VO, 

6.0 Vdo 
6.0 Vdo 

1.0 1.' 50 "Me 
1.' 2.' 5.' lOMe 
1.' 2.' 5.' "Me 
1.0 1.' 5.0 I'Adc 
2.0 2.0 5.0 I'Adc 

50 I'Adc 
50 I'Adc 
50 I'Adc 
50 I'Ade 
50 I'Ade 
50 I'Adc 

-u() -1.60 -1.50 mAde 
-l.&() -1.&0 -1.50 mAde 
-1.60 -1.60 -1.5() mAde 
-1.60 -1.&0 -LSO mAde 
-1.50 -1.60 -1.50 mAde 

20 mAde 
6.0 

15 50 
10 35 



--Integrated Circuits --

MC930jMC830 (continued) 

LOGIC GATES 

MC944G 
MC844G 
DUAL 2-3 INPUT 
POWER GATES 

This gate element consists of one 2-input and one 3·input power gate circuit, and is quite similar to the 
dual 2-3 input buffer (MC932G, MC832G). The power gate does not have the output pull·up emitter
follower as does the buffer element - its output being the open collector of a low saturation resistance 
transistor. The power gate may be used as a high fan·out gate, as a driver to interfacing circuits, or in 
other similar uses. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH = 200ns 

~:v:·~v 
PULSE INPUT o-----~.If 

Only connected pins are shown. 
All others are open 

,----r---r----o Vee = 5.0Vdc 

2.0kfl 

TO OSCILLOSCOPE 

ELECTRICAL CHARACTERISTICS - MC844G 

Characteristic 

OUtl'utVlIlUl1 

OutpulBrukdown 
VoitaCI 

RlnrnCurnnt 

OutputLnklc.Currut 

FcrwudCurrut 

Ttst Conditions 
Volts 

2.00 0.45 4.00 !I.OO 
UD 1.90 1.80 0.45 4.00 !I.OO 5.00 5.00 8.00 

1.80 O.5t} 4.00 5.00 

IOL let Vel V1H Vx V~ VR VCEX VCC V''J V_. 
PinNa PinN'J Pin No PinNo PinNo PinNa PInNo PinNe PinNe PinNo PinNo 

1,2,3 10 
8,9 10 

10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

1 2,3 10 
2 1,3 10 

1,2 10 
9 10 

10 

10 

10 
10 

Grounded 
PinNo 

1,5 
5,8 

2,3,5 
1,3,5 
1,2,5 
5,' 
5,8 

Pins not listed ale lell open 
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Symbol 
PinNa 
in( l 

Vo,(4) 
Voc (6) 

1.(1) 

'.(2) 
'.(3) 
1,(8) 

1.(9) 

lc .. (4) 

Ie" (4) 
leu (4) 
lc,,(6) 
Icu(6) 
Icu (6) 

t~-

----------- GNO 

Test limits 
O·C +25°C +75°C 

Min Mal Min Mal Min Mal Unit 

0.45 0.45 0.50 Vd, 
0.45 0.45 0.50 Vd, 

6.0 yo, 
6.0 Vd, 

5.0 5.0 10 "Me 
5.0 5.0 10 "Adc 
5.0 5.0 10 pAdc 
5.0 5.0 10 "Adc 
5.0 5.0 10 "Ade 

100 "Me 
100 /LAde 
100 "Me 
100 JlAdc 
100 /lAde 
100 "Me 

-1.40 -1.40 -1.33 mAde 
-1.40 -1.40 -1.l3 mAde 
-1.40 -1.40 -1.33 mAde 
-1.40 -1.40 -1.33 mAde 
-1.40 -1.40 -1.33 mAde 

22.5 mAde 
8.0 mAde 

15 50 
10 35 

I 



-_. Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GAT~S 

MC930F 
MCS30F 
DUAL 4·INPUT 
"NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

;g:: 
3 i2 

4 II 

5 iO 

6 9 

I B 

;g:: 
3 12 

4 11 

5 10 

6 9 

I B 

POSITIVE LOGIC NEGATIVE LOGIC 

6_1_2.4_5·(3) 6_1 +2 + 4+ 5 + (3) 

8 _ 9.10. 12.13. (11) 8 _ 9 + 10 + 12 + 13 + (ll} 

ELECTRICAL CHARACTERISTICS - MC930F 

Test Conditions 
mA Yllts 

{ SSDC 1'1.4 0.12 1.40 2.10 4.00 4.50 5.50 
@Test +2,.C 12.0 0.121.10 2.00 1.80 4.00 4.50 5.00 4.50 5.50 5.00 '.00 Temperature +125.C 10.8 0.12 0.10 2.00 4.00 4.50 5.50 

10 , 10 , V, V" V, V, V, Vcu Vee VCCl VCCH V~ VN • Grounded Symbol 
Characteristic Pin No 

PinNo Pin No PinNa Pin No Pin No PinNo PinNo PinNo Pin No PinNo PinNo PinNo Pin No PinNo inC I 
DulpulYoltall 1,2.4,5 l4 VOLeS) 

9,10,12,13 l4 VOL (8) 
l4 V",,(6) 
l4 VC)H(6) 
l4 VOH (6) 
l4 V.,..(6) 
l4 V.,..(6) , 14 V.,..(8) 

10 14 V.,..(8) 
12 14 V.,..(8) 
13 l4 V.,..(8) 

11 l4 , (8) 
~ Don:eTrnTfCun .. t 14 1,6,7 1,,(6) 

14 7,8,9 l.dS) 
l,nfl'lIrr .. 1 i4 2,4,5,7 I.Ul 

2 I' 1,4,5,7 1.(2) , 14 1,2,5,7 1.(4) , 14 1,2,4,7 1.(5) , 14 7,10,12,1l 1.(9) 
10 i4 7,9,I2,1l 1,(10) 
12 i4 7,9,IO,Il 1,(121 
I' i4 7,9,10,12 II(IJ) 

DIr,.tLuIlIlICllmllt 6,14 1,7 lo;u(6) 
B,14 7,9 10; •• (8) 

IfWlrllClrrl1lt 1 2,4,5 14 I 1,(1) 
2 1,4,5 14 7 1,(2) 
4 1,2,5 i' 7 1,(4) , 1,2,4 i4 7 1,(5) 
9 10,12,ll i4 I 1,(9) 
10 9,12,13 l4 7 1,(10) 
12 9,10,13 14 7 1,(12) 
I' 9,10,12 14 7 I,(lll 

","r Drll Clmlt 14 I 1,tt<(l41 
14 1,7,9 1_(14) 

IwI!C-I~IJI.1 Pulse Plillt 
IPm6connecltd -!,'!-~ to Pin 9) 5 , 14 t~ 5 8 14 

Inlno II.d.,.I.Hop." 

13-174 

14 

10 

" 
13 

11 

6 7 8 

Test Limits 
55"C +25'C +125'C 

Min Max Min Max Min Max Un~ 
0.40 0.40 0.45 Vd, 
0.40 0.40 0.45 Vd, 

2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 yo, 
2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 Vd, 
2.50 2.60 2.50 'do 2.50 2.60 2.50 Vd, 
2.50 2.50 2.50 Vd, 

1.34 l.l4 1.l0 mAd, 
-1.l4 -1.34 1.l0 mAde 

2.0 2.0 '" pAdc 
2.0 2.0 5.0 pAde 
2.0 2.0 5.0 pAdc 
2.0 2.0 '.0 pAde 
2.0 2.0 5.0 pAde 
2.0 2.0 5.0 pMe 
2.0 2.0 5.0 pAde 
2.0 2.0 5.0 Ad, 

50 pAdc 
50 Ad, 

1.60 1.60 1.50 mAde 
-1.60 -1,60 1.50 mAd, 
-1.60 -1.60 1,50 mAde 
-1.60 -1.60 1.50 mAde 
-1.60 -1.60 1.50 mAd, 
-1.60 -1.60 1.50 mAd, 
-1.60 -1.60 1.50 mAde 
-1.60 1.60 1.50 mAde 

6.50 mAde 
5.50 mAde 

25 80 " 10 30 " 



--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC930F 
MCS30F 
DUAL 4-INPUT 
"NAND/NOR" GATES 

This gate element consists of two 4-input "NAND/NOR" gate circuits. Other applications include cross· 
coupling to form a bistable multivibrator, or connecting the outputs in parallel to perform the logic 
"OR" function. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE wroTH::: 200 ns ----.--0 Vee::: 5.0Vdc 

--1l...fL ~ v:~ v "-
PULSE INPUT 0 ____ _ 

~iE:t~ TO OSCILLOSCOPE 

L+-----------~ B 

Qnlyconnecled pins are shown. 
All others ate open 

ELECTRICAL CHARACTERISTICS 
est Conditions 

mA Volts 

{ D'C 12.0 0.121.20 2.00 0.4$ 4.00 
@Test +2'.C 12.0 0.121.10 1.90 1.10 0.45 4.00 5.00 

Temperature +7'.C 11.4 0.12 0.95 1.80 0.50 4.00 

10' 10" V, V" V, V, V, VCEX Characteristic 
PinNo PinNo PinNo PinNo PinNo PinHo PinNo PinNe 

o~tput Valta" 1,2,4,5 
9,10,12,13 

9 
10 
12 
13 

11 
~'rCUlfurr'lI 

I 
2 

• 5 
9 

10 
12 
13 

OutputLnkaltCumnt ,I' 
B,14 

Forwar Current 1 ,2 •• 
2 1,4,5 

• 1,2,5 
5 1,2,4 
9 10,12,13 

10 9,12,13 
12 9,10,13 
13 9,10,12 

Pptr Dr.ill Currtllt 

S.itc~lnl Tim~ Pulse Pulse 
(Pin 6 connected -.',"... ~ toPin9) 5 , 

5 , 
PinS n~t IIsied are lett open 

MC833 or 
equivalent 
used for 
diodes. 

- MC830F 

5.00 
5.00 5.00 f1.0D 
5.00 

V" V" V~, Grounded 
PinNo PinNo PinNo PinNo 

14 
14 
14 
I. 
I. 
I. 
14 
I' 
I' 
14 
14 
I. 
14 1,6,7 
14 7,8,9 

I' 2,4,5,7 
I. 1,4,5,7 
I. 1,2,5,7 
I. 1,2,4,7 
I. 7,10,12,13 
I' 7,9,12,13 
I' 7,9,10,13 
I. 7,9,10,12 

1.7 
7.9 , 7 

I' 7 
I' 7 
I. 7 
I' 7 
I' 7 
I' 7 
I. 7 

I' 7 
I' 1,7.9 

I. 
14 

13-175 

------------'.0 

Symbol Test LImits 
Pin Ho O·C +25°C +7S-C 
'"( ) Min Max Min Max Min Max Unn 
Vo,(6) 0.45 0.'15 0.50 yo, 
VoL (8) 0.45 0.45 0.50 yo, 
VoH (6) 2.60 2.60 2.50 Yd, 
VoH (6) 2.60 2.60 2.50 Yd, 
VooIS) 2.60 2.S0 2.50 Yd, 
Voo 16} 2.60 2.60 2.50 yo, 
Voo (6) 2.&0 2.60 2.50 Yd, 
VooIB) 2.60 2.60 2.50 Yd, 
Voo (8) 2.60 2.60 2.50 Yd, 
VOHIS) 2.60 2.60 2.50 Yd, 
VOH(B) 2.50 2.50 2.50 Yd, 
VooIS) 2.50 2.60 2.50 Yd, 
I,cl6) 1.30 1.30 1.25 mAde 
l,e(8) ~1.30 ~1.30 ~1.2S Ad, 
I.{I) 5.0 5.0 ID JlAde 
1.(2) 5.0 5.0 10 JlAde 
1.(4) 5.0 5.0 10 JlAdc 
1.(5) 5.0 5.0 ID JlAdc 
1.(9) ,. 5.0 10 JlAde 
1,(10) 5.0 5.0 10 JlAdc 
1,(12) 5.0 5.0 10 JlAdc 
1,(13) 5.0 5.0 10 Ad, 
leu(6) 1DD JlAde 
'cu(S) 1DD Ad, 
1,(1) lAO lAO 1.33 mAde 
1,(2) -1.40 -lAO -1.33 mAde 
1,(4) -lAO -1.40 -1.33 mAde 
1,(5) -lAO -1.40 -1.33 mAde 
1,(9) -lAO -1.40 -1.33 mAde 
1,(10) -lAO -lAO -1.33 mAde 
1,(12) -lAO -lAO -1.33 mAde 
1,(13) -1.40 -1.40 -1.33 mAde 

', ... (14) '.0 mAde 
' ... ,(14) '.0 mAde 

'-+ 2S eo 
t.o - 10 3D 

I 

I 

J 



--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC944F 
MCS44F 
DUAL 4-INPUT 
POWER GATES 

;g:: 
3 12 

• 11 

5 10 

5 g 

7 • 

POSITIVE LOGIC 

6=~ 
8 = 9010.12o13.{llj 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

In1' 2 13 

3 12 

• 11 

5 10 

6 g 

7 • 

NEGATIVE lOGIC 

6_1+2+4+5+(3) 

B 9 + 10 + 12 + 13 + (11) 

14 

7 6 8 

ELECTRICAL CHARACTERISTICS - MC944F 

Test Conditions 
mA Volts 

~!i·C 3'.0 2.10 4.00 4.50 5.50 
@Test {H'''C 40.0 5.00 1.10 2.00 1.80 , 4.00 4.50 5.00 4.50 !l.50 5.00 8.00 

Temperature +125"C 36.0 2.00 4.00 4.50 5.50 

I", I" V" V" V, V, V, Vw Vee VCCL Vee," V" V~. Grounded Symbol 
Charatteristic PinNo 

PinNo PinNo PlnN Pin ~I) PlnNo PinN PinNo PinNo PinNo PinNo PinNo Pin No PinNo PinNo in( I Min 
Out"utYalt," 1,2,4,5 14 Vod6) 

9,10,12,13 I. VadB) 

Output Bruklfctwn 14 1,7 lVc,(6) 
Yalu., 14 7,9 LVcd8) 

RIY'fl,Currllll 1 14 2,4,5,7 1.(1) 
2 14 1,4,5,7 1.(2) , 14 1,2,5,7 1.(4) 
5 14 1,2,4,7 1.(5) 
9 14 7,10,12,13 1.(9) 

10 I' 7,9,12,13 1.(10) 
12 14 7,9,10,13 1.(12) 
13 14 7,9,10,12 1.(l3} 

Outp:utLuh"Currut I' 7 1<; .. (6) 
14 7 Ic .. (6) 
14 7 1eo.(6) 
14 7 Icu(6} 
14 7 1<; .. (6) 

9 14 7 1<;1((8) 
10 14 7 Ic .. (8) 
12 I' 7 Ic .. (8) 
13 14 7 Icu(8) 

11 14 7 Ic .. (8) 

rarwardCurrrlat 1 2,4,5 14 1.(1) 
2 1,4;5 14 1.(2) 
4 1,2,5 14 1.(4) 
5 1,2,4 14 I.{S) 
g 10,12,13 I' 1.(9) 

10 9,12,13 I' 1.(10) 
12 9,10,13 14 1.(12) 
13 9,10,12 I' 1,(13) 

Pow~rDrljnCurrnt 14 7 1,,,,,,(14) 
14 1,7,9 1 .... {l4) 

WtP~n I:~~~~:cted "" ulse 

r!!'- r-P#-to Pin 9) 5 8 14 '.+ 5 8 14 '.-
Plnsnotllstedareleltopen 

13-176 

10 

11 

12 

13 

Test limits 
SS-C +25"C +125-C 

.ax Min Max Min M .. Un~ 
0.40 0.40 0.45 yo, 
0.40 0.40 0.45 yo, 

50 yo, 
6.0 yo, 

2.0 2.0 5.0 pAdc 
2.0 2.0 5.0 #Ade 
2.0 2.0 5.0 #Adc 
2.0 2.0 5.0 #Ade 
2.0 2.0 5.0 #Ade 
2.0 2.0 5.0 #Adc 
2.0 2.0 5.0 #Ade 
2.0 2.0 5.0 #Adc 

50 #Adc 
50 JlAde 
50 #Adc 
50 #Adc 
50 #Ad~ 
50 #Ad~ 
50 JlAde 
50 #Adc 
50 JlAde 
50 JlAdc 

1.60 1.60 -1.50 mAd, 
-1.60 -1.60 -1.50 mAde 
-1.50 -1,60 -1.50 mAd, 
-1.50 -1.60 -1.50 mAd, 
-1.50 -1.60 -1.50 mAd, 
-1.60 -1.60 -1.50 mAd, 
-1.50 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAd~ 

20 mAde 
6.0 mAde 

15 50 " 10 35 " 



---Integratecl Circuits ---

MC930/MC830 (continued) 

LOGIC GATES 

MC944F 
MC844F 
DUAL 4-INPUT 
POWER GATES 

This element is a dual 4-input power gate, and is quite similar to the dual 4·input buffer, (MC932F, 
MC832F). Ttie power gate does not have the output pull·up emitter-follower as does the buffer element 
- its output being the open collector of a low saturation resistance transistor. The power gate may be 
used as a high fan·out gate, as a driver to interfacing circuits, or in other similar uses. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH:::: 200ns 

~":V:;OV 
PULSE INPUT 0 ____ _ 

Only connee!ed pins are shown. 
AU others are open 

2.0kn 

A 

:::;+l==~ TO OSCILLOSCOPE 

ELECTRICAL CHARACTERISTICS -- MC844F 

Test 
mA Volt. 

O·C 40.0 2.tlO 0.45 5.00 
@Test {+250C 40.0 5.00 1.10 1.90 l.BO 0.45 4.00 Hlo 5.110 5.00 8.00 

Temperature +750 C 36.0 LBO 0.50 4.0(1 5.00 

I~ I" V" V" V, V, V, VCEX V" Vro V_, Grounded 
Characteristic 

PinNa PinNo Pin No PinNo PinNo PinNo PinNo PinNa PinNo PinNo PinNo Pin No 

OutputVoltll1 1,2,4,5 14 
9,10,12,13 - 14 

Output BrukdDw, 14 1,7 
VGltlU I' 7.' 

1 14 2,4,5,7 
2 14 1,4,5,7 
4 14 1,2,5,7 
5 14 1,2,4,7 , I' 7,10,12,13 

10 14 7,9,12,13 
12 14 7,9,10,13 
13 14 7,9,10,12 

Outpullukal'Cment 14 7 
14 7 
14 7 
14 7 
14 7 , I' 7 

10 14 7 
12 14 7 
13 14 7 

11 14 7 
ForwardCurrrent 1 2,4,S 14 7 

2 1,4,5 14 7 
4 1,2,5 14 7 
5 1,2,4 14 7 , 10,12,13 14 7 

10 9,12,13 14 7 
12 9,10,13 14 7 
13 9,10,12 14 7 

PDwlrDrlinCurrut I' 7 
I' 1,7,9 

SwiteblnlTim. Pul~e Pul~e 
(Pin 6 connected --!'-~ toPin9) 5 • 14 

5 • 14 

PinS not hsled are left open 

13-177 

------------ONO 

Symbol Test Limits 
PlnNo D'C +2S-C +7SoC 
inl I rAin Max Min Max Wn Max Unit 

VOl.(6) 0.45 0.45 0.50 Vd, 
Vo,(8) 0.45 0.45 0.50 Vd, 
LVeE (6) 6.0 Vd, 
LVedB) 6.0 Yd, 
I,m 5.0 50 10 ,Ad, 
1.(2) 5.0 5.0 10 liAdc 
1.(4) 5.0 50 10 liAdc 
I.(S) 50 5.0 10 /lAde 
1.(9) 5.0 5.0 10 /lAde 
1.(10) 5.0 5.0 10 liMe 
1.(12) 50 50 10 ,Ad, 
1.(13) 5.0 5.0 10 liMe 
l,u(6) 100 liAdc 
Ic,,(6) 100 ,Ad, 
le,,16) 100 liAdc 
leu (6) 100 ,Ad, 
Ie" (6) 100 liAde 
1'£1(8) 100 liAde 
le,,(8) 100 ,,,, 
1",(8) 100 liAdc 
Ic,,18) 100 liAde 
1, .. (8) 100 ", 

I,(l} 1.40 1.40 1.33 mAde 
1,(2) -1.40 -1.40 -1.33 mAde 
1,(4) -1.40 -1.40 -1.33 mAd, 
1,(5) -1.40 -1.40 -1.33 mAd, 
1,(9) -1.40 -1.40 -1.33 mAde 
1,(10) -1.40 -1.40 -1.33 mAd, 
1,(12) -1.40 -1.40 -1.33 mAd, 
1,(13) -1.40 -1.40 -1.33 mAde 

1.",,(14) 22.S mAd, 
1_(14) '.0 mAd, 

'.+ 15 " " , - 10 J5 " 



--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC962F 
MCS62F 
TRIPLE 3-INPUT 
"NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

'R" 'iI" 2 13 2 13 

J 12 , i2 

4 11 4 11 

5 iO S 10 

6 9 6 9 

7 8 7 8 

iO 
POSITIVE LOGIC NEGATIVE lOGIC 

6=~ 6=3+4+5 
11 

8:::: 9-10_n 8 = 9 + 10 + 11 

12:::: 13_1_2 12=13+1+2 

iJ 

ELECTRICAL CHARACTERISTICS - MC962F 

Test Conditions 
mA Volts 

-55°C 11.4 0.12 1.40 2.10 4.00 4.50 5.50 
@Test {+250C 12.0 0.12 1.10 2.00 0 4.00 4050 5.00 4.50 5.50 5.00 8.00 

Temperature +12501: 10.8 0.12 0.80 2.00 0 4.00 4.50 5.50 

loc '0" V" V" V, V, YCEX V" VCCl VCCH V" V_, Grounded Symbol 
Characteristic PinNo 

PinN PinNo PinNo PlnN~ PinN PinNa PinNo PinNo PinNo PinNo Pin No PinND PinNa in( } 

OutputVolblf , 3,4,5 i4 Vo,(SI 
8 9,10,11 i4 Vo,(S) 

12 1,2,13 i4 Vod12} 
6 J i4 VoH (51 
6 4 i4 VoH (61 
6 5 14 V",,(6) 
8 , 14 VoH (8) 
8 10 14 V",,(8) 
8 11 i4 VoH (8) 

12 1J i4 VQt<(l2) 
12 1 14 

j 
VoH (12) 

12 2 14 VoH (I2) 
Shart-ClrcuitCurren! i4 3,5,7 t.d5) 

i4 7,8,9 I,c(8) 
i4 7,12,13 l,dI2) 

l'nneCurrln! 1 14 2,7,13 1,(1) 
2 i4 1,7,13 1,(2) 
3 i4 4,5,7 1,(3) 
4 i4 3,5,7 1,(4) 
5 i4 3,4,7 1,(5) , i4 7,10,11 1,(9) 

10 i4 7,9,11 10110) 
11 i4 7,9,10 1,(1) 
1J i4 127 I iJ 

DU!,Iutleakal' Current 6,14 3,7 Icu(6) 
8,14 7,' le .. (8) 
12,14 7,13 Im(12) 

FOrW'ardCurrent 1 2,13 14 7 I,U) 
2 1,13 i4 7 1,(2) 
J 4,5 i4 7 1,(3) 
4 3,5 14 7 1,(4) 
5 J,4 14 7 1,(5) 
9 10,11 14 7 1,(9) 

iO 9,11 i4 7 1,(10) 
11 9,10 i4 7 1,(11) 
iJ i,2 i4 7 1(13) 

Power Drain Current 14 7 l'OH(14} 
i. 37913 i 14 

we rnr rm. Pulse Pulse 
(Pin 6 connected 10 

-4-~ Pin 9) 
8 i4 t.+ 

5 8 i4 t.-
Prnsnot listed are leflopen 

13-178 

t-+-+-<>i2 

i4 

Test Limits 
55'C +25'C +125'C 

.'n ... Min M" Min M" Unit 
0.40 0.40 0.45 yo, 
0.40 DAD 0.45 'do 
DAD DAD 0.45 'd, 

2.50 2.60 2.50 yo, 
2.50 2.60 2,50 'do 
2.~0 2.50 2.50 yo, 
2.50 2.50 2,50 yo, 
BO 2.60 2.50 yo, 
2,50 2.60 2,50 'do 
2.50 2.50 2.50 'do 
2.50 2.60 2,50 yo, 
2.50 2,60 2.~0 yo, 

1.34 1.34 1.30 mAde 
-1.34 -1.34 -1.30 mAde 
-1.34 -1.34 -1.30 mAde 

2.0 2.0 5.0 /lAde 
20 2.0 5.0 /lAde 
2.0 2.0 5.0 /LAde 
20 2.0 5.0 /LAde 
2.0 2.0 5.0 /LAde 
2.0 2.0 50 /lAde 
2.0 2.0 5.0 /lAde 
2.0 2.0 5.0 /lAde 
2.0 2.0 5.0 Ad, 

50 /lAde 
50 "Ade 
50 'do 

1.60 1.60 1.50 mAde 
-HO -1.60 -L50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAd, 
-\.60 -1.60 -1.50 mAd, 

9.75 mAd, 
8.25 mAde 

" 80 
iO 10 



--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC962F 
MCS62F 
TRIPLE 3·INPUT 
"NAND/NOR" GATES 

This gate element consists of three 3·input "NAND/NOR" gate circuits. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH:::; 200ns 

~~v::v 
PULSE INPUT 0>-----

Only connectecl pins are shown. 
All others are open 

---,.--<> Vee::: 5.0Vclc 

::;:+t::+~ TO OSCILLOSCOPE 

MC83J or 
etjuivalenl 
used for 
diodes. 

ELECTRICAL CHARACTERISTICS - MC862F 
Test Conditions 

rnA Volts 
{ DOC 12.0 0.12 1.20 2.00 0.45 4.00 5.00 

@Test +250C 12.0 0.12 1.10 1.90 0.45 4.00 5.00 5.00 5.00 8.00 
Temperature +15"C 11.4 0.12 0.95 0.50 4.011 

1oc 10" V" V," V, V, Vox V" V" V_. Gro~nded Characteristic 
PinNa PinNo PinN Pin N~ PinNo PinNo PinNo PinNo PinNo PinNo PinNo 

OulputVoltau 6 3,4,5 14 
8 9,10,1 14 

12 1,2,13 I. 
6 3 14 
6 4 14 
6 5 I. 
8 9 I' 
8 10 I. 
8 II I. 

12 13 I. 

; 12 I I. 
12 2 I. 

Slurt·ClrcuilCurrent I. 3,6,7 
I. 7,8,9 
I. 7,12,13 

Renne Current I I. 2,7,13 
2 I. 1,7,13 
3 I. 4,5,7 

• I • 3,5,7 
5 I. 3,4,7 
9 I. 7,10,11 

10 I. 7,9,11 
II I. 7,9,10 
13 14 1,2,7 

OutputlukauCurrent 6,14 3-' 
8,14 7.9 
12,14 7,13 

FurwardCurrent I 2,13 14 7 
2 1,13 14 7 
3 4,S 14 7 
4 3,5 14 7 
5 3,4 I. 7 
9 10,11 I' 7 

10 9,11 I. 7 
II 9,10 I. 7 
13 1,2 I. 7 

PGwerDuinCurrent 14 7 
I. 3,7,9,13 

SwilchiniTime Pulse Pulse 
(Pin 6 connected to 

~ ~ Pin 9) 5 8 I' 
5 8 I. 

Pins not lis:edare leflopen 

13-179 

A\ r- L5V 

",JtLj'" 
B~ ,---1.5V 
------------G"O 

Symbol Test Limits 
PinNo DOC +25·C +75°C 
int I Min Max Min Max Min Max Unit 
Vo.(6) 0.45 0.45 0.50 Vd, 
VOLIB) 0.45 0.45 0,50 Vdo 

VOL (12) 0.45 0.45 Cl.50 Vdo 
Vo .. (6) 2.60 2.5(} 2.50 VO< 
Vo..(6) 2.60 2.60 2.50 VO< 
"'0 .. (6) 2.60 2.60 2.50 Vd, 
Vo .. (8) 2.60 2.60 2.50 Vo< 
"'0 .. (8) 2.60 2.6(} 2.50 Vd, 
"'o .. 18} 2.60 2.60 2.50 Vd, 

V",,(l2) 2.60 2.60 2.50 VO< 
V",,(12) 2.60 2.60 2.50 Vd, 
Vo .. (l2) 2.60 2.50 2~~ r=ru Vd, 
l,c(6) 1.30 1.30 mAde 
"c(8) -1.30 -1.30 -1.25 mAde 
l,d121 -1.30 -1.30 -1.25 mAde 
1,(1) 50 5.0 10 j<Adc 
1,(2) 5.0 5.0 ID pAdc 
1.(3} 5.0 5.0 10 j<Ade 
1,(4} 5.0 5.0 10 j<Adc 
1.(5) 5.0 5.0 10 pAdc 
1,(9) 5.0 50 10 /JAde 

1,(10) 5.0 5.0 10 pAde 
1,111) 50 50 10 j<Adc 
1,(13) 5.0 5.0 10 j<Adc 
1",(6) 100 j<Adc 
Im(8) 100 j<Adc 

Icu(l2} 100 
~~ I,(I} lAO 1.40 1.33 

1,(2} -lAO -1.40 -1.33 mAde 
1,(3) -1.40 -1.40 -1.33 mAde 
1,(4) -lAO -1.40 -1.33 mAde 
1,(5) -lAO -1.40 -1.33 mAde 
1,(9) -lAO -1.40 -1.33 mAde 

1,(10) -lAO -1.40 -1.33 mAde 
1,(11) -lAO -lAO -1.33 mAde 
1,(13) -1.40 -1.40 -1.33 mAde 

1.,..114) 12 mAde 
1_,114) 12 mAde 

... + 25 80 
t~- 10 30 

I 

I 
I 

I 
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--Integrated Circuits ---

MC930/MC830 (continued) 

LOGIC GATES 

MC946F 
MCS46F 
QUAD 2·INPUT 
"NAND/NOR" GATES 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

'U 14 

2 II 

3 11 

4 II 

5 10 

6 9 

7 , 

POSITIVE lOGIC 

3=N 
6=W 
8=g-;--JQ 

ll=~ 

'U 14 

1 II 

3 11 

4 II 

5 10 

6 9 

7 , 

NEGATIVE lOGIC 

J="'i'"+2 
6=4+5 

8 = 9 + 10 

11=12+13 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
mA Volts 

-5SoC 11.4 0.12 1.40 2.10 • 4.00 4.50 
@Test {+2SOC 12.0 0.12 1.10 2.00 • 4.00 4.50 5.00 4.50 

Temperature +12S.C 10.8 0.12 0.80 2.00 • 4.00 4.50 

10" V," V, V. VCE)( V" V", Characteristic 
10, V" 

PlnNo PinNo PinNo PinNa PinNo PinNo PinNo PinNo PinNo 

OutputVolb,. 3 1,2 14 
6 4,5 14 , 9,10 14 

II 12,13 14 
3 1 14 
3 2 14 
6 4 14 
6 5 14 , , 14 
8 10 14 

II 12 14 
II 13 14 

Shart-ClreuitCurunt 

Renne Current 1 
2 
4 
5 
9 

10 
11 
13 

Outpul lukace Current 3,14 
6,14 
8,14 

11,14 
fDrwardCutrent 1 2 

2 1 
4 5 
5 4 , 10 

10 , 
12 13 
13 11 

I'gwrr Drlln Current 

SwltehinrTlme Pulse Pulse 
(Pin6eonnecled ~ r-'¥-to Pin 9) 5 8 14 

5 8 14 

Pins not IISled are left open 

- MC946F 

5.50 
!I.50 5.00 8.00 
5.50 

VCCH Vro V_. Groundd Symbol 
PinNa 

PinNo PinNo PinNo PinNo inC I 
Vo.(3) 
Vo,(6) 
Vod81 
Vodll) 
v.,.. (3) 
YOM{3) 
V.,.. (6) 
V.,.. (6) 
V.,..IB) 
V.,..{B) 

; V.,.. (I I) 
V.,..(lll 

14 1,3,7 l,e(3) 
14 4,6,7 l'c(6) 
14 1,8,9 IdBj 
14 7,11,12 !,clll) 
14 2,) I,OJ 
14 1,7 1,12} 
14 5,7 1,(4) 
14 4,) 1,(5) 
14 7,10 1,19) 
14 7,' 1.(10) 
14 7,1l 1.(12) 
14 7,1l 1.(13) 

1,7 leu (3) 
4,7 Ie,. (6) 
7,' b.(S) 
7,12 10:10(11) 

14 1,(1) 
14 1,{2} 
14 1,(4) 
14 1,(5} 
14 1,(9) 
14 1,(10) 
14 1,(12) 
14 1,(13) 

14 7 1'1>-<(14) 
14 1,4,7,9,12 1-.(14) 

t.+ 
! •• -

13·180 

3 1411 

13 

12 

10 

6 7 , 

Test Limits 
55"C +25'C +125-C 

Min Max Min Max Min Max Unh 
0.40 0.40 0.45 yo, 
0.40 0.40 0.45 yo, 
0.40 0.40 0.45 yo, 
0.40 DAD 0.45 yo, 

2.50 2.60 2.50 'do 
2.50 2.60 2.50 yo, 
2.50 2.60 2.50 'do 
2.50 2.60 2.50 yo, 
2.50 2.60 2.50 'do 
2.50 2.60 2.50 yo, 
2.50 2.50 2.50 'do 
2.50 2.60 2.50 yo, 

1.34 1.34 1.30 mAde 
--1.34 -1.34 -1.30 mAde 
-1.34 -1.34 -1.30 mAde 
-1.34 -1.34 -1.30 mAde 

1.0 2.0 5.' IJAde 
2.0 2.0 5.' /lAde 
2.0 2.0 5.0 IJAde 
2.' 2.0 5.' IJAde 
2.' 2.0 5.' "Ad, 
2.0 2.0 5.' IJAde 
2.0 2.0 5.' /lAde 
2.0 2.' 5.' /lAde 

50 . /lAde 
50 IIAde 
50 /lAde 
50 /lAde 

1.60 1.60 1.S0 mAdt 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.50 mAde 
-1.60 -1.60 -1.5tl mAde 

13 mAde 
II mAde 

25 80 
10 30 



--Integrated Circuits --

MC930/MC830 (continued) 

LOGIC GATES 

MC946F 
MCS46F 
QUAD 2·INPUT 
"NAND/NOR" GATES 

This gate device consists of four 2·input "NAND/NOR" logic gate circuits. This element may be used 
as four inverter circuits, or as two bistable circuits by cross·coupling two dual 2·input gates. Among other 
applications, this device can be used' as a dual 2·input non·inverting gate. 

SWITCHING liME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH::: 200ns 

.JLJL.: ~ :~~ V 

PULSE INPUT <>0-----

Only connected PinS are shown. 
All Clthers are open 

---,---<> Vee::: 5.0Vdc 

::::;:=t=c=j:=:;: TO OSCILLOSCOPE 

MC833 or 
equivalent 
used for 
diodes. 

ELECTRICAL CHARACTERISTICS -- MC846F 

Test Conditions 
m. Volts 

D'C 12.0 0.12 1.20 2.00 0.45 4.00 5.00 
@Test {H50C 12.0 0.12 1.10 1.90 0.45 4.00 !5.0Q 5.00 5.00 8.00 

Temperature +75 OC 11.4 0.12 0.95 1.80 0 . .50 4.00 5_00 

I" 10" V" V," V, V, VC[X V" V" V_. Grounded Characteristic 
PinNo PinNo PinNa PinNo PinNo PinNo Pin No PinNo PinNo PlnNo PlnNo 

DutputValll,. 3 1,2 14 

~ 6 4,5 14 
8 9,10 14 

11 12,13 14 
3 1 14 
3 2 14 
6 4 14 
6 5 14 
8 9 14 
8 10 14 

11 12 14 
11 13 14 

Silort-Clreultturnnt 14 1,3,7 
14 4,6,7 
14 7,8,9 
14 7,11,12 

RUln.turrn! 1 14 2,7 
2 14 1,7 
4 14 5,7 
5 14 4,7 
9 14 7,10 
10 14 7,9 
12 14 1,13 
13 14 7,12 

CutputLuk1llturrint 3,14 1,7 
6,14 4,7 
8,14 7.9 

11,14 7,12 
farwlrdturrent 1 2 14 

2 1 14 
4 5 14 
5 4 14 
9 10 14 

10 9 14 

; 12 13 14 
13 12 14 

Paw.rDninturrut 14 7 
14 1,4,7.9,12 

SwitchincT1ml Pulse Pulse 
(Pi~ 6 eo"~~cted r} -¥-tOPin9) 14 

5 8 14 
Pins not listed are lelt open 

13-181 

------------GNO 

Symbol Test Limits 
PinNo O'C +25°C +75-C 
in( I Min Max Min Max Min Max Unit 
Voem 0.45 0.45 0.50 'do 
V",(5) 0.45 0.45 0,50 'do 
VOltS) 0.45 0.45 0.50 'do 
Voc!IlJ 0.45 0.45 0.50 'do 
Vo+«3) 2.60 2.60 2.50 'do 
Vo+«3) 2.50 2.60 2.50 'do 
Vo+«6) 2.60 2.60 2.50 'do 
Vo+«6) 2.60 2.60 2.50 'do 
V"",(8) 2.60 2.60 2.50 'do 
Vo~(8) 2.60 2.60 2.50 'do 
Vo~(ll) 2.60 2.60 2.50 'do 
Vo~(ll) 2.60 2.60 2.50 'do 

l,e(3) 1.30 1.30 1.25 mAde 
l'e(6) -1.30 -1.30 -1.25 mAde 
l,e(8) -1.30 -1.30 -1.25 mAde 

I,e(ll) -1.30 -1.30 -1.25 mAde 
1,(1) 5.0 5.0 10 "Adc 
1,(2) 5.0 50 10 "Ade 
1,(4) 50 5.0 10 "Ade 
1,(5) 5.0 5.0 10 "Ade 
1,(9) 50 5.0 10 "Adc 

1,(10) 5.0 5.0 10 "Adc 
1,(12) 50 5.0 10 "Adc 
1.(13) 5.0 5.0 10 Ado 

leu(3} 100 "Adc 
leu (6) 100 "Ade 
le .. (8) 100 "Me 
le .. (lI) 100 Ado 

1,(1) l.40 1.40 1.33 mAde 
1,(2) -lAO -lAO -1.33 mAde 
1,(4) -1.40 -1.40 -1.33 mAde 
1,(5) -1.40 -1.40 -1.33 mAde 
1,(9) -1.40 -1.40 -1.33 mAde 
1,(10) -1.40 -1.40 -1.33 mAde 
1,(12) -1.40 -1.40 -1.33 mAde 
r 13 1.40 1.40 1.33 mAde 

1,,,,,(14) 16 mAde 
1 .... (4) 16 mAde 

t~;+ 25 80 
1 •• - 10 30 

I 
I 
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--Integrated Circuits --

MC930/MC830 (continued) 

BUFFERS 

IYIC932G 
IYICS32G 
DUAL 2-3 INPUT 
BUFFERS 

10 @' 
2 8 

3 7 

4 6 
5 

POSITIVE lOGIC 

4= 1-2.3 

6:::: 8.9°(7) 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

I' @' 
Z 8 

3 7 

4 6 
5 

NEGATIVE LOGIC 

4=1+2+3 

6:::8+9+(7) 

to 

5 4 6 

ELECTRICAL CHARACTERISTICS - MC932G 

@Test H50C 
{ -5S·C 

Temperature +125.C 

Characterlsllc 

nort-ClrultClirrut 

_,"n,Cllrr,1It 

DltplitlukiIlClrr." 

ForwardCllrrl1lt 

',wlrDr.IICIiITIIIt 

Test Conditions 
mA Y.", 

34.0 2.00 1.40 2.111 • 4.00 4051J 5.50 

38.0 2.50 1.10 2.00 1.10 4.00 4.50 S.DO 4.50 5.50 5.00 '.00 
3U .00 0.10 2.00 4.00 uo 5.50 

10l IOH Y1L VU_j Vr YF V", Veo' Vee Veel CCH Yro ,..... Grounded 
PinHo PinHo PinNo PinNo idle Pin No PinNo ioNo PinNo Pin No PinNo PinNo PinNo PinNo 

Pulse Pulse 

1,2,3 -
8,' 

1 2,3 
1,3 
1,2 , 

4,10 
6,10 

to 
to 
to 
to 
10 

to 
to 
to 

to 
to 

to 
to 
to 
to 
to 

to 
to 
to 
to 
to 

to 
10 

1,4,5 
5,6,8 

2,3,5 
1,3,5 
1,2,5 

5,' 
5,8 

1,5 
5,8 

5 
1,5,8 

Swllt.iIlITI .. 
(Pin 4 connected 
toPinS) r-l;-~ 

3 • - 10 - -. - to 

Pins not IIsledafe left open 

13-182 

Symbol 
PinNo 55"C 
in( I Min Max 

Vod4) 0.40 
VOL (6) 0.40 

Vo>«4) 2.50 
V",,(4) 2.50 
VOH (4) 2.50 

Voo«6) 2.50 
Voo«6) 2.50 
Voo«6) 

l.c (4) 16 
l,c(6) -16 

I.m 2.0 

1.(2) 2.0 

1.(3) 2.' 
1,(8) 2.0 

1.(9) 2.0 

IClx(4) 

Icu(6} 

I,U) 1.60 
1,(2) -1.60 
1,(3) -1.60 
1,(8) -1.60 
1,(9) -1.60 

1,,,,,(10) 
1_(10) 

t.+ 
t.-

Test limits 
+2S"C +12SoC 

Min Max Min Max Un~ 

0.40 0.45 Yd, 
0.40 0.45 Yd, 

2.60 2.50 Yd, 
2.60 2.50 'do 
2.60 2.50 Yd, 
2.60 2.50 Yd, 
2.60 2.50 Yd, 
2.60 Yd, 

18 16 mAde 
-18 -16 mAde 

2.0 5.0 ~Ade 

2.0 5.0 ~Ade 

2.0 5.0 ... Ade 
2.0 5.0 ~Ade 

2.0 5.0 .~Ade 

50 ... Ade 
50 wi" 
1.60 1.50 ... " -1.60 -1.50 mAde 

-1.60 -1.50 .Ad, 
-1.60 -1.50 ... " 
-1.60 -1.50 mAde 

26.6 mAde 
6.0 mAde 

25 80 
15 40 



--Integrated Circuits --

MC930jMC830 (continued) 

BUFFERS 

MC932G 
MCS32G 
DUAL 2-3 INPUT 
BUFFERS 

The dual buffer consists of one 2-input and one 3-input inverting driver designed especially for large 
capacitive loads at high speeds. An output emitter-follower in series with a 150·ohm resistor drives the 
output to the high voltage level. A low saturation resistance transitor is turned on. pulling the output 
down to the low voltage level and providing rapid discharge of capacitive loads. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH = 200 ns 

J1..fL~v:~V 
PULSE INPUT o------<{ 

Only connected pins are shown. 
All others are open 

Me833 or 
equivalent 
used for 
diodes. 

TO OSCILLOSCOPE 

ELECTRICAL CHARACTERISTICS -- MC832G 

Test CDnditions 
rnA Volts 

0" 36.0 2.00 1.20 2.00 0.45 4.(10 5.00 
@Tnt {H50C 36.0 2.501.10 1.90 1.10 0.45 4.00 5.00 5.00 5.00 B.OO 

Temperature +150 C 34.0 3.00 0.95 1.10 0.50 4.00 5.00 

1oc 10" V" V" V" V" V_, Grounded Characteristic V, V, V. Vw 
PinNo PinNo PinN PinNo PinNo PinNo PinNo PinNo PinN Pin No PinNo PinNo 

OutputVDttl,1 1,2, 10 

B.' 10 
10 
10 
10 
10 
10 
10 

ShDrt·ClltultCurrllll 10 1,4,5 

10 5,6,!! 

lI"n.Cum,t 10 2,3,5 

10 1,3,5 
10 1.2,5 
10 5.' 
10 5,B 

Output Luk," Cllrrllt 4,10 1,5 
6,10 5,B 

forwmCurrtlt 2,3 10 
1,3 10 
1,2 10 

10 
10 

'a.,rDnl,CurTllt 10 5 
10 1,5,1 

SwltthinlTIII' PUI5~ Pulst 
(Pin4 connected ~ ~ to Pin S) 

3 6 - - - - - - 10 
3 10 

Pmsnolhsledareleltopen 

13-183 

-------------GNO 

Symbol Test limits 
PinNo O·C +25-C +75-C 
in( 1 Min Max Min Max Min Max Unit 

VOL [4) 0.45 0.45 0.50 'do 
Vo ,(6) 0.45 OA5 0.5(1 yo, 

VOH (4) 2.60 2.6(1 2.5(1 yo, 

VOH (4) 2.60 2.60 2.5(1 yo, 

VOH (4) 2.6(1 2.5(1 2.5(1 yo, 

VOH (6) 2.6(1 2.6(1 2.50 yo, 

VOH (6} 2.60 2.6(1 2.5(1 yo, 

V",,(6) 2.60 'do 

Isc(4} " 16 14 mAde 

Isd5) -15 -16 -14 mAde 

1,(1) 5.0 5.0 10 "Ade 
1,(2) 5.0 5.0 10 "Ade 
1,(3) 5.0 5.0 10 "Ade 
1,(8) 5.0 5.0 10 "Ade 
1,(9) 5.0 5.0 10 "Ade 

Ic .. (4) 100 ... Ade 
Icu(6) 100 ... Ade 

1,(1) 1.40 1.40 1.33 mAde 
1,(2) -1.40 -1.40 -1.33 mAde 
1,(3) -1.40 -lAO -1,33 mAde 
1,(8) -1.40 -lAO -1.33 mAde 
1,(9) -1.40 -1.40 -1.33 mAd, 

1,,,,,,(10) 30 mAd, 
1_,(10) B.O mAde 

t •• + 25 SO 
1 15 40 

I 

I 
I 

I 
I 
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--Integrated Circuits --

MC930/MC830 (continued) 

BUFFERS 

MC93.2F 
MCS3.2F 
DUAL 4-INPUT 
BUFFERS 

lnl' 2 13 

3 11 

, II 

5 10 

6 9 

7 8 

POSITIVE LOGIC 

6=~ 
8 g_ 10- 12. IJ. (ll) 

CIRCUIT DIAGRAM AND LOGIC SYMBOLS 

lnl' 2 13 

3 12 

, II 

5 10 

6 9 

7 8 

NEGATIVE LoelC 

6= 1 + 2+ 4+ 5 + (3) 

8 = 9 + 10 + 12 + 13 + (II) 

I. 

7 6 8 

ELECTRICAL CHARACTERISTICS - MC932F 

Test Conditittns 
rnA Volts 

-ss·c 34.0 2.00 1.40 2.10 4.00 4.50 !I.5o 
@Test {+2!1.C 38.0 2.50 1.10 2.00 LID 4.00 4.!l0 !I.DD 4.50 !I.50 !I.DO 8.00 

Temperature +1Z5.C 32.0 4.00 0.80 2.00 4.00 4.50 5.50 

loc 10" V" V" V, V, V, Vcu Vee Veo. Vro V_ Grounded Symbol 
Characteristic PinNa 55°C 

PinNo PInNo PinNa Pin No PinNa inNG PinNo PinNa Pin No inNo inNo inNo inNo PinNe inC ) Min Max 
OutputVolu,. 1,2,4,5 I. Vo,(6) DAD 

9,10,12,13 I. VoceS} 0.40 
I. Voo(G] 2.50 
I. VOH (6) 2.50 
14 V",,(6) 2.50 
I' VOOi (6) 2.50 
I. V",,(6} 

9 I' V",,(8) 2.50 
10 I. V",,(8) 2.50 
12 I. V",,(8} 2.50 
13 I. V",,[8} 2.50 

II I. V",,(8) 
Short·CircultClinut I. 1,6,7 i,c(6) 16 

I. 7,8,9 i,c(8} -16 
RntrstCunnt I I. 2,4,5,7 I,U} 2.0 

2 I' 1,4,5,7 1,12} 2.0 

• I. 1,2,5,7 1.(4} 2.0 
5 I. 1,2.4,7 1,(5} 2.0 
9 I. 7,10,12,13 1.19} 2.0 

10 I. 7,9,12,13 I,(IO} 2.0 
12 I' 7,9,10,13 1,U2} 2.0 
13 I. 7,9,10,12 1.(I3} 2.0 

upa Ltak',tCl/nut 6,14 1,7 Icu l6} 
8,14 7,9 1<; .. (8) 

arwlnClml I 2,4,5 I. 7 I,ll} L60 
2 1,4,5 I. 7 r,12} -1.60 

• 1,2,5 I' 7 1,(4) -1.60 
5 1,2,4 I. 7 1,15} -L60 
9 10,12,13 34 7 1,19} -1.60 

10 9,12,13 I. 7 1,(lO} -1.60 
12 9,10,13 I. 7 1,(l2} -1.60 
13 9,10,12 I' 7 1,(l3} -1.60 

p .. trDn,tlfTtlt l' 7 1 .... (I4} 
I' 1,7,9 1 .... (14) 

.!!,:nl~'".' ". 'H 
(Pin 6 connected r1f- rEf to Pin 9) I' t,.+ 

5 8 I' 
Pins not Jisted are leltopen 

13-184 

13 

12 

10 

II 

Test limits 
+25-C +125°C 

Min Max Min Max UnH 
0.40 0.45 VO, 
0.40 0.45 VO, 

2.60 2.50 VO, 
2.60 2.50 VO, 
2.60 2.50 Vd, 
2.60 2.50 Vd, 
2.60 Vd, 
2.60 2.50 Vd, 
2.60 2.50 Vd, 
2.60 2.50 Vd, 
2.60 2.50 Vd, 
2.60 Vd, 

18 16 mAde 
-18 -16 mAd, 

2.0 5.0 .!lAde 
20 5.0 .!lAde 
20 5.0 .!lAde 
2.0 5.0 .!lAde 
2.0 5.0 .!lAde 
2.0 5.0 .!lAde 
2.0 5.0 .!lAde 
2.0 5.0 Ad, 
50 ".lode 
SO Ad, 
1.60 1.50 mAde 

-t:60 -1,50 mAde 
-1.60 -1.50 mAde 
-1.60 -1.50 mAde 
-1.60 -1.50 mAde 
-1.60 -1.50 mAde 
-1.60 -1,50 mAde 
-1.60 -1.50 mAde 

26.6 mAde 
6.0 mAde 

25 80 " 15 40 " 



--- Integrated Circuits ---

MC930/MC830 (continued) 

BUFFERS 

MC932F 
MCS32F 
DUAL 4-INPUT 
BUFFERS 

The dual buffer consists of two 4-input inverting drivers designed especially for driving large capacitive 
loads at high speeds. An output emitter-follower in series with a 150·ohm resistor drives the output to 
the high voltage level. A low saturation resistance transistor is turned on, pulling the output down to the 
low voltage level, and providing rapid discharge of capacitive loads. 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE WIDTH::: 200n5 ---,.--0 Vee = 5.0 Vde 

SL.J"L:: :~~ v 
PULSE INPut 00-----

:::;:+t:=t~ TO OSCILLOSCOPE 

Lt----------~ B 

Only connected pins are shown. 
All others are open 

Mea33 or 
eClui~alent 
usealor 
diodes. 

ELECTRICAL CHARACTERISTICS - MC832F 

Test Conditions 

m' Volts 
"c 36.0 2.00 1.20 2.00 0.45 4.00 5.00 

@Test J+25oC 36.0 2.50 1.10 1.90 1.80 0.45 4.00 5.00 5.00 5.00 8,00 
Temperature l+75O C 34.' l.OD D.U 1.80 o.so 4.00 5.00 

1o, 10" V" V" V, V, V, Vw V" V" V_. GroLlnded 
Characteristic 

PinNa PlnNo PinNa PinNa PinNa .nNo Pin rio PinNa inNo PinNa PinNa PmNa 

Out~utVGlbU 1,2,4,5 14 1 9,10,12,13 14 
14 
14 
14 
14 
14 

9 14 
10 14 
I' 14 
13 14 

II 14 
ShoTt-Circuit Current 14 1,6,7 

14 7,8,9 
RevernCurTlRt I 14 2,4,5,7 , 14 1,4,5,7 

4 14 \,2,5,7 
5 14 1,2,4,7 
9 14 7,10,12,13 

10 14 7,9,12,13 
I' 14 7,9,10,13 
13 14 7,9,10,12 

OutputLuklr.eCurnnt 6,14 1.7 
8,14 7.9 

forwu~Curr.nt 1 2,4,5 14 

~ , 1,4,5 14 
4 1,2,5 14 
5 1,2,4 14 
9 10,12,13 14 

10 9,12,13 14 

; I' 9,10,13 14 
13 9,10,12 14 

I'ower Dra!n Current 14 7 
1,7,9 

Switchin, Time Pulse Pul$e 
(Pin6connecled + ~ toPing) 5 8 14 

5 8 14 

Pinsnoilistedareleitopen 
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Symbol Test limits 
PinNa O'C +25°C +7S-C 
in( 1 Uin "n Min .n Uin "n Unit 

~~ 
0.45 0.45 0.50 'd, 
0.45 0.45 ·0.50 'd, 

'.60 2.60 2.50 'd, 
2.60 2.60 2.50 'd, 
2.60 2.60 2.50 Vd, 
260 2.60 2.50 Vd, 

2.60 Vdo 
2.60 2.60 2.50 Vd, 
2.60 2.60 2.50 'd, 
2.60 2.60 2.50 Vd, 
2.60 2.60 2.50 Vd, 

:i8; 2.60 'd, 
l,d6) I' 16 14 mAde 
l,e(8) -I' -16 -14 mAde 

I.ll) 5.0 '.0 10 )lAde 
1,(2) 5.0 50 10 ~Adc 
1,(4) '.0 '.0 10 ",Me 
1,(5) 5.0 '.0 10 ~Ade 
1.19) 5.0 '0 10 ~Ade 

1.(10) 5.0 '.0 10 ",Ade 
1,(12) 5.0 '0 10 .. Ade 
1.(13) '.0 5.0 10 ,Ade 

1eo,IS) IDD .. Ade 
Ic,,(8) 100 "Ade 
1,(\) 1.40 1.40 1.33 mAde 
1,(2) -1.40 -1.40 -1.33 
1,[4) -1.40 -1.40 -1.33 mAde 
1,(5) -1.40 -1.40 -1.33 mAde 
1,(9) -1.40 -1.40 -1.33 mAde 

1,(10) -1.40 -1.40 -1.33 mAde 
1,(12) -1.41i -1.40 -1.33 mAde 
1,(13) -1.40 -1.40 -1.33 mAde 

1,,,,,114) " mAde 
1~ •. 114) 8.0 

1 •• + " 80 
t.,,- 15 4D 

I 
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Mcl0S0F 
Mcl0S1F 
Mcl0S2F 

---Integrated Circuits ---

MCML 

MC 1050F Dual-4 Input Gate 
The MCI050F is a monolithic Integrated Circuit Current Mode Logic Dual 4 Input Gate 

element. This gate element provides the positive logic "OR/NOR" function. A bias 
driver is "built-in" to the circuit, eliminating the necessity for any external biasing. 

MC 1 051 F Dual:4 Input Gate with "Wired-Or" Capability 
The MCI051F is a monolithic Integrated Circuit, Current Mode Logic, Dual 4 Input 

Gate element, with the capability of operation in the "Wired-OR" condiguration. This 
gate element provides the positive logic "OR/NOR" function. A bias driver is "built-in" 
to the circuit, eliminating the necessity for any external biasing. 

MC1052F Single-8 Input Gate 
The MCI052F is a monolithic Integrated Circuit, Current Mode Logic, Single 8 Input 

Gate element. This gate element provides the positive logic "OR/NOR" function. A bias 
driver is "built-in" to the circuit, eliminating the necessity for any external biasing. 

MAXIMUM RATINGS 

Characteristic Symbol Max Unit 

Logic input voltage (Pins 5, 6, 7, 8, 11, 12, 13 & 14) - 5 Volts 

Power Supply Voltage - 10 Volts 

Operating Temperature Range TA o to 70 °c 

Storage Temperature Range Tstg -65 to 150 °c 

FIGURE 1 - CIRCUIT SCHEMATICS 

NOR I I NOR 

: 5 14 i 
I I 
:: I 

-f < 
L - --------- -----"----<4 .. -~---4>---'- ~ 

MC1050F only ---" --~~~O~;:;J-----

MC10SOF, MC10S1F 

VEE 

MC10S2F 
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--I ntegrated Circuits ---

MCI050F, MCI051F, MCI052F (continued) 

ELECTRICAL CHARACTERISTICS: Vee = 0, VEE = -5.2 Vdc, TA = 25°C unless otherwise noted 
Unused inputs connected to VEE. 

MC1051F - Pins 1 and 4 connected to VEE thru external 500·ohm resistor. 
MC1052F - Connect pin 4 to pin 5 and pin 1 to pin 14 for all tests. 

Characteristic Symbol Min 

DC CHARACTERISTICS 

llNOR" . Logical "1" Output Voltage (Figure 1) VI 
(Vin = -1.35 Vdc each input) -0.650 

"NOR" Logical "0" Output Voltage (Figure 1) V4 
(Vin = -1.000 Vdc each input) -1.530 

"NOR" Saturation Breakpoint Voltage (Figure 1) V3 
(dv "NOR"/dVin = 0) -

IIOR II Logical "I" Output Voltage (Figure 1) V5 
(Vin = -1000 Vdc each input) -0.650 

"OR" Logical "0" Output Voltage (Figure 1) V2 
(Vin = -1.35 Vdc each input) -1.530 

Typ 

Total Unit Power Supply Current Drain IE 
MC1050F 45 
MCI051F (Disconnect external 500-ohm resistor) 35 
MCI052F (Remove connections to pins 5 and 14) 25 

Input Current lin 
(VI = -0.800 Vdc each input) -

Fan-Out n -

Max Unit 

Vdc 
-0.825 

Vdc 
-1.800 

Vdc 
-0.60 

Vdc 
-0.825 

Vdc 
-1.800 

Max 
mAdc 

60 
50 
35 

Mdc 
200 

10 -
SWITCHING CHARACTERISTICS: VH = -0.740 Vdc, VL = -1.630 Vdc, Fan-In = 1 (Figure 2) 

Propagation Delay Time - Fan-Out = 1 
I 'NOR' I Output 
HOR JJ Output 
IINOR" Output 
"OR" Output 

Rise Time - Fan-Out = 1 

Fall Time - Fan-Out = 1 

FIGURE2-

TRANSFER CHARACTERISTICS and METHOD OF TEST 

GATE UNDER 
TEST 

y 

50" 

x-v 
SCOPE 

13-187 

ns 
tdl - 4.0 
tdl - 5.0 
td2 - 5.0 

td2 - 4.0 

tr - 5.0 ns 

tf - 4.0 ns 

FIGURE 3-

SWITCHING TEST CIRCUIT and WAVEFORMS 

-5~~~dC 
Ejn(max) VH 
-2.00V -0. 7~O ~ 0.060 

t,.&t[< 5n5ec 

Vc 
-t.630±O.080 

DUAL TRACE SAMPLING 
oscILLOSCOPE 

Tektronix 567oreqUlv. 

NOTE; The stray capa
citan~e Introduced by 
the test !ixt~re 15 
",Up!. 
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-- Integrated Circuits -

ADDITIONS AND MODIFICATIONS 

13· 188 



--Integrated Circuits -

ADDITIONS AND MODIFICATIONS 
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--Integrated Circuits --

LINEAR CIRCUITS 

Linear Integrated Circuits 

MClll0 

MC15l9 

MC1524 

MC1530 

MC153l 

Emitter-Coupled Amplifier 

Wide band Differential Amplifier 

1 W Power Amplifier 

Operational Amplifier 

Operational Amplifier - Darlington Input 
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--Integrated Circuits --

Me 1110 LINEAR CIRCUIT SERIES Gr = 22 db @ 100 Me 
NF = 6 db @ 100 Me 

CASE •• 1f~ 
Emitter-coupled, integrated circuit linear amplifier 

for IF and RF applications. Frequency range is DC to 
300 MC. 

MAXIMUM RATINGS (at2S0Cambicnt) 

Characteristic 

Power Supply Voltage 

Power Supply Voltage 

Total Power DisSipation 
(Derate 5 mW/oC above T A 

Operating Temperature Range 

storage Temperature Range 

Maltimum Input Level (RMS) 

' .. l>----I-----! 

= 25°C) 

/ 
/ 

I"CAN" 

./ -
DC CHARACTERISTICS TEST CIRCUIT 

. v," 0--'<:>-----1 

v. 

Symbol Ratinr; Unit 

~ 10 Vdc 

VEE 14 Vdc 

PD 0.5 Watt 

---
~ -55 to+ 125 °c 

~ -65 to+200 °c 

Vin 2 V (RMS) 

CIRCUIT SCHEMATIC 

SHORT CIRCUIT ADMITTANCE TEST CIRCUIT 
(GENERAL RADIO 1607 A BRIDGE) 

-=- ~ OUTPUT 

v" 
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--Integrated Circuits --

MClll0 (continued) 

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

Characteristic 

DC CHARACTERISTICS 

Input Leakage Current II nAdc 
(V3 = 5 Vdc; 15, 17, 19 = 0) --- --- 10 

Output Leakage Current Ig nAdc 
(V7 = 5 Vdc; 11,13,15 = 0) --- --- 10 

Operating Current leT mAdc 
(VCC = 5 Vdc, VEE = -4.7 Vdc, Yin = 0) Figure 1 3.8 4 4.2 

Input Operating Current II /lAde 
(VCC = 5 Vdc,VEE =-10 Vdc, Yin = 0) Figure 2 --- --- 250 

Reference Operating Current 19 /lAdc 
(VCC = 5 Vdc, VEE = -10 Vdc, Yin = 0) Figure 1 --- --- 250 

Current Balance IiI7 ---
(Vec = 5 Vdc,V EE = -10 Vdc, Yin = 0) Figure 1 0.90 --- 1. 10 
( VCC = 5 Vdc, VEE = -1 Vdc, Yin = 0) Figure 1 0.90 --- 1. 10 

Large Signal Transconductance 'G21 m-·mho.!: 
(VCC = 5 Vdc, VEE = -4 Vdc, ~Vin = 50 mY) 26 28 ---

SMALL SIGNAL CHARACTERISTICS 

Small Signal Current Gain h21 ---
(VCC = 5 V, IE = -4 rnA, f = 100 mc) 6.0 9.0 ---

Short Circuit Admittances --- m-mhos 
(VCC =5V,VEE= -4V, f = 100 mc) Figure 1 

Input Admittance IYlll --- 2.0 ---
Reverse Transfer Admittance 1Y121 --- 0.064 ---
Forward Transfer Admittance IY211 --- 16.3 ---
Output Admittance IY221 --- 1.2 ---

Transducer Power Gain GT db 
(VCC.= 5V,VEE = -4V, f = 100 me, BW = 3 me) Figure 20 22 26 ---
(VCC = 5V,VEE = -4V, f = 200 mc, BW = 6 mcj Figure 21 15 18 ---

I Noise Figure NF db 
(VCC = 5V, VEE = -4V, f = 100 mc, Rg = RSO) --- 4 6 
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--Integrated Circuits --

MC1110 (continued) 

100 MC POWER GAIN TEST SET 

~ BY~ASS 

C, 

SH IElD 3 R, = 50 f! 
-":!::----- 3dbPAD + 

-= c) 

) °1 -= BOLOMETER 

COMPONENT VALUES 

C" C, VARIABLE CERAMIC CAPACITOR 9-35 ""f 
C, VARIABLE CERAMIC CAPACITOR 5.5-18 ""f 
C, VARIABLE CERAMIC CAPACITOR 2-8 ""f 
C" C, FIXED MICA CAPACITOR 50 ""f 
FT ALL FEED THROUGH CAPACITORS 1200 ""f 
Bypass CAPACITORS, DISC CERAMIC 0.1 "I, 75 Vdc 

L, INPUT INDUCTOR, 0.15 "h Q > 50 
L, OUTPUT INDUCTOR, 0.25 "h Q> 50 
Vee = 5.0 Vdc 
VEE = -4 VOLTS 

200 MC POWER GAIN TEST SET 
RFC FT 

+Vee o--_..rr 
:t 

FT 

C, 

~ 
C, 

COMPONENT VALUES 
C" C, VARIABLE CERAMIC CAPACITOR 
C" C, VARIABLE CERAMIC CAPACITOR 
C, FIXED MICA CAPACITOR 
FT ALL FEED THROUGH CAPACITORS 
BYPASS CAPACITORS, DISC CERAMIC 
L, INPUT INDUCTOR 
L, OUTPUT INDUCTOR 
RFC JEFFERS MOLDED CHOKE 

Vee = 5.0 Vdc 
VEE = -4 VOLTS 

13-193 

I C, 

~'4 
lJ--------l -= 1 R, = 50 f! 

MCI110 9 3db PAD + 
~~--'-' --0 BOLOMETER 

5.5-18 ""f 
2·8 ""f 
300 ""I 
1200 ""I 

-=- --=-......... GND. SHIELD 

---- :!:: - - -
5 FT -= 

0.1 "I, 75 Vdc 
30 nhy Q > 100, 2T #16 AWG '14" FORM 
50 nhy Q > 100, 4T #16 AWG '/4" FORM 

0.68 "h 

I 



-- Integrated Circuits --

MelllO (continued) 

G" 
1.7 

:g 1.5 

E 

5 

0 

..s 1.25 
u 
z 
~ 1.00 

8 0.7 5 
~ 

~ 0.5 0 

0.2 5 

INPUT ADMITTANCE versus EMITTER CURRENT 

200 ~C V" 

v,~ 5.0 vOLTI ~ 
_Gu ........ V 

...-::: t:::::-~-

2.0 4.0 6.0 
fE• EMITTER CURRENT (rnA) 

D" 
7 

---- 5 

L----

8.0 

3 

1 .0 

o 
10 

FORWARD TllAtlSFER ADMITTANCE versus FREQUENCY 

V" L L 15.~ IJJ!~s 
0 III = 4.0 rnA 

0 

0 

KG" 
0 

0 

0 B" ~ 

0 
1.0 5.0 10 2Q 40 60 100 200 400 1000 

f, FREOUENCY Imel 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 
0" B" 
30 15 

~ 
E 20 10 
g 

z 

I 10 

L-__ ~ ____ -L ____ L-__ ~ ____ -Jo 
2.0 4.0 6.0 8.0 10 

II. EMITTER CURRENT (rnA) 

FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 
G, 

30 

~ 
E 
g 20 
u 
z 

I 10 

B" 

200 MC V" J V ~' Vel = 5.0 VOLTS [7 
Bz,-:=:;:- 1 

/' 
7 - 10 

/V .-.-----i- G,,, 
5 

7 V 
---;7 

2.0 4.0 6.0 

I •• EMITTER CURRENT (rnA) 
8.0 

o 
10 

~ 
E 
g 
u z 

I 

E 
g 
u z 

I 
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REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 

E 
g 

G" 
0.3 

r2 

r 1 

G" 
3.5 

z 
~ 2. 

81. 
~l. 
§ 

O. 

0 

5 

0 

5 

200 MC V" .l. 
~vc~ = 5,0 VOLTS 

"- Gn 

-BII =0 

2.0 4.0 6.0 8.0 

lEo EMITTER CURRENT (rnA) 

OUTPUT ADMITTANCE versus FREQUENCY, 

V" J..I! ~IJ ~~LTS 
~ 1,=4.0mA 

0" 

V 
G" 

l- ~I,... III 

10 

8" 
.0 7 

6 ,0 ~ 

5.01 
u 

4.0 ~ 

3.0 ~ 
~ 

2.0 ~ 
1.0 

o 
1.0 5.0 10 20 40 60 100 200 400 1000 

~ 

G" 
0.7 

0.6 

1 0.5 

~ 0.4 

u 
~ 

~ O. 3 

~ O. 

§ o. 

G" 
0.7 

0.6 

E 0.5 
g 
u z 0.4 

I 0.3 

!; 0.2 

~ 0.1 

2 

1 

f. FREOUENCY Imel 

OUTPUT ADMITTANCE versus EMITTER CURRENT 

100 M,C V" .1 
r---v,,= 5.0VOLTS 

Bu_ 

I--

.I-G" -l----
2.0 4.0 6.0 

IE, EMITTER CURRENT (rnA) 

B.O 

8" 

3.0 

o 
10 

OUTPUT ADMITTANCE versus EMITTER CURRENT 

200 MCV" 

Vel = 5,0 VOLTS -~ ..,--I--

-Gn / 
/ 

2.0 4.0 6.0 

fEt~EMITTER CURRENT (rnA) 

B" 

3 .0 

BH ---2 
8.0 

1 

o 
10 



--Integrated Circuits --

MC1110 (continued) 

G" 

100 Me NOISE FIGURE vs. SOURCE RESISTANCE 

15 1 I Vee = 5 VOLTS 
loA. = 25°C 

1.=BmA-, 

~ ~ I Y 
3m~ 

~ 

o 
100 

ImA-V 
200 400 600 BOO 1000 2000 

RSI SOURCE RESISTANCE (OHMS) 

OPTIMUM NOISE FIGURE, OPTIMUM 
SOURCE RESISTANCE AND AVAILABLE POWER 

GAIN versus FREQUENCY 

15 30 
GAVAIL 

" J 

3K 

"" R~[ol'tl 

~ 
20 ~ 2K 

10 

NFlopl1 

/ 
10 

~ 
i'-I( = 1 rnA (TOTAL) 

Vc,c = 5 VOLTS 

20 30 40 60 80 100 
f, FREQUENCY (me) 

a 
200 300 

z 
~ 

~ 
:i1 
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~ 

INPUT ADMITTANCE versus EMITTER CURRENT 

IK 
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B" 
. 0 7 
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u z 
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~ 
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;;g 
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~ 
j 
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i1.25 

1 1 
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_ 
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GAIN CONTROL CHARACTERISTICS 

1111 

Ull 
36~~--~~~4+~--+-4-~~~-4 

30~~--~~~4+~--+-4-~~~==l 

V- 100 me 

V- Illi 
V 200 me 

V IIII 

.05 0.1 0.5 1.0 10 20 

28 

24 

:;; 20 

" z 
~ 16 
= 
~1 2 

a 

4. 0 

a 

lEt EMInER CURRENT (rnA) 

200 MC TRANSDUCER POWER GAIN (Grl 
versus POWER DISSIPATION 

..".-- -
1/ 

SEE FIG 21 

rOR 11STCKr 

ill m m w m w ro w ~ ~ 

TOTAL POWER DISSIPATlOt'l (milliwaUsl 

REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 

G" 
O • 3 

r 2 

I 

100 M,C Y" 

v;. = 5.0 VOL~S 

G" 

2.0 4.0 6.0 
II, EMITTER CURRENT (rnA) 

-
-B" =-- 0 

8.0 10 

REVERSE TRANSFER ADMITTANCE versus FREQUENCY 

1.0 5.0 10 20 40 60 100 200 400 1000 
f. FREQUENCY (~C) 
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--Integrated Circuits --

Mc1519 LINEAR CIRCUIT SERIES Add = 67 db 
V 10 =6mV 
CMR = 89 db 
BW = 0.7 Me 

CASE 71 

Integrated circuit wideband differential amplifier 
featuring NPN inputs and PNP outputs. 

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

Characteristic Symbol Rating Unit 

Power Supply Voltage Vee +14 Vdc 

Power Supply Voltage VEE -14 Vdc 

Differential Input Signal V·n "2:5 Vdc 

Total Power DiSS&ation PD 300 mW 
Derate above 25 e 2.0 mW/oC 

Operating Temperature Range T.T. -55 to +125 °c 
Storage Temperature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATIC 

Vee 

9 
2.7K 2.7K 

10 

4 

6Q---i 

WIDE BAND DIFFERENTIAL AMPLIFIER 

7 

- VEE 
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---Integrated Circuits --

MC1519 (continued) 

ELECTRICAL CHARACTERISTICS 
( Vee = +12 Vdc. VP.I·:= -12 Vdc. TA = 25'C unless otherwise noted) 

Characteristic Figure No. Symbol Min Typ Max Unit 

Differ.ential Voltage Gain 3, 8 Add 
db 

Circuit A (CE) 67 73 79 
Circuit B (CC) 40 45 50 

Single Ended Voltage Gain 3 AV db 
Circuit A (CE) - 67 -
Circuit B (CC) - 38 -

Maximum Output Swing 4 Vo V(p_p) 
Circuit A (CE) 12.0 14.0 -
Circuit B (CC) 8.0 10.0 -

Input Offset Voltage 5, 9 VIO mVdc 
Circuit A (CE) - 2.0 6.0 
Circuit B (CC) - 2.0 6.0 

Input Offset Voltage Drift 5, 9 VIOD IlV/oC 
Circuit A fCEl - 5.0 -
Circuit B CC - 5.0 -

Input Offset Current 6, 10 lIO /lAdc 
Circuit A (CE) - 1.0 4.0 
Circuit B (CC) - 2.0 8.0 

Input Current 6, 11 Ii /L Adc 
Circuit A (CE) - 40.0 70.0 
Circuit B (CC) - 60.0 90.0 

Common Mode Rejection 7 CMRej db 
Circuit A (CE) - 89.0 -
Circuit B (CC) - 86.0 -

Bandwidth - 3 db 3, 12 BW mc 
Circuit A (CE) 0.70 1.0 -
Circuit B (CC) 5.0 8.0 -

Differential Input Impedance 2 Zin kohms 
Circuit A (CE) 1.8 2.6 -
Circuit B (CC) - 1.2 - I 

Single Ended Output Impedance 2 Zout kohms 
Circuit A (CE) - 2.7 -
Circuit B (CC) - 0.048 0.120 
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--Integrated Circuits --

MC1519 (continued) TEST CIRCUITS 

FIGURE 1 
CIRCUIT A - COMMON EMITTER OUTPUT 

Vee' 

UK 

--
/ 

""",/2.7K 

H, = 1001( POT "::" 
R, SET FOR 

Vole .. ) = O@25"C 

-VU 

OUTPUT 

FIGURE 2 - DIFFERENTIAL INPUT IMPEDANCE 
and SINGLE-ENDED OUTPUT IMPEDANCE 

S, 

- R ••• t 
l,., WHEN R,. SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 1 

THEN R,. ~ l,. ':" 
Zovt: WHEN R"u,swrTCH£O INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 

THEN R"ut = lout 

FIGURE 4 - MAXIMUM OUTPUT SWING 
f= Ike l,. ~ IOMEGOHMS 

SCOPE 

Vs INCREASED UNTil Vo REACHES fULL CUTOFF. 

FIGURE 6 - INPUT OFFSET CURRENT 
and INPUT CURRENT 

LOWl 
I" MICRO· INPUT CURRENT ~ I" t " 

AMMETERS 
INPut OFfSET CURRENT g 1.4, - t, 

CIRCUIT B - COMMON COLLECTOR OUTPUT 
Vee 

2.111 

R,SEHOR 

21' V.le ... ) = +6V@25GC 

FIGURE 3 - DIFFERENTIAL VOLTAGE GAIN, 
SINGLE-ENDED VOLTAGE GAIN, and BANDWIDTH 

Vo 

V, 

Vi = l.OmVrms 

L~~ @f= lkc:-'.!d ~ Yo/Vi = VOA ~VO. 

2. Av@f = 1 kc and Bandwidth: Av ~ ~. 

FIGURE 5 - INPUT OFFSET VOLTAGE 

Vs IS CALIBRATED VARIABLE DC MIlliVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF 100 

FIGURE 7 - COMMON MODE REJECTION 

Vo 

VCt.4[mu,=+4.4V CMp.oj ~-20lORA.!d/A.: .. A.:d= ~~~~CMI 

Vo 

6 Vo RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
+4.4 TO -6.3V 
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--Integrated Circuits --

MC1519 (continued) 

~ 
!i 
3 
l5 
~ 
a 
j 

EFFECT OF TEMPERATURE ON CIRCUIT B CHARACTERISTICS 
RI SET FOR VOle",) = + 6 V AT +25'C 

FIGURE 8 - DIFFERENTIAL MODE GAIN 

I 
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t;; 

~ 
~ 
.} 

120 0 
I 

110 0 
0 

100 
-55 -2, 2, 55 8, 125 

TA, TEMPERATUREI"CI 

FIGURE 10 -INPUT OFFSET CURRENT 

'- j;;:::r;. 
i-

o 
-55 -25 0" 25 55 85 12> 

FIGURE 12 - CIRCUIT A BANDWIDTH 
70 

60 

SO 

40 

30 

20 

10 

0 
0.1 0.2 0.5 1,0 2.0 5.0 10 20 SO 100 

f. FREQUENCY lmel 
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2., 

2.4 

2.3 

2.2 

2.1 

2.0 
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--Integrated Circuits --

Mc1524 LINEAR CIRCUIT SERIES ZL = 16 - lOOn 
THD = 0.6% Typ 
Av = 10, 20 or 30 

CASE 71 Ii f I 
Integrated circuit l-W audio power amplifier. 

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

Characteristics Symbol Ratings Unit 
Power Supply Voltage Vee 12 Vdc 

Power Supply Voltage VEE -12 Vdc 

Operating Temperature Range TA -55 to +125 °e 

Storage Temperature Range Tstg -65 to +175 °e 

Maximum Audio Output Power Poutlmax) 1.0 Watt 
(TA = -550e to +1250 e) 

LINEAR POWER AMPLIFIER CIRCUIT SCHEMATIC 

+Vcc 

~--------------~~----------------~~~2 

GROUND 
6 

10K 

BASE 
~*------{IO 

10K 
500n 

11K 500n. 

8 7 
EXT.C FDBK -VEE 

~--------------~------------------~~4 
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--Integrated Circuits ._-

MC1524 (continued) 

ELECTRICAL CHARACTERISTICS (Vee = +6 V, VEE= -6V, TA = 25"C.) 

load Feedback 
mpedance Tap 

Characteristic ohms ohms Symbol Min Typ Max Units 
Maximum Peak~to-Peak Output Voltage 16 1000 VOrnax 9.0 10.0 - Y(P-PI 

forTHD<3%@lkc 

Voltage Gain @ 1 kc 250 Ay - 37.9 - -
16 500 - 20.0 -

1000 10.0 11.5 12.5 

250 - 41.2 -
100 500 - 21.3 -

1000 11.0 12.3 13.5 

Input Impedance @ 1 kc - 1000 ZIn 6.0 8.5 - kohms 

Output Impedance@ 1 kc - 1000 Zout - 0.58 0.80 ohms 

Bandwidth 250 BW - 350 - ko 

16 500 - 480 -
1000 250 770 -
250 - 340 -

40 500 - 480 -
1000 - 790 -
250 - 320 -

100 500 - 480 -
1000 - 810 -

Zero Signal Current Drain 16 1000 IS - 1.5 4.0 rnA 
(Eal:b Supply) 

Low Level Total Harmonic Distortion@ 1 kc 16 1000 TIID - 0.6 2.0 % 
(50 mVrms in) 

FIGURE 1 - AC COUPLED CIRCUIT FIGURE 2 - DC COUPLED CIRCUIT 

IHPUT 

I 
VEl'" -6V 

C, I 10 Pot (NOK1'OWIZEDI 

-= 1 Oil fWl8ACI( SIMMH 1K1I FEEDBACK SIMMH 
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--Integrated Circuits--

Me 1524 (continued) 

!;1 

!< 

I 
[;l 
!! 
~ 

~ 

RECOMMENDED OPERATING CONDITIONS 

1) DC load resistance (Rd should be greater than 
5 ohms for DC stability. 
2) Power supplies should be balanced. have low 
source impedances, and should be turned on and off 
simultaneously. (See Fig. 6 for Standby Current vs. 
Supply Unbalance.) 
3) Capacitors Ca and Col provide high-frequency 
stability. For most loads. at temperatures below 
70°C, C .. may be omitted. 
4) Low frequency roll off of AC coupled circuit is 
determined by C1 and C:!o Fig 1 is recommended for 
loudspeaker loads because of DC stability intro
ducedbyC2• 

5) Open loop operation is not recommended. Feed
back taps are connected as follows: 

Feedback Tap Pin Connection 

IKO 8 to C, (AC) or ground (DC) 

5000 9 to C2 (AC) or ground (DC) 

2500 8 to 10; 9 to C2 (AC) or ground (DC) 

l 
f5 

~ 
~ 

" J 

FIGURE 3 - MAXIMUM AVAILABLE OUTPUT 
POWER 

(BEFORE CLIPPING - RESISTIVE LOAD) 

1000 
700 
500 +9V +12V.-.:. 

200 
"'6 V -

100 
70 
W I-I KC 

T, 25"C 
20 

10 r-...... 
7 +3V SUPPLY 
5 

1 
010 20 30~ 5060708090 100 

Rl • LOAD RESISTANCE (ohmsl 

FIGURE 4 - TOTAL HARMONIC DISTORTION FIGURE 5 - AC COUPLED FREQUENCY RESPONSE 
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5 
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5 

r r I 0 
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FIGURE 6 - STANDBY CURRENT VARIATION DUE TO SUPPLY UNBALANCE 
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-- Integrated Circuits --

Me 1524 (continued) 

FIGURE 7 - DC TRANSFER CHARACTERISTICS FIGURE 8 - VOLTAGE GAIN versus TEMPERATURE 
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--Integrated Circuits--

Mc1530 
Mc1531 

LINEAR CIRCUITS 

Monolithic Operational Amplifier, designed for use 
as a summing amplifier, integrator, or amplifier with 
operating characteristics that can be varied by means 
of external feedback components. 

CASE 71 

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

Characteristic Symbol Rating Unit 

Power Supply Voltage Vec +9 Vdc 

Power Supply Voltage VEE -9 Vdc 

Differential Input Signal Vin !5 Vdc 

Load Current IL 10 mA 

Total Power Diss~ation PD 600 mW 
Derate above 25 C 4.0 mW/oe 

Operating Temperature Range TA -55 to +125 °c 

Storage Temperature Range Tstg -65 to +175 °c 

CIRCUIT SCHEMATICS 

t-~---tOUT'UT 

FIGURE 1- MCl530 (STANDARD INPUT) FIGURE 2- EQUIVALENT CIRCUIT BOTH TYPES FIGURE3- MC1531 (DARLINGTON INPUT) 
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--Integrated Circuits --

MC1530, MC1531 (continued) 

ELECTRICAL CHARACTERISTICS ~c~ ~;:~ ~~~~::~~:!~=c~oted) 
Chartcteristlc Definitions· fii· Chuacteristic Symbol Min ryp Max Unit No. 

Open Loop Voltage Gain AYOL db TIT MClS30 73 74 82 
MeIS31 68 71 77 

A"'OL MC1530 4500 5000 12500 -

1 
MeIS31 2500 3500 700() -

8 Open Loop Bandwidth BWOL me 

I--- 'Woe --I (no roll-off capacitance) MC1530 1 1.2 -
MeIS31 0.20 0.4 -

~ .. - Output Impedance Zout ohms 
11 = 20 cps) MC1530, MeIS31 - 25 50 

1;._ ~ Input Impedance Zln ohms 
I 15 (f = 20 cps) MC1530 10K 20 K -

MeIS31 1M 2M -
S~ov0:J Output Voltage Swing Vo Vpeak - (1 Kohm Load) MC1530, MeIS31 !:4.S :5.2 -

Input Common Mode Voltage Swing ViCM 
-- --

I Vpeak 

~ MC1530 '2 :':2.7 -
5 '0 MeIS31 '2 :':2.4 -

,:v~ "C"=-i:- - Common Mode Rejection Ratio CMRej db 
MC1530 70 75 --V _ CM,oi = Ayer.! - AYOl MeIS3l 65 75 -

II~ Input Bias Current 'b "A 
16 (Ib=~) MC1530 - 3 10 

h--.. 2 MeIS31 - 0.025 0.150 

'::=:1> Input Offset Current lio "A 

12-+ 2 17 liD = 11 - 12 
MC1530 - 0.200 2 
MeIS31 - 0.003 0.025 

~ 
Input Offset Voltage IViol mV 

IV,.I 
14 

MC1530 - 1 5 
1 V~.t=O MeI531 - 3 10 

~ 
Input Noise Voltage VN(in) p.Vrms 

10 
(Open Loop, 50 ohm MC1530 - 10 -
source, aWOL == 5 me) MeiS31 - 20 -

Average TemperabJre Coefficient of TCVio /lV/DC 
Input Offset Volta~e 

14 2SDc to+ 12S0C MCL530 - 3.8 -
_5SDC to+ 2SoC - 8 -
25°C to +12SoC MeIS31 - II -
_5SDC to + 2SoC - 20 -

II 
D.C. Power Dissipation PD mW 

(Power Supply'" :t6 V, Vo=O) - 110 150 

~ 
Positive Supply Sensitivity S+ "V/V 

2 I 5ENSITIVlTY=S - (-V constant) - 100 -
1 5 V_t 

Negative Supply Sensitivity S-- "V/V s-~ -
-Vs - 6.VstAyoll (+ V constant) - 100 -

'" All definitions imply linear operation (Via = 0) 

FIGURE 4 - NORMALIZED DC OPEN LOOP TRANSFER CHARACTERISTICS 

I- MCI5Jl 

-+-8V ~r--- - --.--- .--------
+6V ,I .p -------- --.----. 

±4V ///. _------- -::=-

8 .. ~ 
6 I- · .. MCI530 

~ ~I--
-2 -~ 

0_4 F:===:-- -------- V/ / 
,; --------- --- ----It' / -6 , 

-8 -------- -------- __ oJ 

-3 -2 -1 +1 1-2 +3 

v,., INPUT VOLTAGE ImVl 
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RECOMMENDED OPERATING 
CONDITIONS 

1. For High Slew Rate use Circuit A. Figure 12 
2. For Minimum Noise use Circuit S, Figure 12 
3. For operational stability Power Supply decoup

ling should be employed at all times. 
4. Self Biasing network used to hold output voltage 

lessthan±lvoltd.c.(quiescentl 



--Integrated Circuits --

MC1530, M0153.1 (continued) 
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FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 

(Rolloff Applied To Output Amplifier) (Rolloll Applied To Input Differential Amplifier) 
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-- Integrated Circuits --

MC.1530, MC15 31 (continued) 
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FIGURE 7 - MAXIMUM OUTPUT VOLTAGE SWING versus FREQUENCY 
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(Rolloff Applied To Input Differential Amplifier) 
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--Integrated Circuits --

MC1530, MC15 31 (continued) 
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TEMPERATURE CHARACTERISTICS 
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FIGURE 11 - SAFE OPERATING AREA 
(No Heat Sink) 
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--Integrated Circuits--

MC 15'30, MC1531 (continued) 

TEMPERATURE CHARACTERISTICS 

FIGURE 14 - OFFSET VOLTAGE NORMALIZED 
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FIGURE 15 - INPUT IMPEDANCE 
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--Integrated Circuits -

ADDITIONS AND MODIFICATIONS 
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MH745 
MH746 

MK10 
MK15 
MK20 
MK25 

MS10 
MS15 

XC63 
XC72 

HARDWARE 

THE FOLLOWING SEMICONDUCTOR HARDWARE 
IS INCLUDED IN THIS SECTION. 

Rectifier - zener diode mounting hardware 

Power transistor mounting hardware 

Power transistor heat-sinks 

Integrated circuit interconnecting patchboards 

14·1 
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-- Hardware--

MOUNTING HARDWARE 
FOR 

7/16" RECTIFIER AND I o WATT ZENER DIODE 
11/16" RECTIFIER AND 50 WATT ZENER DIODE STUD PACKAGES 

MH745 
MH746 

TEFLON WASHER 1.003 .265 .006 TEFLON WASHER ~ 
.997 .MI'~;5W:S~~4S~ 

_ ~ .276 .185 .041 ~ ~ .362 .264 .060 
MICA WASHERS ~ .286 x"T95 • "]Sf" <Sf "37z x .274 x .070 

.62 x .20 x ::: 

~o FLAT WASHER 0 
Steel, cad. plated ~ FLAT WASHER 
~ x ~ x 040 Steel, cad. plated o .52 .23' a ~x .257x~ 

.85 .270 .08 t;f SOLOER TERMINAL 
Copper, cad. plated ~ SOLDER TERMINAL e .90 x .44 x .25 copper, e'ectro-tlnned 

Q 6 (AMP .. 34124) 

if LOCK WASHER 
Steel, cad. plated ~ LOCK WASHER o .370 x .194 x .020 Steel, cad. plated 
.3~1 .204 .025 0 ~ x ~ x .:!!!L 

Brass, cad. plated, 10-32NF·2·B a .362 W NUT 
.375 Nom. across flats 

.182 
x .192 

7/16 STVD 
(MH 745) 

Mounting hardware Is sup
plied with the units, For 
additional hardware, order 
by kit number: 

MH745-K," 
STUD MOUNTING 
HARDWARE 

MH746 - '31'," 
STUD MOUNTING 
HARDWARE 

L ____ 
.160 
MAX. 

14-2 

.48 .27 .027 

~
NUT 
Steel, cad. plated e p8NF·2B 
.425 .187 
.437 across flats x :2i9 

11/16 STUD 
(MH 746) 

HOLE DIA. 
.265 ± .005 



-- Hardware --

POWER TRANSISTOR MOUNTING KITS 
MK· 1 0 - teflon 

MK-1S - mica 

MK-20 - anodized aluminum 

MK-2S -mica 

CHASSIS OR 
HEAT SINK 

INSULATING 
BUSHING 

SOCKET 

SCREWS OR RIVETS 
(not in mounting kit) 

Typical thermal characteristics for teflon, mica, and 
anodized aluminum insulators used in mounting kits 
are given in the table below. (Figures may va
ry with mounting torque applied. Do not over stress. ) 

KIT TYPE INSULATING WASHER TYPICAL THERMAL RESISTAN(.E (OC/Walt) 
Dry With OC4" 

- No Insulator .20 .10 
MK-l0 Teflon 1.45 _80 
MK-15 Mica .80 .40 
MK-20 Anodized Aluminum .40 .35 
MK-25 Mica 

*OC4 is Dow Corning No.4 Silicone Lubricant. 

Mountingkits, types MK-10, MK-15, MK-20, and MK-25 provide the neces
sary hardware for correctly mounting all TO-3 and TO-66 industry standard 
power transistor types to a chassis. With these kits, power transistors can 
be electrically insulated from the heat sink chassis, while maintaining com
plete heat transfer characteristics. 

Included in these highly useful kits are a transistor mounting socket, front 
and back mounting templates for hole drilling guides, two #6 mounting screws, 
two insulating bushings, an insulating washer and complete mounting instruc
tions. 

14-3 
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-- Hardware 

MK.l0, MK·15, MK·20, MK·25 (continued) 

The teflon-coated glass cloth insulating washer, included in kit MK-IO, 
will find use in installations requiring an insulator of excellent durability. 
The mica insulator, in kit MK-15 and MK-25, is characterized by very high 
thermal conductivity. In applications where both good thermal conduction and 
durability are necessary, the anodized aluminum insulator supplied in kit 
MK-20, is recommended. 

The transistor socket included in all mounting kits, is made of rugged lami
nated phenolic, with contacts of phosphor bronze. 

Three cadmium plated solder lugs, having a I5-amp maximum current ca
pacity, are provided for base, emitter and collector connections. 

I ~L090 
~1.350 

TRANSISTOR SOCKET ,010 
Included with aU TO-3 mounting kits 

TRANSISTOR SOCKET 
Included with all TO-66 mounting kits 

.100 
±.oI5 

T0-3 

TypeMI(-20 
mounting kit 

T0-66 

XP PHENOLIC 
VACUUMWA~ 
IMPREGNATED 

BRASS 
CADMIUM PLATED 
.Q30TIIK 

5!321N.---Ir:i MAX 

13/32 IN. 

14-4 

1.062 
.430 

.002 MICA 
INSULATOR 

Type MK·15 
mounlingkil 

TEFLON INSULATING-BUSHING 
Included with all mounting kits 

.tBBRTYP 

.002 MICA INSULATOR 
Type MK·25 mounting kit 

TEFLON INSULATING BUSHING 
Includedwittlall mounting kits 

(Same a~forTO-3) 

.390R 

.lS6±.002DIA 
(2 HOLES) 



-- Hardware --

Ms.l 0 POWER TRANSISTOR HEAT SINK 

Designed specifically for use with the industry standard type TO-3 (diamond) 
power transistor, this heat sink will reduce transistor junction temperatures 
and permit safe operation at higher power levels or under high ambient 
temperatures. 

Cooling is accomplished with the MS-10 by conduction, convection and 
radiation. Although measuring only 4-1/2" by 3-1/16", the MS-10 makes pos
sible thermal dissipation effectively equal to that of a flat sheet of aluminum 
10" by 8" by 1/8". This greatly reduces the chassis area necessary for heat 
dissipation at higher power levels. 

The transistor with use of silicon grease should be mounted directly to the 
MS-10 heat sink with the insulating washers placed at each of the (4) mounting 
points· located on the heat sink flange. This is accomplished by placing (1) 
shoulder washer on the bottom and (1) flat washer on top of each mounting 
point of the heat sink. A mica washer is supplied to isolate the transistor from 
the heat sink if desired. 

The MS-10 has a hole pattern arrangement which will accommodate the 
mounting of one TO-3 power transistor and/or two 10/32" stud mounting 
diodes. Provided with each MS-10 package is an MK-15 power transistor 
mounting kit which contains a power transistor socket, mounting screws, 
complete mounting instructions and a mica insulating washer for use in mount
ing transistors to the heat sink. 

This heat sink is easy to install and does not interfere with the operation of 
the transistor. For optimum efficiency, the MS-10 should be mounted with the 
fins vertical. 

PERFORMANCE UNDER FORCED AIR FLOW 
OF MS·l0 NATURAL CONVECTION 

TRANSISTOR HEAT SINK 
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AIRFLOW(LIl/IlfIN) 
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SPECIFICATIONS 

Material Aluminum Alloy 

Finish Black 

Total Surface Area 6S Sq. In. (approx.) 

Thermal Resistance 3°C/watt 

THERMAL CHARACTERISTICS MS·l0 
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MS·) 0 (continued) 

. 
125l 

3 
R ITt .6 

EF 

2.00 

LJ 
/f 

LRADIUS 
(4 PUICES) 

1.03T REF 

Providing cooling by conduction, convection and radi
ation, the MS-lO Heat Sink, measuring only 4-1/2" by 
3-1/16", has thermal dissipation equal to that of a 
flat sheet of aluminum 10" x 8" x 1/8" . 
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HOLE LIST 
HOLE SIZE 
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B .188 DIA 

C .14001A 

14-6 

(4) 



-- Hardware ---

Ms-15 POWER TRANSISTOR HEAT SINK 

Designed specifically for use with the industry standard type TO-36 ("door
knob") power transistor, this heat sink will reduce transi$tor junction temper
atures and permit safe operation at higher power levels or under high ambient 
temperatures. 

Cooling is accomplished with the MS:"15 by conduction, convection and radia
tion. Although measuring only 4-1/2" by 3-1/16", the MS-15 makes possible 
thermal dissipation effectively equal to that of a flat sheet of aluminum 10" by 
8" by 1/8". This greatly reduces the chassis area necessary for heat dissipation 
at higher power levels. 

The MS-15 has a hole pattern arrangement which will accommodate the 
mounting of one TO-36 power transistor. Provided with each MS-15 package 
is assorted mounting hardware such as: insulating bushing, mica washer, 
nut, fl;lt washer, solder terminal and insulating washers used in mounting the 
heat sink to the chassis. 

The transistor with use of silicon grease should be mounted directly to the 
MS-15 heat sink with the insulating washers placed at each of the (4) mounting 
points located on the heat sink flange. This is accomplished by placing (1) 
shoulder washer on the bottom and (1) flat washer on top of each mounting point 
of the heat sink. A mica washer is supplied to isolate the transistor from the 
heat sink if desired. 

NOTE: When mounting the transistor to the heat sink a torque of 
20 in. lbs. max should be applied to the stud. 

This heat sink is easy to install and does not interfere with the operation of 
the transistor. For optimum efficiency, the MS-15 should be mounted with the 
fins vertical. 

PERFORMANCE UNDER FORCED AIR FLOW 
OF MS·15 NATURAL CONVECTION 

TRANSISTOR HEAT SINK 
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SPECIFICATIONS 

Material Aluminum Alloy 

Finish Black 

Total Surface Area 65 Sq. In. (approx.) 

Thermal Resistance 3°e/watt 

THERMAL CHARACTERISTICS MS·15 
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-- Hardware --

MS.15 (continued) 

Providing cooling by conduction, convection and radi
ation, the MS-15 Heat Sink, measuring only 4-1/2" by 
3-1/16", has thermal dissipation equal to that of a 
flat sheet of aluminum 10" x 8" X 1/8". 

2.00 

HOLE LIST 

j..--- 2.25 HOlE SIZE 
A O.22±.010 

0.15 
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--- Hardware--

xc63 
xc 72 INTEGRATED CIRCUIT INTERCONNECTION PATCHBOARDS 

XC63 

Integrated Circuit Interconnection Patchboards, de
signed to allow rapid interconnection and evaluation of 
individual integrated circuits or complete logic designs. 
Little or no soldering is required as a result of the ex
tensive use of sockets and connectors. 

XC72 

PATCHBOARD SPECIFICATIONS 

Specification XC63 (TO·5 Package) XC72 (Flat Package) 

Number of Sockets 16 16 

Type of Socket 10-pin 14-pin 

Number of Pin Jacks per Socket Pin 2 2 

Input! Output 22-pin PC edge cormector 22-pin PC edge connector 
or 11 BNC coaxial connectors or 11 BNC coaxial cormectors 

Power Cormection 2 banana plugs plus 3 banana plugs or 
1 or 3 edge cormector pins 3 edge connector pins 

Power Distribution 3 voltages next to 3 voltages next to 
each socket each socket 

Temperature Range -650 C to +150oC -650 C to +150oC 

Printed Circuit 1/16" glass epoxy with 1/16" glass epoxy with 
2 oz.gold plated runs 2 oz gold plated runs 

Frequency Range DC to 50 mc DC to 50 mc 

Edge Cormector* 22-pins 22-pins 

*Fits into Amphenol 143-022-01 connector, which is not included with patchboard. 
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-- Hardware--

XC63, XC72 (continued) 

HOW TO USE INTERCONNECTION PATCHBOARDS 

The Integrated Circuit Interconnection Patchboards are, in 
effect. "universal chassis" designed to simplify testing of individ
ual devices and breadboarding of complete integrated circuit sub
sy.stems. Patchboard XC63 is designed for TO-5 integrated circuit 
packages with up to 10 leads. and Patchboard XC72 is designed 
for flat packs with lip to 14 leads. 

The boards contain L6 sockets for dircct:plug-in of integrated 
circuit pac.},ages. Associated with each socket are a number of 
spring-loaded pin jacks which are connected. through printed 
wiring, to the device pins. There are two pin jacks connected. to 
each socket pin for greater. interconnection flexibility, Intercon· 
nections betw'een circuits are made simply by inserting 22 gauge 
(0.025 inch) solid hook-up wire into the appropriate pin jacks, 
which are designed for high retention capability even after nu
merous insertions. 

A series of eleven BNC coaxial connectors, located around 
the periphery of the board provide convenient access points for 
applying input signals and sampling the outputs. Additional com
munication to and from the board can be made through 22 pin 
jacks, located on one edge of the board, which are wired to ac-

XC63 Integrated circuit with up to 10 pins 

Discrete components if required 

Power supply voltage distribution points 
(3 points loc~ted by e~ch ~ocket) 

Sochtlocation referenced for eaSIl of USIl 

Socket pins numbered for 
easy identification 

16 10.pin integrated circuit sockets 

2 pin jacks for each socket pin 
foedseinterconnection 

XC72 Discrete components if required 

Power supply voltage distribution poinu 
(3poinls located by each sockel) 

AlternoTe powerdisTribufion inputs 

Socket pins numbered for easy identification 

16 14-pin integrated 
drcult sockets 

2 pin jacks for nch socket 
pin to ease inlerconnection 

Socket location referenced 
for ease of use 

commodate an edge-mounted, printed circuit strip connector (n 
supplied). 

Three voltage-distribution planes are provided on each board. 
Two of these, in the form of a copper lamination on each side of 
the board, are accessible to power supply inputs through banana 
jacks mounted on the board. Two pin jacks near each socket loca
tion are in contact with the copper (one with each plane) and 
provide a ready means for applying the power supply voltages to 
the various jacks. A third voltage may be distributed from the 
edge-mounted strip connector pin jacks which·have printed wir
ing runs to a number of additional pin jacks mounted at conven
ient locations throughout the board. 

Each of the 16 integrated circuit sockets is lettered, to aid in 
correlating logic block diagrams with the patchboard. The pins 
of each socket are numbered as a further aid. The use of these 
boards permits the same integrated circuits to be used repeatedly 
for the evaluation of many commonly used logic configurations 
with a minimum of effort. More complex designs may be studied 
by interconnecting several breadboards. Thus, all designs may 
be evaluated and finalized before the integrated circuits are per
manently interconnected in the system. 

Banana plug power 
distributiontonnettions 

HClOk·up wire 

11 BNC cClaxial tonnections. for 
input·outputor 
system test pClint monitoring 

Pin jacks for #22 gauge solid wire 

Alternate power distribution inputs 

Printed tircuit edge connector 
lor convenience in making input-Clutput 
(onnections (not included) 

Banana plug power 
distributiClnconnections. 

HClOk·up wire 

Int~grMed circuit with up to 14 pins. 

I' BNC coaxial connections for 
input·ou.putor 
~y!tem test pClint monitoring 

Pin jacks for #22 gauge solid wire 

Prirrteddrcuit edge connector 
for cClnvenience in making input·output 
CClnnections (nof inciuded) 
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LATE ADDITIONS 

This "late Additions" section was designed speci
fically to include the latest devices manufactured 
prior to the publishing of this book. 

15-1 
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-- Late Additions--

CONTENTS TO LATE ADDITIONS SECTION 
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2N998 
2N999 

-- Late Additions --

VeB = 60 - 100 V 
Ie = SOD mA 

Darlington amplifiers containing two NPN silicon an
nular transistors are designed for applications requiring 
very high gain, low noise, and high input impedance. 

CASE 20 
(TO-72) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A 

Derate above 25°C 

= 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

8, 

Symbol 

VCE 

VCB 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

15-4 

2N998 2N999 Unit 

60 60 Vdc 

100 60 Vdc 

15 Vdc 

500 mAdc 

0.5 Watt 

2.86 mW/oC 

1.8 Watts 

10.3 mW/oC 

200 °c 

-65 to +300 °c 



-- Late Additions --

2N998, 2N999 (continued) 

ELECTRICAL CHARACTERISTICS CT .. '" 2S'C unless othrwi~ noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter SUstaining Voltage· BV CEO(aus)· Vde 
ile " 30 mAde, IB " 0) 60 -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie '" 100 pArle, IE " 0) 2N998 100 -

2N999 60 

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE'" 100 IlAde, Ie '" 0) 15 -

Collector Cutoff Current leBO JlAdc 
(Ves '" 90 Vdc, IE" 0) 2N998 - 0.01 

(VeB '" 90 Vdc, IE := 0, T A = 150°C) 2N998 - 15 

(Ves == 60 Vdc, IE '" 0) 2N999 - 0.01 

(Ves ::= 60 Vdc, IE = 0, TA = 150°C) 2N999 - 10 

Emitter Cutoff Current lEBO ~Ade 
(VBE '" 10 Vdc, Ie '" 0) - 0.01 

ON CHARACTERISTICS 

DC Current Gain" hFE* -
(Ie '" 1 mAde, VeE'" 5 Vdc) 2N998 800 -
(Ie '" 10 mAde, VeE'" 5 Vdc) 2N998 1,600 8,000 

(Ie'" 100 mAde, VeE = 5 Vdc) 2N998 2,000 -
(Ie = 0.1 mAde, V CE '" 10 Vdc) 2N999 1,000 -
(Ie '" 10 mAde, V CE '" 10 Vdc) 2N999 4,000 -
(IC =0 100 mAdc, V CE = 10 Vdc) 2N999 7,000 70,000 

(Ie = LOa mAdc, V CE = 10 Vdc, T A = -5SoC) 2N999 1,000 -
(Ie = 10 mAde, VCE = 5 Vdc, measured 2N998 25 -

across each transistor within the device) 

(Ie =0 10 mAdc, V CE '" 10 Vdc, measured 2N999 25 -
across each transistor within the device) 

DYNAMIC CHARACTERISTICS 

output Capacitance Cob pF 
(V CB = 10 Vdc, IE = 0, f = 140 kHz) 2N998 - 30 

2N999 - 20 

Input Capacitance Cib pF 
(VBE = 0.5 Vdc, Ie '" a, f '" 140 kHz) 2N998 - 50 

2N999 - 10 

Small-Signal Current Gain hIe -
(Ie = 1 mAdc, VCE = 5 Vdc, f '" 1 kHz) 2N998 1,000 -

Noise Figure" NF*· dB 
(IC = O.1.mAdc, VCE = 10 Vdc, RS = 5 kiiohms, 2N998 - 6 

f '" 1 kHz, Bandwidth '" 200 Hz) I 
·Pulse Test: Pulse Width = 300 /-lS, Duty Cycle = 1% 

"Measured with constant current supply. of 20 pAde connected to the emitter of the input transistor. (See Figure 1) 

FIGURE 1 - NOISE FIGURE TEST CIRCUIT 

I 
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2N2646 
2N2647 

-- Late Additions--

VSB = 35 V 
le= SOmA RMS 

Silicon annular unijunction transistors for oscillators, 
timing circuits, pulse generators, bistable circuits, 
sensing circuits and SCR triggering. 

MAXIMUM RATINGS (At 25°C) 

Characteristic Rating Unit 

RMS Power Dissipation* 300 mW 

RMS Emitter Current 50 rnA 

Peak Emitter Current 2 Amps 

Emitter Reverse Voltage 30 Volts 

Interbase Voltage 35 Volts 

Operating Junction Temp. 
Range -65 to 125 °c 

Storage Temperature Range -65 to 150 °c 

*Derate 3 mW jOc ambient temperature increase 

ELECTRICAL CHARACTERISTICS (at TA = 25°C) 

Device 2N2646 2N2641 

Parameter Minimum Typical Maximum Minimum Typical Maximum Units 

1'/ 0.56 - 0.75 0.68 - 0.82 

RBBO 4.7 7 9.1 4.7 7 9.1 kQ 

lXRBBO * 0.1 - 0.9 0.1 - 0.9 %jOC 

VE (sat) ** - 3.5 - - 3.5 - Volts 

IB2 (mod) - 15 - - 15 - rnA 

lEO - 0.005 12 - 0.005 0.2 /lA 

I ** - 1 5 - 1 2 /lA P 

I 4 6 - 8 10 18 rnA 
v 

VoBl 3 5.5 - 6 8 - Volts 
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-- Late Additions--

2N2646, 2N2647 (continued) 

Symbol 

'l(Eta) 

VE(sat) 

'B2(mod) 

'EO 

'P 

'v 

Definitions and Conditions 

Vp - VFEB! 
Intrinsic Standoff Ratio (VBB=IOV, 'l = V ' 

BB 
V FEBI = Junction Diode Drop (App. 0.5 V) 

'nterbase Resistance (VBB=3V, 'E=O; 

Interbase Resistance Temperature Coefficient (VBB",,3V; IE=O; 
T A = -55°C to +1250 C) 

Emitter Saturation Voltage (V BB=IOV, 'E= 50mA) 

Modulated 'nterbase Current (V BB=IOV, 'E= 50mA) 

Emitter Reverse Current (V B2E= 30 V, 'B!= 0) 

Peak Point Emitter Current (V BB=25V) 

Valley Point Current (VBB=20V, RB2= WOn) 

VoBI Base I Peak Pulse Voltage (See Fig. 3) 

'" Suggested nominal temperature compensating resistor (RB2) for unijunction 
only over ambient temperature range of -55DC to + 1250 C in circuit similar 
to Figure 3 is approximately 330 ohms for the 2N2646 and 560 ohms for the 
2N2647. 

""When testing for Emitter'Saturation Voltage IVE(sat)] and Valley Point 
Current ('v) a duty cycle of lO%or more may cause mternal heating due to 
inter base modulation resulting in erroneous readings. 

0.178 
0.195 

0.016 DlA 
0.019 

FIGURE 1 

0.209 
0.230 

DlA 

FIGURE 2 FIGURE 3 
SYMBOL AND NOMENCLATURE EMITTER CHARACTERISTICS Vol! TEST CIRCUIT 
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2N30S3 (SILICON) 
VCEO =40V 
Ic = 700mA 
PD=5W 

NPN silicon annular transistor designed for medium
current switching and amplifier applications. 

CASE 31 
(TO·S) 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T C = 25°C 

Derate above 25°C 

Operating JWlction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T ... ::: 2S'C unleu otherwi~e noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(Ie = 100 "Ade, IE = 0) 

Collector-Emitter Breakdown Voltage BVCER 
(Ie ::: 100 mAde, RBE ::: 10 ohms) 

Collector-Base Breakdown Voltage 
(IC = 100 "Ade, IE = 0) 

BVeBO 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 ,.,.Adc, lC:: 0) 

Collector Cutoff Current IcEX 
(V CE = 60 Vde, V EB(off) = 1.5 Vd,) 

Base Cutoff Current IBL 
(VCE = 60 Vde, VEB(off) = 1.5 Vde) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ic = 150 mAde, VCE = 2.5 Vde) 

(I~ = 150 mAde, V CE = 10 Vde)· 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ie = 150 mAde, IB = 15 mAde) 

Base-Emitter On Voltage VBE(on) (Ie = 150 mAdc, V CE = 2.5 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC"" 50 mAde, V CE = 10 Vde, f. 20 MHz) 

Output Capacitance 
(V CB = 10 Vde, IE = 0, f = 140 kHz) 

Cob 

Input Capacitance 
(VBE = 0.5 Vdc, IC = 0, f = 140 kHz) 

C1b 

.Pulse Test: Pulse Width := 300 /-Ls, DUty Cycle = 2% 

15-8 

Symbol Rating Unit 

VCEO 40 Vdc 

VCB 60 Vdc 

VEB 5 Vdc 

Ie 700 mAde 

PD 5 Watts 

2B.6 mW/oC 

T J 200 °c 

TsIg -6510 +200 °c 

Min Max Unit 

Vde 
40 -

Vde 
50 -

Vde 
60 -

Vde 
5 -

Il Adc - 0.25 

/-LAdc - 0:25 

-
25 -
50 250 

Vde 
- 1.4 

Vde 
- 1.7 

Vde - 1.7 

MHz 
100 -

pF 
- 15 

pF - 80 



-- Late Additions--

2N3823 (SILICON) Vos = 30V 
10 = lOrnA 
Po= 300mW 

Silicon N-channel junction field-effect transistor de
signed for VHF amplifier and mixer applications. Drain 
and source may be interchanged. 

CASE 20 
(TO-72) 

Characteristic 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Power Dissipation 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T~ = 2S'C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Sow-ce Breakdown Voltage 
(Ia = -1 /lAde, Vns::: 0) 

Gate Reverse Current 
(Vas = -20 Vdc, Vos = 0) 

(Vas = -20 Vdc, Vos = 0, T A = 150°C) 

Gate-Source Cutoff Voltage 
(1, = 0.50 nAdc, Vos = 15 Vdc) 

Gate-Source Voltage 
(10 = 0.4 mAde, Vns= 15Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current+: 
(Vns ::: 15 Vdc, V GS ::: 0) 

OYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS::: 15 Vdc, VGS::: 0, f;:= 1 kHz)+: 

(VOS = 15 Vdc, VGS::: 0, f = 200 MHz) 

Input Conductance 
(VDS = 15 Vdc, VGS = 0, f = 200 MHz) 

Output Conductance 
(Vns = 15 Vdc, VGS = 0, f = 1 kHz)* 

<YDS = 15 Vdc, VGS = 0, f = 200 MHz) 

Input Capacitance 
(VDS = 15 Vdc, VGS = 0, f = 1 MHz) 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, V GS = 0, f = 1 MHz) 

Common-Source Spot Noise Figure 
(Vns = 15 Vdc, VGS = 0, RS = 1000 ohms, f = 100 MHz) 

*Pulse Test: Pulse Width = 100 ms, Duty Cycle -:; 10% 
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V(BR)aSS 

lass 

VaS(orf) 

Vas 

I Yrsl' 

Re(y1s ) 

IYosI' 
Re(yos) 

C. 
lSS 

Crss 

NF 

Symbol Rating Unit 

Vos 30 Vdc 

Voo 30 Vdc 

Vas -30 Vdc 

10 10 mAde 

Po 300 mW 

2 mW/oC 

TJ 175 °C 

T stg ,-65 to +200 °C 

Min Max Unit 

Vdc 
-30 

nAdc 
-0.50 

-500 

Vdc 
-8 

Vdc 
-1. 0 -7.5 

/lmhos 
3500 6500 

3200 -

p.mhos 
- 800 

p.mhos 
35 

- 200 

pF 
6 

pF 
2 

dB 
- 2.5 

I 
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Mc313F 
Quad 2-lnput NOR Gate 

V .. ·; 
~~ - _.-' 

CASE 83 

MAXIMUM RATINGS 

Characteristic 

-- Late Additions--

MEeL 

The MC313F is a monolithic Integrated Circuit Emitter 
Coupled Logic (MECL) Quad 2-Input Gate element. This 
gate element provides the positive logic "NOR" function. 
A bias driver is "built-in" to the circuit, eliminating the 
necessity for any external biasing. 

The MC313F is available in the TO-B6 1/4" x 1/4" 
14 lead flat pack in the full military te.mperature range 
of -550 to +1250 C. 

Symbol Max Unit 

Logic Input Voltage (Pins 1, 6, 7, 9, 10, 11, 12 & 14) - 5 Volts 

Power Supply Voltage - 10 Volts 

Operating Temperature Range TA -55 to + 125 °c 

storage Temperature Range Tstg -65 to +150 °c 

FIGURE 1 - CIRCUIT SCHEMATIC 
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-- Late Additions--

MC313F (continued) 

ELECTRICAL CHARACTERISTICS (@ 25·C) 
ff 

VEE = -5.2 Vdc t 1%, VCC = 0 Vdc All tll1used inputs are returned to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure 2) 

Logical 111" Output Voltage VI 0.690 0.795 Vdc 
(Vin = -1.35 Vdc each input) 

Logical 110" Output Voltage V4 1.465 1.750 Vdc 
(Vin = -0.795 Vdc each input) 

Saturation Breakpoint Voltage V3 - 0.55 Vdc 
(dv(NOR)/dVin = 0) 

Output Voltage Change (no load to full load) ~VI - 0.055 Vdc 
No load = 0 rna 
Full load = -2.5 rna 

Total Unit Power Supply Current Drain IE 23 30 rnAdc 

Input Current lin - 100 /LAdc 
(V I = -0.690 Vdc each input) 

Fan Out n - 25 -
Switching Characteristics (Figure 3) 

Fan Out = 1 tdl - 11.0 ns 
Fan Out = I td2 - 13.5 ns 
Fan Out = 1 tr - 12.0 ns 
Fan Out = 1 tr - 14.0 ns 

ELECTRICAL CHARACTERISTICS (@ -55·C) 

DC Characteristics (Figure 2) (VEE = -5.2 Vdc !I%, VCC = 0) All tll1used inputs connected to VEE 

Logical "1" Output Voltage VI 0.825 0.945 Vdc 
(Vin = -1.45 Vdc each input) 

Logical "0" Output Voltage V4 1.560 1.850 Vdc 
(Vin = -0.945 Vdc each input) 

Saturation Breakpoint Voltage V3 - 0.40 Vdc 
(dv(NOR)/dVin = 0) 

Output Voltage Change (no toad to full load) ~Vl - 0.055 Vdc 

No load = 0 rnA, Full load = 2.5 rnA 

ELECTRICAL CHARACTERISTICS (@ 125·C) 
DC Characteristics (Figure 2) (VEE = -5.2 Vdc :!:l%, VCC = 0) All tll1used inputs connected to VEE I Logical "I" Output Voltage VI 0.525 0.655 Vdc 

(Vin = -1.30 Vdc each input) 

Logical "0" Output Voltage V4 1.340 1.675 Vdc 
(Vin = -0.655 Vdc each input) 

Saturation Breakpoint Voltage V3 - 0.68 Vdc 
(dv(NOR)/dVin = 0) 

Output Voltage Change (no load to full load) ~Vl - 0.060 Vdc I 
No load = 0 rnA - Full load = -2.5 rnA 
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-- Late Additions--

MC313F (continued) 

FIGURE 2 - TRANSFER CHARACTERISTICS and METHOD OF TEST 

o 
-------,-------,------, 

OV-W 
-3V--

",25cps 

r-----------------~ X 
X-y 
scope 
y 

FIGURE 3 - SWITCHING TEST CIRCUIT and WAVEFORMS 

ein(max) 

-.800V 

2N709 

n = number of fan outs 

2K 

-5.2V 

Waveform at input 
Cs = (n+12) pf 

to Tektronix 567 
scope or equiva
lent 

• on ... " ,,,' ~'l "T~ / 
50% \. 50% 50% j 50% 

\ _____ J/I 
=-..j td2 ~ 
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-- Late Additions--

Mc314 
AC Coupled MECL J-K Flip-Flop 

i The MC314 is a J-K Flip Flop in the MECL series of lei monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to operate 
reliably across the full military temperature range of 
-55 0 to +1250 C at clock frequencies of 30 Mhz. The 

SUFFIX "G" DEVICES MC314 contains logic performing inputs (J andK) as well 

~~_ f~ V It is electrically interchangeable with the MC308 when 
CASE 71 ~ as DC set and reset inputs. 

~ ---, clock frequencies higher than the MC308's capabilities 
are required. 

SUFFIX "F" DEVICES 

CASE 72 

MAXIMUM RATINGS (@ 25'C) 

Characteristic 

Logic Input Voltage 

Power Supply Voltage 

Operating Temperature Range 

Storage Temperature Range 

Symbol 

-
-

TA 

Tstg 

CIRCUIT SCHEMATIC 

Max Unit 

5 Vdc 

10 Vdc 

-55 to + 125 °c 
-65 to +150 °C 

_4 
Q 

Q 

_7 10_ 
J K 

_8 9_ 
J K 

15-13 
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-- Late Additions--

MC314 (continued) 

ELECTRICAL CHARACTERISTICS (@ 2S0C) 

(VEE ~ -5.2 Vdc ~ 1%, VCC = 0) All unused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure 1) 

IlQ" logical "1" Output Voltage VI 0.690 0.795 Vdc 

"Q" logical "0" Output Voltage V2 1.465 1. 750 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.65 Vdc 

"Q" logical "1" Output Voltage VI 0.690 0.795 Vdc 

"Q" logical liO" Output Voltage V2 1.465 1. 750 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.65 Vdc 

"Q" and "Q"dVidVin'" 00 

Latch Voltage VL 1.09 1.21 Vdc 

Total Unit CUrrent Drain - - 28.5 mAdc 

Loading Characteristics 

IIQ" Output Voltage Change /lVI - 0.055 Vdc 

Between No Load (15 ~ 0) & 
Full Load Conditions (15 = -2.5 mAl 

"Q" Output Voltage Change /lVl - 0.055 Vdc 

Between No Load (14 = 0) & 
Full Load Conditions (14 = -2.5 mAl 

Switching Characteristics (See Figure 2) 

Propagation Delay Time (Both Outputs) ~dr - 16.0 ns 

elf - 16.0 ns 

Rise Time (Both Outputs) tr - 16.0 ns 

Fall Time (Both Outputs) If - 16.0 ns 

Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) C Vl 300 - mV I 

Clock Amplitude 
(Unit must toggle, See Figure 4) CV2 550 - mV 

Maximum Effective Clock Rise Time trC - 50 ns 

Toggle Frequency fT 30 - MHz 

I 
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--late Additions --

MC314 (continued) 

ELECTRICAL CHARACTERISTICS (@-55°C) 
v EE = -5.2 Vdc :!:I%, VCC = 0) All \lllused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure I) 

IIQ" logical "1" Output Voltage VI 0.825 0.945 Vdc 

IIQlI logical lt~'' Output Voltage V2 1.595 1.850 Vdc 

!lQ" Saturation Breakpoint Voltage V3 - 0.50 Vdc 

uQ" logical "1" Output Voltage VI 0.825 0.945 Vdc 

"Q" logical "0" Output Voltage V2 1.595 1.850 Vdc 

ttQ" Saturation Breakpoint Voltage V3 - 0.50 Vdc 

"Q" and 'iQ" dVl/dVin ",00 

Latch Voltage VL 1.16 1.34 Vdc 

LOading Characteristics 

"Q" Output Voltage Change toV I - 0.055 Vdc 

Between No Load (15 = 0) & 
Full Load Conditions (15 = -2.5 rnA) 

"Q" Output Voltage Change toVI - 0.055 Vdc 

Between No Load (14 = 0) & 
Full Load Conditions (14 = -2.5 rnA) 

ELECTRICAL CHARACTERISTICS (@ 125°C) 
DC Characteristics (Figure I) (VEE = -5.2 Vdc :!:I%, VCC = 0) All unused inputs connected to VEE 

"Q" logical "I" Output Voltage VI 0.525 0.655 Vdc 

"Q" logical "on Output Voltage Vi 1.340 1.675 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.75 Vdc 

"Q" logical "1".Output Voltage VI 0.525 0.655 Vdc 

"Q" logical "on Output Voltage V2 1.345 1.675 Vdc 

irQ" Saturation Breakpoint Voltage V3 - 0.75 Vdc 

tlQ" and UQII dVl/dVin :::::: 00 

Latch Voltage VL 0.93 1.07 Vdc 

Loading Characterlstics 

"Q" Output Voltage Change toV I - 0.060 Vdc 

Between No Load (15 = 0) & 

Full Load Conditions (15 = -2.5 rnA) 

"Q" Output Voltage Change toV! - 0.060 Vdc 

Between No Load (14 = 0) & 

Full Load Conditions (14 = -2.5 rnA) 
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MC314 (continued) 

e. 
In 

",25 cps OV 

-- Late Additions--

FIGURE 1 -'TRANSFER CHARACTERISTICS 

,--------------tx 
x-v 

Scope' 
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-3V 

*For "Q" test reverse S & R connections 
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FIGURE 2 - SWITCHING TEST CIRCUIT and WAVEFORMS 
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MC314. (continued) 

Ramp 
Gen 

50 

'::" 

Reset 
Gen 

50 

-5.2 

- Late Additions-

FIGURE 3 - NOISE INSENSITIVITY 

(Unit must not toggle) 

Cv1 

Q 

.rB 
Either Output to 
Channel "B'I of Tektronix 
567 Scope or Equivalent 

~ __ p.l~O~%,--+- -1.465 V :!: 30 mV 

> 500 ns :1:200 ns 

t f • 
td 

19.5 ± 0.5 ns 

Ramp 
Gen 

':---F=~-+ -1. 550V ±40 mV 
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FIGURE 4 - CLOCK AMPLITUDE 
(Unit must toggle) 
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~-1.465V 50 
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-- Late Additions--

Mc31S MEeL 
Line and Capacity Driver 

SUFFIX "G" DEVICES 

The MC315 was designed to drive lines from 50 to 200 
ohms. The circuit can also be used as a clock driver and 
is the same as the MC306 gate except for the output stage. 
The logic is a 3 input OR, NOR circuit with both out
puts available simultaneously. 

CASE 71 The circuit is capable of driving up to 25 gate loads 

~ 
while terminated with 50 n, and can drive 1000 pF with 

~ ___ .//'/ ~ a typical propagation delay of 20 ns. 
' ........ , , 

SUFFIX "F" DEVICES 

CASE 72 

MAXIMUM RATINGS 

Characteristic 

Logic Input Voltage 

Power Supply Voltage 

Operating Temperature Range 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (at 2S0C) 

Symbol 

-
-
TA 

Tstg 

Max Unit 

5 Vdc 

10 Vdc 

-55 to +125 °c 

-65 to +150 °c 

VCC =0, VEE = -5.2 Vdc ±1%, VBB = -1.15 Vdc ±1%. All unused inputs connected to VEE' 

Test Conditions Symbol Min Max Unit 

IINOR" Logical '1111 Yin - -1.35 Vdc 
VI -0.670 -0.795 Vdc 

Output Voltage 
each input 
R5 = 50 n 

"OR" Logical 110" Vin -1.35 Vdc 
V2 -1. 450 -1.750 Vdc 

Output Voltage 
each input 
R4 = 50 n 

tINOR" Logical 110" Vin - -0.795 Vdc V4 -1. 450 -1. 750 Vdc 
Output Voltage each input 

R5 = 50 n 
tlOR 11 Logical "1 n Yin - -0.795 Vdc 

V5 -0.670 -0.795 Vdc 
Output Voltage each input 

R4 = 50 n 
Max Input Current Vin = -0.690 Vdc 16, 7, 8 - 100 /lAdc 

each input 
VI = -1.15 Vdc 

Total Unit Current With 50 ohm load IE - 65 mAdc 
Drain to ground, from 

Pins 4 & 5 
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-- Late Additions--

Me31S (continued) 

ELECTRICAL CHARACTERISTICS 
Switching Characteristics: VCC = 0, VEE = -5.2 Vdc ±1%, VBB = -1.15 Vdc ±1% 

VH = -0.75 Vdc, V L = -1. 55 Vdc, Fan 1n = 1 

Test Conditions I Symbol Typ Max Unit 

Propagation Delay 

"NOR" Output RT = 50 n tdl 14 30 ns 
CT = 500 pf 

(see Fig. 3) 

"OR" Output tdl 16 35 ns 

IINOR"Output tdl 17 35 ns 

"OR" Output tdl 14 30 ns 

Rise Time 

"NOR" Output tr 20 37 ns 

"OR" Output tr 16 35 ns 

Fall Time 

"NOR" Output tr 20 

I 
37 

I 
ns 

"OR" Output tr 19 37 ns 

FIGURE 1 - CIRCUIT SCHEMATIC, MECL LINE DRIVER 

15-19 



Me3lS (continued) 

-- Late Additions--

FIGURE 2 - TRANSFER CHARACTERISTICS and METHOD OF TEST 
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-- Late Additions --

Me31S (continued) 
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TYPICAL SWITCHING CHARACTERISTICS 
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-- Late Additions --

Mc358A 
AC Coupled MECL J.K Flip.Flop 

CASE 71 . . . ~ 
SUFFIX "G" DEV~C.ES. . 

~- ---~~-~ .,. / 

SUFFIX "F" DEVICES 
CASE 72 

TO·91 

The MC358A is a J-K Flip-Flop in the MECL series 
of monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to oper
ate reliably across the limited temperature range of 0 to 
+75°C. The MC358A contains logic performing inputs 
(J and K) as well as DC set and reset inputs. 

It is electrically interchangeable with the MC358. 

MAXIMUM RATINGS (@ 25°C) 

Characteristic Symbol Max Unit 

Logic Input Voltage - 5 Vdc 

Power Supply Voltage - 10 Vdc 

Operating Temperature Range TA o to +75 °e 

storage Temperature Range Tstg -65 to +150 °e 

Vee VEE 

7 J Q 4 

K 

8 J 

10 K Q 

s R 
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-- Late Additions --

MC358A (continued) 

ELECTRICAL CHARACTERISTICS (@ 25°C) 

(VEE = -5.2 Vdc ~ 1%, VCC = 0) All unused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure 2) 

IlQ" logical 1/1" Output Voltage Vl 0.670 0.795 Vdc 

"Q" logical "0" Output Voltage V2 1.465 1.750 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.65 Vdc 

"Q" logical "1" Output Voltage V1 0.670 0.795 Vdc 

"Q" logical uO" OUtput Voltage V2 1.465 1. 750 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.65 Vdc 

"Q" and ttQ'ldVl/dVin~ co 

Latch Voltage VL 1.09 1.21 Vdc 

Total Unit Current Drain - - 16 mAdc 

Loading Characteristics 

"Q" Output Voltage Change /lV1 - 0.065 Vdc 

Between No Load (15 = 0) & 

Full Load Conditions (15 = -2.5 rnA) 

"Q" Output Voltage Change /lVl - 0.065 Vdc 

Between No Load (14 = 0) & 

Full Load Conditions (4 = -2.5 rnA) 

Switching Characteristics (See Figure 1) 

Propagation Delay Time (Both Outputs) tdr - 15.0 ns 

tdf - 16.0 ns 

Rise Time (Both Outputs) tr - 16.0 ns 

Fall Time (Both Outputs) ~f - 16.0 ns 

Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) CVl 250 - mV 

Clock Amplitude 
(Unit must toggle, See .Figure 4) CV2 590 - mV 

15-23 



-- Late Additions--

MC358A (continued) 

ELECTRICAL CHARACTERISTICS (@ O·C) 
VEE = -5.2 Vdc tl%, VCC = 0) All unused-Inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure 2) 

"Q" logical "111 Output Voltage VI 0.715 0.850 Vdc 

"Q" logical "0" Output Voltage V2 1.510 1.800 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.61 Vdc 

HQ" logical HI" Output Voltage VI 0.715 0.850 Vdc 

"Q" logical itO" Output Voltage V2 1.510 1.800 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.61 Vdc 

"Q" and "Q" dVl/dVIn = 00 

Latch Voltage VL 1.11 1.25 Vdc 

Loading Characteristics 

"Q" Output Voltage Change AVI - 0.065 Vdc 

Between No Load (15 = 0) 8. 

Full Load Conditions (15 = -2.5 rnA) 

"Q" Output Voltage Change aVl - 0.065 Vdc 

Between No Load (14 = 0) 8. 

Full Load Conditions (14 = -2.5 rnA) 

ELECTRICAL CHARACTERISTICS (@ 75·C) 
(VEE = -5.2 Vdc tl%, VCC = 0) All unused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure 2) 

ttQ" logical "1" Output Voltage VI 0.580 0.725 Vdc 

"Q" logical "0" Output Voltage V2 1.395 1.730 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.73 Vdc 

HQ" logical ul" Output Voltage VI 0.580 0.725 Vdc 

uQ" logical itO" Output Voltage V2 1.395 1.730 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.73 Vdc 

"Q" and "Q" dVl/dVin- 00 

Latch Voltage VL 1.02 1.14 Vdc 
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-- Late Additions--

MC358A (continued) 

ELECTRICAL CHARACTERISTICS (@ 7S"C) (continued) 

Characteristic. Symbol Min Max 
"Q" Output Voltage Change AV1 - 0.075 

Between No Load (15 = 0) & 

Full Load Conditions (15 = 02.5 rnA) 

"Q" Output Voltage Change AV1 - 0.075 

Between No Load (14 = 0) & 

Full Load Conditions (14 = -2.5 mAl 

FIGURE 1 -iSWITCHING TEST CIRCUIT & WAVEFORMS 

2N91S K 
J Unit QI--...... -O 

To Tektronix 567 scope 
Under or equivalent 

50n 

-5.2V 
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MC358A (continued) 

",25 cps OV 

-- Late Additions--

FIGURE 2 - TRANSFER CHARACTERISTICS 
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MC358A (continued) 

19.5 ± 0.5 ns 

Cv2 

-- Late Additions--

Ramp 
Gen 

FIGURE 4 - CLOCK AMPLITUDE 

(Unit must toggle) 
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FIGURE 5 - CIRCUIT SCHEMATIC 
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-- Late Additions --

Mc364 
AC Coupled MECL J·K Flip.Flop 

CASE 71 
SUFFIX "G" DEVICES 

CASE 72 
SUFFIX "F" DEVICES 

The MC364 is a J-K Flip Flop in the MECL series of 
monolithic Integrated Circuits designed for use in high 
speed digital computer systems. It is designed to oper
ate reliably across the limited temperature range of 
o to +750 C at clock frequencies of 30 MHz. The MC364 
contains logic performing inputs (J and' K) as well as 
DC set and reset inputs. 

It is electrically interchangeable with MC358A when 
clock frequencies higher than the MC358A's'capabilities 
are required. 

MAXIMUM RATINGS (@ 25°C) 

Characteristic Symbol Max Unit 

Logic Input Voltage - 5 Vdc 

Power Supply Voltage - 10 Vdc 

Operating Temperature Range TA o to +75 °c 

Storage Temperature Range Tstg -65 to +150 °c 

CIRCUIT SCHEMATIC 

_4 Q 
Q 

_ 7 10 _ 
J K 

ya 9_ 
K 
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-- Late Additions--

MC364 (continued) 

ELECTRICAL CHARACTERISTICS (@ 25'C) 

(VEE = -5.2 Vdc:: 1%, vcc = 0) All unused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure I) 

"Q" logical ill" Output Voltage VI 0.670 0.795 Vdc 

"Q" logical "0" Output Voltage V2 1.465 1. 750 Vdc 

tlQl1 Saturation Breakpoint Voltage V3 - 0.65 Vdc 

-
"Q" logical Ill" Output Voltage VI 0.670 0.795 Vdc 

liQ" logical "0" Output Voltage V2 1.465 1. 750 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.65 Vdc 

"Q" and "Q"dV/dVin ", co 

Latch Voltage VL 1.09 1.21 Vdc 

Total Unit Current Drain - - 28.5 mAdc 

Loading Characteristics 

"Q" Output Voltage Change <I VI - 0.065 Vdc 

Between No Load (I5 = 0) & 

Full Load Conditions (I5 = -2.5 rnA) 

"Q" Output Voltage Change <IV I - 0.065 . Vdc 

Between No Load (14 = 0) & 

Full Load Conditions (14 = -2.5 rnA) 

Switching Characteristics (See Figure 2) 

Propagation Delay Time (Both Outputs) tdr - 18.0 ns 
tdf - 18.0 ns 

Rise Time (Both Outputs) tr - 19.0 ns 

Fall Time (Both Outputs) tr - 19.0 ns 

Clock Noise Insensitivity 
(Unit must not toggle, See Fig. 3) CVI 250 - mV 

Clock Amplitude 
(Unit must toggle, See Fig. 4) CV2 590 - mV 

Maximum ,Effective Clock Rise Time trC - 50 ns 

Toggle Frequency fT 30 - MHz 
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-- Late Additions-

MC364 (continued) 

ELECTRICAL CHARACTERISTICS (@ O·C) 
(VEE = -5.2 Vdc ~l%. VCC = 0) All unused inputs connected to VEE 

Characteristic Symbol Min Max Unit 

DC Characteristics (Figure I) 

HQ" logical "I" Output Voltage VI 0.715 0.850 Vdc 

(lQ" logical HO" Output Voltage V 2 1.510 1.800 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.61 Vdc 

"Q" logical ttp' Output Voltage VI 0.715 0.850 Vdc 

IIQ" logical "0" Output Voltage V2 1.510 1.800 Vdc 

ilQ" Saturation Breakpoint Voltage V3 - 0.61 Vdc 

"Q" and "Q" dVI/dVin ",00 

Latch Voltage VL 1.11 1.25 Vdc 

Loading Characteristics 

"Q" Output Voltage Change /lVI - 0.065 Vdc 

Between No Load (15 = 0) & 

Full Load Conditions (15 = -2 •. 5 rnA) 

"Q" Output Voltage Change dVI - 0.065 Vdc 

Between No Load (14 = 0) & 

Full Load Conditions (14 = -2.5 rnA) 

ELECTRICAL CHARACTERISTICS (@ 75·C) 
DC Characteristics (Figure 1) (VEE = -5.2 Vdc ~1%. VCC = 0) All unused inputs connected to VEE 

ItQ" logical Ill" Output Voltage VI 0.580 0.725 Vdc 

IIQ" logical liD" Output Voltage V2 1.395 1.730 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.73 Vdc 

HQ" logical "1" Output Voltage VI 0.580 0.725 Vdc 

tlQ" logical {(O" OUtput Voltage V2 1.395 1.730 Vdc 

"Q" Saturation Breakpoint Voltage V3 - 0.73 Vdc 

"Q" and liQ" dVl/dVin ~ 00 

Latch Voltage VL 1.02 1.14 Vdc 

Loading Characteristics 

"Q" Output Voltage Change .:IVI - 0.075 Vdc 

Between No Load (15 = 0) & 

Full Load Conditions (15 = -2.5 rnA) 

"Q" Output Voltage Change c>V1 - 0.075 Vdc 

Between No Load (14 = 0) & 

Full Load Conditions (14 = -2.5 rnA) 
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MC364 (continued) 

e. 
III 

",25 cps OV 

-- Late Additions--

FIGURE 1 -- TRANSFER CHARACTERISTICS 

r-----------------------------~x 
X-Y 

Scope 

V\!\ __ o-=-ein ~~ /-----D--lY 
-3V 

-2 Vdc *For "Q" test reverse S & R connections 

e. -1. 350V 
____________ ,l,n ____ -r __________________ -. O 

FIGURE 2 -- SWITCHING TEST CIRCUIT and WAVEFORMS 

2N918 

50S] 

e in (Max)@ 

T A = + 250 C = 

K 
J Unit Q 1-------+----;) 

To Tektronix 567 scope 
Under or equivalent 

~ Test Qf------4--0 
J 

Stray Capacitance 
'" 12pf 
(including probe) 
Waveform into MC364 

VH:L-J 

Either --------F~ 
Output 

Either ______ -I 
Output 
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MC364 (continued) 

Ramp 
Gen 

50 

Reset 
Gen 

50 

-5.2 

*t r 

19.5 ± 0.5 ns 

-- Late Additions --

FIGURE 3 - NOISE INSENSITIVITY 

(Unit must not toggle) 

10.5 :!: 0.5 ns 

Cv1 

-1. 465 V ~ 30 m V 

Q Q:p 
Either Output to 
Channel "B" of Tektronix 
567 Scope or Equivalent 

~--F='---+_1. 550V ±40 mV 
> 500 ns -" -,..1----11>\ 800 mV ± 

20 mV 

FIGURE 4 - CLOCK AMPLITUDE 
(Unit must toggle) 

To Channel "A" of Tektronix 567 
Scope or Equivalent 

I Ramp l trl---

\ 1~2 Gen 
Q 

LY.~~~-::L.465V 50 Ramp 

---I> 500ns I--- ± 30 m V 2K Pulse L----o--{~ __ ......J Q~ 
-5.2V -5.2V 
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-- Late Additions--

Mc365 MEeL 

Line and Capacity Driver 

Ii 
CASE 71 

SUFFIX "G" DEVICES 

~ 
CASE 72 

SUFFIX "F" DEVICES 

MAXIMUM RATI'-lGS 

The MC365 was designed to drive lines from 50to200 
ohms. The circuit can also be used as a clock driver and 
is the same as the MC356 gate except for the output stage. 
The logic is a 3 input OR, NOR circuit with both out
puts available simultaneously. 

The circuit is capable of driving up to 25 gate loads 
while terminated with 50 n and can drive 1000 pF with a 
typical propagation delay of 20 ns. 

Characteristic Symbol Max Unit 

Logic Input Voltage - 5 Vdc 

Power Supply Voltage - 10 Vdc 

Output Source CUrrent 10 10 mAdc 

Operating Temperature Range TA o to +75 °c 

Storage Temperature Tstg -55 to +150 °c 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT and WAVEFORMS (NOR & OR) 

50 

-5.2V 

I IOV 
U ein(max) 

ein(max) at 250 C = -0. BOOV 

t (OR) 
t; (NOR) 

I 
I L _______ --l 

DEVICE UNDER 
VH I . I TEST 

VL U 
+2 

tr & tf = 6 -1 ns 
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-- Late Additions --

MC365 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C) 

Vee = 0, VEE = -5.2 Vdc ±1 %, VBB = -1. 15 Vdc ±1 %, All unused inputs connected to VEE' 

Test Conditions Symbol Min Max Unit 

"NOR II Logical Hl II Yin = .-1.35 Vdc VI -0.650 -0.795 Vdc 
Output Voltage each "input 

"OR" Logical Ita" Yin = -1.35 Vdc V2 -1. 455 -1. 750 Vdc 
Output Voltage each Input 

"NOR" Logical itO" Yin = -0.795 Vdc V4 -1. 455 -1. 750 Vdc 
Output Voltage each input 

"OR" Logical "1" Yin = -0. 795 Vdc V5 -0.650 -0.795 Vdc 
Output Voltage each input 

Max Input CUrrent V in = -0.690 Vdc 16, 7, 8 - 100 /LAdc 
each Input 
VI = -1.15 Vdc 

Total Unit With 50 ohm load IE - 65 mAde 
Current Drain to ground, from 

Pins4&5 

switching Characteristics: Vec = 0, VEE = -5.2 Vde, VBB = -1.15 Vdc (all tl%), VH = -0.75 Vdc, 

VL = -1.55 Vde, Fan In = 1 

Test Conditions Symbol Typ Max" Unit 

Propagation Delay 

IINOR" Output RT = 50 n td1 15 30 ns 
e T = 1000 pF 
(See Fig. 1) 

"OR" Output td1 17 35 ns 

IINOR" Output td2 18 35 ns 

"OR" Output td2 15 30 ns 

Rise Time 

"NOR" Output tr 19 37 ns 

IIOR" Output tr 16 35 ns 

Fall Time 

"NOR" Output tf 19 37 ns 

IIOR" Output it 19 37 ns 
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MC365 (cont"inued) 

"OR" OUTPUT "NOR" OUTPUT 
30 30 

on 
$ 

" 20 
8 
~ 

00-
$ 

" 
20 

tdl 
8 
~ td2 tf 

on on -" :.a 
" 10 ~ t f 

" :.a 
tr " 10 

~ 
::::::====---t; - -UJ 

td2 
UJ 

10 25 10 

Fanout Fanout 

Typical Switching Characteristics with Fanout loading, RT = 50n, CT = 0 pF 

"OR" OUTPUT "NOR" OUTPUT 
30,------,------,------,-----, 30 

"' $20 

" 8 
E:: 

" .s 
E-< 

~ 10~~~~-------+·------_+------~ 
on 
" :g1O 
~ ~ 

UJ UJ 

0 
250 500 750 1000 0 250 500 750 

CT' Capacitance Loading (PF) CT' Capacitance Loading (pF) 

"NOR" 

Typical Switching Characteristics with RT ; 50.0 loading 

CIRCUIT SCHEMATIC, MECL LINE DRIVER 

VCC 

3 

7 2 10 

15·35 

"OR" 

td1 

25 

1000 

I 
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-- Late Additions--

Mc700P SERIES 

MRTL PLASTIC INTEGRATED CIRCUITS 

Milliwatt MRTL (low power) & MRTL (medium power) devices designed 
foruse in commercial-industrial applications. Circuit loading guaranteed over 
a temperature range of +15°C to +55°C, one-piece, injection-molded plastic 
with dual in-line pin arrangement for automatic insertion. 

MILLIWATT MRTL - Low Power 

LOGIC GATES 
Quad 2·input Gate 
Dual 3·input Gate 
Dual 4-input Gate 
Triple 3-input Gate 

DUAL BUFFER 

GENERAL RULES 

MC717P 
MC718P 
MC719P 
MC793P 

MC798P 

The number of load circuits that may be driven fro'm an output is 
determined by the input loading factor. The summation of input load
ing should not exceed the drive capability of the output. 

All unused inputs should be returned to ground. 

Vee is applied to Pin 11 with Pin 4 grounded. 

loading diagrams are intended for use when mixing Milliwatt MRTl 
and MRTl in system applications. 

OUTLINE DIMENSIONS 

0.035 
TYP 
RAO 

M~~~CAl ~O~:n:::n::T'ET'ET'Er'l 
POINT J 

0.025 
TYP 

0.062 
IY' 

--I Lo03o 
0.010 

CD This dimension is measured at the seating plane. 

04insulalingstand-olfsareprevided. 
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MRTL - Medium Power 

LOGIC GATES 
Dual 3-input Gate 
Quad 2-input Gate 
Dual 4-input Gate 
Hex Inverter 
Triple 3-input Gate 

DUAL BUFFER 

MC715P 
MC724P 
MC725P 
MC789P 
MC792P 

MC799P 
DUAL BUFFER (Non-Inverting) MC788P 

J·K FLlp·FLOP MC723P 

DUAL J·K FLIP-FLOP MC790P 

DEFINITIONS 

IA" I", .. , Minimum available output current 
IAIO• 'AU, 

IA16 

for outputs with a loading factor of 
3,4, lO, 13, and 16 respectively 

IAI Minimum available output current 
from a buffer 

lill Maximum input current, with V;, 
applied and a fan-in greater 
than one 

V,or Maximum input voltage 

Vee Supply voltage 

VeE Maximum saturation voltage, 
V,or applied to input 

Vin Minimum high-level voltage 

Voff Maximum input voltage that will 
not turn the transistor on 

V •• Minimum turn-on voltage 

VOIl• Maximum output voltage, 
V., applied to input 

V. Value of external resistor 
connected from buffer output to 
Vee to obtain indicated 
output voltage readings 



-- Late Additions --

MC700P SERIES (continued) 

MAXIMUM RATINGS (TA = 25°C) 

Characteristic 
Logic Input Voltage 

Power Supply Voltage (Pulsed ~ 1 second) 

Power Dissipation 

Operating Temperature Range 

storage Temperature Range 

TEST CONDITIONS AND LIMITS 

TEST CONDITIONS 

VBOT 1.8 1.8 

Vee 3.6 3.6 

V. 
III 

0.865 0.850 

Voff 0.475 0.460 

V 
on 0.865 0.850 

V * 
R 4600 4800 

*mW MRTL - Highest node reSIstance value 
MRTL - Nominal resistance value 

TEST LIMITS 

lA3 420 420 

lA4 570 570 

lAI0 - -
lA13 - -
rA16 - -
lAB 5.0 5.0 

1. 150 150 
III 

V out 0.400 0.300 

VeE 0.220 0.230 

1.8 

3.6 

0.800 

0.430 

0.800 

5000 

420 

570 

-
-
-
5.0 

150 

0.320 

0.320 
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Symbol 

Pn 

TA 

Tstg 

1.8 

3.6 

0.865 

0.475 

0.865 

640 

-

-
1. 65 

2.15 

2.65 

13.5 

500 

0.400 

0.300 

Rating Unit 

±4 Vdc 

+12 Vdc 

250 mW 

+15 to +55 De 

-55 to +125 De 

1.8 1.8 Vdc 

3.6 3.6 Vdc 

0.850 0.800 Vdc 

0.460 0.430 Vdc 

0.850 0.800 Vdc 

640 640 Ohms 

- - f..lAde min 

- - f..lAde min 

1. 65 1. 56 mAdc min 

2.15 2.03 mAde min 

2.65 2.5 mAdc min I 
13.75 12.5 mAdc min 

500 470 /-lAdc max 

0.300 0.320 Vde max 

0,290 0.320 Vdc max I 
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MC700P SERIES (continued) 

LOADI NG DIAGRAMS (Valid from +lSoC to +SsoC with Vee = 3.6 V ±lO% - TOP VIEWS) 

GND 

16 

GND 

MC715P - DuaI3-I.put Gate 

Vee GND 

'0 o--!4-....:!:=.J 

Vee 

MC717P - Quad 2-lnput Gat. MC718P - Dual3-lnput Gale 

'6 
Vee 

'6 

MC719P - Dual4-lnput Gat. MC123P -I·K Fllp·Flop MC724P - Quad 2-lnput Gate MC725P - Dual4-lnput Gate 

10 

'6 

80 

GND Vee 

8C 

'6 

10 

MC788P - Dual Bulle .. 

Vee 

16 

'6 
,0 

'6 

'6 

GNO 

'6 
I. 

'6 

'6 

MC7B9P - H., In .. rt" 

Vee 

10 

'0 

Vee 

'0 

'D 

Me79DP - Duall-K Flip-flop 

MC792P '- Triple 3-lnput Gate MC793P '-- Tripi. 3-lnput Gat. MC798P - Dual Buller MC799P - Dual Buller 

Numbers at end of terminals indicate loading. 
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-- Late Additions --

Mc830P SERIES 

MOll PLASTIC INTEGRATED CIRCUITS 

MC830P series MDTL integrated circuits designed 
for use in a commercial - industrial applications with 
circuit loading guaranteed over a temperature range of 
0° to +75°C. Circuits are contained in a one-piece, 
pressure-molded plastic package with dual in-line pin 
arrangement for automatic insertion. 

GENERAL RULES 

o The number of load circuits that may be drillen from an output is deter
mined by the input loading factor. The summation of input loading should 
not exceed the drive capability of the output. 

• The outputs of the Dual 4·input gate may be tied together to perform the 
wired-collector OR function. For each added gate subtract 1 unit fan-out. 
For six added gates only 5 unit loads need be subtracted. 

o The outputs of the Dual Buffer may not be tied together. 

• The outputs of the Dual Power Gate may be tied together to perform the 
wired-collector OR function. 

• An external load resistor should be utilized with the Dual Power Gate. At 
Vee = 5.0 ± 0.5 V, subtract the following output loads: 

R 
2ko-2loads 
1 ko-4loads 

51Oo-Bloads 

• fhr ~~c~~~~e~a~ubree~~ia~r:l~~i~~p tt; ~~~ui~sCrUnd~no:~~~sm~o~2 o~f:u3t~r. ¥~~ 
combined output will equal 100 loads while each combined input will equal 
4 loads. 

OUTLINE DIMENSIONS 
0.035 
lYP 

MEC~:~ICAl /I 0 
INDEX ~59:5't5'i5"ErEf=dl 
POINT J 

0.025 
TYP 

j LO.030 
0.070 

IVP L-SEATING PLA", 

7QDRAfT1 

i--------f--. 0030 

0.062 
lYP 

0200 TYP 
MAX L 

j --t---f.- ::1:~ 
I L t 0J,~O 0.19' r r 0.310 

0.100 0.015 CD 
L 

TYP 0.023 
REF 

CD This dimension is measured at the seating plane. 

04insulatingstand·offsareprovlded 

LOGIC FUNCTiONS 
GATES 

Dual 4·lnput Gate 
Dual 4·lnput Power Gate 
Quad 2·lnput Gate 
Triple 3·lnput Gate 

GATE EXPANDER 

DUAL BUFFER 

CLOCKED FLlp·FLOPS 

DEFINITIONS 

MC830P 
MC844P 
MC846P 
MC862P 

MC833P 

MC832P 

MC831P 
MC845P 
MC848P 

lcEX Collector-to-emitter leakage of the output transistor 

% If Forward current of input diodes which are 2/3 of unit load 

IF Forward current of input diodes for unit input load 

2 IF Forward current of input diodes which are twice the unit load 

IFCP Forward current of clock input diodes 

IFD Forward current of dual expander diodes 

IFS Forward current of set and clear input diodes 

1m.. Maximum rated power supply current with Vm .. applied 

10H Output high current 

IOl Output low current 

I,DH Power supply drain with the inputs high 

hl Reverse current of input diodes with V", applied 

I",cp Reverse current of clock input diodes 

hc Short circuit obtained from device output 
when one or more inputs are low 

Vcc Power supply voltage 

VCEX Output transistor collector-to-emitter voltage 

VCPTH Clock threshold voltage 

VF Forward voltage of input diodes 

VFO Forward voltage of dual expander diodes 

VtH Voltage for high input voltage state 

Vtl Voltage for low input voltage state 

VtlS Voltage for low set and clear input voltage state· 

Vmv. Maximum rated power supply voltage (Vcc) 

VOH Output high voltage with IOH flowing out of pin 

VOL Output low voltage with 10L flowing into pin 

VPD Power supply voltage for power dissipation. test 

V", Reverse voltage for input diode leakage test 

Vx Low voltage utilized in testing expander inputs 
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-- Late Additions--

MC830P SERIES (continued) 

MAXIMUM RATINGS (TA = 25°C) 

Characteristic Rating 

Supply Voltage 
Continuous +8 
Pulsed, < 1 second + 12 

Output Current into Outputs 
MC832P, MCB44P - Continuous 150 

Pulsed, < 30 ms 300 

All other types 30 

Input Forward Current -10 

Input Reverse Current 
MCB32P, MCB44P 5.0 
All other types 1.0 

Operating Temperature Range o to + 75 

Storage Temperature Range -55 to + 125 

ELECTRICAL CHARACTERISTICS 

Characteristic Applicable to: O°C +25°C 

VOL @ IOL & Vrn Gates, Flip-Flops, Buffer 0.45 0.45 

VOH @ IOH & VIL Gates**, Flip-Flops, Buffer 2.60 2.60 

LVCE @ ICE MCB44P - 6.0 

VFD @ IFD MC833P 0.75* 0.68* 
0.90* 0.82* 

ISC MC830P, MC846P, MC862P -1. 30 -1. 30 
MC832P -15 -16 

IR @VR All Types 5.0 5.0 

2~ @VR MC833P - 10 

IRCP @VR Flip-Flops 30 30 

ICEX @VCEX Gates, BuJ;fer - 100 

IF @VF Gates, Buffer -1. 40 -1. 40 

2/3 IF @VF Flip-Flops -0.95 -0.95 

IFCP @ VIL Flip-Flops -2.80 -2.80 

IFS @VF MC831P -1. 05 -1. 05 
MC845P, MC84BP -2.80 -2.80 

* Ground pins 2, 3, 5, and 6 OR 9, 10, 12, and 13 simultaneously. * Ground pins 2, 3, 5, and 5 OR 9, 10, 12, and 13 sequentially. 

15-40 

Unit 

Vdc 

mAdc 

mAdc 

mAdc 

°c 

°c 

+75°C Unit 
0.50 Vdc max 

2.50 Vdc min 

- Vdc min 

0.60* Vdc min 
0.75* Vdc max 

-1. 25 mAdc max 
-14 mAdc min 

10 !lAdc max 

- !lAdc max 

40 !lAdc max 

- !lAdc max 

-1.33 mAdc max 

-0.90 mAdc max 

-2.67 mAdc max 

-1. 00 mAdc max 
-2.67 

(continued) 



-- Late Additions--

MC830P SERIES (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Applicable to: O°C +25°C +75°C Unit 

IpDH @vpD MC830P - 8.0 - mAdc max 
MC831P - 14.0 -
MC832P - 30.0 -
MC844P - 22.5 -
MC845P - 14.0 ~ 

MC846P - 16.0 -
MC848P - 17.0 -
MC862P - 12.0 -

I @V MC830P, MC832P, MC844P - 8.0 - mAdc max max max 
MC831P, MC845P 18.0 - -
MC846P - 16.0 -
MC848P - 22.5 -
MC862P - 12.0 -

TEST CONDITIONS 

IOL MC830P, MC846P, MC862P 12.0 12.0 11. 4 mAdc 
MC831P 10.5 10.5 10.2 
MC832P 36.0 36.0 34.0 
MC844P 40.0 40.0 36.0 . 
MC845P 16.8 16.8 16.0 
MC848P 15.4 15.4 14.6 

IOH MC832P -2.0 -2.5 -3.0 mAdc 
Gates**, Flip-Flops -120 -120 -120 /lAdc 

ICE - 5.0 - mAdc 

IFD 2.0 2.0 2.0 mAdc 

VIL 1.2 1.1 0.95 Vdc 

VILS 1.2 1.1 0.95 Vdc 

.VIH 2.0 1.9 1.8 Vdc 

Vx - 1.8 - Vdc 

VF 0.45 0.45 0.50 Vdc 

VR 4.0 4.0 4.0 Vdc 

VCEX - 5.0 - Vdc I 
VCC 5.0 5.0 5.0 Vdc 

VpD - 5.0 - Vdc 

V max - 8.0 - Vdc 

VCPTH 1.0 0.95 0.85 Vdc I 
**Excludes Dual 4-Input Power Gate, MC844P 
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MC830P SERIES (continued) 

Numbers at end of terminals indicate loading. 

MC83DP - Dual 4·lnput Gate 

GND 

MC833P - Gate Expander 

I 

I 
MC846P - Quad 2·lnput Gate 

*See General Rules 

-- Late Additions--

LOADING DIAGRAMS 
Valid from aoe to +75°C 

with Vee = 5.0 V ± 10% 

TOPYIEWS 

MC831 P - Clocked Flip·Flop 

MC844P - Dual4-lnput Power Gate 

MC848P - Clocked Flip·Flop 

15·42 

.0 14 Vee 

.3 

MC832P - Dual Buffer 

"'\ • 0 

2 ' 2 

12 

GND 

MC845P - Clocked Flip·Flop 

MC862P - Triple 3·lnput Gate 



Mc1525 
Mc1526 

CASE 71 

-- Late Additions -

LINEAR CIRCUIT SERIES Add = 65·140 
V10 = 5·7 mV 
CMR = BOdB 

BW = 0.5· 1.4 MHz 

Integrated circuit NPN differential amplifiers de
signed for applications requiring extremely high gain. 

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

Characteristic Symbol Rating Unit 

Power Supply Voltage Vee +14 Vdc 

Power Supply Voltage VEE -14 Vdc 

Differential Input Signal Vin :5 Vdc 

Operating Temperature Range TJ -55 to+125 °e 

Storage Temperature Range Tstg - 65 to+ 175 °e 

Total Power Dissipation PD 300 mW 
Derate above 250e 2 mw/oe 

FIGURE 1 - MC1525 FIGURE 2 - MC1526 

10 

8 22.4 k 

1 1 1.4 k 
11.2 k -= 11.2 k 

4.2 k 4.2 k 

7 VEE ll.2 k 5.6 k 
7 VEE ll.2 k 5.6 k 
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MC1525, MC1526(continued) 

ELECTRICAL CHARACTERISTICS 

(Vee = +12 Vde, VEE = -12 Vde, at TA = 2S·C unless otherwise noted) 

Characteristic Fig No Symbol Min Typical Max Unit 

Differential Voltage Gain 3, 13 Add -
MC1525 120 140 SO 
MC1526 50 65 75 

Single Ended Voltage' Gain 4 Ay -
MC1525 - 75 -
MC1526 - 45 -

Output Voltage, Common Mode 5,14 Vo(CM) Vdc 
Both Types 6.0 7.0 8.0 

Maximum Output Swing 6 Vo V (P_p) 
Both Types 7.0 - -

AC Unbalance 6 U mV(p_p) 
Both Types - - 300 

Input Offset Voltage 7,15 Vio mVde 
MC1525 - - 5 
MC1526 - - 7 

Input Offset Current 8,16 lio /LAde 
MC1525 - - 4 
MC1526 - - 2 

Input Current 8, 18 lin /LAde 
MC1525 - - 20 
MC1526 - - 3.5 

Common Mode Rejection 9, 17 CMRej dB 
Both Types 80 - -

Bandwidth 10 BW kHz 

MC1525 1400 - -
MC1526 500 - -

Differential Input Impedance 11 Zin k!1 

MC1525 2.0 - -
MC1526 60 - -

Single Ended Output Impedance 12 Zout k!1 
Both Types - - 11 
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MC1525, MC1526 (continued) 
DC Common Mode Input Voltage Set at: VCM{m;,' = 5.5 Vdc for MC1526 and 

VCM{m;,' = 6.2 Vdc for MC1525. 

FIGURE 3 - DIFFERENTIAL VOLTAGE GAIN 

f= 1 kHz Vi = 10 mVrms 

150 

15 

15 

250 

A.!d ~ VO/Vi = VOA;' VOl 

fiGURE 5 - OUTPUT VOLTAGE - COMMON MODE 

FIGURE 7 - INPUT OFFSET VOLTAGE 

Vs IS CALIBRATED VARIABLE MILLIVOLT SOURCE 
WITH OUTPUT IMPEDANCE OF SOu. 

Vo 

15·45 

FIGURE 4. - SINGLE·ENDED VOLTAGE GAIN 

Vi = IOmVrms 

FIGURE 6 - MAXIMUM OUTPUT SWING 

SCOPE 

Vs INCREASED UNTIl Yo REACHES FULL CUTOFF. 
OUTPUT SWING AND AC UNBALANCE GIVEN IN VOLTS P·P. 

FIGURE 8 - INPUT OFFSET CURRENT 
and INPUT CURRENT 

lOW I 
IA MICRO-

AMMETERS 

INPUT OFFSET CURRENT ~ IA - 18 

I 

I 
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-- Late Additions--

MC1525, MC1526 (continued) 

DC Common Mode Input Voltage Set at: VCMlm;nl = 5.5 Vdc for MC1526 and 
VCMlm;nj = 6.2 Vdc for MC1525 . 

. FIGURE 9 - COMMON MODE REJECTION FIGURE 1 0 - BANDWIDTH 

6 Vos RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
MAXIMUM TO MINIMUM VALUES. 

FIGURE 11 - DIFFERENTIAL INPUT IMPEDANCE 

WHEN Rin SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 dB. 

THEN Z;, = Roo 

Rg = 50n 

tV SJG.R~EN 

VCMlminl 

BOONTON 
910 

FIGURE 12 - SINGLE·ENDED OUTPUT 
IMPEDANCE 

f= 1 kHz 
Vo = 200 mY rms NO lOAD 
Vo = 100 mV rms WHEN lou! = Ro 

BIASING ARRANGEMENT 

Vo 

In the emitter of the current source 
transistor of each of the differential 
amplifiers, there are four resistors of 
different values which may be con
nected in seven ways. The resultant 
effective resistance in conjunction 
with a given VEE" makes provision for 
different current levels. For conven
ience; the seven methods together 
with their effective resistances are 
tabulated be/ow. 

·Pin 7 is connected to'the substrate and must be connected to the VF.r. supply 
for proper circuit operation. 
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MC 1525, MC 1526 (continued) 

EFFECT OF TEMPERATURE ON CHARACTERISTICS 

FIGURE 13 - DIFFERENTIAL MODE GAIN 
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MPs3102 (SILICON) 

MPs3103 

-- Late Additions --

VcEo to30V 
Ic = 200 mAde 
Po = 310mW 

PNP silicon annular plastic encapsulated transistors 
designed for low-power, large- signal audio applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

CASE 29 
(TO-92) 

Total Device Dissipation@ T A = 2SoC 

Derate above 2SoC 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T .. = 2S·C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* BVCEO . 
(IC = 10 mAde, IB = 0) MPS3702 

MPS3703 

Collector-Base BreaKdown Voltage BVCBO 
(IC = 100 MAde, IE = 0) MPS3702 

MPS3703 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 MAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
lEBO 

(VBE = 3 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain'" hFE 
. 

(IC = 50 mAde, V CE = 5 Vde) MPS3702 
MPS3703 

Collector-Emitter Saturation Voltage'" V CE(s.t)' 
(IC = 50 mAde, IB = 5 mAde) 

Base-Emitter On Voltage'" VBE(on) 
. 

(IC = 50 mAde, V CE = 5 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gai .. --Bandwidth Product IT 
(IC = 50 mAde, VCE = 5 Vde, 1= 20 MHz) 

Output Capacitance Cob 
(VCB = 10 Vde, 1= 1 MHz) 

"'Pulse Test: Pulse Width = 300 J.ls; Duty Cycle = 2% 
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Symbol MPS3702 MPS3703 Unit 

VCEO 25 30 Vde 

VeB 40 50 Vde 

VEO 5 Vde 

Ie 200 mAde 

PD 310 mW 
2.81 mw/oe 

TJ,Tstg -55 to +135 °e 

Symbol Max Unit 

8 JA 0.357 °C/mW 

Min Max Unit 

Vde 
25 -
30 -

Vde 
40 -
50 -

Vde 
5 -

nAdc 
- 100 

nAdc 
- 100 

-
60 300 
30 150 

Vde 
- 0.25 

Vde 
0.6 1.0 

MHz 
100 

pF 
- 12 



MPs3704 (SILICON) 

MPs370S 
MPs3706 

-- Late Additions--

VeEO to 30V 
Ie = 600 mAde 
Po =310mW 

NPN silicon annular plastic encapsulated transistors 
designed for low-power, large-signal audio applications. 

MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitler-Base Voltage 

Collector Current - Continuous 

CASE 29 
(TO-92) 

Total Device Dissipatioll@ T A '" 25°C 

Derate above 2S"C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T. = 25'C 00'''' ,'h.M'" 00''') 

Characteristic Symbol 

OFF CHARACTERISTICS 

Colleclor-Emitter Breakdown Voltage· BVCEO * 
(lc = 10 mAde, IE = 0) MPS3704 

MPS3705 
MPS3706 

Collector-Base Breakdown Voltage BVCBO 
(lc = 100 ~Ade, IE = 0) MPS3704 

MPS3705 
MPS3706 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 ~Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VeB = 20 Vde, IE = 0) 

Emitter Cutoff Current lEBO 
(VBE = 3 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain* hFE * 
(IC = 50 mAde, V CE = 2 Vde) MPS3704 

MPS3705 
MPS3706 

Collector-Emitter Saturation Voltage. VCE(sat)' 
(IC = 100 mAde, IB = 5 mAde) MPS3704 

MPS3705 
MPS3706 

Base-Emitter On Voltage· VBE(on)* 
(IC = 100 mAde, V CE = 2 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 50 mAde, V CE = 2 Vde, I = 20 MHz) 

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, 1= 1 MHz) 

-·Pulse Test. Pulse Wldth - 300 #LS, Duty Cycle - 2% 
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MPS3704 
Symbol MPS3705 MPS3706 Unit 

VCEO 30 20 Vd, 

VCll 50 40 Vd, 

VEB 5 Vd, 

Ie 600 mAde 

Po 310 mW 
2.81 mWrC 

TJ,Tstg -55 to +135 "C 

Min Max Unit 

Vd, 
30 -
30 -
20 -

Vde 
50 -
50 -
40 -

Vde 
5 -

nAdc 
- 100 

nAdc 
- 100 

-
100 300 

50 150 
30 600 

Vde 
- 0.6 
- 0.8 
- 1.0 

Vde 
0.5 1.0 

MHz 
100 -

pF 
- 12 

I 

I 
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MPs3826 (SILICON) 

MPs3827 

-- Late Additions--

VcEO =45V 
Ic =30mAdc 
Po=310mW 

NPN silicon annular plastic encapsulated transistors 
designed for general purpose, low -level audio appli
cations, 

CASE 29 
(TO-92) 

MAXIMUM RATINGS 

(haraclerislic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ T A _ 25°C 

Derate above 2SoC 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

(haraclerislic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (T. = 25'C ",." 'th.~i .. 00'''') 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage. 
(IC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 ~Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 ~Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

(VCB = 30 Vde, IE = 0, TA = 85°C) 

ON CHARACTERISTICS 

DC Current Gain* 
(IC = 10 mAde, V CE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 10 mAde, V CE = 10 Vde, 1= 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, 1=1 MHz) 

Collector-Base Time Constant 
(V CB = 10 Vde, IE = 10 mAde, I = 31. 9 MHz) 

MPS3826 
MPS3827 

·Pulse Test: Pulse Width = 300 j..LSj Duty Cycle = 2% 
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Symbol 

BVCEO . 
BVCBO 

BVEBO 

ICBO 

IT 

Cob 

r'C b e 

Symbol Raling Unil 

VCEO 45 Vde 

VCE 60 Vde 

VEE 4 Vde 

IC 30 mAde 

Po 310 mW 
2.81 mW;oC 

TJ,Tstg -55 to +135 ·C 

Min Max Unit 

Vdc 
45 -

Vdc 
60 -

Vdc 
4 -

~Ade - 0.1 

- 5 

MHz 
200 800 

pF 
- 3.5 

ps 
- 100 

I 
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MR2360 REF. VOLTAGE = 0.67 ± 5% V 
iF = 10mA 

Forward Reference Diode - a high-conductance silicon 
diode designed as a stable forward reference source for 
biasing transistor amplifiers and similar applications. 

MAXIMUM RATINGS 

Rating Symbol MR2360 Unit 

DC Power Dissipation @ T A = 75°C PD 1000 mW 

Derate above 75°C 10 mW/"C 

Operating and Storage Junction T J' Tstg -65 to +175 
Temperature Range 

ELECTRICAL CHARACTERISTICS (At 25·C unless otherwise noted) 

Characteristic Symbol Min Mal( 

Forward Reference Voltage VF 
(IF = 10 mAde) 0.64 0.70 

(IF = 100 mAde) 0.73 0.80 

Reverse Current IR 
(VR = 5.0 Vdc) - 10.0 

THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient: (JJA = lOQ·C/W MAX. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, flameproof silicone polymer case. 

FINISH: All external surfaces corrosion·resistant and leads readily solderable. 
POLARITY: Indicated by polarity band. (Cathode end.) 
MOUNTING POSITIONS: Any. 
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FIGURE 1 - FORWARD VOLTAGE CHARACTERISTICS 
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-- Application Notes--

HOW TO GET MORE VALUE OUT OF A TRANSISTOR DATA SHEET 

Engineers involved in the design of transistor circuits can gain many bene
fits from the proper use oftransistor data sheets that have well specified char
acteristics. The extreme requirements of today' s designs can only lead to con
fusion if the engineer does not have the proper limits within which to design. 
This report is intended to explain the relationship between published charac
teristics and design requirements. 

A modern, well-prepared, informative data sheet should provide the design 
engineer with all the necessary information for selecting a transistor capable 
of performing a particular job. To accomplish this, the data sheet is normally 
divided into six general sections. A description of the device is given first, 
followed by sections on absolute ratings, and electrical and thermal character
istics. Mechanical data and applications information are also included. 

The description ofthe device usually gives the broad general application which 
permits the designer to classify transistors according to his specific require
ments. Thus, a typical power transistor description might indicate whether the 
unit was designed for audio work or switching applications. In addition, the 
power and/or current rating is specified, the polarity (whether PNP or NPN) 
is given, and the type of material is called out. At a glance, therefore, the en
gineer can determine if a particular transistor or group of transistors, is gen
erally suitable for a particular purpose. 

From here on, however, the selection of a specific transistor for a particu
lar object becomes more involved. The unit must be considered from its var
ious electrical ratings and characteristics to make sure that it fits the applica
tion from every conceivable standpOint. And, the engineer is generally faced 
with tho problem of selecting thE; least expensive transistor which will perform 
adequately in his proposed circuit. This requires a comprehensive study and 
evaluation of the information usually given in the finer print. Only a thorough 
understanding oJ. this informatior. Viil: permit him to do his job satisfactorily. 

DISTINCTION BHWEEN RATINGS AND CHARACTERISTICS 

A rating is defined as a limiting value assigned by the manufacturer which, 
ifexceeded, may result in permanent damage to the device. On the other hand, 
a characteristic s is a measurable property of the device under specific operating 
conditions for which the transistor will provide reliable performance. 

ABSOLUTE MAXIMUM RATINGS 

Absolute Maximum Ratings are those ratings beyond which degradation of a 
transistor may be expected. These ratings are established by each manufac
turer based on the internal physical construction, semiconductor material and 
manufacturing processes. Because these are "ratings, " most data sheets will 
not indicate test conditions under which these "ratings" are specified. There
fore, "ratings" are the extreme capabilities of.a transistor and are not to be 
used as design conditions. 

For example, under absolute maximum ratings the parameter BV CEO indi
cates that the B when placed before a characteristic symbol usually means 
breakdown. Therefore, BVCBO, BVCEO, BVCES, BVCEX, and BVEBO, are 
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the breakdown ratings of the device. It is a very well known fact in the semi
conductor industry that when transistor ratings are exceeded an avalanche or 
breakdown condition may take place, This avalanche or breakdown condition 
in almost every instance will destroy a transistor. Breakdown is dependent 
upon temperature and a certain voltage and current condition, the combination of 
which can trigger an avalanching effect leading to instant destruction. 

As a practical example, the graph in Figure 1 illustrates the typical output 
characteristics of a 2N1530 power transistor. The absolute maximum voltage 
BVCEO is 45 volts. The absolute maximum current is 5 amps. 

With an absolute maximum power 
rating of 90 W as shown on the data 
sheet for this particular transistor, 
it is now possible for the design engi
neer to calculate and plot a maximum 
voltage current relationship which 
can't be exceeded without endanger
ing the life of the transistor. 

It is obvious from the graph that the 
absolute maximum voltage and the ab
solute maximum current cannot be 
applied at the same time. While it is 
conceivable that an occasional ex
cursion beyond this absoll}.te maximum 
power for a short period of time will 
do no harm to the transistor, this 
practice is not recommended where 
reliability is concerned. 

Thermal characteristics, also list
ed under the absolute maximum rat
ings, are expressed in degrees C per 
watt and define the dissipation capa
bility of the transistor regarding the 
junction temperature in relation to 
case temperature. 
ELECTRICAL CHARACTERISTICS 
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.1 100 
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~ 30 
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......... ... 10 5 0 
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v, .. COLLECTOR·TO·EMITTER VOLTAGE IVOLTSI 

Figure 1 - Typical Output Characteristics, Motorola 2N1530 

It is in this portion ofthe data sheet thatthe design engineer can find the limits 
on those electrical parameters which are most important to his particular cir
cuit design. Whereas the absolute maximum specifications provide the limits 
beyond which reliable operation cannot be obtained, the electrical characteris
tics give the design centers around which practical circuits can evolve. When 
discussing any specific characteristics, the test conditions must be specified in 
order that a common understanding is held by both the user and the manufac
turer of the transistor. Almost every parameter listed on a data sheet is sub
ject to variation among manufacturers because of difficult test conditions. We 
shall now refer to the data sheet on the power transistor series from 2N1539 
thru2N1548 and discuss each parameter in order. (See Figure 2) 
COLLECTOR·BASE LEAKAGE CURRENTS 

ICBOis a very common term loosely used by designer and manufacturer and 
initially used to signify the quality of a transistor. Actually, there exist three 
very definite ICBO's which are important to the designer. The first is the reading 
taken at some low collector-base voltage, in this case 2 volts, with a maximum 
value of IC indicated at this voltage. 
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This for all practical purposes represents the thermal component of the col
lector current, which cannot be reduced by further decrease of V CB. This is 
trueforagiven temperature and is subject to change with temperature. As the 
ambient temperature increases, the leakage current increases. 

ELECTRICAL CHARACTERISTICS, GENERAL (At 25°C Mounting Base Temperature) 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Collector-Base Cutoff Current ICBO 

V CB" -25V 2N1539, 2N1544 - - 2.0 rnA 

V CB" -40V 2N1540, 2N1545 - - 2.0 rnA 

VCB " -55V 2N1541, 2N1546 - - 2.0 rnA 

V CB" -65V 2N1542, 2N1547 - - 2.0 rnA 

V CB 0 -BOV 2N1543, 2N154B - - 2.0 rnA 

Collector- Base Cutoff CUrrent ICBO 
V CB 0 -2V (all types) - - 200 p.A 

Collector- Base Cutoff Current ICBO 
at TB" +90°C - - 20 rnA 

at V CB " 1/2 BV CES rating 

Emitter- Base Cutoff Current lEBO 
V EB " 12V (all types) - - 0.5 rnA 

Collector-Emitter Breakdown Voltage BV CES 

IC " 500rnA, V EB " 0 

2N1539, 2N1544 30 - - volts 
2N1540, 2N1545 45 - - volts 
2N1541, 2N1546 60 - - volts 
2N1542, 2N1547 75 - - volts 
2N1543, 2N1548 90 - - volts 

Collector- Emitter Leakage Current ICEX 

VBE " LOV 

V CE 0 40 2N1539, 2N1544 - - 20 rnA 

VCE " 60 2N1540, 2N1545 - - 20 rnA 

VCE = 80 2N1541, 2N1546 - - 20 mA 

V CE = 100 2N1542, 2N1547 - - 20 rnA 

V CE " 120 2N1543, 2N1548 - - 20 rnA 

Collector-Emitter Breakdown Voltage BVCEO 

IC " 500mA, IB " 0 

2N1539, 2N1544 20 - - volts 
2N1540, 2N1545 30 - - volts 
2N1541, 2N1546 40 - - volts 
2N1542, 2N1547 50 - - volts 
2N1543, 2N1548 60 - - volts 

Collector- Base Breakdown Voltage BVCBO 
IC" 20mA 

2N1539, 2N1544 40 - - volts 
2N1540, 2N1545 60 - - volts 
2N1541, 2N1546 80 - - volts 
2N1542, 2N1547 100 - - volts 
2N1543, 2N154B 120 - - volts 

Figure 2 - Electrical Characteristics as given on a typical data sheet 
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ELECTRICAL CHARACTERISTICS, COMMON EMITTER(At2S0C) 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Current Gain hFE 
VCE " -2V, IC" 3A 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 50 - 100 -
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 75 - 150 -

Base-Emitter Drive Voltage VBE 

IC " 3A, IB" 300mA 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - - 0.7 volts 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - - 0.5 volts 

Collector Saturation Voltage VCE(SAT) 
IC'" 3A, IB" 300mA 

2N1539, 2NI540, 2NI541, 2N1542, 2N1543 - 0.2 0,6 volts 
2NI544, 2N1545, 2N1546, 2N1547, 2N1548 - 0.1 0.3 volts 

Frequency Cutoff f 
ae 

V CE " -2V, IC " 3A 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 4 - kc 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 4 - kc 

Switching Characteristics 
IC" 3A 

Delay + Rise Time td + tr 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 5 - J.lsec 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 5 - /lsec 

Storage Time ts 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 3 - /lsec 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 3 - I1 sec 

Fall Time tf 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 - 5 - I1sec 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 - 8 - Jlsec 

Transconductance gFE 
VCE " -2V, IC" 3A 

2N1539, 2N1540, 2N1541, 2N1542, 2N1543 3.0 6.0 - mhos 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 5.0 7.5 - mhos 

Figure 2 (continued) - Electrical Characteristics as given on a typical data sheet 

With this value, the designer can easily predict what the leakage will be at 
some higher temperature. Using the emperical rule that the thermal compo
nent of current will double for every 10°C, the design engil;leer can pinpoint the 
temperature component of the leakage current. 

COLLECTOR-BASE VOLTAGE CHARACTERISTICS 

The other leBO which is important in high-temperature usage is that current 
due to the portion of the collector-base voltage characteristics which adds another 
maximum ICBO to the temperature complement of the total leakage. The data 
sheet indicates that VCB at 25 volts on the 2N1539 power transistor gives a max
imum leakage of 2 milliamps. This voltage component is not temperature sen
sitive. Therefore, the design engineer, wishing to determine his leakage value 
at some higher temperature (e.g. TJ 75°C), can safely assume that the maximum 
increase in the thermal component of leakage current (Ie) will be 32 times 200 
microamps. Adding to this the 2 milliamp voltage component he could arrive 
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at a value of 8.5 milliamps maximum leakage at 75°C with 25 volts across the 
transistor. All future references to temperature in this report will refer to 
the transistor case temperature and not the ambient temperature. 

HIGH-TEMPERATURE COLLECTOR-BASE LEAKAGE CURRENTS 

Since there are many voltages and many applications to be considered, it is 
difficult for any manufacturer to specify leakage under all voltages at all tem
peratures. Our company has led the way in specifying a guaranteed maximum 
leakage at 90°C at a voltage which is within reliable usage of any given tran
sistor. In this case, it is one-half the 'BVCES rating. The selection ofthe one
half BVCES voltage rating for the high-temperature test is an arbitrary one, 
by at a point where the device will be in a reliable operating area. 

EMITTER-BASE CUTOFF CURRENT (lEBO) 

One of the least used parameters on a data sheet is lEBO. It is well to know 
the lEBO limit of any given junction within a transistor; therefore this limit is 
shown at a region where most design will be taking place. In most Motorola 
power transistors the emitter-base diode breakdown voltage rating is far greater 
than the 12 volts shown on the data sheet. This is indicated by the BVEBO listed 
under the absolute maximum ratings. 

COLLECTOR-EMITTER LEAKAGE CURRENT (lcEX) 

The X in this symbol means that there is some known back-bias voltage ap
plied to the base-emitter diode. And, for each transistor this back-bias voltage 
must be specified as a test condition for any given ICEX or BVCEX rating. This 
rating is very useful in the deSign of converters. In this switching application, 
while one transistor is conducting the other transistor has been back-biased on 
the off condition thus waiting for transformer action to turn it back on. This 
rating is given as ICEX rather than BVCEX. 

It is much easier for a transistor to stand off a given voltage and guarantee 
that the current will not be above a certain maximum value than to apply a test 
current and see if the voltage will be above a certain minimum value. This test 
could be related to a second breakdown type of relationship. On many diodes, 
applying agiven test current could show a voltage rating of many volts above the 
listed rating. 

Let us assume a condition where we apply 20 milliamps to the collector from 
a constant current source with a one volt base-emitter back bias. In some ex
treme cases, the collector-emitter voltage could go to 150 or 200 volts giving 
an extreme power dissipation problem, putting the device into the very danger
ous second breakdown region; thus, the reason for specifying ICEX rather than 
BVCEX. The reverse is true of the breakdown voltage collector to emitter 
(BV CES), with the base and emitter short circuits. 

COLLECTOR-EMITTER BREAKDOWN (BV CES) 

The most important rating that the engineer can consider when selecting the 
transistor for his circuit is BV CES. (See Figure 3) 

Most all power transistor applications require source voltages, collector-to
emitter. This forces V CE ratings to be equal to or larger than the source volt
age. Inductive loads will make this requirement higher. For the deSign engi
neer, a useful rating would be BVCER which falls between BVCES and BVCEO 
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in applications utilizing alloy transistors. The test current of 500 milliamps 
for power transistors was selected to insure an adequate range of operation 
under this condition. On many of these test conditions, high dissipation can be 
experienced with the combination of test voltage and test current. Therefore, 
many of these tests are specified as sweep tests or pulse tests where the duty 
cycle is low enough that the maximum junction temperature is not exceeded. 
These tests should be performed with the transistor mounted on an adequate 
heat sink. 

COLLECTOR·EMITTER BREAKDOWN 

VOLTAGE WITH THE BASE OPEN (BVcEo) 

This test is related to ICBO and the 

gain characteristic hFE. With the base 

open, a condition can be reached where 
hFE will multiply the ICBO at a given 

voltage and start an avalanche condi
tion as the junction temperature rises 

- due to self-heating. This can quickly 
reach breakdown conditions if not 
carefully tested by the sweep method. 

o 
o 

,..-Jo 
I '--GO -- so 

40 

30 

20 

10 

V"-r v~r 
so 100 ISO 

% RATED MAXIMUM COLlECTOR-£MITIER VOLTAGE (BVCE1) 

Figure 3 - Collector Characteristics, Common Emitter 

Although BVCEO is the most difficult of all tests to meet, especially at high 
voltages, it is a condition which is occasionally met in actual operation, such as 
in series regulated power supplies and power amplifiers. In switching circuits 
this condition can be met instantaneously when the transistor is switched from 
on to off, thus passing a region where the base has infinite resistance or is 
essentially open. We protect for this condition by showing the BVCEO rating on 
our data sheet and making it a part of our safe area curves. 

COLLECTOR-BASE BREAKDOWN VOLTAGE (BVcBo) 

This rating will show the limitation of the collector-base junction, but is a 
rating which is only occasionally used in actual circuit considerations. Many 
engineers make the error of selecting a transistor based on this parameter put
ting themselves into a high priced, low availability category, when actually the 
true ratings could have been defined by BV CES' Circuits should be carefully 
analyzed to determine if BV CBO or some collector-to-emitter rating is the con
trolling factor. 

CURRENT GAIN (hFE) 

This is the most arbitrary of all test conditions listed on a data sheet. Our 
company in designing power tranSistors, has calculated the structure to center 
upon or yield a given gain at a given collector current depending upon market 
requirements. For alloy tranSistors, current-gain is a function of collector
current and in most cases will decrease when IC increases. (See Figure 4) 

It is best to design around data sheet limits. However, circuit requirement 
could dictate current gain spreads. Under these circumstances, it would be 
beneficialfor the design engineer to work closely with the manufacturer to obtain 
a special device. This parameter is one that will vary to some degree with 
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-- Application Notes--

life, and is therefore used as an end-of-life characteristic. It is with this re
alization that we introduced our Meg-A-Life Program where end-of-life limits 
are given for both hFE and ICBO on industrial transistors. 

BASE TO EMITTER VOLTAGE (VBE) 

This parameter is very important to those who require knowledge of the input 
voltage at the specified test condition, especially to people designing. converters 
and switching circuits. See Figure 5. The test for this parameter is usually 
performed with the transistor in saturation. 

240 
I I 
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200 
VCE = 2.0V 
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VeE - 2.0V 
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........... :-- -L 
f'..- r---\ -

{~NI548 
2NI543 

~ 
~ 0.5 
~ 

~ 0.4 
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~ 
% 0.3 
10 
1E 
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,: 

u;:::. l-- - 2N1539·1543 
r- -2NI544·1548 -

V ..... L. --I-/ V 
/ 
/ 

0.1 

'--- o 
o w w m w • M M M 00 ~ 

I" COLLECTOR CURRENT (AMPS) I •• BASE CURRENT (mA) 

Figure 4 - Current Gain versus Collector Current Figure 5 - Emitter·Base Voltage versus Base Current 

SATURATION VOLTAGE (VeE ,at) 

Saturation voltage, V CEsat (See Figure 6) is the minimum voltage necessary 
to sustain normal transistor action at a particular collector-current. At col
lector voltages, lower than V CEsat, 

the base-collector diode is forward 
biased and the current-voltage. re
lationship changes abruptly. Thus, 
the saturation voltage is the minimum 
collector-emitter voltage required to 
maintain full conduction when enough 
base drive is supplied. Further appli
cations of base drive will reduce 
VCEsat with diminishing effect. Since 

the V CEsat VS IC curve is almost a 

straight line, some transistor manu
facturers list the characteristic as 
saturation resistance (VCEsa~· VCEsat 

is part of the output characteristic. 

Transistor efficiency in converters 
is a function of switching speed and 
power dissipated in the fully-on 
condition. A very low saturation 

~ 4~---4--~~----~~~~----4 
s. 

0.5 1.0 1.5 2.0 2.5 

VeE. COLLECTOR·TO·EMITTER VOLTAGE (VOLTS) 

Figure 6 - Output Characteristics, Saturation 
Region,2N351A 
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-- Application Notes--

voltage is extremely desirable and is a function of the collector-current and 
base-current drive. Saturation voltage will increase with an increase in col
lector current and will also be inversely related to the gain (hFE) of the 
transistor. 

COMMON EMITTER-CUTOFF FREQUENCY (f ae) 

Current gain frequency cutoff (fae)forthe common emitter configuration, (also 
called the beta cutoff frequency) is the frequency where the small-signal, for
ward-current gain is .707 of the current gain value to be found at a given ref
erence frequency. The. 707 point represents a3 db. reduction in current gain . 

. The common emitter cutoff frequency Fab is usually between 5 Kc and 10 Kc for 
power·transistors. The common base frequency cutoff Fab (generally not spec
ified for power transistors) is approximately equal to hfe times fae . 

SECOND BREAKDOWN VOLTAGE 

Second Breakdown Voltage, a destructive condition, was first observed when 
the first breakdown condition (VBE = 0) was allowed to continue until point "A" 
was reached as illustrated by line 4 (BV CES) of Figure 7. The current was 
allowed to increase after the curve had entered into the first negative resistance 
portion and a -second negative resistance occurred which switched the charac
teristic onto Line 7 of Figure 7. Further investigation has shown that other 
base-emitter conditions trigger second breakdown. If the base-shorted-to-the
emitter (VBE = 0) condition is used as a reference point, there exists a locus 
of points where second breakdown is initiated for both negative and positive 
base-to-emitter voltage conditions, which is shown by the dashed line. Thus, 

.high negative base drive will cause second breakdown to be generated at much 
greater collector current by a lower collector voltage than at the VBE = 0 
point. When the base is positive, the locus is more difficult to determine since 
the trigger point lies in a negative resistance region. The exact locus varies 
considerably from one device to the next. However, if the collector diode 
breakdown and the BV CES are within specifications for the transistor, the locus 
will always be to the right of and above lines D-E and E-F shown in Figure 8. 

<D -I, < 0 OR -v .. < 0 

o IB ::::::; 0 BVCEO 

@ I, > 0 (+ BVe .. ) 

@ VIlE == 0 (BVC}!:s) 

® v .. > 0 (+ ON BASE) 

® I. = 0 (BVe .. ) 

o SECOND BREAKDOWN LINE 

LOCUS OF SECOND 
·BREAKDDWN TRIGGER POINTS 

VeE' COLLECTOR·TO·EMITTER VOLTAGE 

Figure 7 - Collector Current versus Collector-to-Emiller 
Voltage 
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-- Application Notes -_--

Triggering second breakdown from positive base drive almost always results 
in a collector-to-emitter short or a drastically altered transistor. Negative 
drive action does not appear to be as drastic and usually the phenomenon can be 
observed repeatedly on a curve tracer. 

The exact physical reaction is still somewhat of a mystery, although the re
sults of other types of breakdown have been fully described. Second breakdown 
seems to result in a" channeling of current" between the collector and emitter. 
In second breakdown the collector- to- base junction exhibits certain instabilities 
when high voltage is applied. The point at which these instabilities occur is con
trolled by the voltage imposed on the base-to-emitter junction. This spot heat
ing can actually melt the germanium and allow the indium of the collector and 
the emitter to flow together producing a collector-emitter short. 

The locus of points where second breakdown occurs is independent of tempera
ture within normal operating ranges. However, as temperature changes, a par
ticular point on the locus will shift with a certain base-emitter condition. For 
instance, as temperature increases, the VBE = 0 point will shift toward the 
IB = 0 line. This is because more ICBO flows through the internal base re
sistance (RBB') which causes the internal base-emitter junction to see a more 
negative voltage on the base side. In fact, high ICBO current will cause the 
VBE= 0 line to lose its negative resistance portion (the tail) and approach the 
low temperature IB = 0 case. 

DETERMINATION OF PEAK POWER 

The peak allowable power is: 

p (TJ - T .. - fJu. Pu ) 

P 8,C (~ ) + Bc,dldt) 

~r is. a coefficient of power as ,?btaine.d from the chart. TJ is 
Junction temperature In ·C; T" IS ambient temperature in ~C; 
8H~ is junction to case thermal resistance in ·C/W; 8 ..... is case 
to ambient thermal resistance in °C/W; 8u. is the sum of 
8,C + 11.;·",; I, is pulse width; t is the pulse period; (t,/t) is the 
duty cycle; P~K is a constant power dissipation and PI' is 
the additional allowable pulse power dissipation above the 
amount of P~". 
The above equation is usable when a heat sink is used which 
has thermal capacity very much larger than the t:ransistors 
thermal cap:tcity. 

The chart is normalized with respect to the thermal time con
:::~!i:~:~.h is on the order of SO milliseconds for the~ power 

g:;,:;PLE t, --\ ~ --1 t 
Pss=IOW T..,=40°C ~e:i 
~~::~~~~~~'~O%I msec ~~ 
:~:~J.~C;bV:w T1",u= 1000C P",. TIME-

Solution: Enter the graph at hlr::;: I msec/SOmsec, and 
Duty Cycle 20%. Find Cl. = 5. Solve equation 

P.= 100-~~~~X+20.8) 10 

T 
P .. = 29 watts in addition to the steady 
10 watts resulting in 39 watts peak. 

1000 

a:: 100 

~ 
z 

" '" ~ 10 

PEAK POWER DERATING CURVE 

0.1% 

~~~ ps;;;: O%.DUTY CYCLE 
ABSOLUTE NON RECURRE 

NT == r-- 0.5% ......... 
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Caution In all cases the peak pulse 
power should stay within the Safe 
Operating Area. 

Figure 9 - Peak Power Derating 
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A well specified transistor data sheet will contain all of the above informa
tion. Some designs do not require specifications other than voltage, power 
dissipation and gain. The extreme requirements of present day industrial equip
ment as well as military specifications in most cases taxes the ingenuity of the 
design engineer and the time available for him to design the best equipment. 
TIME WHICH CAN BE SAVED DUE TO PROPER SPECIFICATION IS JUST AS 
IMPORTANT AS TIME SAVED DUE TO PROPER DESIGN. Because the semi
conductor industry is relatively new and because of the questions and problems 
that can arise involving the use of semiconductors, a design engineer can lose 
much valuable time if he is forced to discontinue design operations due to the 
lack of information. A good data sheet can clearly eliminate this delay. 
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-- Application Notes--

UNDERSTANDING TRANSISTOR RESPONSE PARAMETERS 

THE RANGE OF FREQUENCIES over which a transistor performs a useful 
circuit function is limited by inherent parameters. Manufacturers' data sheets 
usually specify only one or two of these parameters, while the user may need 
others. Therefore, a clear understanding of these parameters and the relation
ships between them is of value evaluating transistor performance. 

Typical of such parameters is hfb (alpha, the common base a-c short-circuit 
forward current gain). As frequency is increased, hfb remains approximately 
equal to hfbo (the value of hfb at 1 kc). After the upper frequency limit is 
reached, hfb begins to decrease rapidly. 

The frequency at which a significant decrease in hfb occurs provides a basis 
for comparison of the expected high frequency performance of different tran
sistors. The common base current gain cutoff frequency, f(JIb, is defined as 
that frequency at which hfb is 3 db below hfbo. Expressed in magnitude, hfb at 
fab, is 70.7 per cent of hfbo. Power gains, current gains, and voltage gains 
for a few common decibel values are found in Table 1. A curve of hfb versus 
frequency for a transistor with an f(JIb of 1 mc is shown in Fig. 1. 

This curve has the following signifi
cant characteristics: (1) atfrequencies 
below fab' hrb is nearly constant and 
approximatety equal to hfbo; (2) hfb 
begins to decrease significantly in the 
region of fab; (3) above fab' the rate 
of decrease in hfb with increasing fre
quency approaches 6 db per octave in 
the limit. 

The curve of common base current 
gain versus frequency for any transis
tor has these characteristics, and the 
same general appearance as the curve 
of'Fig. 1. 

The common emitter parameter 
which corresponds to fab is fae' the 
common emitter current gain cutoff 
frequency. By definition, fae is the 
frequency at which hre (beta, the com
mon emitter of a-c short-circuit cur
rent gain), has decreased 3 db below 
hreo (the value of hfe at 1 kc). A typi
cal curve of hfe versus frequency for 
a transistor with an fae of 100 kc is 
shown in Fig. 2. 

16-13 

Table 1: Conversion table for power, 
voltage, and current ratios 

into decibels. 

Volt- Volt-
age age 
or or 

Pow- Cur- Pow- Cur-
er rent er rent 

db Ratio Ratio db Ratio Ratio 

0 1. 00 1. 00 10 10.0 3.2 

0.5 1.12 1. 06 15 31. 6 5.6 

1.0 1.26 1.12 20 100 10 

1.5 1.41 1.19 25 316 18 

2.0 1. 58 1. 26 30 1,000 32 

3.0 2.00 1.41 40 10,000 100 

4.0 2.51 1. 58 50 105 316 

5.0 3.16 1. 78 60 106 1,000 

6.0 3.98 2.00 

7.0 5.01 2.24 

8.0 6.31 2.51 

9.0 7.94 2.82 
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Fill. 2. Common emitter current gain is 
plotted against frequency in the curve shown. 

This curve also has the significant characteristics listed for Fig. 1. These 
characteristics allow such a curve to be constructed for a particular transistor 
by knowing only hfeo and fae. From the curve, hfe at any frequency could be 
determined. Furthermore, if fae, is not known, a curve could also be con
structed if hfeo and hfe at any frequency above fae were known. Thus to deter
mine hfe.at any frequency, it is necessary to know only hfeo and either fae or 
hfe at some frequency f, where f is greater than fae. 

Sometimes, hfeo is needed and only hfbo is given, or vice versa. The quan
tities hfbo and hfeo are related by the following: 

hfbo 
hfeo 1 - hfbo 

(1) 

hfeo 
hfbo = hfeo + 1 

(2) 

Equations 1 and 2 are plotted in Fig. 3. To further facilitate computations, 
the low frequency current gain scales of Fig. 7 -10 contain both an hfbo and an 
hfeo scale, and may be entered with a knowledge of either quantity. 

RELATIONSHIP BETWEEN fa. AND fab 

Suppose two transistors are considered for a particular application where 
performance at high frequencies is of interest. The data sheets are compared 
and it is discovered that one specifies fab and the other fae. What prelimi
nary comparisons can be made -from 
this without making any laboratory 
measurements? 

Phillips 1 gives a discussion of the 
relationships between fae and fab with 
the following result: 

fae = Kg (1- hfbo) fab 

where Kgis afunction of excess phase 
value between O. 5 and 1. O. Table 2 
gives approximate values of Kg for a 
number of transistor types. 

The value of 0.82 applies to all al
loy junction transistors. For high-

16-14 

1\ 

~~ 

i"-

91 

13 

IS 

9& 

9T 

1 

I .. 

91 

.a 
11 211 30 II 30 10 10 1111 2011 3011 IDO 600 1.1lI1O 

.111 1ft.) 

Fig. 3. The relationship between h, .. and h, .. is 
given by the graph shown. 



-- Application Notes--

frequency transistors, selection of K 0 is based on original design of the 
device regardless of how it may be specified later. For example, the 2N74lis 
a germanium mesa amplifier which is manufactured on a switching transistor 
production line; therefore,the germanium mesa switch KO is used for the 2N741. 

The nomograms provide solutions 
for values of KO of 0.9, 0.8, and 
O. 6. These three values of KO give 
reasonable results for most trans
istor types, and if more specific in
formation for KO is available, the re
suI ts obtained from the nomograms 
are corrected accordingly. 

Table 2: Approximate 
values of KO 

The quantity fae is normally a much 
lower frequency than fab for the same 
transistor. For example, consider 
the 2N1l41 germanium mesa ampli
fier. The data sheets give typical 
values fab= 1,000 mc andhfbo= 0.98. 
Kefrom Table 2 is 0.80. Substituting 
in Eq. 3 yields fae = 0.80 (1 - 0.98) 
1, 000 = 16 mc. 

Transistor Type 

Alloy Transistor 
(GPA, Alloy Power) 

Germanium Mesa 
Switch 

Germanium Epitaxial 
Mesa Amplifier 

Germanium Non-
Epitaxial Mesa 
Amplifier 

Silicon Annular and 
Planar 

MADT 

KO 

0.82 

0.90-1.0 

0.80 

0.70 

0.80 -1. 0 

0.60 

This result is in approximate agreement with the hfe versus frequency curve 
of the manufacturer's 2N1l41 data sheet. 

GLOSSARY OF SYMBOLS 

Definition 

Common base a-c forward current gain (alpha) 

Value of hfb at 1 kc. 

Common emitter a-c forward current gain. 
(beta) 

Value of hfe at 1 kc. 

Common base current gain cutoff frequency. 
Frequency at which hfb has decreased to a value 
3 db below hfbo. (hfb = 0.707 hfbol 

Common emitter current gain cutoff frequency. 
Frequency at which hfe has decreased to a value 
of 3 db below hfeo (hfe = 0.707 hfeo) 

Gain bandwidth product. Frequency at which 
hfe = 1 (0 db). 

Common emitter power gain 

Maximum frequency of oscillation. Frequency 
at which Ge = 1 (0 db). 

Excess phase shifter factor. Factor which is a 
function of excess phase shift of current in the 
base of a transistor. 
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For the practical application of Eq. 3, refer to Fig. 7 and 9. When any two 
of the quantities fae, fab, hfbo, or hfeo are known, use the nomograms to find 
the third quantity. 

A common high-frequency parameter is fT, the gain bandwidth product and 
is defined as that frequency at which hfe = 1 (0 db). 

The value fT is sometimes specified indirectly on high-frequency transistor 
data sheets. This is done by specifying hfe at some frequency above fae, thus, 
fT is then obtained by multiplying the magnitude of hfe by the frequency of meas
urement. This relationship arises from the 6 db per octave characteristic of 
the hfe versus frequency curve above fae. Since 6 db represents a current gain 
magnitude of 2, hfe is halved each time frequency is doubled, and vice versa. 
Therefore, the product of hfe and frequency on the sloping portion of the curve 
yields fT. 

For example, consider the 2N2217 silicon planar transistor. The data sheet 
gives a typical hre of 4. 0 at 100 mc. Multiplication of hfll times the frequency 
of measurement yields fT = 4.0 x 100 - 400 mc. This is In agreement with the 
data sheet which specifies a typical fT of 400 mc. 

The parameter fT is also equal to the product of hfeo and fae, expressed by 

(4) 

with hfeo known, Eq. 4 provides a simple means of finding fae when fT is known 
or vice versa. (See Fig. 5.) 

Philips also develops the following relationship between fab and fT: 

(5) 

where KO is the same quantity as in Eq. 3. Notice that since KO lies between 
0.5 and 1. 0, the fT of a transistor is approximately equal to or slightly less 
than its fab. (See Fig. 8 and 10.) 

RULES FOR DETERMINING hie 

The following rules summarize how to determine hfe at some frequency f: 

Rule 1. When f < fae, hfe ::::. hfeo 

Rule 2. When f "" fae, hfe "" 0.7 hfeo 

Rule 3. When f > fae, consider hfe to be decreasing at 6 db per octave at fre
quency f and use Fig. 4 to find hfe. 
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hCe 

db MAGHIlUDE 

48 250 

200 fT = hfe f 

~5 

150 C > C ae cT 

40 100 
50 

80 
10 

35 60 

50 

40 

3D 30 100 

20 
25 150 

15 10 

20 200 
20 10 

30 250 
40 

300 
15 60 

80 
100 400 

10 150 

200 
500 

300 GOO 

400 700 
1.5 500 800 600 

800 900 
1000 1000 

1200 

Fig. 4. This nomogram 
is useful in finding hre 
when a frequency f>fae. 

Rule 4. (Al If hfbo not hfeo is known, use Fig. 3 find hfeo. 

(B) If fT is not known use Fig. 5 to find fT if hfeo and fae are known 
or Fig. 8 to find fT if fab is known (Fig. 10 for MADT types). 

(C) If fae is not known, use Fig. 5 to find fae if fT is known (Fig. 7 
to find fae if fab is known (Fig. 9 for MADT types). 

Though common emitter current gain is equal to 1 at fT, there may still be 
considerable power gain at fT due to different input and output impedance levels. 
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f '" h f T feo cxe hIeo 

\eo = 1 KC hie 300 

IT 

60 
200 

150 

SO 
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100 100 

80 

150 60 

50 

200 40 

250 30 
10 

300 
15 

20 20 
400 

30 15 
500 40 

50 
600 60 10 

80 
8 

800 100 

150 G 
1000 

200 Ii 

4 

"lilt- Fig. 5. The quantity fT 
is found from this nomogram 
once fa, and h"" are known. 

Thus, fT is not necessarily the highest useful frequency of operation of a tran
sistor, and an additional par am ete.c , the maximum frequency of oscillation 
(fmail, is sometimes encountered. The term f max is the frequency at which 
common emitter power gain is equal to 1, and is related to fT by 

(6) 

where rB' is the base resistance and Cc is the collector capacitance. 
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A plot of common emitter power gain versus frequency also has the charac
teristics shown in Fig. 1. This leads to another gain bandwidth product 

f "" f -oJ Power Gain max (7) 

where f is the frequency of measurement and power gain is expressed in mag
nitude not in decibels. Hence, fmax may be found by measuring power gain at 
some frequency on the 6 db per octave portion of the power gain versus fre
quency curve, and multiplying the square root of the power gain with the fre
quency of measurement (see Fig. 6). The symbol for common emitter power 
gain is Ge. 

G e 

db MAGNITUDE r 
50 100,000 

max 

48 
fmax = rJG 

46 
50,000 50 

44 EO 

42 
20,000 

70 
40 10,000 00 

38 

36 
5,000 100 

34 

32 
2,000 

30 1,000 
150 

6 
28 0 
26 

500 10 200 

24 2QO 

22 
21_ 

20 1~0 30 300 

10 j 40 

50 60 400 16 

14_ 
80 

20 
100 500 

12 

10 10 200 
6UO 

300 
700 

400 800 

4 600 1,000 
2 

2 800 
1,000 1,200 a 
1,500 

1,500 

... Fig. 6. Maximum frequency 
is found from this nomogram 
knowing the frequency and 
power gain. 
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The parameters are voltage and current dependent, and operating point must 
be considered in all cases. For example, the high-frequency hfe measurement 
at one collector voltage and current must not be used to calculate fT directly 
at another voltage and/or current without considering the added effects of the 
different operating point. Most of the mesa data sheets have curves showing 
typical variations of fT with collector voltage and current. 

The parameter fae for present mesa transistors usually lies in the region 
between 10 and 50 mc. The term hfe, measured at any frequency above this 
region is assumed on the 6 db per octave portion of hfe versus frequency curve 
and is used to calculate fT directly. 

Mesa transistor power gain measured at any frequency above 50 mc is 
assumed on the 6 db per octave portion of the power gain versus frequency 
curve and is used to calculate fmax directly. 

fae'" Ke (1 - h fbo ) fO'b 

fab hfbo = 1 KC hfb hreo = 1 KC hfe 

1,500 

1,200 
f., 

100 
1,000 100 

800 
60 

60 

700 40 _ 40 
600 

500 20 
20 

400 

10 
10 

300 

4 
200 

150 

100 

KEY TO I" SCALES' 
USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES FOllOWING TRANSISTOR TYPES 

GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 
GERMANIUM MESA AMPLIFIER (ANNULAR / PLANAR) 

LEFT SCALE. K 0 = O.B RIGHT SCALE, K. = 0.9 

'FOR MADl TYPES, SEE FIG. 9 
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INSTRUCTIONS FOR CURVES AND NOMOGRAMS 

The nomograms assume no shift in operating point. Known parameters used 
to find an unknown must be measured at the same colle-::tor voltage and collector 
current as the desired unknown. 

Frequency scales on the nomograms are calibrated in numbers only without 
units. Furthermore, all nomograms contain two frequency scales. Decimal 
points may be shifted on the frequency scales of any nomogram as long as they 
are shifted the same amount on both scales (i. e., both frequency scales of a 
nomogram must be multiplied by 10 to the same power). This enables the same 
nomogram to be used for both high and low-frequency transistors. 

The nomograms assume that both power gain and current gain decrease with 
increasing frequency at a rate of 6 db per octave at high frequencies. 

All power gain and current gain scales (except hfbo and hfeo) are calibrated 
in both actual magnitudes and decibel values for convenience. 

EXAMPLE 1 

To find hfeo when hfbo is known or vice versa, enter Fig. 3 with the known 
value and read the unknown directly. Given: hfbo = 0.96. Find: hfeo, Answer 
= 24. 

EXAMPLE 2 

Figure 4 is a nomogram of fT and hfe at some frequency f, where f > fae. 
Given: hfe at 100 mc is 6 db. Find: hfe at 75 mc. Answer: 4, or 12 db. 

EXAMPLE 3 

There are no special instructions for the nomogram of Fig. 5, merely use it 
to find the unknown parameter when any two are known. Given: hfeo = 40 and 
fT = 400 mc. Find: f<lle. Answer: 10 mc. 

EXAMPLE 4 

Figure 6 is a nomogram of fmax and common emitter power gain measured 
at some frequency f where power gain is known to be decreasing at 6 db per 
octave. Given: power gain at 400 mc is 6 db. Find: fmax. Answer: 800 mc. 
Given: fmax = 1000 mc. Find: power gain at 250 mc. Answer: 12 db. 

EXAMPLE 5 

Fig. 7 is a nomogram of f<llb, {<lie, and either hfbo or hfeo. To account for 
variations in this relationship with different transistor types, there are two f<lle 
scales, with a guide to which one to use. Given: for a GPA tranSistor, f<llb = 
1 mc and hfbo = 0.90. Find: {<lie. Answer: 80 kc. For MADT types, see 
Fig. 9. 

EXAMPLE 6 

Figure 8 is a nomogram of fT, f<llb, and either hfbo or hfoe' To account for 
variations in this relationship with different transistor types, there are two f T 
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scales, with a guide to which one to use. Given: for a germanium mesa switch
ing transistor, fT = 400 me and hfbo = 0.90. Find: fab. Answer: 494 me. 
For MADT types, see Fig. 10. 

EXAMPLE 7 

fab fT 

1.500 
1.500 1.500 

1.200 
1.000 

1.000 
1.000 

800 
SOD 

SOD 

700 600 
600 

600 

500 400 
400 

400 300 
300 

300 
200 

200 

200 

150 100 
100 

100 
60 

60 
80 

Go 

fT'" Ko hCbo fab 

h{bo:= 1 KC hfb 

hieD = 1 KC hIe 

hreo 

109 
50 
30 

20 

IS 

10 

KEY TO 1 T SCALES' 

USE LEFT SCALE WITH USE RIGHT SCALE WITH 
fOLLOWING TRANSISTOR TYPES fOLLOWING TRANSISTOR TYPES 

GENERAL PURPOSE AllOY GERMANIUM MESA SWITCH 
ALLOY POWER SILICON 
GERMANIUM MESA AMPLIfiER {.annular / planar I 

lEfT SCALE. K. = 0.8 RIGHT SCAL~ K.= 0.9 
'fOR MAOT TYPES. SEE fiG. 9 

hfbo 

1.0 
.99 
.9S 

.96 

.94 

.91 

.90 

.SS 

.86 

.84 

.81 

.80 

Fig. 8. This nomogram represents IT, 10, and 
either hr •• or hr ••. 

Figure 9 is a nomogram which is identical to Fig. 7 except that it is for use 
with MADT transistors (see instructions for Fig. 7). 

EXAMPLE 8 

Figure 10 is a nomogram which is identical to Fig. 8 except that it is for use 
with MADT transistors (see instructions for Fig. 8). 
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f oe ° Ke (1 - hilla) fab 

MADT TRANSISTORS ONLY hIeo hIba 
(K o oO.6) 

.BO FOR OTHER TYPES, USE Fig, 7 

fab hfeo = 1 KC hIe hfbo = 1 KC hIb 

1.500 f .85 
ne 

100 
1,200 BO .B8 

1,000 60 ,90 
50 10 

BOO 40 .92 

700 30 .93 

600 20 .94 

500 15 .95 
20 

400 10 .96 
8 

30 
300 .97 

40 

200 50 .98 

1.5 60 
150 

80 
0.8 

100 0.6 100 .99 

150 

200 .995 

Fig. 9. This nomogram is identical to Fig. 7 but 
is used for MADT transistors. 
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fab fT 
'T = Ke hfbo fab 

1,500 1,000 
MADT TRANSISTORS ONLY 
FOR OTHER TYPES; USE FIG. 8 

},200 800 KO == 0.6 

1.000 
600 

hfbo = I KC hib 

800 500 
hreo :: 1 KC hie 

hreo hfho 
lOll 

400 1.0 
600 100 .99 

300 50 ,98 
500 30 

.96 
250 20 

400 .94 15 
200 

.92 
300 10 

150 .90 

.88 

200 
100 .86 

150 
80 .84 

60 
.82 

100 ,80 

80 

60 

Fig. 10. Identical to Fig. 8, this nOll/ogram is used 
only for MADT transistors. 

REFERENCE 

1. A. B. Phillips, "Transistor Engineering," McGraw-Hill Book Company, 
Inc., New York, N. Y., Chapter 14. 
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WHATS AND WHYS ABOUT Y-PARAMETERS 
Misconceptions concerning the use of transistor data-sheet parameters often 

confuse circuit designers. This article is designed to remove some of the haze. 
n tells why different transistor parameters appear on data sheets for different 
applications. It shows why one often chooses y parameters for high-frequency 
design and illustrates the minimum number of steps necessary to solve a prac
tical design problem. Clarifying examples appear throughout. 

WHY USE PARAMETERS? 
Engineers know that if they bias a device such as a transistor to a stable d-c 

operating point and make certain a-c input and output measurements, they then 
can accurately predict its a-c behavior in many different circuits in which they 
might use it. The d-c operating point must remain the same in these circuits 
as it was when a-c input and output data were taken. It the operating point Shifts, 
the transistor characteristics will change also. 

For example, if a transistor manufacturer wanted to get design data to put on 
a transistor data sheet, he might choose a d-c operating point where the tran
sistor was used in a common-emitter configuration with a 2-ma collector cur
rent and a 5v drop across the collector-emitter contacts. (He would know from 
the size of the tranSistor, past experience and the way the device was made that 
this would be a satisfactory operating point. ) 

The d-c circuit might look like Fig. 1. This bias circuit holds. the d-c con
ditions steady while a-c measurements are made. 

Circuit theory states that if one has a device, sayan amplifier, with two in
put and two output terminals, he can predict its circuit behavior if he has enough 
data to write two equations relating a-c input and output characteristics l . These 
two equations take the form: 

AI = BIIC I + B I2 C 2 

A2 = B 21 C I + 822C2 

( 1) 

(2) 

These equations represent a device under test when it is driven from a sig
nal "generator" CI and terminated with an output "generator" C2 (C 2 is nor
mally a passive load that "generates" nothing but absorbs power from the de
vice). The "signals" resulting from these "generators" are represented. by Al 
at the input and A2 at the output. See Fig. 2. 

FIGURE 1 - TYPICAL DC BIAS CIRCUIT 
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WHAT DEFINES PARAMETERS? 
The "B" coefficients of the "generator" terms Cl and C2 in Eqs. 1 and 2 are 

constant device characteristics called parameters, which do not vary so long 
as conditions such as operating point, temperature and measurement frequency 
do not change. The units in which these coefficients are measured are deter
mined by the type of units that one picks for his "generators" and "signals". 
For example, if he chooses Cl and C2 to be voltage "generators" and Al and 
A2 to be "signal" currents, then all four "B" coefficients have the units of i/e 
or mhos. 

To show this, look at Eq. 1. It would be easy to solve Eq. 1 for Bll if the 
right-hand term were equal to zero. So to find Bll, set the term Bl2C2 equal 
to zero! To make Bl2C2 zero, one shorts C2, the output "generator" in Fig. 2. 
This forces the voltage across C2 to equal zero, since no voltage can appear 
across a short. Now Eq. 1 becomes: 

Solving for Bll: 

Al is a current and Cl is a voltage 

so 

When 

C~ = 0 

When 
C2 = 0 

(3) 

( 4) 

(5) 

BU in Eq. 5 has the unit's mhos since it is a current divided by a voltage. 
This IS an admittance and we arbitrarily can call it Yll if we choose. This de
fines Yll as the ratio of input current i l to input voltage el only when the output 
voltage IS zero. By alternately making Cl and C2 zero by shorting input and 
output voltages, it is very easy to solve Eqs. land 2 for the other "B" param
eters. They all are equal to a current divided by a voltage, which makes them 
admittances. Our general-case input and output box has changed in this special 
caseto the one shown in Fig. 3. This 
is only because the input and output 
"generators" were chosen to be volt
ages and the input and output" signals" 
were chosen to be currents. 

From Fig. 3, Eqs. land 2 now be-
come: 

(6) 

(7) 
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2N918 I 
'Y ee =Sv 

TA=2S't 

f--l e =5ma 

Ie = 1 ma 
/v 

1/ lh~' 
~I~ ~ I::"" .-.' - . ~I~-- - 1--' 

30 100 200 
FREQUENCY [Me) 

FIGURE 4 - y". AS A FUNCTION OF FREQUENCY 

II I 
112N918 1 

VCB=5vo 
T A=2SC 

~fE=5ma 

-IE;::: 1 rno 

I ...... l.::-<" ,- l 
100 

FREQUENCY [Me) 
200 

~~ 

FIGURE 5 - y", AS A FUNCTION OF FREQUENCY 

, 

, 

IJ 

" 

l-,:<" 

, :-:: 

re (Y2 h) " l _VCE:SVO 2N91B 

t--
I- 1,=5 mo T.=25C 

Ie =2 rna 
le=l rna E 

!. . 
N' >-

_ire(Y21..).~ 

01 1 
I' I-I--

""'" 

III 
l,.fi (r 11.) 

;~ i 
111 

re (y 
, 

500 

~:.;m( 

I 
I 

,. ·Iei 
500 

re (Y21e J __ r-- ::::.'" ..:::". - 1-- im ( 

;;; 
o 

.z:: 
E 
!. 

N 
N 

>-

0 

6 

3 

0 

. 
:::.~. ~--- :.:-.::: ~- -- ---- - -~~ ,,-

JO 60 100 200 '-..:.00 
FREQUENCY (Me) 

FIGURE 6 - y". AS A FUNCTION OF FREQUENCY 

II II 
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In the same manner that Eq. 5 became: 

i, 
When YII e, 

Eqs. 6 and 7 become: 

i, 
When Y'2 e2 

e, = 0 

i2 
When Y2 , 

e, 
e2 = 0 

i2 
When Y22 = -

e2 

e, = 0 

(8) 

(9) 

(10) 

(11 ) 

Eqs. 8 through 11 define the yparameters. They tell what a-c measurements 
to make and what ratios to take to get defining y coefficients on any device. For 
Y11, the input admittance, measure the input current and input voltage with the 
output shorted so that e2 is zero. Then take the proper ratio. By similarly 
measuring input and output voltages and cu2rents and taking required ratios, 
one can get a complete set of y parameters. 

WHY USE y PARAMETERS? 
Why pick "generators" and "signals" that require alternately shorting the in

put and output in order to make measurements? The answer is that it is often 
simpler to get a-c short-circuits at high frequencies than it is to get open cir
cuits. (One method of getting a-c shorts that does not disturb the d-c circuit 
is to use bypass capacitors first across the output and then across the input 
terminals. Another method uses coaxial lines, since their length can be short 
in the VHF-UHF range.) So one reason· why y parameters are used in charac
terizing devices at high frequencies is that this set of measurements to get all 
four "generator" coefficients is easier to make. And design equations for high
frequency parallel-resonant circuits often come out in simple form for admit
tances when they might not for other parameters such as impedances. 

OTHER PARAMETERS 
By picking other units for "generators" and "signals" one could get equa

tions that were still of the same general form as Eqs. 1 and 2. But the "B" 
coefficients would have had other units. They would have served equally well 
in predicting circuit behavior, put it might have been harder to make measure
ments to determine different "B" coefficients in the high-frequency range. Al
so, after one gets a complete set of parameters, such as admittaI\ce parame
ters, he can mathematically manipUlate these into any other set that he might 
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prefer to work with in actual circuit design. For example, if he gets a com
plete set of y parameters because they are easier to measure, he can trans
form these into a complete set of hybrid (h) parameters if it is easier to pre
dict circuit performance by uSing them. Hybrid parameters often are used for 
audio-circuit design because it is easy to measure them on transistors at low 
frequencies. 

Semiconductor manufacturers often use exotic measuring equipment to give 
high-frequency phase as well as magnitude information about their devices. 
TIie General Radio Model 1607 A Bridge is a coaxial instrument from which one 
reads both real and imaginary admittance components from about 30 to 1500 Mc. 
It uses coaxial lines to get a-c opens or shorts and can measure hybrid as well 
as admittance parameters. The Boonton Radio Corp. Model 250A RX Meter 
gives real and imaginary components for l/y values from 500 kc to 250 Mc. 
Capacitors provide a-c shorts for this instrument. Data sheets normally show 
average or typical data taken from a production spread of transistor parame
ters. Many transistor types do not have this information on the data sheet, but 
manufacturers usually will supply this information to their customers free of 
charge, if asked. 

GENERAL CALCULATIONS 
How does one use y data in circuit design? 

Perhaps the most effective method first was proposed by J. G. Linvill3, and 
well explained further by other authors4, 6. All of these authors outline a pow
erful method using y parameters to graphically represent hiterrelations among 
stage gain, circuit terminations and circuit stability. The graphical outlines 
are beyond the scope of this paper, but one of their results shows that if the 
device is unconditionally stable, the maximum unneutralized power gain is given 
by 

(12) 

where 

Poo ly21 12 

Pia 4re(y ll)re(Yt) - 2re(y JtY2J) 
(13) 

IY211 is the magnitude of Y21 

re deSignates the real parts of the respective y parameters or y-parameter 
products. 

Poo/Pio is a valuable tool for the circuit designer. 

A calculation of the criticalness factor C will determine stablility. If C is 
less than 1, the device is inherently stable and cannot oscillate without external 
feedback paths (unconditional stability). 

(14) 
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Once C is found, KG in equation (12) is 

I - v1 
KG = (2)--C-z--

cz 
(IS) 

The maximum unneutralized gain obtainable per stage now is found by Eq. 12 
if e is less than 1. 

If e is greater than 1, KGhas no meaning and themaximum calculated stage 
gain can approach infinity. The circuit effect describing this condition is one 
of instability or oscillation. That is, if C is greater than 1, the device can os
cillate under certain stage terminations even though no external feedback paths 
exist. 

For the frequency ranges where the device is inherently unstable, the designer 
must carefully choose his load or output termination. One rule of thumb is to 
heavily mismatch the output admittance Y22. The output load admittance is 
made much larger than Y22. This is to heavily load the stage, and it means 
that the load impedance is less than the output impedance. The calculated quan
tity Poo/Pio is usually still within a few db of the gain to expect from a stable 
stage if one uses collector loads in the 100 to lOOO-ohm range for most of to
day's VHF transistors. (If measured gain is much higher, one suspects regen
eration.) Poo/Pio forms a figure of merit useful even when e is greater than 
1 so long as unstable terminations are avoided. 

STABILITY AND GAIN CALCULATION - PRACTICAL DESIGN EXAMPLE 
Suppose one wanted to design a tuned RF amplifier at 51 Mc, the low end of 

the amateur 6-meter band, using a 2N918 silicon VHF transistor. Figs. 4 
through 7 show 2N918 y parameters plotted versus frequency for 5v VeE and 
1 ma Ie at 51 Mc: 

Y" = 1.0 + j2.0 mmhos 

Y'2 = 0 - jO.2 mmhos 
Yz, = 25 - jlO mmhos 
Yzz = 0.02 + jO.6 mmhos 

(16 ) 
(17) 
(I8) 

(19) 

Eqs. 16 through 19 show the real and imaginary admittance components ar
ranged in rectangular form. Polar forms would simplify calculating Poo/Pio 
from Eq. 13. Look at Fig. 8 to get the polar form of Yll, for example. 

The magnitude of Yll is equal to the length of the hypotenuse of a right tri
angle whose sides are the real and imaginary components. () 1 is the angle 
whose tangent is equal to 2/1 in this example (from Eq. 16). ThIS says: 

Solving Eq. 20: 

Arc tan 8, = 2 
8, = 63.40 
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Since the length of the hypotenuse of 
this right triangle is equal to the length 
of the side adjacent to (j 1 divided by 
the cosine of 81 

1 1 
/ Y / - - = 2.25 

II - Cos ° - Cos 63.4° 
I 

The final vector is 

YII = 2.25 /63.4° 

The polar form of Y12 is easy. It 
has zero real component, so (j 2 is 
-90.0° (see Fig 9) 

YI2 = 0.2 / -90.0° 

From Fig. 10; 

A -10 -21.80 03 = rc tan 25 = 

(22) 

(23) 

(24) 

(25) 

YZ 1 = ~ / eo = 25 L-21.8° (26) 
Cos 03 L-2 Cos -21.8° 

so that Y21 = 26.9 / -21.8° 

Poo 
Now we can calculate p. : 

10 

Poo = /ytl / 2 

Pio 4re (y II) re (Yzz) -2re (Y IZY21 ) 

Poo (26.9)2 

(27) 

(13) 

P io 4(1 )(0.02) -2re[ (0.2 / -90.0°)(26.9 / -21.8°)] 

+ IMAGINARY AXIS I Yl1[=_I_ = 2.25 

Cos 01 

I Yll\ 
01 = Arc tan 2 = 63.4 deg 

Y" ~ 2.25~ 

-REAL AXIS--P,....l---+ REAL AXIS 

- IMAGINARY AXIS 

FIGURE 8 - CALCULATION OF MAGNlTUOE 

AND ANGLE OF Y" 

+ IMAGINARY AXIS IY l1l =0.2 

6 2 = -90.0 deg 

Y12 0.2i-90.0dcg 

- REAL AXIS----I~---+ REAL AXIS 

I Y121 

- IMAGINARY AXIS 

FIGURE 9 - CALCULATION OF 

MAGNITUDE AND ANGLE OF YI2 

Iy 1=-.lL~269 
+ IMAGINARY AXIS 21 Cos °3 . 

(28) 03=A,c Ion -=10 = -21.8 dcg 

725 
0.08-2re(5.38! -111.8°) 

(To multiply two vectors, multiply 
their magnitudes and add their angles.) 

To get the real part of 5. 38 /-111. 8 ° 
for use in the denominator of Eq.2 8, 
look at Fig. 11. 
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Y" ~ 26.9~ 
-REAL AXIS + REAL AXIS 

-10 

-IMAGINARY AXIS 

FIGURE 10 - CALCULATION OF 
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(29) 
so 

Poo 725 

Pia = 0.08 - 2( -2.00) 
178 (30) 

To determine stability 

(4) 
+IMAGINARY AXIS 

C ( 0.2 
= 2 178) 26.9 = 2.64 (31) 

-REAL AXIS----+-,O-5~---11-1-.8-,.de~ REAL AXIS 

Since C is larger than 1, the 2N918 
will be inherently unstable in our 51-
Mc circuit and calculations for KG in 
Eqs. 12 and 15 will not hold. If Chad 
been less than 1, we could.have found 
ApFM, the maximum possible for
ward power gain for the amplifier, by 
using Eqs. 12 and 15. 

re (Y12 Y21)=-5.38 Sin 06 

O,~21.8 deg 

re (Y12 Y21):::-2.0 

OUTPUT-CIRCUIT DESIGN 

- IMAGINARY AXIS 

FIGURE 11 - CALCULATION OF 

REAL COMPONENT OF (Y12 Y21) 

Experience has shown that if one heavily mismatches the transistor output, 
the stage likely will be stable. Many transistors require collector loads in the 
range between 100 and 1000 ohms: 500 ohms is a good starting point. The de
signer likely will use a tuned circuit to get rid of any imaginary components. 

Most 51-Mc coils with ferrite tunable slugs have values of unloaded Qu in the 
50-100 range. To keep coil losses small, the loaded QL should be much less 
than unloaded Qu ' QL equal to 5 is a reasonable value. 

This determines the collector-circuit bandwidth (neglecting the input circuit, 
which will reduce overall stage bandwidth if it also is tuned). 

BW ' = ~ = 51 Me "'=' 10 Mc 
('01/ QL 5 

(32) 

This will make the amplifier usable over the low end of the 6-meter band. 

R, I IS TRANSFORMED 

:~~~~ALLEELNT O{ IE 
RL APPEARING C L 
ACROSS " 
COLLECTOR 

CIRCUIT 

To insure QL = 5, examine the cir
cuit shownin Fig. 12. The total par
allel resistance across the tuned cir
cuit is the transistor output resistance 
in parallel with the load. Assume 
the load is 500 ohms and smaller than 
the output resistance. Calculate the 
value of parallel capacitance to get an 
approximate QL of 5: 

FIGURE 12 - EQUIVALENT AC OUTPUT CIRCUIT 

QL 5 
Cp = 27TfoRp = 2(3.14)51 (10)6 (500) = 31 pf (33) 
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resonant frequency in cps 

Rp = parallel resistance in ohms 

Total parallel capacitance should be 31 pI. Transistor capacitance is about 2 
pf, C2 (Eq. 35) is about 20 pf and stray wiring capacitance is about 2 pf. These 
all contribute to total capacitance, so add a variable capacitor across the cir
cuit that will vary from about 5-20 pf to insure that it can tune to resonance. 

What value of inductance will resonate with 31 pf at 51 Mc? 

1 
= 4(9.86) (2600) 10'231 (10)-'2 = 0.31 J.Lh (34) 

Suppose now we want to match the collector load into 50 ohms, C2 in Fig. 12 
should be: 

C =_J_~_J __ 
2 27Tfo RL(Rpl - Rr) 

J I 1 
= 27T(5J) J06 -V 50(500 _ 50) = 2J pf 

(35) 

Use 20 pf since this is a standard size. This value of C2 insures that the 50-
ohm load is transformed into the 500-ohm equivalent load desired across the 
collector circuit for stability. 

INPUT-CIRCUIT DESIGN 
Add a tuned circuit to the input for 

selectivity and matching. Fig. 13 
shows a matching circuit to transform 
50 ohms into 500 ohms to match 

[ELE'~ 
FIGURE 13 - EQUIVALENT AC INPUT CIRCUIT 

Since the transistor is terminated in 500 ohms instead of a short-circuit its 
input resistance drops below 

re( Y,I) 

Set the resistive component across the input circuit due to the transformed 
generator impedance to 500 ohms. Cl is 20 pf, the same as C2, since the de
sired impedance transformation is the same. These 500 ohms are in parallel 
now with approximately 
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across the input coil. The total parallel resistance across the coil then is 

(500) (500) 
Rp2 = 500 + 500 = 250 ohms (36) 

Use Rp2 to calculate QL for the input similar to the calculations for the col
lector circuit. Let Q L = 10 for higher input selectivity. 

10 

(6.28) (51) (10)6(250) 
125 pf 

Make the input variable capacitor tune 75-200 pf. 

(4) (9.86) (51 )2(10)12(125) (10)-12 

= 0.07 p,h 

(37) 

(38) 

If the generator impedance shouid have been transformed into something other 
than 500 ohms, the designer could have calculated Cl from: 

C I = 2~C ) Rgen(Rp transf~rmed - Ryen) 

DC CIRCUIT DESIGN 
D-c bias design remains. See Fig. 

14. Say a 6v battery is specified. 
With 5v across the collector-emitter, 
1 v is available to drop across an 
emitter resistor. For 1 ma IE, the 
emitter resistor must be: 

V 
R =--.£ 

4 I 
E 

Iv 
1 k (40) 

1 X 10-3 amp 

-r-
VQ1 :::: 4.3v 

I 
-r-

V ~ 1 :::: 1 7v 

_1-

f 6. 

R1 
11k 

R2 
68' 

Vee::: 6v 

p4 
l molE 

FIGURE 14 - DC BIAS RESISTORS 

The base voltage VR2 will be the emit
ter voltage VR4Plus VBE. Since VBE 
is about O. 7v for a silicon tranSistor, 
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this sum is about 1. 7v. The base divider network R1 and R2 must give 1. 7v 
on the transistor base. Also, the current in R2 should be about 1/4 IE (or 
larger) for d-c temperature stability. 

V R2 = 

VR2 
R2 = -1-

R2 

I.7v 

1.7 
--,:--- = 6.8k 
0.25 x 10-:1 ( 41) 

If hFE (d-c beta) is high, the current through Rl will nearly equal the current 
through R2. If hFE is low, say 10, then 

IE 1 rna 
In = - = -- = 0.1 rna 

hFE 10 
(42) 

The current through R" 

'RI = IR2 + 18 = 0.25 + 0.10 = 0.35 rna (43) 

The voltage drop across RI is 

VRI = Vee - VR2 = 6.Ov - 1.7v = 4.3v (44) 

V 4.3 
RI = 12k 

R, = I: = 0.35 X 10-3 
(45) 

Bypass capacitors can be O.OOl-lLf ceramic discs if their leads are less than 
1/4 inch. If their leads are longer, the capacitors could be operating above 
the point of series resonance 1.vith their own lead inductance. They then would 
look inductive at this high frequency instead of capacitive. Fig. 15 lists reso
nant frequencies for some typical 
capacitor valves with 1/4-inch leads. 
Each capacitor value should be used 
below its resonant frequency to avoid 
par~sitic resonances. 

fiNAL CALCULATIONS 

(APACIT ANCE (rtf) 

0.1 

001 

0004 

0001 

lOOpf 

IOOpf 

MAXIMUM BYPASS 
FREOUENCY (RESONANCE) 

SM, 

16 Me 

25 Me 

50 Me 

110 Me 

160 Me 
This completes the RF amplifier 

design. Fig. 16 shows the complete 
circuit. Fig. 17 shows measured 
data on this circuit. Average power 
gain on five transistors is 22.7 db. 
This compares with the calculated 
figure of merit. 

FIGURE IS-APPROXIMATE RESONANT FREQUENCY 
OF CAPACITORS WITH TWO 'klNCH LEADS 

;0 (db) = 10 loglo ~oo 
10 lO 

= 10 log"J 1"18) = 22.5 db (46) 
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Normally PoO/Pio will be within a 
few db of realizable stage gain for 
stable load terminations. If measured 
gain is considerably higher than pool 
Pio, one should check the stage for 
regeneration. In the case of regen
eration, a smaller Rpl may be re
quired. This is obtained by increas
ing C2 in Fig. 12. 

Unless otltrrwiSf? indicated, 
component values are: 

resistors: ohms 
capacitors: decimals ....... ",t 

no decimals - , pf 
inductors: mh m OJ!,,!' 

oo~ 

Calculated bandwidth for the two 
cascaded single-tuned circuits (input 
and output) is 

FIGURE 16 - COMPLETE 51 Me AMPLIFIER 

f 51 
Overall BW = Q

L 
(.0.75) = 10 (0.75) = 3.8 Mc 

Calculated bandwidth and gain vary 
slightly from measured values. This 
could be because indi vidual transistor 
admittances vary from unit to unit. 
Also, the transistors measured in the 
circuit shown in Fig. 16 were not the 
identical units on which the original 
y-parameter data were taken for Figs. 
4 through 7. Since the measlJred gain 

lN91B 
f ==51 Me 

TRANSISTOR 
NO 

Average 

TRANSDUCER 
POWER GAIN{db) 

2J9 
207 
129 
236 
22.6 
227db 

FIGURE 17 - MEASURED VALUES 

FOR 51 Me AMPLIFIER 

8. 
M, 

26 
J6 
11 
3.1 

(47) 

lS 

12Mc 

was slightly higher than calculated gain and since the measured bandwidth was 
slightly less than calculated for most of the transistors, the amplifier is likely 
operating slightly regenerative. No oscillations occurred, but if the amplifier 
were to be operated over a temperature range where parameter changes could 
occur, increased collector loading on the order of 250 ohms (instead of the 500 
ohms used) would increase circuit stability. This would only slightly decrease 
the gain (3 db or less). 

More exact circuit predictions are possible by using some of the graphical 
methods referenced earlier. But they are considerably more involved than the 
methods shown. If the output mismatch is enough to make the device stable and 
retain gain nearly equal to Poo/Pio, both methods generally yield similar results. 
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DETERMINING MAXIMUM RELIABLE LOAD LINES 

FOR POWER TRANSISTORS 

Operation of power transistors within their power-temperature ratings alone 
is not a sufficient safeguard to guarantee circuit- reliability. An additional con
siderationof the allowable collector-emitter voltage vs. collector current must 
be taken into account, otherwise a distinctive condition termed "secondary 
breakdown" can occur. 

To avoid this secondary breakdown condition, it is necessary to maintain the 
load line within safe voltage and current limits. 

As described later, secondary breakdown isa function of time in addition to 
voltage or current and, since transistors can be operated at an infinite number 
of time intervals and operating pOints, reliable load line operation is specified 
by safe operating areas including time as a parameter. 

SECONDARY BREAKDOWN 

For a fixed bias on the base-emitter junction, as collector voltage is in
creased on a power transistor the collector current increases slowly to a cer
tain point at which the increase becom es rapid and an avalanche condition exists. 
The collector voltage at which avalanche occurs is determined by the voltage 
condition across the emitter-base junction. In other words, the transistor bias 
condition determines the point of avalanche. Avalanche in itself is nondestruc
tive if power dissipation is limited, but a destructive breakdown can occur if 
the collector current is allowed to increase to a high value. This is called 
"second breakdown"l, 2, 3. 

Second breakdown is aSSOCiated with the collector-base junction, and is con
trolled by themitter-base junction. The electrical interplay of the junctions 
is such that second breakdown is triggered at lower voltages as collector cur
rent is increased. The locus of secondary breakdown trigger points is shown 
in Figure 1 for a 1/2 wave 60 cps pulse. 

The exact action of second break
down is not known but seems to be 
associated with a sudden concentra -
tion of energy into a small area, the 
energy being a function of collector 
voltage, collector current, and time. 
This concentrated energy dissipates 
power in a very small volume which 
causes the temperature to exceed the 
melting point of the semiconductor 
material. The two junctions can then 
flow together causing a collector-to
emitter short. 
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PULSE TEST 
To establish safe operating areas, through destructive testing, for various 

pulse widths, the test circuit shown in Fig. 2 was developed. In this circuit, 
a reverse bias sufficient to keep the transistor cut off until the pulse is applied, 
is always present between base and emitter. The 10-ohm resistor in the bias 
circuit is necessary to permit a negative voltage to build up and turn on the 
transistor when the pulse is applied. 

The pulse test signal is obtained 
from a pulse generator and a tran
sistor amplifier. The amplifier tran
sistor must be a high-speed german
ium device such as a 2N2832. The 
pulse amplitude is controlled by set
ting the output of the pulse generator 
high enough to saturate the amplifier 
transistor. The signal into the tran
sistor under test is controlled by 
varying the collector supply voltage. 

The output waveform is monitored 
on an XYoscilloscope across a sens
ing resistor which is madefrom Can
thol type A-I flat ribbon. A O. I-ohm 
sensing resistor is used for collector 
currents below five amperes and a 
O. 01-ohm sensing resistor is used at 
higher collector currents. 

PULSE AMPLIFIEIf 

lS~fI/'v-~"--' 
INPUT 
PULSE 

+ 

Y" +': U 

xr 
SCOPE 

HORIZONTAL 

+ 

*R, SENSIN~ RESISTOR 

COMMON (lVfRT 

'lj ~ / POWERJ 

L Ii:ANTHOl TYrE A·I FLAT RIBBON 

VCE r-RIPPlE 

~ 

Fig. 2 Circuit used to establish safe operating areas. 

To keep the voltage drop in the interconnecting wiring to a negligible value, 
number 10 wire is used for circuit connections and number 4 stranded cable is 
employed for connecting to the batteries used as the voltage source. 

The 500 IJ.f capacitor bypasses voltage transients resulting from the rapid 
change of current through the inductance of the connecting leads. The fuse or 
circuit breaker is necessary to prevent burning out the sensing resistor or other 
components when the transistor shorts. 

The source voltage is set at a fixed level in steps of 12 volts each. Collector 
current is increased by increasing the base drive until second breakdown oc
curs. A short occurs, since no current limiting is used. 

PLOT OF BREAKDOWNS 

The voltage and current failure point is observed on the XY scope and re
corded on a graph similar to Fig. 3. To establish a usable safe area curve, 
at least 5 to 10 transistors are tested and destroyed at each pulse width and 
voltage. To construct the safe area curve on the graph, a line is drawn con
necting the worst-case points of each voltage group. 

Notice that, regardless of the pulse width, as current is increased the device 
will withstand less voltage. 

Using an average of the failure points from Fig. 3, the typical graph of energy 
in watt-seconds required for second breakdown is plotted in Fig. 4. The shape 
of these curves is logical since as current increases the effective emitter area 
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decreases and as voltage increases the effective base width decreases. Thus, 
as current and voltage increase there is a continuous shrinking of the active 
volume containing the energy. 

500 IJ sec 2~OIJ sec I FAILURE POINT 

25 rb'--~I'-''':t-~/.'50 ~ sec +-- COOE: 

'" w 
ffi 20 
a. ,. 
<t ... 
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~ 15 

'" ::> 
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,25lJsec • 251-1 sec 
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RI. 3. Graph shows typicollalluro points lor 2"2528 transistor. 
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I \ 

\ 

00 1 
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COLLECTOR CURRENT IN AMPERES 

Fi,.4. Typical energy required to cause transistor failure is plotted 
against current with a constant voltage applied. 

It is difficult to relate the results theoretically, due to all the variables which 
affect current crowding, although the effect of base width changing with voltage 
is a well-known expression. Also, since base width decreases with voltage, the 
effective base resistance increases due to the transverse area shrinking, which 
intensifies the current crowding. 

DC TESTS 

The test circuit used to determine 
failures under dc and long-time pulse 
conditions is shown in Fig. 5. A com
mon -base circuit is used for this test 
to prevent thermal runaway. 

Also, since power levels approach
ing 200 watts may be encountered dur
ing tests, a water-cooled heat sink is 
necessary. The heat sink consists of 
a 4" X 4" X 1/8" copper sheet with a 
"U" shaped copper tubing soldered 
to it around the transistor mounting 
area. Ice water is circulated through 
the tUbing to remove heat from the 
copper plate. 

16-39 

GND. 

VERT, 

+ 

+ 
'------'--~t_---<t_- HORIZ. 

Fig. 5. Circuit used to establish de s.le .p ... ting ar •••• 

XV 
SCOPE 

I 



-- Application Notes--

The dc failure points were determined in a similar manner as previously 
described for the pulse tests. 

POWER-TEMPERATURE DERATING vs SAFE AREA 

This application note shows safe area curves for many Power Transistors 
and includes de-ratings due to temperature effects. In addition to the Safe Areas, 
a power dissipation curve is plotted for each device. This power curve repre
sents the allowable average power which could be dissipated at a given case 
temperature (usually 25°C) without exceeding the particular maximum junction 
temperature. At higher case temperatures the allowable average power will be 
less depending on thermal resistance and the power area would be represented 
by a curve drawn to the left and below the one shown. In general, the allowable 
power at 25°C (case) is beyond the allowable dc and longtime pulse safe areas 
and the device is breakdown-voltage limited. However, at higher case temper
atures the device may be power-dissipation limited. 

In any event, both average power-temperature de-rating and safe areas must 
be obeyed. In addition, the switching of power causes time-dependent tem
perature increases which are of concern but are separate from the safe area 
considerations. 

This temperature dependency is associated with the thermal time constant of 
the transistor. 

The proper control of temperature rise and peak power will insure that the 
maximum junction temperature is not exceeded. In addition, the proper control 
of pulse load line to stay within the applicable Safe Area curve will insure that 
a collector to emitter short will not be caused. 

EXTENSION TO COLLECTOR-BASE BREAKDOWN 

Some devices have a collector-base breakdown rating greater than the 
collector-emitter breakdown. Operation is allowable in the region between 
VCE(max) and VCB(max); however, it is recommended that the current be kept 
as low as possible by back biasing of the base-emitter junction. 

APPLICATION CHECKS 

The safe areas were double checked in the following applications to see if the 
pulse safe area curves were meaningful: (1) audio, (2) solenoid driver, (3) power 
inverter, and for dc safe area, (4) low frequency audio and dc regulators. 

(1) Audio 

The audio application was used to test low-frequency effects which should 
correlate with the 5 millisecond safe areas. Devices were put into the class A 
circuit shown in Fig. 6, with an ac resistive load, the dc being bypassed by a 
shunt inductance. The input was deliberately overdriven and then the load re
sistor removed to obtain a reactive load line. 

It was hoped that an elliptical load line could be obtained with an excursion 
controlled by drive voltage and with time of the excursion controlled by fre
quency. While this did occur, the excursion was very low at high frequencies 
and thus the fast pulse areas could not be probed. At frequencies between 50-
200 cps, a large excursion was possible and failures were caused by exceeding 
the 5 msec safe area curve. 
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(2) Solenoid Driver 
The solenoid driver consisted of controlling the load line with a suppression 

diode across the inductance or a zener diode across the transistor. The diode 
across the inductance clamps the load line excursion at the dc source voltage as 
indicated in Fig. 7. The zener diode method resulted in a rectangular load line 
as indicated in Fig. 8 and clamping occurs at the zener voltage. 

A word of caution is necessary concerning this application. The fast switch
ing can cause induced voltage in long lead lengths to the power supply. Thus, 
it is necessary to connect the suppression diode as close to the collector as 
possible and use a clamping capacitor from the emitter to the connecting point 
of the diode and inductance. When using the zener diode it should be soldered 
as close to the emitter and collector pin as possible. No failures occurred when 
the load line was contained within the 25-Jlsec safe area curve. 

(3) Power Inverters 

One of the most critical operations of power transistors is in inverter cir
cuits similar to that shown in Fig. 9. A typical inverter circuit was used to 
test several types of power transistors. The load line was observed while hold
ing the peak current constant and increasing the voltage until failures occurred. 
Then the current was increased at a constant supply voltage until failures were 
encountered. Cases of failure occurred after the load line was well beyond the 
25-Jlsec safe area. 

AUDID GENERATOR SENSE 

INTER· 
MITTENT 
LDAD 
RESISTOR 
CAUSES 
REACTIVE 
LOAD LINE 

INPUT PULSE (REPETITIVE DR SINGLE SHOTI 

Vcc -=-

I, 

TYPICAL 
REACTIVE 

LINE 
LOAD 

V,,-

IJ", = V"/R 

'1I:E-

I MAX = Vcc/R 

TYPICAL 
LOAD LINE 

TYPICAL 
LOAD LINE 

VCE- V, 
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Fig. 6. Transistor arrange
ment for a class A audio 
circuit. 

Fig. 7 Circuil for a Iran
sistor solenoid driver wilh 
diode suppression. 

fig. 8. Circuit for transis
torized solenoid driver with 
zener diode. 
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TYPICAL LOAD LINE 

VCE-~ 

(4) DC and Low Frequency Audio 

Fig. 9. Circuit arrangement 
for inverter. 

In dc applications such as voltage regulators and in low frequency (below 100 
cycle) audio circuits, the dc safe-area curve in conjunction with the power
temperature derating curve establishes reliable operating limits. Depending 
upon the device type and case temperature, the load line may be limited by 
either the power dissipation rating or the dc safe-area rating. In some in
stances, the dc safe limit and the power dissipation limit can cross. In this 
case, the load line limit would be established at low currents and high voltage 
by the dc safe limit and by the power dissipation limit at high current and low 
voltage. 

The above discussion also applies to low duty cycle surge conditions such as 
encountered in incandescent lamp flashers where low initial resistance of the 
lamp permits a high-current surge for 50 to 100 milliseconds. This can trigger 
secondary breakdown even though succeeding current pulses are very low after 
the lamp resistance increases. 
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RF SMALL SIGNAL DESIGN USING ADMITTANCE PARAMETERS 

INTRODUCTION 
Design of the solid-state small-signal RF amplifier using two port param

eters is a systematic, mathematical procedure, with an exact solution (free 
from approximation) available for the complete design problem. The only 
sources of error in the final design are parameter variations resulting from 
transistor parameter distributions and strays in the physical circuit. Param
eter distributions result from limits in measurement and random variations 
among identically designed transistors. 

The purpose of this paper is to provide, in a single working r€ference, the 
important relationships necessary for the complete solution of the RF small 
signal design problem using admittance parameters. 

The paper is based on workby Linvill, Stern, and others. Those who may 
wish to consider the derivations of some of the expressions should refer to the 
original work presented in the references. 

The report assumes that the reader is familiar with the two port parameter 
method of describing aline<'I active network. Several references are available 
on this subject. 1,2 

It has also been assumed that a suitable transistor for the task at hand has 
been selected, and that admittance parameters are available for the frequency 
and bias point which will be used. Device selection will not be covered as a 
separate topic in this report; rather, a thorough understanding of the material 
in the report should provide the designer with the tools he needs to select tran
sistors for a particular small signal application. 

The equations given in the text of the report are applicable to the common 
emitter, common base, or common collector configuration, if the applicable 
set of parameters (common emitter, common base, or common collector pa
rameters) is used. 

While directed primarily toward circuit design with conventi<;mal junction 
transistors, two port network theory has the advantage of being applicable to 
any linear active network. The same design approach and equations may there
fore be used with field effect transistors or any other devices which may be de
scribed as a linear active two port network with measurable parameters. 

Finally, various parameter interrelationships and other data are given in the 
Appendix. 

GENERAL DESIGN CONSIDERATIONS 
Design of the RF small signal tuned amplifier is usually based on a require

ment for a specified power gain at a given frequency. Other design goals in
clude bandwidth, stability, and input-output isolation. After a basic circuit 
type is selected, the applicable design equations can be solved. 

Circuits may be categorized according to feedback (neutralization, unilater
alization, or no feeaback), and matching at transistor terminals (circuit admit
tances either matched or mismatched to transistor input and output admittances). 
Each of these circuit categories will be discussed, including the applicable de
sign equations and the considerations leading to the selection of a particular 
configuration. 
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STABILITY 
A major factor in the overall design is the potential stability of the transis

tor. This may be determined by computing the Linvill stability factor2 C using 
the following expression: 

(1) 

When C is less than 1, the transistor is unconditionally stable. When C is 
greater than 1, the transistor is potentially unstable. 

The C factor is a test for stability under a hypothetical worst case condition; 
that is, .with both input and output transistor terminals open circuited. With no 
external feedback, an unconditionally stable transistor will not oscillate with 
any combination of source and load. If a transistor is potentially unstable, cer
tain source and load combinations will produce oscillations. 

Although the C factor may be used to determine the potential stability ofa 
transistor, the conditions of open circuited source and load which are assumed 
in the C factor test are not applicable to a practical amplifier. Consequently it 
is also desirable to compute the relative stability of actual amplifier circuits, 
and Stern3 has defined a stability fador k for this purpose. The k factor is 
similar to the C factor except that it also takes into account finite source and 
load admittances connected to the transistor. The expression for k is: t 

k= 

2 (gu + Gs) (g22 + GL ) 

IY12Y211 + He (Y12Y21) 

(2) 

If k is greater than one, the circuit will be stable. If k is less than one, the 
circuit will be unstable. 

Note that the C factor simply predicts potential stability of a transistor with 
an open circuited source and load, while the k factor provides a precise stabil
ity computation for a specific circuit. 

Stability considerations will be discussed further in the descriptions of each 
basic circuit type to follow . 

. GENERAL DESIGN EQUATIONS 
There are a number of design equations which are applicable to most types 

of amplifiers. These equations will be discussed first. Descriptions of spe
cific amplifier types will then follow, and each will contain additional design 
equations applicable to that particular amplifier. 
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POWER GAIN 
The general expression for power gain is: 

(3) 

Equation 3 applies to circuits with no external feedback. It can also be used 
with circuits which have external feedback if the composite y parameters of 
both transistor and feedback network are substituted for the transistor y pa
rameters in the equation. The composite y parameters are determined by con
sidering the transistor and the feedback network to be two "black boxes" in 
parallel: 

For example, the above combina
tion of transistor and feedback net
work may be characterized as a sin
gle "black box" by the following 
equations: t 

(4) 

Where: 

r-----------, 
I - I-- I New I 
I Feedback I "Black 

I Network I Box" 

I - l- I 
I I I 
I I 

I Transistor I 
I I 

I I L __________ -.l 

Yllc, Y12c' Y21c, Y22c are the composite y parameters of the parallel com
bination of transistor and feedback network. 

YUt> Y12t' Y21t> Y22t are the y parameters of the transistor. 

Yllf, Y12f' Y2lf' Y22f are the y parameters of the feedback network. 

Note that, since this approach treats the transistor and feedback network 
combination as a single "black box" with Yllc, Y12c, Y21c, and Y22c as its Y 
parameters, the composite y parameters may therefore be substituted in any 
of the design equations applicable to a linear, active, two port analysis. 

The neutralized and unilateralized amplifiers are special cases of this gen
eral concept, and equations associated with those special cases will be given 
later. 

Equation 3 provides a solution for power gain of the linear active network 
(transistor) only. Input and output networks are considered to be part of the 

tRefer to Seshu and Balabanian, "Linear Network Analysis," John Wiley and 
Sons, 1959, P321 
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source and load, respectively. Two important pOints should therefore be kept 
in mind: 

(1) Power gain computed from equation 3 will not take into account network 
losses. Input network loss reduces power delivered to the transistor. 
Power lost in the output network is computed as useful power output, 
since the load admittance YL is the combination of the output network and 
its load. 

(2) Power gain is independent of source admittance. An input mismatch re
sults in less input power being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term Y s' 

The power gain of a transistor together with its associated input and output 
networks may be computed by measuring the input and output network losses, 
and subtracting them from the power gain computed with equation 3. 

In some cases it may be desirable to include the effects of input matching in 
power gain computations. A convenient term is transducer gain GT , defined as 
output power delivered to a load by the transistor, divided by the maximum in
put power available from the source. 

The equation for transducer gain is: 

(5) 

In this equation, YL is the composite transistor load admittance-composed of 
both output network and its load, and Y s is the composite transistor source 
admittance-composed of both input network and its source. Therefore, trans
ducer gain includes the effects of the degree of admittance match at the tran
sistor input terminals but does not take into account input and output network 
losses. 

As in equation 3, the composite y parameters of a transistor feedback net
work combination may be substituted for the transistor y parameters when such 
a combination is used. 

The Maximum Available Gain MAG is an often used transistor figure-of
merit. The MAG is the theoretical power gain of a transistor with its reverse 
transfer admittance Y12 set equal to zero, and its source and load admittances 
conjugately matched to Yll and Y22, respectively. 

If Y12 = 0, the transistor exhibits an input admittance equal to Yll and an 
output admittance equal to Y22. t The equation for MAG is, therefore, obtained 
by solving the general power gain expression, equation 3, with the conditions 

Y12 = 0 

. 
and Ya = Yu 

t Obtained by solving the equations for transistor YIN and YOUT with Y12 equal 
to zero. These equations are given later in the report. 
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which yields: 

(6) 

MAG is a figure of merit only, since it is physically impossible to reduce Y12 
to zero without changing the other parameters of the transistor. An external 
feedback network may be used to achieve a composite Y12 of zero, but then the 
other composite parameters will also be modified according to the relationships 
given in the discussion of the composite transistor - feedback network "black 
box." 

TRANSISTOR INPUT AND ,OUTPUT ADMITTANCES 
The expression for the input admittance of a transistor is: 

The expression for the output admittance of a transistor is: 

(7) 

(8) 

When the feedback parameter Y12 is not zero, YIN is dependent on load ad
mittance and YOUT is dependent on source admittance. 

AMPLIFIER STABILITY 
One of the major considerations in RF amplifier design is stability. The sta

bility of a final design can be assured by including stability computations and 
considering stability in all design decisions relating to feedback and transistor 
source and load admittances. 

The potential stability of the transistor should first be computed using 
equation 1. 

The various alternati ve s conc erning input -output matching and neutralization
unilateralization will now be discussed for both the unconditionally stable tran
sistor and the potentially unstable transistor. 

THE UNCONDITIONALLY STABLE TRANSISTOR 
When the Linvill stability factor of the transistor as determined by equation 

1 is less than one, the transistor is unconditionally stable. Oscillations will 
not occur using any combination of source and load admittances without exter
nal feedback. Stability is therefore eliminated as a factor in the remainder of 
the design, and complete freedom is possible with regard to matching and neu
tralization to optimize the amplifier for other performance requirements. 
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AMPLIFIERS WITHOUT FEEDBACK 
The amplifier with no feedback is a logical choice for the unconditionally sta

ble transistor in many applications since it may offer the advantages of fewer 
components and a simple tuning procedure. 

Source and load admittances may be selected for maximum gain and/or any 
number of other requirements. Power gain and transducer gain may be com
puted using equation~ 3 and 5, respectively; input and output admittances may 
be computed using equations 7 and 8, respectively. 

The amplifier stability factor may be computed using equation 2. While am
plifier stability was assured from the beginning by the use of an unconditionally 
stable transistor, the designer may still wish to perform this computation to 
provide some insight into danger of instability under adverse environmental 
conditions, source and load variations, etc. 

Gm", 

Gmax, the highest transducer gain possible without external feedback, forms 
a special case of the no feedback amplifier. 

The source and load admittances required to achieve Gmax may be computed 
from the following: 

(9) 

(10) 

(11) 

(12) 

Therefore, if the maximum possible power gain without feedback is desired 
for an amplifier, equations 9, 10, 11, and 12 are used to compute Ys and YL' 

The magnitude of Gmax may be computed from the following expression: 

(13) 

Equations 9, 10, 11, and 12 can be obtained by differentiating equation 5 with 
respect to Gs ' Bs ' GL, and BL, and setting the four derivatives equal to zero. 
The Gs , Bs ' GL, and BL thus computed can then be substituted in equation 5 to 
obtain the expression for Gmax, equation 13. 
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THE L1NVILL METHOD 
The amplifier without feedback design problem may also be solved graphi

cally using a technique developed by J."G. Linvill. t Linvill's technique is very 
useful for a certain class of problems. Since it is so fully discussed in many 
good references we will not go into it further here. An advantage of the Linvill 
technique is that it provides a reasonably rapid graphic solution relating gain, 
bandwidth, and stability. A disadvantage is its scope of usefulness, since the 
standard Linvill solution applies only to an amplifier with no external feedback 
and with Y s conjugately matched to the transistor input admittance, YIN' 

THE UNILATERIZED AMPLIFIER 
Unilateralization consists of employing an external feedback network to 

achieve a composite Y12 of zero. 

While unilateralization is perhaps most often used to achieve stability with a 
potentially unstable transistor, other circuit considerations may also warrant 
the use of unilateralization with the unconditionally stable transistor. For ex
ample, the input-output isolation afforded by unilateralization may be desirable 
in a particular design. 

Design equations for the unilateralized case are obtained by first computing 
the composite y parameters of the transistor-feedback network combination and 
then substituting the composite parameters in the general equations. 

Referring to the discussion on composite y parameters and setting up the ba
sic condition that Y12c must equal zero, the other composite y parameters can 
be computed. Assuming that a passive feedback network is being used, then 

and since Y12c = 0, Y12t + Yl2f = 0 

then Y12t = -Y12f' 

Substituting the above results in equation 4 yields the following: 

Substitutingthese compositey paramet'ersin equations 7, 8, 3, 16, and 5 re
spectively, yields equations 14, 15, 16, 17 and 18 for the unilateralized case: 

Unilateralized input admittance 

t Application Note AN166 Motorola Semiconductor Pro
ducts, Inc. Dept TIC, 5005 E. McDowell Rd., Phoenix, 
Arizona. See also reference 6 in the bibliography. 
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Unilateralized output admittance 

(15) 

Unilateralized power gain, general expression: 

IY 21 _ Y!21 2 He (YL ) 

GpU = --'------'-------

IYL + Y22 + YI 21 2 He(Yl1) 

(16) 

Unilateralized power gain with Y L conjugately matched to YOUT: 

(17) 

Unilateralized transducer gain: 

(18) 

Note that equations 14, 15, 16, 17, and 18, are given entirely in terms of the 
transistor y parameters, not those of the feedback network or the composite. 

Another benefit of unilateralization is input-output isolation. As can be seen 
in equations 14 and 15, YIN is completely independent of YL, and YOUT is sim
ilarly independent of Y s. In a practical sense, this means that in a single or 
multi-stage amplifier using unilateralized stages, tuning of anyone network 
will not affect tuning in other parts of the circuit. Thus, the troublesome task 
of having to re-peak an entire amplifier following a change in tuning at a single 
point can be eliminated. 

NEUTRALIZATION 
Neutralization consists of employing a feedback network to reduce Y12 to 

some value other than zero. Neutralization is generally used for the same pur
poses as unilateralization, but provides something less than the ideal cancella
tion of the transistor feedback parameter which unilateralization achieves. A 
typical example of neutralization might be a feedback network which provides a 
composite b12 of zero while having only a negligible effect on the transistor g12. 

The equations for a particular neutralized case would be developed in the 
same manner as those for the unilateralized case. Since there are an infinite 
number of possibilities, no specific equations will be given here. 

This completes the discussion of design with the unconditionally stable tran
sistor. The potentially unstable transistor will now be considered. 

THE POTENTIALLY UNSTABLE TRANSIS.TOR 
When the Linvill stability factor of the transistor as determined by equation 

1 is greater than one, the transistor is potentially unstable. Certain combina
tions of source and load admittances will cause oscillations if no feedback is 
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used. In designing with the potentially unstable transistor, steps must be taken 
to ensure that the amplifier will be stable. 

Stability is usually achieved by one or both of two methods: 

(1) Using a feedback network which reduces the composite Y12 to a value 
which ensures stability. 

(2) Choosing a source and load admittance combination which provides sta
bility. 

A discussion of these basic methods is given below. 

USING FEEDBACK TO ACHIEVE STABILITY 
Either unilateralization or neutralization may be used to achieve stability. 

If unilateralization is used, the transistor-feedback network combination will 
be unconditionally stable. This may be verified by computing the Linvill sta
bility factor of the combination. Since Y12c = 0, the numerator in equation 1 
would be zero. 

With stability thus assured, the remainder of the design may then be done to 
satisfy other requirements placed on the amplifier. After unilateralization has 
converted the potentially unstable transistor to an unconditionally stable com
bination, all other aspects of the design are identical to the unilateralized case 
with the unconditionally stable transistor. Power gains and input and output ad
mittances may be computed using equations 14 through 18. 

If neutralization is used to achieve stability, the Linvill stability factor can be 
used to compute the potential stability of any transistor-neutralization-network 
combination. Since in this case Y12c f 0, C will have a value other than zero. 

After unconditional stability of the transistor-neutralization network combi
nation has been achieved, the design may then be completed by treating the 
combination as an unconditionally stable tranSistor, and proceeding with the case 
of the unconditionally stable transistor in an amplifier without feedback. Pow
er gains, input and output admittances, and the circuit stability factor may be 
computed by using the composite parameters of the combination in equations 2, 
3, 5, 7, and 8. 

STABILITY WITHOUT FEEDBACK 
A stable design with the potentially unstable transistor is possible without ex~ 

ternal feedback by proper choice of source and load admittances. This can be 
seen by inspection of equation 2; Gs and/or GL can be made large enough to 
yield a stable circuit regardless of the degree of potential instability of the 
transistor. 

This suggests a relatively simple way to achieve a stable design with a po
tentially unstable transistor. A circuit stability factor k is selected, and equa
tion 2 is used to arrive at values of Gs and GL which will provide the desired 
k. In achieving a particular circuit stability factor, the designer may choose 
any of the following combinations of matching or mismatching of Gs and GL to 
the transistor input and output conductances, respectively: 

(1) Gs matched and GL mismatched 
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(2) GL matched and Gs mismatched 

(2) Both Gs and GL mismatched 

Often a decision on which combination to use will be dictated by other per
formance requirements or practical considerations. 

Once Gs and GL have been chosen, the remainder of the design may be com
pleted using the relationships which apply to the amplifier without feedback. 
Power gain and input and output admittances may be computed using equations 
3, 5, 7, and 8. 

Although the above procedure may be adequate in many cases,a more sys
tematic method of source and load admittance determination is desirable for 
designs which demand maximum power gain per degree of circuit stability. 
Stern has analyzed this problem and developed equations for computing the con
ductance and susceptance of both Y sand Y L for maximum power gain for a par
ticular circuit stability factor. 3, 5 These equations are given here: 

G = k[i y 12Y21/ + Re(y 12Y21)] • ~ gll -gll s 
g22 

GL = k [I Y12Y211 + Re(YI2Y21)]. ~ g22 -g22 

gIl 

(Gs + gll) Zo 

B = s 
~ k [IYI2Y2!/ Re(y12y 21) I -bll 

(GL + g22) Zo 

B = -b22 L ~ k [IYIZY211 Re(y I2Y 21) I 
Where, 

(Bs + bll)(GL + g22) + (BL + b22) k(L +M)/2 (GL + g22) 

Z= ~ k(L+M) 

L = IY12Y21 1 

Defining D as the denominator in equation 5 yields: 

[k(L + M) + 2M] z2 
'-------'--- - 2NZ ~ 
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where, 

k(L + M) 
A=---.,- - M, (27) 

(28) 

and, 

Zo = that real value of Z which results in the smallest minimum of D, found 
by setting, 

~ = Z3 + [k(L + M) + 2M I Z - 2N ~. (29) 

equal to zero. 

Computation of Y sand YL using equations 19 through 29 is a bit tedious to be 
done very frequently, and this may have discouraged wide usage of the complete 
Stern solution. However, examination of Stern's work suggests some interest
ing shortcuts: 

(A) COMPUTATION OF Gs AND GL ONLY, USING EQUATIONS 19 AND 20. 
If a value equal to - b22 is then chosen for BL, the resulting Y L will be 
very close to the true YL for maximum gain. The transistor YIN can 
then be computed from Y L using equation 7, and Bs can be set equal to 
-IM(YIN)· 

Computation of Bs and BL comprise by far the more complex portion of 
the Stern solution. This alternate method therefore permits the designer 
to closely approximate the exact Stern solution for Y sand Y L while avoid
ing that portion of the computations which are the most complex and time 
consuming. Further, the circuit can be designed with tuning adjustments 
for varying Bs and BL, thereby creating the possibility of experimentally 
achieving the true Bs and BL for maximum gain as accurately as if all the 
Stern equations had been solved. 

(B) MISMATCHINGGsTOgllANDGL TO g22 BY AN EQUAL RATIO YIELDS 
A TRUE STERN SOLUTION FOR Gs AND GL. This can be derived from 
equations 19 and 20, which lead to the following result: 

(30) 

If a mismatch ratio, R, is defined as follows, 

GL Gs 
R=- =- (31) 

g22 gil 
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then R may be computed for any particular circuit stability factor using 
the equation: 

(32) 

Equation 32 was derived from equation 2. Having thus determined R, Gs 
and GL can be quickly found using equation 31. 

Bs and BL can then be determined in the manner described above in al
ternate method (A). 

This alternate method may be advantageous if source and load admittances 
and power gains for several different values of k are desired. Once the 
R for a particular k has been determined, the R for any other k may be 
quickly found from the equation 

(33) 

whereRlandR2arevalues of R corresponding to kl and k2' respectively. 

(C) COMPUTER DESIGN. The complete Stern design problem may be pro
grammed into a computer. Power gain, circuit stability factor, Ys and 
YL can be obtained from the computer for any value of k. MAG, GU, and 
the Linvill stability factor of the transistor may also be included in the 
program. 

After employing either the complete Stern solution or an alternate method to 
obtain Y sand Y L for the potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances may be obtained using 
equations 3, 5, 7, and 8. 

SENSITIVITY 
In all but the unilateralized amplifier, YIN is a function of load admittance. 

Thus YIN changes with output circuit tuning, and this can be troublesome. Con
sequently, it is sometimes desirable to compute the extent of variation of YIN 
with changes in YL. A term, sensitivity fJ, has been defined to provide ameas
ure of this characteristic, and is equal to per cent change in YIN divided by per 
cent change in Y L. The equation for sensitivity is: 

• = I y 2: L + Y L 1·1 ::: I· "I Y=-2-2 --:+~Y;;-L----,::--::g:-11-K-e-j9'1 
g22 Y 11 

(34) 
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Y21 Y12 
K=--

gil g22 

K ejS = K (cos e+ j sin e ) 

A more complete discussion of sensitivity is given in reference 7. 

SUMMARY 
The small signal amplifier performance of a transistor is completely de

scribed by two port admittance parameters. Based on these parameters, equa
tions for computing the stability, gain, and optimum source and load admit
tances for the unilateralized, neutralized, and no-feedback amplifier cases 
have been discussed. 

The unconditionally stable transistor will not oscillate with any combination 
of source and load admittances, and circuits using a stable transistor may be 
optimized for other performance requirements without fear of oscillations. 

The potentially unstable transistor requires that steps be taken to guarantee 
a stable design. Stability is usually achieved by unilateralization, neutraliza
tion, or selection of source and load admittances which result in a stable am
plifier. 

Unilateralization and neutralization reduce the composite reverse transfer 
admittance. They may be used to achieve stability, input- output isolation, or 
both. 

Maximum power gain per degree of circuit stability without feedback may be 
achieved using Stern's equations. 

The degree of input-output isolation is described by the term sensitivity, 
which makes it possible to compute changes in input admittance for any change 
in load admittance. 
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GLOSSARY 

C Linvill's stability factor Ys Complex source admittance 

k Stern's stability factor GT Transducer gain 

Gs Real part of the source admittance MAG Maximum available gain 

G L Real part of the load admittance Conjugate 

B Imaginary part of the source admittance YIN s 
Input admittance 

BL Imaginary part of the load admittance YOUT Output admittance 

gil Real part of y Il G max Maximum gain without feedback 

g22 Real part of y 22 GU Unilateralized gain 

G Generalized power gai}l GTU Unilateralized transducer gain 

YL Complex load admittance /) Sensitivity 

APPENDIX I 

A. Conversions among parameter types for y, Z, h, and 
g parameters. 

h to y 

-h 12 ~ dh 

Yll 
hll 

Yl2 
h n 

Y21 
hll 

Y22 
hll 

where dh = hn h22 - h12 h21 

Y to h 
-Y12 Y21 dy 

hll h12 h21 h22 
Yll Yll Y11 Yll 

where dy Y 11 Y22 - Y12 Y21 

h to Z 

dh 

z to h 

dZ z12 -z21 

h11 h12 = -- h21 
z22 z22 z22 
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h to g 

h22 -h 12 -h21 hll 
g11 

6h 
g12 

6h 
g21 

6h 
g22 

6h 

where 6h = h 11 h22 - h12 h21 

g to h 

g22 -g12 -g21 gIl 

hll 
6g 

h12 
6g 

h21 6 g 
h22 

6g 

where 6g = gIl g22 - g12 g21 

Z to Y 

z22 -z12 - z21 zl1 

Y =- Y12 Y21 Y22 11 6z 6z !l.Z 6z 

where Ilz = z11 z22 - z12 z21 

Y to Z 

·Y22 -Y 12 -Y21 Yll 
z =-- z12 z21 z22 

11 f!.y 6y 6y 6y 

where IlY=Yll Y22 - Y12 Y21 

Z to g 
-z12 z21 6Z 

gIl g12 g21 g22 
zl1 zl1 zl1 zl1 

where 6z = z11 z22 - z12 z21 

g to Z 

-g12 g21 6g 

z11 z12 z21 z22 
gIl gIl gIl gIl 

where 6g = gIl g22 - g12 g21 

g to Y 

6g g12 -g21 
y =-- Y =- Y21 Y22 11 12 

g22 g22 g22 g22 
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B. Conversions among common emitter, common base, 
and common collector parameters of the same type for 
y, and h parameters. 

Common emitter y parameters in terms of common base 
and common collector y parameters. 

Y 12e -(y 12b + Y22b) -(y Ue + Y 12c) 

Y2le -(Y2Ib + Y22b) -(Yuc + Y21c) 

Common base y parameters in terms of common emitter 
and common collector y parameters. 

Common collector y parameters in terms of common e
mitter and common base y parameters. 

Yllc YUe YUb + Y 12b + Y2lb + Y22b 

Yl 2e -(y Ue + Y12e) -(Yllb + Y22b) 

Y2lc -(y Ue + Y 22e) ; -(Y llb + Y 12b) 

Y22c Ylle + Y 12e + Y21e + Y22e ; Yllb 
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Common emitter h parameters in terms of common base 
and common collector h parameters. 

h llb hUb 

hUe '" hUe 
(1 + h21b) (l-hI2b) + h22b hUb 1 + h21b 

hUb h22b - h 12b (l+h21b) hllb h22b 
h12e '" - h12b 

(1 + h21b) (l-hI2b) + h22b hUb 1 + h21b 

-h21b (l-h12b) - h22b h llb -h21b 

I-h l2e 

h21e '" 1 + h21b 
-(1 + h 21e) 

(1 + h21b) (l-h12b) + h22b hUb 

h22b h22b 

h22e '" h22e 
(1 + h21b) (l-hI2b) + h22b hUb 1 + h21b 

Common base h parameters in terms of common emitter 
and common collector h parameters. 

hUe h22e - h12e(1 + h21e) hUe h22e 

'" - h12e 
(1 + h21e) (l-h12e) + hUe h22e 1 + h21e 

h21e (l-h I2e) + hUe h22e hUe h22e 

'" (hl2e - 1)-
hUe h22e - h 21e h 12e h21e 

-h21e (l-h12e) - hUe h22e -h21e 

'" 
(1 + h21e) (l-h12e) + hue h22e 1 + h21e 

"'----
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h22e h22e 

'" (1 + h21e) (1-h I2e) + hUe h22e 1 + h21eo 

h22e h22e 

'" 
hUe h 22c - h21e h 12e h21e 

Common collector h parameters in terms of common base 
and common emitter h parameters. 

-----------'" ---

h12b - 1 
-1 h21c '" -(1 + h21e) 

(1 + h21b) (l-h I2b) + h22b hUb 1 + h21b 

h22e 
h22b 

'" 
h22b 

h22e 
(1 + h21b) (1-h12b) + h22b hUb 1 + h21b 

Expressions for voltage gain, current gain, input imped
ance, and output impedance in terms of y, z, h, and g pa
rameters. 

Voltage Gain 

z21 ZL -Y21 -h21 ZL g21 ZL 
A v 

~z + Zu ZL YL hll + ~hZL g22 + ZL Y22 + 

Current Gain 

Input Impedance 
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Output Impedance 

Ilz + z22 Zs 
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USING LlNVILL TECHNIQUES FOR R.F. AMPLIFIERS 

INTRODUCTION 
Transistors are nommilateral devices and may exhibit potential instability in 

some frequency range. Since oscillations will occur for some terminations at 
potentially unstable frequencies, several methods have been developed to se
lect terminations which assure stable operation. In particular, the Linvill (1) 
technique relates device stability, gain, bandwidth, and sensitivity graphically 
(2). In addition to the advantages of the graphical approach, once the engineer 
becomes familiar with the Linvill technique, an amplifier may be rapidly de
signed. 

To illustrate the technique, a Linvill chart for a device at an unconditionally 
stable frequencyis drawn and an amplifier designed using this chart. At a low
er frequency the device is potentially unstable and a chart is drawn to illustrate 
this case. 

As the development of the Linvill concept is treated in the references, only 
procedures are given in this paper. This approach requires many formulae 
and remarks be accepted without proof. Nevertheless, the material presented 
is sufficiently complete to be used without benefit of the underlying theory. 

SOME DEFINITIONS 
If a device is "potentially unstable" oscillations will result for certain com

binations of loads and sources. If a device is "unconditionally stable" no com
bination of source and load will produce oscillations without the aid of external 
feedback. 

SYMBOLS 
Load susceptance = Im(Y L) YL Complex load admittance 

Ys Complex source admittance 

g Ratio of an arbitrary gain to Goo Y22 
. Conjugate of y 22 

h .. Hybrid parameter = hijr + jhiii 1) 

h .. Re(hij) 1)r 
Power gain for Y L = Y22 * 

Load conductance = Re(Y L) 
\ji Im(hij) 

Transducer gain = power dlvd to load/power 
available from the source 

w 21ff 

Admittance parameter = gij + jbij 

1) Transistors and Active CirCuits, J. G. Linvill and 
J. F. Gibbons, McGraw-Hill Book Co., Inc. J New 
York (1961). 
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Linvill defined a stability factor, the C-factor, which, when represented 
graphically, separates the potentially oscillatory loads from stable loads. Fur
thermore, if the device is unconditionally stable, the C-factor may be used to 
determine the maximum unneutralized gain, Gmax. 

Power gain is defined as the ratio of power delivered to the load to the power 
delivered to the input of the device. Linvill defined a power ratio, Goo, as the 
power gain when a device is terminated in the conjugate of the output parame
ter, i. e., Y22, h22, etc. This power ratio is also used to determine Gmax. 

LlNVILL CHART PREPARATION 
A Linvill chart is a modified Smith chart. The Smith chart is rotated 180 0 

and relabeled. For admittance parameters, label the 1. 0 conductance circle 
G2 = 2g22. Label the 1. 0 and -1. 0 susceptance circles B2 = 1. 0 g22 and -1. 0 
g22 respectively as in Fig. 1. Also 
add 1. 0 to each conductance circle. 
Having thus modified a Smith chart, 
the Linvill chart is prepared as fol
lows: 

(1) Obtain admittance parameters 
at the desired frequency. For 
instance, typical common emit
ter y-parameters for the 2N3279 
series at 200 Mc (IC = -2 rnA, 
VCE = -6 V) are: 

Yn 17.0 + j11. 7 mmhos 

o -jO. 92 mmhos 

Y21 22.8 -j44. 8 mmhos 

Y22 = 0.29 +j1. 91 mmhos 

(2) Compute the gradient-line an
gle, (), and plot the gradient
line at angle () measured from 
0 0 and through the center of the 
chart as in Fig. 2. 
Ll 

() Arg (-Y21Y12)* 

Y21Y12 46.3 /-153.00 

-Y21Y12 _ 46. 3 /_153 0 

46.3 /27 0 

(-Y21 Y12)* 46.3 /_27 0 

() _27 0 
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3) Compute the C-factor. 

c 

0.903 

Since C < 1 the device is lUl
conditionally stable. When C 
> 1 the procedure of the second 
example applies. 

4) Compute Goo' 

52 IY21/ 
Goo 2 Y12 

24. 6 or 13. 9 db 

5) Compute Gmax. 
KGOO 

K [
1- v~* 

2 C2 J 

1. 39 

15.4 db 

* Applies only if C < 1. 

An infinite number of terminations will yield the same gain with the ex
ception of Gmax. On the Linvill chart, circles represent all possible 
loads which will give one gain. These circles have centers at 

x = Cg 
2 

where x is measured along the gradient-line as shown in Fig. 2. The 
radii of these circles are fOlUld from 

[ 2J1/2 
r = 1 - g + (~g) 

where g is the ratio of any gain to Goo. The maximum g is K for C 1. 
Notice the radius of the chart is unity. 
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6) Compute the gain circle data. 

Center 
[ 211/2 g g (db) Cg/2 r= 1 - g + (Cg/2) 

1. 39 +1. 4 0.63 0 

1. 28 +1. 1 0.58 O. 23 

1 0 0.45 0.45 

0.707 -1. 5 0.32 0.64 

7) Plot these circles as the 15.4 db, 15 db, 13.9 db, 12.4 db corresponding 
to g's of 1. 39, 1. 28, 1. 0, 0.707, respectively. 

This completes the Linvill chart. The chart as prepared for use at our 
company is shown in Fig. 3. The use of the chart is explained in the de
sign example. 

AMPLIFIER DESIGN EXAMPLE 

1) Assume it is desired to achieve 
maximum gain. The maximum 
gain is Gmax = 15.4 db. Lo
cate this point and read the co
ordinates in terms of G2 + jB2: 

2) The load is found from: 

G2 +jB2 = YL +Y22 

GL = G2 - g22 2. 2 g22 

0.64 mmhos 

-2. 1 g22 - 1. 91 

-2.5 mmhos 

3) Assume the load the amplifier 
must be matched to is 50.Q. Let 
a transforming network be used 
as illustrated: 
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VCE = -61' 

Ie = -2mA 

Yll = 17.0 + Jl1.7 

Y12 = 0 - jO.92 

Y21 = 22.8 - j44.& 

Y22 = 0.29 + j1.91 

Device Type: 2N3279 
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(J = _270 

Goo = 13.9db 

C = 0.903 
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which is equivalent to: 

Using the relationships: 

and 

yields 

4) Bandwidth information is obtained from the chart using: 

Where CT is the total parallel capacitance at the collector including the 
Cout of the device. .dB is the total change in susceptance read from the 
chart. .1(.rJ is the 3 db bandwidth. To find .1B locate the G2 = 3.2 g22 
conductance circle. Follow this line in both directions from Gmax to the 
gain circle 3 db below Gmax (use the 12.4 db circle) . 

.1B = 8g22 + 3.8 g22 = 11. 8 g22 

For a 20 Mc bandwidth 

and 

CT 13.6 pf 
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5) CT includes the output capacitance of the device. Cout is found from 

Yout 

where 

YS = Yin* for maximum gain. 

Y. In 

38.4+i47.8 

YS 38.4-j47.8 

using this value of Y S yields 

Cout = 2.3 pf 

To find the additional capacitance required refer to the figure. 

13.6 - 3 - 2.3 = 8.3 pf 

Supply this capacitance with a variable capacitor. 

6) The proper value of BL must now be obtained. Use 

1 
BL = w CL - wL = -2.5 mmhos (Step 2) 

where 

Solving for L: 

L = 0.045 J..lh 
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7) Assume a 50Q source resistance and match this to Yin * to complete the 
design. 

An amplifier was constructed 
using the above values and is 
shown in Fig. 4. The perform
ance was considered excellent: 

110 pr 

50D~8 1 )0:. 
"::' "::' The device transducer gain was 

calculated within O. 5 db of Gmax 
when circuit loss was added to 
circuit gain. Measured band
width also agreed favorably with 
the predicted value. 

FIGURE 4 - 200 Me AMPLIFIER 

LlNVILL CHART FOR POTENTIALLY 
UNSTABLE DEVICES 

The same device may be used to il
lustrate this case at 100 Mc. The 
procedure is the same with two exceptions. As C > 1 for this case Gmax has 
no meaning: as the device may oscillate, output power can be obtained for no 
input power. In other words, the gain is infinite. 

For this case compute: 

x 

Draw a line perpendicular to the gradi
ent line at 1/c (Fig. 5). Loads for 
x > 1/C result in potential unstability 
(shaded area). 

To examine the situation in more 
detail, locate the point G2 + jB2 = 2 
g22 + jO and recall that 

If CT is reduced B2 will be decreased. 
Moving along the G2 = 2g22 conduct
ance circle, the gain will increase 
until the shaded area on the chart is 
reached. Thus, the circuit cannot be 
tuned. To be tunable the device must 
be loaded to about 20 g22' Examining 
this conductance Circle, decreasing 
CT will result first in an increase, 
then a maximum, and finally a de
crease in gain. 

1 
C 

VCE = -6V 

1800 

Yll = 9.3 + 110 

Y12 = 0 - 10.5 

Y21 = 50 - 131 

Device Type: 2N3279 

900 

_900 

6 = _580 

Goo = 20.2 db 

To design an amplifier, choose a 
conductance circle tangent to the gain 
circle required by the amplifier spec
ification. This establishes G2' B2 is 

122 = 0.06 + j1.0 C = 1.76 

FIGURE 5 
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found at the point of tangency of the appropriate gain and G2 circles. Proceed 
with the design as before. 

The chart normalized in g22 is often difficult to use for the unstable case. 
However, as C, Goo, g, and the gain circle constants are invariant, only the 
gradient-line angle must be recalculated and the chart redrawn to obtain a much 
more convenient display of the data. Defining: 

The h-parameters may easily be found: 

and 

Then 

'" -144 0 

The new chart is shown in Fig. 6. YL 
is then found uSing h22. 

SUMMARY 
Two Linvill charts have been pre

pared for a device at unconditionally 
stable and potentially unstable fre
quencies. A design procedure has 
been presented for the stable case 
and the method discussed for the un
stable case. 

The reader is referred to Refer
ence 2 for a brief development of the 
Linvill technique and to the references 
cited in that paper for a thorough 
treatment of stability. 

4.34 /_79 0 mmhos 

0.037 /43 0 mmhos 

G2 + jB2 "YL + h22 

FIGURE 6 - 100 Me lINVlll CHART FOR H·PARAMETERS 
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SIGNIFICANCE OF QT IN SWITCHING CIRCUITS 

The charge factor (Q) in a transistorized pulse system is a figure of merit 
in much the same manner that gain-bandwidth product (ft) is a figure of merit 
for an amplifier. Consider briefly a pulse transmission system where the volt
age of a line must be changed by Y volts. Since a finite capacity C is associated 
with the line, a charge Q = CY must be moved in order to effect this change. 
To move this charge in a given time t, a certain current I is required; viz. 
Q = It. Thus with a given current, low Q is synonymous with fast switching. 

The concept of total control charge, QT, is not only a figure of merit but is 
a useful tool in the design of transistor circuits particularly where capacitors 
are used for triggering or R-C networks are used to improve response time. 

The concept is most easily understood by examining the familiar linear cir
cuit of Figure 1. It is well known that if the time constant of the speed up net
work, TI = RICl> equals the time constant, T2 = R2C2, the waveform at point 
C will be a perfect reproduction of that at B, but reduced in amplitude accord
ing to the ratio of RI and R2. During the time that a constant level is applied 
at point A, charge QI developed on CI will also equal the charge Q2 developed 
on,C2' 

The impedance of this network, of 
course, decreases with frequency so 
that the signal at B may show rise 
time deterioration compared to the 
signal from the source at point A. 
However, there is no distortion of the 
signal in passing from B to C. 

Several authors have shown that all 
frequency effects of a transistor can 
be represented by an R-C network 
from internal base to emitter. Base 
spreading resistance rIb can be lump
ed with Rs' Ifa transistor were sub-
stituted for the network R2C2, by ad
justing Tl for a square wave output, 
the transistor input impedance could 

B 

I 

A 

FIGURE 1 
Linear Circuit Compensation 

be deduced. If the transistor were driven into saturation, a 
square wave output would occur during turn-on regardless of the value of TI, 
but information can be gained by observing the waveform during turn-off. Since 
a transistor in saturation is grossly non-linear, approximating its behavior by 
a linear network is not satisfactory. But the use of a speedup network to find 
the charge required to turn off a transistor has proven to be valuable. 

When a transistor is held in a conductive state by a base current IB, a charge 
Qs is developed or "stored" in the transistor. If IB were suddenly removed, 
the transistor would continue to conduct until Qs is removed from the active 
regions through an external path or through internal recombination. Since the 
internal recombination time is long compared to the ultimate capability of a 
transistor, for fast switching the designer needs to know the value of the in
ternal charge. Qs may be written as -

Qs = QI + Qy + QX 
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QI is the charge required to develop the required collector current. This 
charge is primarily a function of alpha cutoff frequency. QV is the charge 
required to change the collector-emitter voltage. It is primarily caused by 
collector-base feedback capacity. QX is excess charge resulting from over
drive, i. e., operation in saturation. The carriers which result compromise 
QX and are stored in the base and collector regions. 

The charge required to turn a transistor "on" to the edge of saturation is 
QI + Qv but to turn it off, the full charge Qs must be removed. Referring to 
the circuit of Figure 1, if the charge on the speedup capacitor QT equals the 
charge on the transistor Qs, then when point B is grounded turn-off would be 
immediate if transistor r'b were zero. In practice, point A is a more con
venient place to ground and RS and r'b limits circuit speed. 

A test circuit which measures QT is shown in Figure 2. C is adjusted to the 
minimum value which will produce a waveform similar to the one indicated by 
the solid trace in Figure 3. This will be where the "bumps" just disappear. It 
has not been established under this condition of turn-off that the charge Qlf on 
C actually equals the charge Qs in the device, but QT certainly represents the 
charge necessary to control the turn-off of the transistor from a circuit de
signer's point of view. The charge is given by-

Using this relation, the designer may optimize C for any input voltage if QT at 
the desired operating point is known. 

QT TEST CIRCUIT 

FIGURE 2 

Vee 

Vout 

TIME-----+ 

TURN-OFF WAVEFORM 
(PNP TRANSISTOR) 

FIGURE 3 

When making measurements with this circuit it is important that the input 
pulse be long enough to allow carrier equilibrium to be reached. One iJ.sec is 
long enough for VHF transistors. For greatest accuracy pulse instrumentation 
should have capability to at least 15 ns rise time and utmost care must be given 
to the selection and mounting of the R-C network and transistor socket. A low 
source impedance also makes the effects of capacitor adjustment easier to 
discern. ' 

Charge measurements of representative silicon logic transistors are shown 
in Figure 4. It is evident that the low figures for the 2N834 permit faster 
switching in any given circuit since low charge means less current is required 
to switch the transistor in any given time. The curves also permit optimum 
values of speedup capacitors to be selected. 
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Using too large a speedup capacitor will cause a slight reduction in response 
time but a heavy penalty will be paid in circuit recovery time which will limit 
pulse repetition frequency. 
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FIELD·EFFECT TRANSISTORS IN THEORY AND PRACTICE 

BASIC THEORY 
There are, today, two types of field-effect transistors, known as the Junction 

Field-Effect Transistor (JFET) and the Insulated Gate Field-Effect Transistor 
(IG FET), sometimes called the "metal-oxide- semiconductor" (MOS) transistor. 
The principles on which these devices operate (current controlled by an electric 
field) are very similar - the primary difference being in the methods by which 
the control element is made. This difference, however, results in a consider
able difference in device characteristics and necessitates variances in circuit 
design. These will be discussed later in the article. 

~
RAIN 

GATE 

SOURCE 

N·ChanneIJFET 

~
RAIN 

GATE 

SOURCE 

P·Channel JFET 

JUNCTION FIELD·EFFECT TRANSISTOR (JFET) 
In its simplest form the junction field-effect transistor starts with nothing 

more than a bar of doped silicon that behaves as a resistor (Figure la). By 
convention, the terminal into which current is injected is called the source 
terminal, Since, as far as the FET is concerned, current orginates from this 
terminal. The other terminal is called the drain terminal. Current flow be
tween source and drain is related to the drain-source voltage by the resistance 
of the intervening material. In Figure lb, p-type regions have been diffused 
into the n-type substrate of Figure la leaving an n-type channel between the 
source and drain. (A complementary p-type channel is made by reversing all 
of the material types.) These p-type regions will be used to control the current 
flow between the source and the drain and are thus called gate regions. 

As with any p-n junction, a depletion region surrounds the p-n junctions when 
the junctions are reverse biased (Figure Ic). As the reverse voltage is in
creased, the depletion regions spread into the channel until they meet, creating 
an almost infinite resistance between the source and the drain. 

. Consider now the case of zero gate voltage, but with an external voltage ap
plied between source and drain (Figure Id). Orain current flow in the channel 
sets up a reverse bias, along the surface of the gate, parallel to the channel. 
As the drain-source voltage increases, the depletion regions again spread into 
the channel because of the voltage drop in the channel which reverse biases the 
junctions. As VOS is increased, the depletion regions grow until they meet, 
whereby any further increase in voltage is counterbalanced by an increase in 
the depletion region toward the drain. There is an effecti ve increase in channel 
resistance that prevents any further increase in drain current. The drain
source voltage that causes this current limiting condition is called the "pinch
off" voltage (Vp). Further increases in drain-source voltage produce only a 
slight increase in drain current. 

The drain-current (10) vs. drain-source voltage (VOS) with zero gate-source 
voltage (VGS) is shown in Figure 2a. In the low-current region, the drain
current is linearly related to VOS. As 10 increases, the "channel" begins to 
deplete and the slope of the 10 curve decreases. At (VOS = Vp), 10 "saturates" 
and stays relatively constant until drain to gate avalanche is reached. If a 
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reverse voltage is applied to the gates, 
channelpinch-offoccurs at a lower ID 
level (Figure 2b) because the depletion 
region spread caused by the reverse
biased gates adds to that produced by 
VDS, thus reducing the maximum cur
rent for any value of VDS. 

A PRACTICAL STRUCTURE 
Due to the difficulty of diffusing im

purities into both sides of a semi
conductor wafer, a single ended geom
etry is normally used. Diffusion for 
this geometry (Figure 3) is from one 
side only. The substrate is of p-type 
material onto which an n-type channel 
is epitaxially ground. Ap-type gate 
is then diffused into .the n-type epi
taxial channel. This completes the 
structure. 

The substrate, which functions as 
gate 2 of Figure 1, is of relatively low 
resistivity material to maximize gain. 
For the same purpose, gate 1 is of 
very low restivity material, allowing 
the depletion region to spread mostly 
into the n-type channel. 

N·Channel IGFET 

INSULATED GATE FIELD-EFFECT 
TRANSISTORS (lGFET) 

The insulated-gate field-effect 
transistor (IGFET) operates with a 
slightly different control mechanism 
than the JFET. Figure 4 shows the 
development. The substrate may be 
high resistivity p-type material, as 
for the MM2102. This time two sep
arate low resistivity n-type regions 
(source and drain) are diffused into 
the substrate as shown in Figure 4b. 
Next, the surface of the structure is 
covered with an insulating oxide layer 
(Figure 4c). Holes are cut into the 
oxide layer allowing metallic contact 
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Figure 1 - Development of junction 
field-effect transistors 

P·Channel IGFET 
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Figure 2 - Drain current characteristics 
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to the source and drain. Then, the 
gate metal area is overlayed on the 
oxide, covering the entire channel 
region and, simultaneously, metal 
contacts to the drain and source are 
made as shown in Figure 4d. The 
contact to the metal area covering the 
channel is the gate terminal. Note 
that there is no physical penetration 
of the metal through the oxide into the 
substrate. Since the drain and source 
are isolated by the substrate, any 
drain-to-source current in the ab
sence of gate voltage is extremely 
low because the structure is analo
gous to two diodes connected back to 
back. 

The metal area of the gate in con
junction with the insulating oxide layer 
and the semiconductor channel form 
a capacitor. The metal area is the 
top plate; the substrate material is 
the bottom plate. 

For the structure of Figure 4, con
sider a positive gate potential (see 
Figure 5). Positive charges at the 
metal side of the metal-oxide capac
itor induce a corresponding negative 
charge at the semiconductor side. As 
the positive charge at the gate is in
creased, the negative charge "in
duced" in the semiconductor increases 
until the region beneath the oxide be
comes an n-type semiconductor re
gion, and current can flow between 
drain and source through the "induced" 
channel. In other words, drain cur
rent flow is "enhanced" by the gate 
potential. Thus drain current flow 
can be modulated by the gate voltage; 
i. e. , the channel resistance is direct
ly related to the gate voltage. The 
n-channel structure may be changed 
to a p-channel device by reversing 
conductivity of the semiconductor 
regions. 

An equivalent circuit for the IGFET 
is shown in Figure 6. Here, Cg(ch) 
is the distributed gate-to-channel 
capacitance representing the oxide 
capacitance. Cgs is the gate-source 
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Figure 3 - Single-ended geometry junction FET 

Figure 4 - Development of n-channel insulated-gate field
effect tranSistor. enhancement mode type. 

Figure 5 - Channel enhancement. Application of positive gate 
voltage causes redistribution of minority carriers in 

-the substrate and- results in the formation of a 
conductive channel between source and drain. 
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capacitance of the metal gate area 
overlapping the source, while Cgd is 
the gate-drain capacitance of the 
metal gate area overlapping the drain. 
Cd (sub) and Cs(sub) are junction ca
pacitances from drain to substrate 
and source to substrate. Yfs is the 
transadmittance between drain cur
rent and gate-source voltage. The 
modulated channel resistance is r ds' 
Rn and RS are the bulk resistances of 
the drain and source. 

The input resistance of the IGFET 
is exceptionally high because the gate 
behaves as a capacitor with very low 
leakage (qn ::::: 1014,Q). The output 
impedance is a function of rds (which 
is related to the gate voltage) and the 
drain and source bulk resistances (Rn 
and RS)' 

To turn the IGFET "on, " the gate
channel capacitance Cg(ch), the miller 
capacitance (Cg~ and the drain
substrate capacitance (Cd(sub)) must 
be charged. The resistance of the 
substrate determines the peak charg
ing current of Cd (sub) . 

The FET just described is called an 
enhancement type IG FET. A depletion 
type IGFET can be made in the follow
ing manner: Starting with the basic 
structure of Figure 4, a moderate 
resistivity n-channel is diffused be
tween the source and drain so that 
drain current can flow when the gate 
potential is at zero volts (Figure 7). 
In this manner, the IG FET can be 
made to exhibit depletion character
istics. For positive gate voltages, the 
structure enhances in the same man
ner as the device of Figure 4. With 
negative gate voltage, the enhance
ment process is reversed and the 
channel begins to deplete of carriers 
as seen in Figure 8. As with the 
JFET, drain-current flow depletes 
the channel area nearest the drain 
first. 

The structure of Figure 7, there
fore, is both a depletion and an en
hancement mode device. 
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Figure 6 - Equivalent circuit of enhance
ment mode IGFET .. 

Figure 7 - Depletion mode IGFET structure, 
This type of device may be de· 
signed to operate In both the en· 
hancement and depletion modes. 

Figure 8 - Channel depletion phenomenon. 
ApplJcation of negative gate vort· 
age causes redistribution of mi· 
nority carriers in diffused channel 
and reduces effective channel 
thickness. This results in in
creased channel resistance. 
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MODES OF OPERATION 
There are two basic modes of operation of FET's - depletion and enhance

ment. Depletion mode, as previously mentioned, refer to the decrease of 
carriers in the channel due to variation in gate voltage. Enhancement mode 
refers to the increase of carriers in the channel due to gate voltage. A third 
type of FET has also been described that can operate in both the depletion and 
the enhancement modes. 

The basic differences between these modes can most easily be understood by 
examining the transfer characteristics of Figure 9. The depletion mode device 
has considerable drain-current flow for zero gate voltage. Drain current is 
reduced by applying a reverse voltage to the gate terminal. The depletion type 

N-CItANNEl 

I, 

DEPLETiON .... -t-...... ENHANCEMENT 

TYPE B DEPLETION AND [NHAHCEMEHT MODE 

H 

TYPE C [NHANC[MEHT ONLY 

I-I 

(+, 

I, 
DEPLETION .... ~f--__ 

1+1 

Figure 9 - Transfer characteristics and associated scope 
traces for types A, Band C FETs 
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FET is classified by the industry as a "TYPE A" FET. The "Type A" FET is 
not characterized with forward gate voltage. 

The depletion/ enhancement mode type device also has considerable drain cur
current with zero gate voltage. This type device is classified as a "Type B" 
device. The "Type B" FET is defined in the forward region and may have us
able forward characteristics for quite large gate voltages. Notice that for the 
junction FET, drain current may be enhanced by forward gate voltage ONLY 
until the gate-source p-n junction becomes forward biased. 

The third type of FET is the strictly enhancement-mode type. This is re
ferred to as a "Type C" FET. The "Type C" FET has extremely low drain cur
rent flow for zero gate-source voltage. Drain current conduction occurs for a 
VGS greater than some threshold value. For gate voltages greater than the 
threshold, the transfer characteristics are similar to the "Type B" FET. 

ELECTRICAL CHARACTERISTICS 
Because the basic mode of operation for field-effect devices differs greatly 

from that of conventional junction transistors, the terminology and specifica
tions are necessarily different. An understanding of pertinent FET terminology 
and an interpretation of the characteristics are necessary to evaluate their 
comparative merits from data-sheet specifications. 

Because availability of production type field-effect transistors is still rela
ti vely recent, the industry has only recently standardized on a set of specifica
tions and appropr.iate symbols called out on data sheets. Accordingly, a vari
ety of symbols denoting a specific characteristic may be found. In the follow
ing discussion some of this conflicting terminology will be correlated. 

STATIC CHARACTERISTICS 
Static characteristics define the operation of an active device under the influ

ence of applied d-c operating conditions. Of primary interest are those speci
fications that indicate the effect of a control signal on the output current. The 
V GS-ID transfer characteristics curves are illustrated in Figure 9 for the three 
types of FETs. Figure 10 lists the data sheet specifications normally employed 
to describe these curves, as well as the test circuits that yield the indicated 
specifications. 

Of additionalinterestis the special case of tetrode-connected devices in which 
the two gates are separately accessible for the application of a control signal. 
At the present time, only junction devices are available in the tetrode connec
tion. The pertinent speCifications are those which define drain-current cutoff 
when one of the gates is connected to the source and the bias voltage is applied 
to the second gate. These are usually specified as VG1S(off), Gate 1 - source 
cutoff voltage (with gate 2 connected to source), and VG2S(off), Gate 2 - source 
cutoff voltage (with gate 1 connected to source). The gate voltage required for 
drain current cutoff with one of the gates connected to the source is always high
er than that for the triode-connected case where both gates are tied together. 

Reach-through voltage is another specification uniquely applicable to tetrode
connected devices. This defines the amount of difference voltage that may be 
applied to the two gates before the depletion region of one spreads into the junc
tion of the other - causing an increase in gate current to some small specified 
value. Obviously, reach-through is an undesirable condition since it causes a 
decrease in input resistance as a result of an increased gate current, and large 
amounts of reach-through current can destroy the FET. 
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GATE LEAKAGE CURRENT 
Of interest to circuit designers is the input resistance of an active component. 

For FETs, this characteristic is specified in the form of IGSS - the reverse
bias gate-to-source current with the drain shorted to the source (Figure 11). 
As might be expected, because the leakage current across a reverse-biased 
p-n junction (in the case of a JFET) and across a capacitor (in thp. case of an 
IGFET) is very small, the input resistance is extremely high. At a tempera
tureof 25°C, the JFET input resistance ison the order of hundreds of megohms 
while that of an IGFET is even greater. For junction devices, however, input 
resistance may decrease by several orders of magnitude as temperature is 
raised to 150°C. Such devices, therefore, have gate-leakage current specified 
at two temperatures. Insulated-gate FETs are not drastically affected by tem
perature, and their input resistance remains extremely high even at elevated 
temperatures. 
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DEPLETION MODE 
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Figure 10 - Static characteristics for the three FET types are defined by the above curves, tables, and test circuits. 
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Gate leakage current, on some data 
sheets may be specified as IGOO 
(leakage between gate and drain with 
the source open), or as IGSO (leakage 
between gate and source with the drain 
open). These usually result in lower 
values of leakage current and do not 
represent worst-case conditions. 
The IGSS specification, therefore, is 
usually preferred by the user. 

VOLTAGE BREAKDOWN 
There is a variety of specifications 

indicating the maximum voltage that 

fjgure 11 - Test circuit for leakage current 

may be applied to various elements of a FET. Among those in common use 
are the following: 

V (BR)GSS = Gate-to-source breakdown voltage 

V(BR)DGO = Drain-to-gate breakdown voltage 

V(BR)DSX = Drain-to-source breakdown voltage normally used only for 
IGFETS 

In addition, there may be ratings and specifications indicating the maximum 
voltages that may be applied between the individual gates and the drain and 
source (for tetrode-connected devices), between drain and gate, and so on. Ob
viously, not all of these specifications are found on every data sheet since some 
of them provide the same information in somewhat different form. By under
standing the various breakdown mechanisms, however, the reader should be 
able to interpret the intent of each specification and rating. For example: 

In junction FETs, the maximum voltage that may be applied between any two 
terminals is the lowest voltage that will lead to breakdown of the gate junction. 
In the case of V (BR)GSS (Figure 12a), 
an increasingly higher reverse volt-
age is applied between the common 
gates and the source. Junction break
down can be determined by an increase 
in gate current (beyond IGSS) which 
indicates the beginning of avalanche. 

Some reflection will reveal that for 
junction FETs, the V(BR)DGO speci
fication really provides the same in
formation as V(BR)GSS' In this case, 
the gates are connected together and 
an increasing voltage is applied be
tween drain and gates. When this ap
plied voltage becomes high enough, 
the drain-gate junction will go into 
avalanche, indicated either by a sig
nificant increase in drain current or 
by an increase in gate current (be-

. yond IDGO)' For both speCifications, 
breakdown should normally occur at 
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the same voltage value. Breakdown voltage is synonymous with avalanche 
voltage (VA). 

From Figure 2 it is seen that avalanche occurs at a lower value of VDS when 
the gate is reverse biased than for the zero-bias condition. This is cuased by 
the fact that the reverse-bias gate voltage adds to the drain voltage, thereby 
increasing the effective voltage across the junction. The maximum amount of 
drain-source voltage that may be applied is, therefore, VDSlmax) = V(BR)DGO 
- VGS, which indicates avalanche with reverse bias gate voltage applied. 

For insulated gate FETs, the breakdown mechanism is somewhat different. 
Consider, for example, the enhancement mode structure of Figure 5. Here, 
the gate is completely insulated from the drain, source, and channel by an ox
ide layer. The breakdown voltage between the gate and any of the other ele
ments, therefore, is dependenL on the thickness and purity of this insulating 
layer, and represents the voltage that will physically puncture the oxide layer. 
Consequently, the voltages must be specified separately. 

The drain-to-source breakdown is a different matter. For type C devices, 
with the gate connected to the source (the cutoff condition) and the substrate 
floating, there is no effective channel between drain and source and the applied 
drain-source voltage appears across two back-to-back-connected, reverse
biased diodes, represented by the source-to-substrate and substrate-to-drain 
junctions. Drain current remains at a very low (picoampere) level as drain 
voltage is increased until drain voltage reaches a value that causes reverse 
(reach-through or punch-through) breakdown of the diodes. This particular 
condition, represented by VIBR)DSS, is indicated by an increase in ID above 
the IDSS level, as shown in Figure 12b. 

For Type B devices, the V (BR) DSS symbol is sometimes replaced by V (BR)DSX. 
Note that the principal difference between the two symbols is the replacement 
of the last subscript s with the subscript x. Whereas the s normally indicates 
that the gate is shorted to the source, the x indicates that the gate is biased to 
cutoff or beyond. To achieve cutoff in Type B devices, a depleting bias voltage 
must be applied to the gate, Figure 12b. 

An important static characteristic for switching FETs is the "on" drain
source voltage V (DS(on). This characteristic for the IGFETs resembles the 
V CE(sat) - IB characteristics of junction transistors, and the curve for these 
characteristics can be used as a design guide to determine the minimum gate 
voltage necessary to achieve a specified output logic level. 

DYNAMIC CHARACTERISTICS 
Unlike the static characteristics, the dynamic characteristics of field-effect 

transistors apply equally to Types A, B, and C. The conditions and presenta
tion of the dynamic characteristics, however, depend largely upon the intended 
application. For example, the following table indicates the dynamic charac
teristics needed to adequately describe a FET for various applications. 

Let's consider these parameters 
one at a time: Yfs The forward trans
admittance (transconductance) is the 
key dynamic characteristic for all 
field-effect transistors. It serves as 
a basic design parameter in audio and 
RF, and is a widely accepted device 
figure of merit. 
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Because field-effect transistors have many characteristics similar to those 
of vacuum tubes, and because many engineers still are more comfortable with 
tube parameters, the symbol gm is often used in preference to. Yfs' To further 
confuse things, the "g" school also uses a variety of subscripts. In addition to 
gm, some data sheets show gfs' while others go even farther out with g21' 

Regardless of the symbol used, Yfs defines the relation between an input sig
nal voltage and an output signal current, i. e. , 

Yfs = L-JD/ Q VGS I 
VDs=K 

It has the units of mhos - current divided by voltage. Figure 13 is a typical Yfs 
test circuit for a tetrode-connected junction FET. 

As a characteristic of all field
effect devices, Yfs is specified at 1 
kc with a VDS the same as- that for 
which ID(on). is characterized. Since 
Yfs has both real and imaginary com
ponents, the 1 kc characteristic is an 
absolute magnitude and indicated as 
IYfsl· 

It is interesting to note that Yfs 
varies considerably with ID due to 
non-linearity in the ID-V GS charac
teristics curve. This variation, for 
a typical n-channel, Type A JFET 
(the 3N126) is illustrated in Figure 14. 
Obviously, the operating point must 
be carefully selected to provide the 
desired Yfs and signal swing. 

For tetrode connected FETs, three 
Yfs measurements are usually speci
fied on data-sheet tables. One of 
these, with the two gates tied together, 
provides a Yfs value for the condition 
where a signal is applied to both gates 
simultaneously; the others provide the 
Yfs for the two gates individually. 
Generally, with the two gates tied to
gether, Yfs is higher and more gain 
M1ay be realized in a given circuit. 
Because of the increased capacitance, 
however, gain -bandwidth product is 
much lower. 

For RF field-effect transistors, an 
additional value of Yfs should be spec-
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Figure 13 - Typical Y'I test circuit 
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Figure 14 - Forward transfer admittance versus 
drain current for typical 
3N126 JFETs. 

ified at or near the highest frequency of operation. This value should also be 
measured at the same voltage conditions as those used for I D(on)' Because of 
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the importance of the imaginary component at RF, the high-frequency Yfs spec
ification should be a complex representation, and should be given either in the 
speciL~ations table or by means of curves showing typical variations, as in 
Figure 15 for the 3N126 JFET. 

The real portion of this high
frequency Yfs' Re (Yfs) or G2 b is 
usually considered a significant fig
ure of merit. 

Yos Another FET parameter that 
offers a direct vacuum tube analogy 
is Yos, the output admittance. 

(Yos=6IDI6VDSI ) 
Vos=K 

In this case, the analogous tube pa
rameter is rp-Le., Yos = 1/rp. 
For Type A and B devices, Yos is 
measured with gates and source 
grounded (see Figure 16). For Type 
C units, it is measured at some spec
ified VGS which permits substantial 
drain-current flow. 

As with Yfs, there is a plethora of 
terminology for Yos. In addition to 
the obvious parallels such as Y22, 
gos, and g22, it is also sometimes 
specified as rd, where rd = 1/yos· 

Voltages and frequencies for meas
uring Yos should be exactly the same 
as those for measuring Yfs. Like Yfs' 
it is a complex number and should be 
specified as a magnitude at 1 kc and 
in complex form at high frequencies. 

p Closely related to Yos and Yfs is 
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Figure 15 - Forward transfer admittance 
versus frequency 

yos= v:os~s Rs or SUCH VALUE AS TO 
CAUSE NEGLIGIBLE DC DROP 
R, SENSES AC DRAIN CURRENT. 

Figure 16 - YG' measurement circuit 
for type A and B FETs 

the amplifier factor, f.l (p = L1 VDS/ A VGS I ) 
Ll Ip = K. 

I-----c 

100 

The amplification factor does not appear on the field-effect registration format 
but can be calculated by Yfs/Yos. For most small-signal applications, !l has 
little circuit significance. It does, however, serve as a general indication of 
the quality of the field-effect manufacturing process. 

Ciss The common-source-circuit input capacitance, Ciss, takes the place 
of Yis in low-frequency field-effect transistors. This is because Yis is entirely 
capacitive at low frequencies. Ciss is conveniently measured in the circuit of 
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Figure 17 for the tetrode JFET. As 
with Yfs' two measurements are nec
essary for tetrode-connected devices. 

At very high frequencies, the real 
component of Yis becomes important 
so that RF field-effect transistors 
should have Yis specified as a com
plex number at the same conditions 
as other high frequency parameters. 
For tetrode-connected RF FETs, both 
a gate-2-to-source and gate-1-tied
to-gate-2 readings are necessary. 

For a switching application Ciss is 
of major importance since a large 
voltage swing at the gate must appear 
across Ciss' 

Crss Reverse transfer admittance 
(Yrs) does not appear on FET data 
sheets. Instead Crss , the reverse 
transfer capacitance, is specified at 
low frequency. Since Yrs for a field
effect transistor remains almost com
pletely capacitive and relatively of 
constant capacitance over the entire 
usable FET frequency spectrum, the 
low-frequency capacitance is an ade-
quate specification. Crss is meas-
ured by circuits of Figure 18. For 
tetrode FETs, values should be spec
ified for gate 1 and for both gates tied 
together. 

Again, for switching applications 
Crss is a critical characteristic. 
Similar to the Cob of a junction tran
sistor, Crss must be charged and 
discharged during the switching inter
val. For a chopper application, Crss 
is the feed-through capacitance for 
the chopper drive. 

c'''lor~ 

(a) with gate 2 tied to source 

(b) with common gates 

Figure 17 - C,,, measurement circuit 

la) VGO = ~VDS (bl vGO -VD> ID - 0 
Rg TYPICALLY 1 Mn R9 TYPICALLY I M~~ C, COUPLES GlJARD SIGNAL 

VGIG2 --- 0 TO SOURCE TERMINAL VGIG2 -. 0 TO PREVENT "REACH THROUGH" 
C, AC SOURCE AND Gl TO GUARD SIGNAL 

C,,,or~ 

Figure 18 - Recommended G,,, test circuits. 
(a) for gate 1 individually; (b) 
with both gates tied together 

Cd(sub) For the insulated gate FET, the drain-substrate junction capacitance 
becomes an important characteristic affecting the switching behavior. Cd(sub) 
appears in parallel with the load in a switching circuit and must be charged and 
discharged between the two logic levels during the switching interval. 

(Noise Figure) Like all other active components, field-effect transistors gen
erate a certain amount of noise. The noise figure for field-effect transistors 
is normally specified on the data sheet as "spot noise", referring to the noise 
at a particular frequency. The noise figure will vary with frequency and also 
with the resistance at the input of the device. Typical graphs of such varia
tions are illustrated in Figure 19 for the 3N126. From graphs of this kind the 
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Figure 19 - Typical variations of FET noise figure 
with frequency and source resistance 

designer can antiCipate the noise level 
inherent in his design. 

r ds(on) Channel resistance de
scribes the bulk resistance of the 
channel in series with the drain and 
source. From an applications stand
point, it is important primarily for 
switching and chopper circuits since 
it affects the switching speed and de
termines the output level. To com
plete the concept of multiple symbols 
for FET parameters, channel resist
ance is sometimes indicated as r d(on) 
and also as rDS and r ds. In either 
case, however, it is measured, for 
JFETs, by tying the gates to the 
source, setting all terminals equal to 
o V dc, and applying an ac voltage from 
drain to source (see Figure 20). The 
magnitude of the ac voltage should be 
kept low so that there will be no pinch
off in the channel. Insulated-gate 
FETs may be measured with dc gate 
bias in the enhancement mode. 

APPLICATIONS 
Field-effect transistor applications 

is still a young art. That this is so 
is clearly indicated by the lack of 
standardization in the industry even 
of such basic requirements as sym
bols and test points. Yet, an under
standing of FET theory, coupled with 
circuit analysis does permit an eval
uation of such devices for specific 
circuit applications. 

Figure 20 - Measurement CirCUit for JFET channel resistance 

112V 

TO MIXER 

Figure 21 - RF stage of broadcast auto radio 

IIOd 

Figure 22 - line operated phono amplifiers 
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DEVICE SELECTION 
Obviously, different applications call for special emphasis on specific char

acteristics so that a simple figure of merit that compares devices for all po
tential uses would be hard to formulate. Nevertheless, an attempt to pinpoint 
the characteristics that are most significant for various applications has been 
made* to permit a rapid, first-order evaluation of competitive devices. 

The most important single FET parameter, one that applies for any amplii'ier 
application, is Yfs. This parameter, or one of its many variations, is speci
fied on all data sheets, yet some evaluation is required to come up with a 
reasonable comparison. For example, in the table of electrical characteris
tics on most JFET data sheets, Yfs is specified at IDSS (VGS = 0) where, for 
Type A devices, Yfs is maximum. This is illustrated in Figure 14, where typ
ical variations of Yfs as a function of ID are plotted. For some small-signal 
applications, the IDSS (V GS = 0) point can actually be used as a d-c operating 
point because small-signal excursions into the forward bias region will not 
actually cause the gate-source junction to become forward-biased. However, 
in most practical uses, some bias is necessary to allow for the anticipated sig
nal swing; and it must be recognized the Yfs goes down as the bias is increased. 

It is seen, also, that maximumYfsincreases as IDSS increases so that, where 
maximum Yfs is important, a device with a high IDSS speCification is normally 
desirable. 

On the other hand, where power dissipation is a factor to be considered, the 
figure of merit Yfs!VGS(off) IDSS has been proposed. This term factors in not 
only IDSS, which should be low if power dissipation is to be low, but also 
VGS{off), which indicates maximum input voltage swing. Since the signal peaks 
are represented by V GS = V GS{off) and V GS = 0, the lower V GS(off), the higher 
the figure of merit. And, for amplifier applications requiring a large signal 
swing, V (BR) GSS!V GS(off) (assuming that V GS(off) is at or near the "pinCh-off" 
voltage) IS a satisfactory merit figure because It indicates the maximum and 
minimum drain voltage ratio. 

For high-frequency circuits, the input capacitance (Ciss ) and the Miller
effect capacitance (Crss) becomes important, so Yfs!Ciss + Crss indicates a 
relative measure of device performance. For switching and chopper circuits, 
a figure of merit is not often useful. Here the magnitudes of Ciss, Crss, 
Cd(sub) and V ds{on) are of primary interest. 

CIRCUITS 
Although the number of equipments actually built with FETs so far is still 

relatively small, due to the relatively short time that such devices have been 
available at realistic price levels, the types of circuits that can utilize them 
are practically unlimited. In fact, many circuits designed to utilize small
Signal pentode tubes can utilize FETs with only minor modifications. For ex
ample, the circuit in Figure 21 shows a typical RF stage for a broadcast-band 
auto radio. In this circuit, a 3N126 N-channel JFET has replaced the 12BL6 

*Semiconductors: The New Figures of Merit, Donald Christiansen; EEE, 
October, 1965. 
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pentode normally employed. The 
specifications for the two devices, 
including the AGC characteristics, 
are similar enough to perform ade
quately in the circuit of Figure 21. 

In an audio application, a field
effect transistor such as the 3N126 
can be combined with a high voltage 
bipoler transistor to make a simple 
line driven phonograph amplifier such 
as that shown in Figure 22. The field
effect transistor is connected directly 
through a potentiometer volume con-
trol to the ceramic pickup. Collector 
current of the transistor, in turn, is 
set by the potentiometer in the source 
of the FET. With the proper bipolar 
transistor, the cir cuit can be driven 
directly from half-wave rectified line 
voltage, while the low voltage for the 
FET can be derived from a voltage 
divider in the power supply line. 

For switching and logic circuits, 
complementary enhancement type 
field-effect transistors offer two sig
nificant advantages: Power is drawn 
only during switching, not in either 
stable state; and no coupling elements 
are required since the input to each 
FET resembles a capacitor and the 
coupling is inherent in the device. 

One simple circuit that illustrates 
these adyantages is the complemen-

+V 

+--.--~o 

Figure 23 - Complementary inverter circuit 

R, 

R, 

1111 SHUNT CHOPPER 

tary inverter of Figure 23. In this {,) "'lEmUNT CHOPPER 

circuit, +V is a logical "1" and ground Figure 24- FET chopper circuits 

is a logical "0". If the input signal is 
+V, the P-channel device (upper) is 
essentially off and conducts only IDSS (picoamps for a Type C FET). The N
channel FET is forward-biased but since only IDSS is available from the upper 
stage, VDS is very low. As a result, the potential of the output is near ground 
- the zero reading. When the input goes to ground, the P-channel FET con
ducts. The N-channel device, however, is now cutoff and conducts only IDSS. 
Since the voltage drop across the P-channel device is very low, the drain po
tential of the P-channel device is approximately +V. This charges capacitor 
CL to +V. 

Figure 24 shows three basic chopper circuits. The advantage of the more 
complex series-shunt circuit (24c) is that it balances out the leakage currents 
of the FETs in order to reduce voltage error and is used to attain high chopping 
frequencies. From an applications standpoint, the FET circuit is superior to 
a junction transistor circuit in that there is no offset voltage with the FET turned 
on. On the minus side, however, the field-effect transistor chopper has a 
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higher series resistance rds(on) than the junction transistor. 

As newer and better FETs are introduced and as a larger number of designers 
learn to use them, the range of applications of FETs should broaden consider
ably. To date, there has been little activity in the logic area in spite of the 
advantages of FETs for some logic configurations. This situation is beginning 
to change rapidly and the next year should see the FET as an important addition 
to the tools available to the logic designer. 

With its high input impedance, the field-effect transistor will play an im
portant role in input circuitry for instrumentation and audio applications where 
low impedance junction transistors have been generally least successful. 
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HIGH·POWER VARACTOR DIODES 

THEORY AND APPLICA liON 

conventionally speaking, when we refer to a semiconductor diode we normally 
visualize a 2-terminal p-n junction operated in the forward conduction region 
(as a rectifier) or in the reverse avalanche region (as a zener diode). From 
this standpoint, the word diode applied to a varactor is actually a misnomer -
for while the varactor is indeed a 2-terminal p-n junction, it operates neither 
as a rectifier, nor as an avalanche device. Rather, it operates principally in 
the region between forward conduction and reverse breakdown- the very region 
in which a conventional-diode is considered to be cut off. 

In this operating region the p-n junction can be represented by a capacitor in 
series with a resistor, Fig. 1. The capacitance, known as junction capacitance, 
is inherently associated with all p-n junctions and, while it represents an un
desirable parasitic in conventional diode operation, it is the specific mechanism 
that permits the device to function as a varactor, or frequency multiplier. This 
is true because the capacitance value, as will be seen later, actually varies as 
a function of applied voltage and it is this factor that encourages the generation 
of harmonic frequencies. 

Rs 

o-----~~~----~~~--o 

The resistor is the result of bulk 
and contact resistance of the semicon
ductor material. In varactor opera
tion this resistance is the primary 
parasitic affecting varactor quality. 
Great pains are taken in varactor de
sign, therefore, to hold this resis
tance value to an absolute minimum. 

Figure 1 - Equivalent circuit of a varactor diode. 

HOW THEY WORK 

The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 

When a junction is formed between n-type and p-type material, there is a 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the p
region, and "holes" from the p-region cross the junction to neutralize the "ex
cess" electrons near the junction in the n-region. As a result of this migration, 
all free charged particles are swept out of the immediate vicinity of the junc
tion, creating a "depletion layer" in the junction area. And, in the process, a 
contact potential or space charge (about O. 5V for silicon) appears across the 
junction, Fig. 2a. 
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This structure acts very much like a slightly charged capacitor, with the de
pletion layer representing the dielectric and the semiconductor material adja
cent to the depletion layer representing the two conductive plates. 

If an external voltage is connected across the p-n junction so as to reinforce 
the contact potential (reverse bias), the depletion layer increases, resulting in 
a capacitance decrease, Fig. 2b. If a forward voltage is applied, the deple
tion layer decreases, Fig. 2c. However, if the external forward voltage is 
made large enough to overcome the contact potential, forward conduction o-c
curs and the capacitance effect is destroyed (except at very high frequencies, 
as discussed later). 

It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied vol
tage, su long as. the junction itself re
mains reverse biased. This relation
ship is as follows: 

where C capacitance at voltage V 

Co = capacitance at zero bias 

V = voltage across the diode 
(reverse bias) 

¢ contact potential 

y = power law of the junction, 
determined by impurity 
gradient. 

A plot of this equation, Figure 3, 
shows that the capacitance - voltage 
relationship is nonlinear. Just how 
this condition is useful for frequency 
multiplication will be seen from the 
following. deri vation. 

Cont~ct Potential 

!Joles 

Negahvelons 

Figure 2 - CA) A representative p-n junction. The 
battery represents the contact potential which must 
be overcome before current can flow. Current car
riers act as capacitor plates and the depletion layer 
is the dielectric. 

Figure 2 - (B) Reverse voltage forces carriers 
away from junction. This widens the depletion layer 
and reduces capacitance. 
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Assume that tile voltage across a 
capacitor is given by the well- known 
relations nip 

v = ~ 

where Q = the charge on the capacitor 

C = the capacitance 

When a sinusodial current is applied 
to a capacitance 

Q f idt 

II 
A - - cos W t 

WI I 

where instantaneous current 

Figure 2 - (C) Forward voltage forces carriers 
closer to junction or across junction again changing 
capacitance. 

(3) 

maximum amplitude of the input current 

input frequency 

A constant of integration relating to the initial charge when time 
(t) = zero 

Substituting Equations (1) and (3) into 

Equation (2) yields 

v 
Yc 

cf> 0 

(4) 

(cf> + V) Y 
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V 

V y 

1 
V - y 

II 
A - - cos w t 

wI 1 
(5) 

The exponent y is a function of the impurity gradient of the p-n junction. It 
may vary from approximately 1/2, for step junctions, to about 1/6 for special 
graded junctions. If we consider the common case ofa step junction, (y = 1/2) 
Equation (5) resolves to 

_ (A - ~ cos W1t)2 

V - 1/2 
¢> Co 

C 2 
¢> 0 

(6) 

Looking at each of the terms in Equation (6) we find that the voltage (V) 

( "Ac
2
0

2)' 
across the varactor consists of a dc term"+, a fundamental component 

The latter, through trigonometric identities, expands to 

which reduces to another dc component plus a second harmonic component. 

Although quite simplified, the above derivations clearly show the generation 
of second harmonic voltages across the varactor diode. This second harmonic 
voltage can be used to produce power at that frequency simply by providing a 
path and a load for the second harmonic current. 

In the case of a step-junction device, the second harmonic is the only har
monic frequency directly available. While it is possible, through the use of 
graded junctions (y < 1/2) to obtain higher harmonics directly, the second har
monic always predominates. In fact, it is normally more efficient to obtain 
higher harmonics by means of the doubling and mixing action of the varactor, 
through the use of idler circuits (see Fig. 4), than to try to obtain a desired 
higher harmonic directly. 

(1) Penfield & Rafuse, "Varactor Applications", MIT Press, Copyright 1962. 
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VARACTOR CHARACTERISTICS 

When operating as a frequency 
multiplier, the important varactor 
characteristics are: efficiency as a 
multiplier, power handling capability, 
and, in some applications, linearity 
of power output with changes in input 
power. 

Efficiency 

The efficiency of a varactor is a 
function of the cutoff frequency of the 

load 

Figure 4 - Simplified multiplier circuit illustrating 
the use of an idler configuration to develop third 
and fourth harmonics. 
An idler circuit is simply a tuned filter which per
mits the flow of a harmonic current needed to gen
erate the desired output. If the third harmonic is 
desired, filter F. is tuned to the fundamental. idler 
Fl is tuned to the 2nd harmonic. and F) is tuned to 
the 3rd harmonic. To obtain the fourth harmonic. F) 
is simply tuned to the fourth harmonic and permits 
the flow of the doubled 2nd harmonic current. 

device which, in turn, is dependent on the diode quality factor (Q), defined as 

Q (7) 

From this, it is seen that Q is a function of both RS and C. The ability to 
obtain a high Q device is directly related to the ability to make RS extremely 
low. The cutoff frequency is arbitrarily defined as that frequency at which 

1 
Q = 1, or where 2rrfC = RS' Accordingly, cutoff frequency is given as 

1 
2rrCRS 

(8) 

Since both RS and C are voltage dependent, it is obvious that fc, too, will 
vary with applied voltage. As reverse voltage increases, fc will also increase. 
This is impOllant in a comparative evaluation of devices since, in order to ob
tain a valid comparison, the fc for the devices must be obtained at the same 
voltage. 

Now, for varactors with step junctions, the maximum obtainable efficiency 
may be approximated from the expressions:(1) 

For input frequencies of O. 01 fc or less, 

For input frequencies of 0.2 fc or higher, 

where f 
c 

cutoff frequency at VB 

fl input frequency 

f 2 
B~ 

f 2 
1 
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Kand B constants whose values depend on the desired order of the har
monic. 

For doublers, K and B of Equations 9 and 10 are equal to 20 and. 0039 re
spectively. 

For triplers and quadruplers, K is equal to 35 and 62 respectively. 

From these equations it is evident that the theoretical efficiency of varactors 
is quite high at input frequencies of O. 01 fc or less. 

Power Handling Capability 

The relationship between power handling capability (Pd and other varactor 
characteristics is given by 

(11) 

where VB voltage breakdown of the junction 

Co junction capacity at zero bias. 

The validity of this proportionality is evident from the fact that the input 
power is obviously proportional to the square of the input voltage swing, which 
is limited at one end by VB and on the other by the permissible amount of for
ward conduction. If the voltage swing in the forward direction is very much 
smaller than VB, it can be neglected, and the input power is approximately 
proportional to VB2. 

For large power handling capability it is desirable to make VB as large as 
possible (assuming that the signal source can provide the necessary voltage 
swing from VB to approximately zero). This requires that the resistivity of 
the material near the junction (at least on one side of the junction) be high. Yet, 
a high resistivity leads to a relatively high RS which, in turn, lowers the Q of 
the diode and, consequently, the efficiency. Therefore, varactor diode design 
normally is a compromise between high power handling capability and high 
efficiency. 

NEW VARACTOR DESIGN IMPROVES POWER HANDLING CAPABILITY 

Until recently most varactors for harmonic generator applications have been 
designed with step junctions and their characteristics closely follow the above 
discussion. Some improvement in performance has been observed in varactors 
of the IN4386 type whose impurity profile, Fig. 5, differs considerably from 
that of the customary step- junction device. These improvements include: 

1) higher power handling capability at a given frequency, 

2) greater linearity of power output with changes in power input. 

The increase in power handling capability can be explained as follows: 

To increase P r , it is necessary to increase VB which demands a higher re
sistivity material at least on one side of the junction. If one attempts to in-
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crease the resistivity of a step-junc
tion device, the value of RS Is in
creased significantly and efficiency 
is reduced accordingly. But, by em
ploying the impurity profile shown in 
Fig. 5, the resistivity near the junc
tion can be made comparatively high 
without changing the average resis
tivity. Moreover, when reverse vol
tage is applied, the spread of the de
pletion layer into the high resistivity 
regions actually dissipates them, leav
ing only the extremely low resistivity 
portion of the material to contribute 
to RS. And, since the time that the 
varactor is in the reverse -voltage con
dition is very large compared with the 
time in the forward-biased condition, 
the ave-rage total series resistance 

Figure 5 - Resistivity of 1 N4386 is high near the 
junction and low near the lead contacts. When a 
reverse voltage is applied the depletion layer rapidly 
dissipates the high resistivity regions and thus, the 
average series resistance (Rs) is low. 

is substantially reduced despite the increase in resistivity at the junction and a 
resulting increase in VB' 

By this means, it is possible to almost double the power handling capability 
of varactors over step-junction devices, without adversely affecting efficiency, 
at least as it is affected by RS. 

It might be argued that the impurity profile used in the 1N4386 type should 
result in lower efficiency because the capacity-voltage law (y in Equation 1) is 
reduced to about a 1/5 power, thus reducing the degree of reactive nonlinearity. 
Indeed, this would result in a lower efficiency of harmonic generation if it were 
not compensated by the reduction of series resistance described above. 

In addition there appears to be an added nonlinearity resulting directly from 
the parabolic graded impurity profile - the phenomenon of "step-recovery". 
Not only does step-recovery make up for the reduced junction-capacity nonlin
earity, but it leads to a linear power output advantage when driven slightly into 
the forward bias region at the positive peak of the signal swing. 

Step-recovery is a result of charge storage - a familiar phenomenon in the 
application of semiconductor devices. When a p-n junction is forward biased, 
charged carriers from one region are injected into the other to form minority 
carriers in that area. If permitted to wander around in the area long enough, 
these minority carriers will combine with majority carriers and produce a 
current flow. The interval between injection and recombination is related to 
the minority carrier "lifetime" of the material. In the interval between the 
time of injection and recombination, these minority carriers are effectively 
stored charges contributing to junction capacitance. 

If the period of the applied forward voltage is less than the carrier lifetime, 
as is usually the case, most of the injected carriers can be brought back to the 
point of origin before recombination. Step-recovery comes about when the in
jected minority carriers are returned to the point of origin in a compact bunch. 
Such a movement of carriers constitutes a current waveform as shown in Fig. 6. 
Because of the sudden cessation of reverse current when all of the carriers are 
returned to their original regions, the waveform is rich in harmonics which 
can be utilized as an added nonlinearity to enhance multiplier action. 
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The impurity profile of Fig. 7 en
hances step - recovery because the 
electric fields set up by the steep im
purity gradient a short distance away 
from the depletion region keep the 
minority carriers close to the deple
tion layer, rather than permitting them 
to wander to random depths in the op
posite regions. Thus, when the vol
tage is reversed, they return to their 
point of origin in a compact bunch. 

The step - recoveryphe
nomenon, which is not as 
pronounced in step junctions 

Figure 6 - When a forward voltage is applied, car
riers are injected across the junction. However. 
before they can combine and result in a de current 
flow, the applied voltage reverses and the carriers 
are returned to the point of origin in a bunch. This 
results in an abrupt cessation of reverse current 
and the waveform is rich in harmonics. 

because of the constant impurity level in such devices, provides an additional 
nonlinearity to the 1N4386 which contributes to harmonic generation. 

Step-recovery results also in ade-
vice with more linear power charac
teristics because the percentage of 
harmonic current generation is not a 
function of signal level. It is only a 
function of the waveform and the 
abruptness of the decline of reverse 
current. And if self-biasing is em
ployed, the shape of the current wave 
remains constant over a considerable 
power input range. This leads to a 
more constant efficiency of harmon
ic generation as a function of sig-

Impurity 
Profile for Step 
Recovery Diode 

.,.M""'Compressed 
I Depletion 

Impurity 
Profile for Abruptl 

Junction Diode 

layer 

Figure 7 - Comparison of the impurity profiles for 
a step recovery and step junction diodes. 

nallevel than obtainable with devices dependent on junction-capacitance varia
tions alone. This is an important feature when using varactors in amplitude 
modulated circuits. 

VARACTORS vs TRANSISTORS 

In view of the fact that varactors provide no amplification, but merely 
convert an applied signal of one frequency to some higher frequency, one 
might logically ask, "Why not use transistors to directly generate the de
sired signal?" The answer to this is simply that there are no transistors 
that will provide the amount of power obtainable from varactors in the VHF 
and UHF regions. The best transistors today are limited to producing 
about 25 watts at 100 mc, and about 5 watts at 500 mc. Varactors, by con
trast, can supply about three times that amount of power at those frequen
cies. Moreover, many VHF and UHF transmitters demand crystal control, 
which requires a relatively low-frequency oscillator with subsequent fre
quency multiplication. And, as yet, no other device operates as efficiently 
as a varactor for this purpose. 

Even as transistors are improved, it is reasonable to assume that var
actor development will keep pace, so that the latter will remain well ahead 
of transistors in power-frequency capabilities. As a result, it is antici
pated that the varactor will become an increasingly important component in 
high-power, high-frequency applications. 
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HARMONIC GENERATOR CIRCUITS 
Development of a varactor multiplier circuit is illustrated in Fig. 8. The 

basic premise, as shown in (a) is the conversion of a signal from a signal source 
to a harmonic current through the load (RL) by means of a varactor. The nec
essary considerations entail 1) provisions for the necessary current paths and 
associated filters, 2) proper matching of source to load, and 3) development of 
suitable bias voltage for the varactor. 

The first step in the design is the 
addition of suitable current paths, as 
shown in (b). If the output is to be the 
second harmonic, filter F1 is tuned 
to the fundamental frequency, and F2 
is tuned to the 2nd harmonic. In de
signing the tuned circuits, the capaci
tance of the varactor must be taken 
into account. Since this varies over 
the applied signal cycle, the "average" 
varactor capacitance should be used. 
This can be approximated by the ca
pacitance value at one -third the vol
tage breakdown rating of the varactor 
(assuming a signal voltage swing from 
about VB to some small positive value) 
Since this average capacitance varies 
with signal power, some circuit de
tuning OCC:Irs if input power is changed 
appreciably. This detuning effect is 
less pronounced with devices of the 
1N4386 structure than with step-junc
tion devices. 

If the desired load current is at 
the third or fourth harmonic, the con
figuration in (c) may be used. Here, 
F 1 is again tuned to the fundamental 
and F2 is an idler tuned to the 2nd 
harmonic. This permits fundamen
tal and 2nd harmonic current flow 
to mix in the varactor to provide a 
voltage component of F1, F2, F1 + 
F2, and 2F2 across tne varactor. 
(Even if F2 were omitted, 

F, 
" - F, 

a. Source, Varactor, Load b. Addition of Input and Output Circuits 

c. Addition of Idler Circuit 

d. Addition of Bias Resistor 

e. Addition of Input and Output Matching Capacitors 

Figure 8 - Development of a harmonic generator 
circuit. 

there would be components of higher order harmonics, such as F3 and F4 
across the varactor, but, as mentioned previously, it is normally more effi
cient to employ a suitable addition or multiple of the fundamental and second 
harmonic.) Filter F3 is then tuned to the desired thir:d or fourth harmonic so 
that only the desired current will flow through the load. 

Bias voltage for the varactor is obtained by shunting the varactor with a high 
value (around 100 K,Q) bias resistor, as in (d). Bias current is provided when 
the varactor is driven slightly into conduction at the peaks of the applied signal. 

Proper matching between source and load can be accomplished by adding 
matching capacitors as shown in (e). Tapped input and output coils could ac
complish the same purpose. 

16·97 
I 



-- Application Notes --

Obviously, the simple circuit developed in Fig. 8 can be improved upon from 
a performance standpoint. Higher-frequency, distributed-element circuits 
could be fabricated based on a circuit equivalent to Fig. 8. More complex fil
ters, such as double-tuned circuits, may be employed for greater bandwidth 
and better rejection of spurious signals. In practical applications, the final 
circuit almost always will be more complex. 

CHARACTERISTICS OF 1 N4386 

The IN4386 varactor was designed to handle efficiently more than 50 watts 
of input power with output frequencies up to 300 mc. Typical efficiency of the 
device as a function of power input at 50 mc (tripler operation) is shown in 
Fig. 9. 

80 

10"' = 150me 
I;n ~c 50me 

~ 70-----r----r---~~--~~~--~r---

i 60---+--'/~/-----I1-----+---+-~--+-
LU 

50 
10 20 30 40 50 60 

Power Input (Watts) 

Figure 9 - Typical efficiency vs power input curve 
for the IN4386 in a tripler circuit. 

C, 
l, 

Rs = SOn 0+---< l, C, C, 82K C, 
I = SOme 3T 

l,.l" 11 Turns #14 Wire, %" Dia. 

l" 3.5 Turns #14 Wire, W'Dia. 

4, ls' 4 Turns # 14 Wire %" Di •. 

Clo C" 1-30 pI; C" 0.5-12 pI 

C" 0.8-12 pI; C" C" C" 0.5-10 pI 

Figure 10 - 50-200 mc Varactor quadrupler 
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VVC TUNING DIODE THEORY AND APPLICATION 
VVCs are voltage-variable capacitors, based on semiconductor junction phe

nomena, which can be used for electric tuning applications. This note is in
tended to explain how VVCs function, summarize the parameters of available 
VVCs, and introduce important application possibilities. 

It is felt that these VVCs will become important circuit components because 
electric tuning offers many advantages over mechanical tuning. Electrically 
and electronically tuned circuits are small, reliable and extremely fast acting. 
However, electric tuning in the HF, UHF and VHF regions has not been exten
sively applied because the quality factors of the available tuning elements were 
poor, such as 100 at 50 mc. This situation is changed with the introduction 
of the VVC tuning diode series where Q's exceed 200 at 50 mc. Further with 
VVCs many of the important electric tuning parameters, such as temperature 
stability and leakage current are improved. 

Generally for electric tuning it is desired to vary capacitance or inductance 
as a function of voltage or current. For HF through UHF frequencies the most 
practical electric means is to vary capacitance with voltage. The rate of change 
of capacity with voltage is, of course, of fundamental importance, the greatest 
rate being most desirable. Except for experimentalhyper-abruptsemiconduc
tor junctions the best devices approach a capacity varying inversely with the 
square root of applied voltage. This is discussed further in the section on VVCs 
work. 

The most significant parameter in using tunable capacitors is Q or quality 
factor. For a capacitor with series resistance. 

where: 

Q is the quality factor 

1 
Qs = wCR 

s 

w is the frequency in radians/sec 

C is the capacitance in farads 

Rs is the series resistance in ohms 

When the resistance is in parallel with the capacitance 

Q = wCR 
p p 

where: 

Rp is the parallel resistance. 

(1) 

(2) 

If both series and parallel resistances are present the following is a simple 
formula for Q 

1 
Q 

1 
Qs 
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where Qs and Qp are calculated by equations 1 and 2 respectively. For most 
circuit applications loaded circuit Q's exceeding. 20 and often 100 or more are 
needed. Therefore, the low unloaded Q's of previously available voltage
variable capacitors limited their use. 

Tuning range is another important parameter. With voltage-variable devices, 
this means how great a voltage swing can be achieved while maintaining accept
able capacitor characteristics. For PN junctions, the usual allowable voltage 
swing is from a few volts negative to the maximum reverse working voltage. 
Capacity swing is calculated from voltage swing by the inverse half-power re
lation between capacity and voltage. For large tuning ratios the maximum to 
minimum voltage ratio should obviously be large. 

For most applications the temperature stability of all the capacitor param
eters are important. VVC stability is not expected to equal the stability of the 
best air capacitors, but a high level of parameter stability has to be maintained 
either by the device itself or with some. sort of compensating mechanism. An 
example of the deficiency of previously available devices is the relatively high 
leakage currents occurring at elevated temperatures. 

Not to be neglected when considering devices for electric tuning is the pack
age for the voltage-variable capacitor. Package parasites such as lead induct
ance or case capacity could alter the device impedance beyond use. Especially 
for higher frequencies previously available packages exhibited too high an in
ductance which degraded circuit performance. 

Outlined above are the important parameters to specify for electric tuning 
devices. For the approximately seven years that voltage-tunable capacitors 
have been available, the designer has had to compromise on these parameters. 
Now with the VVC line these compromises are no longer necessary. 

Both the previously available devices and VVCs are based on PN junction the
ory. The difference stems from the way the junctions are formed; allowing for 
the previous devices and diffusion into epitaxially grown layers for the VVCs. 
Before explicit performance parameters and comparisons are made, the physics 
of both types of devices will be briefly described. 

HOW VVCs WORK 
Conventionally speaking, when we refer to a semiconductor diode we nor

mally visualize a 2-terminal p-n junction operated in the forward conduction 
region (as a rectifier) or in the reverse avalanche region (as a zener diode). 
From this standpoint, the word diode applied to a VVC is actually a misnomer
for while the VVC is indeed a 2-terminal PN junction, it operates neither as a 
rectifier, nor as an avalanche device. Rather, it operates prinCipally in the 
region between forward conduction and reverse breakdown - the very region in 
which a conventional diode is considered to be cut off. 

In this operating region the PN junction can be represented by a capacitor in 
series with a resistor, 

o~------~~~~---------~ 
~Ic RS 

FIGURE 1 

The capacitance, known as junction 
capacitance, is inherently associated 
with all PN junctions and, while it 
represents an undesirable parasitiC 
in conventional diode operation, it is 
the specifiC mechanism that permits 
the device to function as a VVC, or 
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voltage-variable capacitor. This is true because the capacitance value, as will 
be seen later, actually varies as a function of applied voltage. This factor can
not only be used for electric tuning but also for harmonic generation and para
metric application. 

The resistor is the result of bulk and contact resistance of the semiconductor 
material. In vve operation this resistance is the primary parasitic affecting 
vve quality. Great pains are taken in vve design, therefore, to hold this re
sistance value to an absolute minimum. 

The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 

When a junction is formed between n-type and p-type material, there is a 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the 
p-region, and "holes" from the p-region cross the junction to neutralize the 
"excess" electrons near the junction in the n-region. As a result of this mi
gration, all free charged particles are swept out of the immediate vicinity of 
the junction area. And, in the process, a contact potential or space charge 
(about O. 5 V for silicon) appears across the junction, Fig. 2a. 

This structure acts very much like 
a slightly charged capacitor, with the 
depletion layer representing the di
electric and the semiconductor ma
terial adjacent to the depletion lay
er representing the two conductive 
plates. 

If an external voltage is connected 
across the p-n junction so as to rein
force the contact potential (reverse 
bias), the depletion layer increases, 
resulting in a capacitance decrease, 
Fig. 2b. If a forward voltage is ap
plied, the depletion layer decreases, 
Fig. 2c. However, if the external 
forward voltage is made large enough 
to overcome the contact potential, for
ward conduction occurs and the ca
pacitance effect is destroyed. 

It is obvious, therefore, that the 
value of the junction capacitance is a 
function of the externally applied volt
age, so long as the junction itself re
mains reverse biased. This relation
ship is: 

e <pYe 

e ___ -=0___ + 0 (4) 
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where: 

C capacitance at voltage V 

Co capacitance at zero bias 

V voltage across the diode (re
verse bias) 

<P contact potential 

y power law of the junction, de
termined by impurity gradi
ent. 

Small 
Forward 
Bias 

Depletion Layer 
Harrows Increas inp; 
Capacitance 

The exponent is a function of the 
impurity gradient of the PN junction. 

FIGURE 2 (C) - FORWARD VOlTA~E FORCES 
carriers closer to junction or across Junction again changing capaCitance. 

It may vary from approximately 1/2, for step junctions, to about 1/6 for specially 
graded junctions. For electric tuning the greatest capacity-voltage variation 
is desired so the step junction is generally used. 

All PN junctions have to be protected from the corrosive effects of the atmos
phere; therefore, packages or housings are used. Associated with the package 
and the internal connections to the junctions are parasitic reactances. The 
complete equivalent circuit of a packaged PN junction operated in the reverse 
voltage region for electric tuning, is shown in Fig. 3. The voltage-variable 
capacitance is Cj; Rs is the series re
sistance; Rp is the junction shunt re
sistance which generally can be ne
glected; Ls is the lead inductan!:e and 
Cc is the case capacitance. 

The admittance of a VVC including 
all parameters of Fig. 3 is: 

y 

where 

Rp is high enough to be neglected 

FIGURE 3 - EQUIVALENT CIRCUIT VVC 

1 . 
R + JWC. 

P J 

y jwC + 
c l-w2L C. + jwC.R 

s J J s 

Inherent junction Q is defined as: 

Q 
1 

wC.R 
J s 
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If Q is high compared to l-w2Ls Cj the VVC has a capacitance given by 

C. 

Ceq = Cc + l_w2~ C. 
s ] 

Equation 8 shows how equivalent capacity can be modified by Ls and Cc• 

(8) 

Usually operation is well below the self-resonant frequency Wo = I/Ls Cj so 
that the total capacity is given by 

CT C + C. 
c ] 

(9) 

and in terms of voltage 

C 
CT C 0 

+ c 
(1 + Vq,Ry 

where: 

(10) 

'Y O. 5 for step junction 

<I> O. 5 volts 

The total Q is then 

Q = 
1 

wCtRs 
(11) 

The important device information is given by eqs. (10) and (11) with eq. (8) 
being significant at frequencies approaching self-resonance. 
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OPTIMIZING SCR TURN·OFF PARAMETERS WITH NEGATIVE BIAS 

Although it is not often discussed in the literature, almost all SCR's exhibit 
some degree of turn-off gain. 

At normal values of anode current, negative gate current will not have suf
ficient effect upon the internal feedback loop of the device to cause any signifi
cant change in anode current. However', it does have a marked effect at low 
anode current levels where it can be put to advantage to modify certain device 
parameters. Specifically, turn-off time may be reduced and hold current may 
be increased. Reduction of turn-off time and increase of hold current are use
ful in such circuits as inverters or in full- wave phase control circuits in which 
inductance is present. 

Negative gate current may, of course, be produced by use of an external bias 
supply. It may also be produced by taking advantage of the factthat during con
duction the gate is positive with respect to the cathode and providing an external 
conduction path such as a gate-to.:cathode resistor. All of our SCR' s are already 
constructed with a built in gate-to-cathode shunt, which produces a certain 
amount of negative gate current. Further change in characteristics, however, 
can be produced by use of an external shunt. Shunting does not produce as much 
of a change in characteristics as does negative bias, since the negative gate 
current, even with an external short circuit, is limited. When using external 
negative bias the current must be limited, and care must be taken to avoid driv
ing the gate into the avalanche region. 

All of our SCR lines show an improvement in turn off time of about one-third 
by using negative bias up to the point where no further significant improvement 
is obtained. The increase in hold current by use of an external shunt resistor 
ranges typically between 5 and 75 percent, whereas with negative bias, the 
range of improvement runs typically between 2-1/2 and 7 times the open gate 
value. 

In summary, it may be said that by use of negative gate bias, the turn-off 
time and hold current of our SCR's may be improved significantly so that they 
may be used in higher frequency inverter circuits or in circuits in which higher 
residual current are present. 
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