


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2368. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage ........ . 
Collector-to-Emitter Voltage ....... . 
Emitter-to- Base Voltage .......... . 
Operating Junction Temperature ... . 
Storage Temperature .•........... 
Po@Tc =25°C ................ . 
Po@TA =25°C .. ,,.,, .. ,,., .. ,. 

30 
12 

5 
175 

-65 to +200 
1.0 
0.3 

2N784(El 
SILICON SWITCHING TRANSISTOR 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt 

DIMENSIONS 

T0-18 

ELECTRICAL CHARACTERISTICS c2s0 c free air unless otherwise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVceo 30 Vdc lc=100µA 
BVm 15 Vdc le= 1 OµA, ReE= 1 OSJ 
BVEBo 5 Vdc lc=100µA 
hFE 25 lc=10mA, VcE=10V 
VcE(sat) 0.19 Vdc lc=10mA, le=1mA 
VeE(sat) 0.7 0.9 Vdc lc=10mA, le=1mA 
lceo 250 nA Vca=25V 
lcao 30 µA Vca=25V, TA=150°C 
c.b 3.5 pF Vca=10V 
h,. 2 lc=10mA, VcE=1 OV, f=100MHz 
t 15 ns lc=la1=la2=10mA. Vcc=10V, RL=1 KSJ 
t .. 20 ns la1=3mA, la2=1mA, Vcc=3V, RL=270SJ 
to11 40 ns la1=3mA. la2=1mA, Vcc=3V, RL=270SJ 
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2N834~ 
SILICON SWITCHING TRANSISTOR 

HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2369. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage .•....... 
Collector-to-Emitter Voltage ....... . 
Emitter-to-Base Voltage .. , ....... . 
Operating Junction Temperature ... . 
Storage Temperature ............. . 
Po@Tc =25°C ................ . 
Po@TA =25°C ................ . 

40 
25 

5 
175 

-65 to +200 
1.0 
0.3 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt 

DIMENSIONS 

T0-18 

.IOO LEAD 
CIRCLE 

ELECTRICAL CHARACTERISTICS (25°C tree air unless otherwise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVcBo 40 Vdc lc=100µA 
BVces 30 Vdc lc=10µA 
BVeBo 5 Vdc le=100µA 
hFE 25 lc=10mA, Vce=1.0V 
Vce(sat) 0.25 Vdc lc=10mA, IB=1.0mA 
Vee( sat) 0.4 Vdc lc=50mA, IB=5.0mA pulsed 
VBe(sat) 0.9 Vdc lc=10mA, IB=1.0mA 
lcBO 0.5 µA VcB=20V 
lcBO 30 µA VcB=20V, TA=150°C 
Cob 4 pF VcB=10V 
h,. 3.5 lc=10mA, Vce=15V, f=100MHz 
T, 25 ns lc=1 OmA, IB1 =IB2=10mA 
ton 35 ns lc=10mA, IB1=3mA, IB2=1mA 
toll 75 ns lc=10mA, IB1=3mA, IB2=1mA 

NOTE: Pulse width ~ 300 µsec, duty cycle~ 2%. 
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HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2369. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage ........ . 
Collector-to-Emitter Voltage ...... . 
Emitter-to-Base Voltage .......... . 
Operating Junction Temperature ... . 
Storage Temperature ............. . 
Po@Tc =25°C ................ . 
Po@TA =25°C ................ . 

25 
15 
3 

175 
-65 to +200 

1.0 
0.3 

2N835® 
SILICON SWITCHING TRANSISTOR 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watts 
Watts 

DIMENSIONS 

ELECTRICAL CHARACTERISTICS (2s 0 c tr.ee air unless otherwise noted) 

SYMBOL. MIN. MAX. UNIT CONDITIONS 

BVceo 25 Vdc lc=10µA 

BVCES 20 Vdc lc=10µA 

BVeeo 3 Vac lc=10µA 

hFe 20 lc=10mA, Vce=1V 

Vce(sat) 0.3 Vdc lc=10mA, le=1mA 

Vee(sat) 0.9 Vdc lc=10mA, le=1mA I 
lceo 0.5 µA Vce=20V 

lceo 30 µA Vce=20V, TA=150°C 

Cab 4 pF Vce=10V 

h1e 3 lc=10mA, Vce=15V, f=100MHz 

Ts 35 ns le= 1 OmA, lei= le2= 1 OmA 

ton 20 ns lc=10mA, le1=3mA, le2=1mA 

to11 35 ns lc=10mA, le1=3mA, le2=1mA 
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2N914® 
Package, T0-18 

NPN SILICON SATURATED SWITCH AND VHF AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

Characteristics 
Collector-Base Voltage .. 
Collector-Emitter Voltage 

Ree :5 10 ohms (Note 4) ... 
Collector-Emitter Voltage (Note 4). 

Emitter-Base Voltage .. 
Total Dissipation([!: 

Unit 
. 40 Volts 

. ...... 20 Volts 

. ........ 15 Volts 
.... 5.0 Volts 

Tc = 25°C (Notes 2 and 3) .. . ... 1.2 Watts 
Tc = 100°C (Notes 2 and 3) .... 0.68 Watt 
TA = 25°C (Notes 2 and 3) ...... .. 0.36 Watt 

Storage Temperature. -65°C to +300°C 
Operating Junction Temperature ....... 200°C Maximum 

Lead Temperature 
(Soldering, No Time Limit) .............. 300°C Maximum 

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

Symbol Min Typ Max Unit Conditions 

hFE 30 55 120 le = 10 mA. Vee = 1.0 Volt (Note 5) 

hFe(-55°C) 12 28 le = 1 O mA. Vee = 1.0 Volt (Note 5) 

hFE 10 17 le = 500 mA. Vee = 5.0 Volts (Note 5) 

VBE(sat) 0.70 0.74 0.80 Volt le = 10 mA. I B = 1.0 mA 

VcE(sat) 0.40 0.70 Volt le= 200 mA. 18 = 20 mA 

VcE(sat) 0.20 0.25 Volt le= 10 19 (Note 6) 

hte 3.0 3.7 le = 20 mA. Vee = 10 Volts 

Cobo 4.5 6.0 pf le= o. Vee = 10 Volts 

cibo 9.0 pf le = o. Vee = 0.5 Volt 

1cso 4.0 25 mµA le = o. Vee = 20 Volts 

lcso(15ooc) 3.0 15 µA le = o. Vee = 20 Volts 

BVcso 40 Volts le= 1.0µA. le= o 

VcER(sust) 20 Volts le= 30 mA (pulsed), Ree :5 10 ohms 
(Notes 4 and 5) 
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2N914 

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

Symbol Min Typ Max Unit Conditions 

VeEO(sust) 15 Volts le= 30 mA (pulsed). 19 = O 

(Notes 4 and 5) 

BVEBO 5.0 Volts le=O.IE=10µA 

1EBO 0.007 0.1 µA le = o. VEB = 4.0 Volts 

leEx(125°e1 3.0 10 µA VeE = 20 Volts. VsE = +0.25 Volt 

Ts 13 20 nsec le=ls1~20mA. 

192 ~ -20 mA (Notes 7 and 8) 

td + r 25 40 nsec le~ 200 mA.191 ~40mA 

(Note 8) 

ts+ f 25 40 nsec le~ 200 mA. 191 ~ 40 mA. 

192 ~ -20 mA (Note 8) 

NOTES: 

( 1) These ratings are limit mg values above which the serv1ceab1hty of any md1v1dual semiconductor device may be impaired 

(2) These are steady state limits The factory should be consulted on appllcat1ons involving pulsed or low duty cycle operations 

(3) These ratings give a maximum junction temperature of 2oocc and 1unc11on-to-case thermal resistance of 145r C ·watt lderat1ng 
factor of 6 9 mw1c:C}. 1unctt0n-to·amb1ent thermal resistance of 486c:c.iwatt (deratmg factor of 2 1 mW• rel 

(4) Rating refers to a high current point where collector·to·em1tter voltage 1s lowest 

(51 Pulse Cond1t1ons length= JOOµ sec: duty cycle= 1%. 

161 le = 1.0 mA through 20 mA 

(7) Measured on Sampling Scope PW;?: 200 nsec 

(8) See swatch mg circuits for exact values of le. 181 . and 182 . 

I 
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2N2368 2N2369® 
SILICON SWITCHING TRANSISTORS 

HIGH SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTORS 
• High fr: 650 mHz, typ. 
• High Gain: 40 min.@ lc=10mA 

• Low C.b : 4pf max. @ Vcs = 5V 
• Low T •• = 9 nsec typ. 
• Low t.11 = 1 3 nsec typ. 

The ITT 2N2368 and 2N2369 are NPN silicon planar epitaxial 
saturated switching transistors for applications at current ranges 
from 0.1 to 100 mA. High gain and narrow base region provide 
excellent radiation resistance. They can operate at clock rates 
above 10 MHz for commercial computer applications. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage ........................................... . 
Collector-to-Emitter Voltage (shorted base) ............................. . 
Collector-to-Emitter Voltage (open base) ............................... . 
Emitter-to-Base Voltage ............................................. . 
Collector Current (10 µsec. pulse) ..................................... . 
Junction Temperature (op. and stg.) ................................... . 
Total Power Dissipation@ Tc=25°C .................................. . 

(derate 6.8 mW/°C above 25°C) 
@Tc =100°C ............................... . 

Total Power Dissipation@ TA = 25°C ................................ . 
(derate 2.06 mW/°C above 25°C) 
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DIMENSIONS 

T0-18 

UNITS 

40 Volts 
40 Volts 
15 Volts 
4.5 Volts 

500 mA 
-65 to +200 •c 

1.2 Watts 

0.68 Watts 
0.36 Watts 



2N2368 2N2369 

ELECTRICAL CHARACTERISTICS ® 25°C unless otherwise noted. 

SYMBOL 

hFE 1 ) 

Ve, (sat) 

Vo, (sat) 

T5 2 

(charge storage 
time) 

to, (2) 

toff 2 

BVeoo 

BVeEs 

Vem(sust) 

MIN. 

20 
40 

10 
20 

10 
20 

0.7 

40 

40 

15 

4.5 

TYP. 

0.2 

0.75 

0.1 
10 

650 

2.5 

5 

9.0 

10 
13 

MAX. 

60 
120 

0.25 

0.85 

0.4 
30 

4.0 

10 

12 

15 
18 

UNIT 

Vdc 

Vdc 

µA 
µA 

MHz 

pf 

nsec 

nsec 

nsec 
nsec 

Vdc 

Vdc 

Vdc 

Vdc 

NOTES: 1. Pulse measurement: width ~ 300 µsec, duty cycle ~ 2%. 
2. See switching circuits for exact le, 101. and 102. 
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CONDITIONS 

ic=10mA, Ve,=1V 
2N2368 
2N2369 

ic=10mA, Ve,=1V, 
T= -55°C 

2N2368 
2N2369 

le= 1 OOmA, Ve,= 2V 
2N2368 
2N2369 

ic=10mA, lo=1mA 

ic=10mA, lo=1mA 

Veo=20V, l,=O 
Veo=20V, l,=O, 

T=150°C 

VeE=10V, le=10mA 

Vea= 5V, IE=O 

le:::10mA, 
ls1:::3mA 

le 10mA, 
ls1 3mA, 
ls2 :::-1.5mA 

2N2368 
2N2369 

ic=10µA, l,=O 

ic=10µA, lo=O 

le=10mA, lo=O 

l,=10µA, ic=O 

10, 10,. MEASUREMENT CIRCUIT 

I 



2N2368 2N2369 

TYPICAL CHARACTERISTICS 1 

HIGH VOLTAGE COLLECTOR CHARACTERISTICS 

COLLECTOR VOLTAGE IVcEI VOLTS 

HIGH VOLTAGE COLLECTOR CHARACTERISTICS 

~ 4ft-:=--+--='+-~-+-::-c"~--:;,..,-CJ----f'f--r---¥--<'-f--ff"-~--t--~-1 

>­z 
~ 31f-~+-==J=~-f="=--t-
a: 
ii 
g; 2 
>­
u 
w 
j 
8 

12 

COLLECTOR VOLTAGE {VCE) VOLTS 

HIGH VOLTAGE COLLECTOR CHARACTERISTICS 

~ 3~o=:j:::::=:::==-+-~+--"--::;,.1-<-:_-1,,t__--1--1--11-~--1-~--1 
w 
0: 
0: 
:::> 
u 
0: 

~ 
u 
~ 
--' 
8 

12 

COLLECTOR VOLTAGE ( VCE) VOLTS 

NOTE: Single family characteristics on Transistor Curve Tracer 

12-116 

SATURATION REGION COLLECTOR CHARACTERISTICS 

Imo 

T=IOO"C 

2 * COLLECTOR VOLTAGE (VCE) VOLTS 

:::u 
~200>---+-¥----+->"""--+~--i~~t-:::::::J:::::;;:;;;f=~t-~i"'~=i 
w 
0: 
0: 

ii 

o~~~~-+-~-+~--1~~~~~~~~~~~~---1 

0 4 

COLLECTOR VOLTAGE (VCE) VOLTS 

SATURATION REGION COLLECTOR CHARACTERISTICS 

COLLECTOR VOLTAGE."' (VCE) VOLTS 



TYPICAL CHARACTERISTICS, continued 

PULSE DC CURRENT GAIN VS COLLECTOR CURRENT 

COLLECTOR CURRENT Ocl ma 

COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 

le~ 10 18 -t-t---+--+--+---+-t----+-+---+--+----+-+-+--+< 

2.0<----+-+--+-+--+---+--+-+-+--<---+-+-++--f--1---+-'41 

~ I 
~ g 1.0)=:::j::::::j:=J:::)::=!==l::::j::::::j::::j::=t==l:=l::::::j::J==I...:..:· -=· j:H=tlJ;t:tJ 

_IL ~= 
~ ~ o .5<----+-+--+--+--+---+--+-+-+--+--+-+-++--<----rr,,_,+-+-< 
(J)~ .1L_ 

"'- E'>-~2s~·~c+--H--+--+-+-+-f---+--+-+-+-f-,.1>1/,/jf"-f--+-+-l 
• ::' ~ ,,121s 0 c I~ 
~ o 2r--i-.J-..::::: _¥' 1 ~I 
o -ssJl•c }"' r"'>-

u 01 
0.1 1,0 10 100 

COLLECTOR CURRENT Ocl mA 

BASE SATURATION VOLTAGE VERSUS COLLECTOR CURRENT 

"' C; 
g le= 10 18 
- 1.2 f--+-1--+-+--t--- --t--t-t---+·--t--t--t-t---+--t-+--H 
c f 
~ _55oc I ~ }--' Y 
> o.st=ttt~=+=:t=:J=i=1~2-c~t~,..--it---t~i 'iii ~ 2s•C -----!---f- +- v 
~ ~~~~~~~~~~1~oof~~C~.f--1~l--~~~==~=ti ~ 06t 
z 
0 

~ 0.3f--t-+-+-f--+--+-+--H--+--+-+--H--+--+-+--H 
2 
1j, 

'6~.1-+-+--'o~.~s-~1 -~-'-~s,---1""0-~-'--'s""'o--10""0-~~-H 

COLLECTOR CURRENT (le} ma 
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2N2368 2N2369 

SATURATION REGION BASE CHARACTERISTICS 

I BOmA l/1100mA 
60mA_J_ 

<! 40mfIL T E 
20mA 1 

~ 200 

•IO~Jl 

i'/i 
- 19 ,_ 

I & "' 100 d g 

~ 
8 1111 I T"_l°C 

04 OB 12 16 

BASE VOLTAGE (VBE) VOLTS 

SATURATION REGION BASE CHARACTERISTICS 

"' E 

-_u 
- 200 ,_ 
~ 
"' ::> 
u 

"' 0 
100 ,_ 

u 
j 
0 
u 

J. 80m1 / IOOmA 
60mA 

40mA'f 

20mtl_ L 

19 ~ IOmAl J J 

ti~ 
04 OB 12 

BASE VOLTAGE {VBE) VOLTS 

16 

SATURATION REGION BASE CHARACTERISTICS 

Borr!~/ IOOmA 

GOmA 

~ 4?mA/ 

T=110°c 

..-. 20mAl 
~U20Qf---t--+---J---f----t-'l_f-+-ftt+--+---J--t--~ 
t- I9"IOmA 

iii 
"' "' ::> 

~ 1001---t--+---+---+---++1-+l++l-l--+--+---+---t 

I f;W1 
0.4 0.8 1.2 1.6 

BASE VOLTAGE (VBE) VOLTS 

I 



2N2368 2N2369 
TYPICAL CHARACTERISTICS, continued 

STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 

le= IOmA +-----+-t-+--+-1-+--rl 

1§ -10 Vcc•3.ov VV 

iil v 
~ -e.o >-+--+->-+--+,.-0--v,____,.._-+__,--1 

~ ~~9~,,<-t-1-+--+--< a -6.0l-+--+-,f- 'yrl-+--+-1-+--l 

"' J7' ! -4.0l---+----+y++-+----+-4--!0~ 
0 z ..--1--1 
~ -2.0b''-1)..--11--b...f''°--J-+--+6-:::.o-"n-::sec ~ 
I-

at--
0 2.0 4.0 6.0 8.0 

TURN ON SASE CURRENT 191 mA 

STORAGE TIME VERSUS TURN ON 
ANO TURN OFF BASE CURRENTS 

TURN ON SASE CURRENT {la:) mA 

RISE TIME VERSUS TURN ON BASE 
CURRENT AND COLLECTOR CURRENT 

10 100 
COLLECTOR CURRENT ( lcl mA 

FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 

z 

1-+-+---+--+-----+----+--'->- tc= 30 mA 
Vcc·3.ov 

a~+-+---+--+--+---+~-~+-+---+-~ 
0 20 40 60 80 10 

TURN ON BASE CURRENT ('ail mA 

STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 

TURN ON BASE CURRENT <.1 81) mA 

DELAY TIME VER~US BASE­
EMITTER OFF VOLTAGE AND 

TURN ON BASE CURRENT 

TURN ON BASE CURRENT (IBI) mA 
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FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 

le= IOmA 

vcc•3.ov _, 
~ -5. 0 r--+----+-r--+----+-r--+----+-17.L-..._. 

--~ 1/L'J 
~e,C.. v 

0~0----+-2~.0~1-4~0-+--s~o----+-8~0-1-~ 

TURN ON BASE CURRENT (IBI) mA 

STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 

le= IOmA -+----+-r--+----+-r--t--.7' 

1§ -10 Vcc•30V VV 

~ v 
-8.0 t--+--+--+---t---+---+--rl-t-+-i 

§ c.,e.f"' V 
~ -6.01---+--+-I- ~~9~.,.L+-1--1----+--< 
i3 'V 
~ ;/ 
~ -4.0 .Y 
~ v .--+--1 
~ -2.0fcprAH~b-t'"'-1-+--+6-,,.0--ln-sect------t--'. 

00~~-2~0-~~._-o~-6~0~-0~0-~~ 

TURN ON BASE CURRENT 'at mA 

SWITCHING TIMES VERSUS 
COLLECTOR CURRENT 

vcc3ov,;j==1 

COLLECTOR CURRENT ('cl mA 



2N2369A® 
SILICON SWITCHING TRANSISTOR 

HIGH SPEED NPN SILICON 
SATURATED SWITCHING 
TRANSISTOR 
• High f1 : 675 MHz, typ. 
• High Gain: 40 min.@ lc=10 mA 
• Low C0 b: 4 pf max.@ Vce=5V 
• Low t 0.: 9 nsec typ.; 
• Low t 011 : 13 nsec typ. 

The ITT 2N2369A is a N PN silicon planar epitaxial saturated 
switching transistor for applications at current ranges from 0.1 
to 100 mA. High gain and narrow base region provide excellent 
radiation resistance. The 2N2369A can operate at clock rates 
above 10 MHz for commercial computer applications. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage ............................................. . 
Collector-to-Emitter Voltage (shorted base) ............................... . 
Collector-to-Emitter Voltage (open base) ................................. . 
Emitter-to-Base Voltage ............................................... . 
Collector Current (continuous) ......................................... . 
Collector Current (10 µ,sec pulse) ....................................... . 
Junction Temperature (op. and stg.) ..................................... . 
Total Power Dissipation @Tc=25°C ................................... , 

(derate 6.8 mW/°C above 25°C) 
@ Tc=100°C ................................... . 

Total Power Dissipation@ TA=25°C ................................... . 
(derate 2.06 mW/°C above 25°C) 
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.100 LEAD 
CIRCLE 

UNITS 

40 Volts 
40 Volts 
15 Volts 

4.5 Volts 
200 mA 
500 mA 

-65 to +zoo oc 
1.2 Watts 

0.68 Watts 
0.36 Watts 

I 



2N2369A 

ELECTRICAL CHARACTERISTICS @TA=25°C unless otherwise noted 

SYMBOL 

Vce(sat) 

Vee(sat) 

Ices 

lceo 

Cob 

Ts 

(charge storage 
time) 

ton 

torr 

BVceo 

BVces 

Vceo(sust) 1•2 

MIN. 

40 
40 
20 

30 
20 

0.7 
0.59 

500 

40 

40 

15 

4.5 

TYP. 

66 
63 
50 

71 

0.14 
0.19 

0.17 
0.28 

0.8 

0.9 
1.1 

0.05 

10 

675 

2.3 

6.0 

9.0 

13 

MAX. 

120 
120 

0.2 
0.3 

0.25 
0.5 

0.85 
1.02 

1.15 
1.6 

0.4 

30 

4.0 

13 

12 

18 

UNIT 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

µA 

µA 

MHz 

pf 

nsec 

nsec 

nsec 

Vdc 

Vdc 

Vdc 

Vdc 

CONDITIONS 

lc=10mA. VcE=1V 
lc=10mA. VcE=0.35V 
le= 1 OmA, V cE = 0.35V, 

T= -55°C 
lc=30mA, Vce=0.4V 
lc=100mA. Vce=1V 

le = 1 OmA, I e = 1 mA 
le=10mA. le=1mA, 

T=125°C 
lc=30mA, l,=3mA 
lc=100mA, le=10mA 

lc=10mA, le=1mA 
le= 1 OmA, le= 1 mA. 

T= -65 to +125°C 
lc=30mA, le=3mA 
lc=100mA, le=10mA 

Vce=20V, Vee=O 

Vce=20V, le=O, 
T=150°C 

VcE=10V, lc=10mA 

Vce=5V, IE=O 
CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

le = I" ::: 1 Om A, . ·-

102::: -1 OmA rrm... ···1 :~ ... I OOOH ..... 

·::};{§- .... ·· · .. 
:~::-=::;-~ : . '" 

low 10" MEASUREMENT CIRCUIT 

lc:::10mA 
le1:::3mA 

·~· .. .... . ....... 
.... :::::~ 

le::: 10mA 
le1:::3mA 
le2::: -1.5mA 

lc=10µA, le=O 

lc=10mA. l,=O 

LI ......... 1.-
.. ~ . .. ··~ ...... 

... .. .... 

NOTES: 1. Pulse measurement: width :<::: 300 µsec. duty cycle :<::: 2%. 2. Rating refers to a high-current point where collector-to-emitter 
voltage is lowest. 

12-120 



TYPICAL COLLECTOR CHARACTERISTICS 1 

<{ 

COLLECTOR CURRENT 
VERSUS COLLECTOR VOLTAGE 

E 4.0 >-<.r---1---1-~..r -

COLLECTOR VOLTAGE VOLTS 

COLLECTOR CURRENT 
VERSUS COLLECTOR VOLTAGE 

COLLECTOR VOLTAGE (VcEl VOLTS 

COLLECTOR CURRENT 
VERSUS COLLECTOR VOLTAGE 
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COLLECTOR CURRENT 
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2N2369A 

TYPICAL COLLECTOR CHARACTERISTICS, continued 

PULSED DC CURRENT GAIN 
VERSUS COLLECTOR CURRENT 

01----~-+-~-~-l-~t----~~~~~-~~~~~.__._, 

0.01 0.1 1.0 10 100 
COLLECTOR CURRENT (le) mA 

TYPICAL BASE CHARACTERISTICS' 

COLLECTOR CURRENT 
VERSUS BASE VOLTAGE 

f-TA"J5°C l 
l 11 ti ~ " E 80 

_,., -
~ 60 
UJ 
er 
a: 
:::> 
u 

40 
er 
0 
I-
u 
UJ 
...J 20 
...J 
0 
u 

00 

" 

ls=50mA L J_Lf J_J j.--50m.A 

::r "I J1 th 
,._. 

IOmA_.____ 

l .....__, 

11 \..-...40mA 

15mA~ 1 !!-l fJ_ 7n -!--30mA 

20mA~ 11 

1 th ff)_ ± 
0.4 O.B 1.2 

BASE VOLTAGE (VBE) VOLTS 

COLLECTOR CURRENT 
VERSUS BASE VOLTAGE 

1.6 

E 80t---+--+--+--+---H-,+-+-<l+--+---+---1---1 

BASE VOLTAGE (VBE) VOLTS 

12-122 

UJ 

"' >'! 2.0 
...J 

§?~ 
z5 1.0 g> 
~= ::> c 
!;i~0.5 

le= 10 18 

COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 

lu._ 

~ 
fL "'-5! 

a:- 25°C !A'/ 
0 
I-
<.> 
~ 
...J 

8 

~ -LJ'2r 
o.2 s~[c V t"""'-

0.1 J_ 
0.1 

....... 

1.0 10 
COLLECTOR CURRENT (IC) mA 

COLLECTOR CURRENT 
VERSUS BASE VOLTAGE 

~ 

100 

TA" 15°C-t----+--+--++++HH-++---+---l---1 

<t 8 O t-----"t-----+-2JmA-1==--tt-cH-*-+~P-"" SO~A----t--1 
E l --------i ~ l 
t-u 6 O t-----+--+-- l~A 4clA----+--------l 

~ l ----+- ,..v l 
3 40 IB" ~OmA .f---1 301.A----+--------J 
er 

~ l j_ 1 
ro tit 

00~-~-0~4-~--o~.8~~~~1.2,____~-~1s--~--1 

BASE VOLTAGE (VBEI VOLTS 

BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 

COLLECTOR CURRENT ( lcl mA 



TYPICAL ELECTRICAL CHARACTERISTICS 

SWITCHING TIMES VERSUS 
COLLECTOR CURRENT 

vcc3.ov.~ 

COLLECTOR CURRENT I lei mA 

RISE TIME VERSUS TURN ON BASE 
CURRENT AND COLLECTOR CURRENT 

COLLECTOR CURRENT ( lcl mA 

STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 
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2N2369A 

TYPICAL CHARACTERISTICS, continued 
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Package: T0-18 
2N2710 

HIGH-SPEED NPN SILICON SATURATED 
SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector-Emitter Voltage .................................... 20 Volts 
Collector-Emitter Voltage .................................... 30 Volts 
Collector-Base Voltage ........................................ 40 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 
Collector Current - Continuous .......................... 500 mA 

Total Device Dissipation @TA = 25° C ........ 0.36 Watt 
Derate above 25°C .................................... 2.1 mW/°C 

Total Device Dissipation@ Tc= 25°C .......... 1.2 Watts 
Operating Junction Temperature Range ........ +200 °C 
Storage Temperature Range ............... -65 to +200 °C 

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

Symbol Min Max Unit Conditions 

BVceo 20 Volts lc=10mA.IB=o 

BVces 30 Volts le= 1oµA. vBE = o 

BVcBo 40 Volts lc=10µA.le=o 

BVeBo 5.0 Volts le=10µA.lc=o 

lcBo 30 µA VcB = 20 Volts. le= o 

le Bo 30 µA VcB = 20 Volts. le= o. TA= +150°C 

1eBo 1.0 µA VBE = 3.0 Volts. le = o 

hFE 40 le= 10 mA. Vee= 1.0Volt 

hFE 40 le= 50 mA. Vee= 1.0Volt 

Vce(satl 0.25 Volt le= 10 mA.IB = 1.0 mA 

VcE(sat) 0.4 Volt le= 50 mA. IB = 5.0 mA 

VBE(sat) 0.9 Volt le= 10 mA. IB = 1.0 mA 

VBE(sat) 1.3 Volts le= 50 mA. IB = 5.0 mA 

fr 500 MHz le= 10 mA. Vee= 20 Volts. 
f = 100 MHz 

Cob 4.0 pF VcB = 1 o Volts. le = o. f = 4.0 MHz 
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2N2710 

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

Symbol Min Max Unit 

ton 20 ns 

to ff 35 ns 

ts 15 ns 

CIRCUIT DIAGRAM 

FIGURE 1 - STORAGE TEST CIRCUIT 

10V 

OSCILLOSCOPE 

INPUT~ 10 Ml! 

980 

$1.5pF c >-----• 
t, = If $ 0.4 ns 

+6.0VU 

-4.0V 

t,; If $ 0.5 ns 
Z;n = 50ohms 

Conditions 

Vee= 3.0 Volts. VsE(off) = 2.0 Volts. 

le= 10 mA.1 81 = 3.0 mA 

Vee= 3.0 Volts. le= mA. 

's1 = 3.0 mA. ls2 = 1.0 mA 

Vee= 10Volts. le= 181 =1 82 = 10mA 

FIGURE 2 - TURN ON AND TURN OFF 
TIME TEST CIRCUIT 

30V 

OSCILLOSCOPE 270 

INPUT ~10MO c >-----• 
~ 2.6 pf 

1, = If~ 0.4 ns 

+70V 

-20VJl 

t,; If ::::_ 0.5 ns 
Z;n = 50 ohms 



Package: T0-18 

2N3011® 

HIGH-SPEED NPN SILICON 
SATURATED SWITCHING TRANSISTOR 

The ITT 2N3011 is an NPN silicon planar eptiaxial transistor designed specifically for high-speed 
saturated switching applications in the 50- 100 me range at current levels from 100 microamperes 
to 100 milliamperes. It is suitable for most small-signal. RF. and digital type circuits. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 
Collector-Base Voltage ........................................ 30 Volts 
Collector-Emitter Voltage .................................... 30 Volts 
Collector-Emitter Voltage (Note 4) .................... 12 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 

Total Device Dissipation@: 
Tc= 25°C (Notes 2 and 3) ........................ 1 .2 Watts 
Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 
TA = 25° C (Notes 2 and 3) ....................... 0.36 Watt 

Storage Temperature ...................... -65°C to +200 °C 
Operating Junction Temperature ....... 200°C Maximum 

Lead Temperature 
(Soldering. 60 sec Time Limit) ......... 300°C Maximum 

NOTES: 

( 1) These ratings are limiting values above which the serv­
iceability of any individual semiconductor device may 
be impaired. 

(2) These are steady state limits. The factory should be con­
sulted on applications involving pulsed or low duty cycle 
operations. 

(3) These ratings give a maximum junction temperature of 
200°C and junction-to-case thermal resistance of 
146°C/watt (derating factor of 6.85 mW/°C); junction­
to-ambient thermal resistance of 486°C/watt (derating 
factor of 2.06 mW/°C). 

(4) Rating refers to a high-current point where collector­
to-emitter voltage is lowest. 

( 5) Pulse Conditions: length = 300 µsec; duty cycle = 1 %. 

(6) See switching circuits for exact values of le, 161 . and 

1B2· 

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

Symbol Min Typ Max Unit Conditions 

hFE 30 70 120 le = 10 mA. VcE = 0.35 Volt (Note 5) 

hFE 25 75 le= 30 mA. VcE = 0.4 Volt (Note 5) 

hFE 12 50 le= 100 mA. VcE = 1.0 Volt (Note 5) 

VcE(satl 0. 17 0.2 Volt le= 10 mA. ls= 1.0 mA 

VcE(sat) 0.18 0.25 Volt le = 30 mA. 18 = 3.0 mA 

VcE(sat) 0.15 0.3 Volt le= 10 mA. ls= 1.0 mA 

VcE(sat) 0.3 0.5 Volt le= 100 mA.19 = 10 mA 

VBE(sat) 0.72 0.8 0.87 Volt le= 10mA.ls = 1.0mA 

VBE(sat) 0.9 1.15 Volts le= 30 mA. ls= 3.0 mA 

VBE(sat) 1.1 1.6 Volts le= 100mA.1 8 = 10mA 

hte 4.0 6.5 le = 20 mA. VcE = 10 Volts 

Cob 2.3 4.0 pf IE = o. Vcs = 5.0 Volts 
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2N3011 

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

Symbol 

Ices 

lces(B5°ei 

svcso 

svees 

VeEO(sust) 

SVESO 

Ts 

ton 

toff 

SCHEMATIC 

o~ V1n 
-10--

Pulse Generotor 
YinAi1t Time< lnstc 
Sour ct Impedance • 50ll 

Min 

30 

30 

12 

5.0 

Typ Max Unit Conditions 

0.05 0.4 µA Vee = 20 Volts. Vse = o 

1.0 10 µA Vee= 20 Volts. Vse = o 

Volts le=10µA.le=o 

Volts le= 10µA. Ves = o 

Volts le= 10 mA (pulsed). Is = O 

Volts le = 1ooµA. le = o 

13 nsec le= Is 1 ~ 10 mA. 

ls2 ~ -10 mA (Note 6) 

15 nsec le~ 30 mA. Is 1 ~ 3.0 mA (Note 6) 

20 nsec le~ 30 mA. ls1~3.0 mA. 

ls2 ~ -3.0 mA (Note 6) 

CHARGE STORAGE TIME- CONSTANT TEST CIRCUIT 

0.1 

56.Cl 

YmRise Time less than lnsec 
Pwe:300 nsec 
oittr Cycle""' 2% 

890.Cl 0.1 llUl 

91.Cl 

0.0023 I 

t..-t.n MEASUREMENT CIRCUIT 

Yea 
IOOll 

Vin 0.1 2KO 
Pulse Source =-Fi---~...--c. 
Rise Ti me < I nsec 100 ll 
Pulse Width > 200nsec 
z1n -soil .,.. 

To Simpling Scope 
Rise Time< lnsec 
Input Z"' IOOK 

Tan' Vee • 2V 
v88 Grounc1111 

Yin •7V 
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T<tf' Yee • 2V 

v88 • 1v 

Vin • -13V 

•6V 

0 
-4V'-1·--;::==:;: 

IO'li V 111 

To Sampling Oscilloscope 
Input Impedance • SO 4 
Rise Timi~ Inset 



Package: T0-1 B 

2N3115, 2N3116 
NPN HIGH-SPEED SILICON SWITCHING 

AND AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector-Base Voltage ........................................ 60 Volts 
Collector-Emitter Voltage .................................... 20 Volts 
Emitter-Base Voltage .............................................. 5 Volts 

Collector-Current ................................................... 600 mA 

Total Device Dissipation@ TA = 25° C ......... 1.8 Watts 
Derate above 25°C ..................................... 12 mW/°C 

Total Device Dissipation@ TA = 25°C ........... 0.4 Watt 
Derate above 25° C ................................. 2.67 mW/°C 

Junction Temperature Range .............. -65 to + 175°C 
Storage Temperature Range ................ -65 to +200°C 

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

Symbol Min Max Unit Conditions 

lcso 0.025 µA Vea = 50 Volts. IE = o 

1cso 15 µA Vea = 50 Volts. IE = o. TA = 150°C 

1CEX 0.050 µA VcE = 30 Volts. VsE = 0.5 Volt 

1BL 0.050 µA VcE = 30 Volts. VsE = 0.5 Volt 

BVcso 60 Volts lc=10µA.IE=O 

BVcrn· 20 Volts le= 10 mA. pulsed. ls= o• 

BVEBO 5 Volts IE= 10µA.lc = 0 

V CE( sat)· 0.5 'Volt le = 150 mA. I B = 1 5 mA • 

VBE(sat) • 1.3 Volts le= 150 mA. ls= 15 mA· 

hFE 40 120 le= 150mA.2N3115 

hFE 100 300 VcE = 10 Volts. 2N3116 

cob B pF Vea= 10 Volts. IE= o. f = 100 kHz 

td 20 ns Vee = 30 Volts, lcs = 150 mA. 

ls 1 = 15 mA 

tr 75 ns Vee = 30 Volts, lcs = 150 mA, 

ls1=15mA 
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2N3115, 2N3116 

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

Conditions Symbol Min Max Unit 

ts 300 ns Vee = 6 Volts. lcs = 150 mA. 

ls1 = 15 mA. ls2 = 15 mA 

tf 200 ns Vee = 6 Volts. lcs = 150 mA. 

ls1 = 15 mA. ls2 = 15 mA 

fr 250 MHz le= 20 mA. VcE = 20 Volts. 
f = 100 MHz 

• Pulse Test: Pulse Width :$ 300 µs: Duty Cycle :$ 2.0"/o 
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Package: T0-92 

2N3646® 
HIGH-SPEED NPN SILICON SATURATED 

SWITCHING TRANSISTOR 

The ITT 2N3646 is an N PN silicon planar epitaxial transistor designed for logic and memory applications 

to 500 milliamperes. It features the unique combination of 350 Mc fr minimum with a guaranteed 
300 milliampere collector saturation voltage of 0.5 volt. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector-Base Voltage ........................................ 40 Volts 

Collector-Emitter Voltage .................................... 40 Volts 

Collector-Emitter Voltage (Note 4) .................... 15 Volts 

Emitter-Base Voltage .......................................... 5.0 Volts 
Total Dissipation@: 

Tc= 25°C (Notes 2 and 3) .......................... 0.5 Watt 

TA= 25°C (Notes 2 and 3) .......................... 0.2 Watt 
Storage Temperature ....................... -55°Cto +125°C 

Operating Junction Temperature ... + 125°C Maximum 
Lead Temperature 

(Soldering. 10 sec Time Limit) ..... +260°C Maximum 

ToN and To,. TEST CIRCUIT 

Pulse Width ~ 2«lnsec 
1,. ~ < l.Onsec 
Z;n • 500 

v68 • -1.ov Yee • +10v 

To Sampling Scope 
Rise Time < 1.0 nsec 
Input Z • IOOKQ 

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

Symbol Min Typ Max Unit Conditions 

Vce(sat) 0.16 0.2 Volt le= 30 mA.1 8 = 3.0 mA 

(Note 5) 

VcE(satl 0.18 0.28 Volt le= 100 mA. lg= 10 mA (Note 5) 

VcE(sat) 0.18 0.3 Volt le = 30 mA. lg = 3.0 mA 

(Note 5) (TA = +65°C) 

VcE(sat) 0.39 0.5 Volt le= 300 mA, lg = 30 mA (Note 5) 

hfe 3.5 5.5 le= 30 mA. Vee= 10 Volts 

TS 8.0 18 nsec le= 181 ~ 10 mA. 

192 ~ -10 mA (Note 6) 

ton 9.0 18 nsec le~ 300 mA.191 ~ 30 mA 
(Note 6) 

to ff 15 28 nsec le~ 300 mA.1 81 ~ 30 mA. 

192 ~ -30 mA (Note 6) 

Cobo 3.3 5.0 pf le= o. Vcs = 5.0 Volts 
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2N3646 

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

Symbol Min Typ 

6.6 

30 60 

25 55 

15 

8Vc90 40 

40 

VcEO(sust) 15 

5.0 

V9E(sat) 0.75 0.82 

V9E(sat) 0.97 

V9E(sat) 1.3 

1CES 0.04 

0.5 

Max Unit 

8.0 pf 

120 

Volts 

Volts 

Volts 

Volts 

0.95 Volt 

1.2 Volts 

1.7 Volts 

0.5 µA 

3.0 µA 

Conditions 

le = 0, VE9 = 0.5 Volt 

le = 30 mA. VcE = 0.4 Volt (Note 5) 

le= 100 mA. VcE = 0.5 Volt (Note 5) 

le= 300 mA. VcE = 1.0 Volt (Note 5) 

le= 100µA, IE= 0 

le= 100µA. VEB = 0 

le= 10 mA. 18 = o 
(Notes 4 and 5) 

IE= 100µA, lc = 0 

Jc = 30 mA. 19 = 3.0 mA (Note 5) 

Jc= 100 mA. 19 = 10 mA (Note.5) 

Jc = 300 mA. 19 = 30 mA (Note 5) 

VcE = 20 Volts, VEB = 0 

VcE = 20 Volts. VE9 = 0 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

121 These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a minimum junction temperature of 125°C and junction-to-case thermal resistance of 200°C!watt (derating 
factor of 5.0 mW/°CI; junction-to-ambient thermal resistance of 500°C/watt (derating factor of 2.0 mW{°C). 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

(5) Pulse Conditions: length= 300µsec; duty cycle= 1%. 

( 61 See switching circuits for exact values of IC· I B 1. and I 82 . 

'A' 

0.1 
CHARGE STORAGE TIME Y;n<oo-----...-•1--+_..,..,._....~ 

MEASUREMENT CIRCUIT 

Pulse Generator 
Vin Rise Time < 1 nsec 
Source Impedance = 500 
PW ~ 300 nsec 
Duty Cycle < 23 

560 

5000 

0.0023 

10 
+ 

+ 
11 v 

8900 0.1 

0.0023 

10 
- + 

+ 
JOY 
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+6V 

0 
-4V 

- - - lOCli Pulse waveform 
at point 'A' 

•s 

To Samplins Oscilloscope 

'••"' 100 KO 
Rise Time :S: 1 nsec 



Package: T0-92 
2N3903,2N3904 

NPN SILICON GENERAL PURPOSE SWITCHING 
AND AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector-Emitter Voltage .................................... 40 Volts 
Collector-Base Voltage ........................................ 60 Volts 

Emitter-Base Voltage .......................................... 6.0 Volts 
Collector-Current ................................................... 200 mA 

Total Device Dissipation@ TA= 25°C .......... 310 mW 

Total Device Dissipation@ TA= 6G°C ........... 210 mW 
Derate above 25°C ................................. 2.81 mW/°C 

Operating and Storage Junction 

Temperature Range ........................... -55 to + 135- °C 
Thermal Resistance. 

Junction to Ambient.. .............................. 0.357· °C/mW 

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

Symbol Min Max Unit Conditions 

BVcBo 60 Volts lc=lOµA.IE=O 

BVcEO* 40 Volts le= 1.0mA.IB=o· 

BVEBO 6.0 Volts IE=10µA.lc=O 

1CEX 50 nA VcE = 30 Volts. VEB(off) = 3.0 Volts 

hFE• 20 le = 0.1 mA. VcE = 1.0 Volt (2N3903) 

hFE• 40 le = 0.1 mA. VcE = 1.0 Volt* (2N3904l 

hFE• 35 le = 1.0 mA. VcE = 1.0 Volt (2N3903) 

hFE• 70 le = 1.0 mA. VcE = 1.0 Volt (2N3904) 

hFE• 50 150 le = 10 mA. VcE = 1.0 Volt (2N3903) 

hFE* 100 300 le= 10 mA. VcE = 1.0 Volt (2N3904) 

hFE• 30 le= 50 mA. VcE = 1.0 Volt (2N3903) 

hFE• 60 le= 50 mA. VcE = 1.0 Volt (2N3904) 

hFE• 15 le= 100 mA. VcE = 1.0 Volt (2N3903) 

hFE• 30 le = 100 mA. VcE = 1.0 Volt (2N3904) 
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2N3903, 2N3904 

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

Symbol Min Max Unit Conditions 

VcE(sat) • 0.2 Volt le= 10mA.ls = 1.0mA* 

VcE(sat). 0.3 Volt le= 50 mA. ls= 5.0 mA 

VBE(sat) • 0.65 0.85 Volt le= 10mA.ls = 1.0mA* 

VBE(sat) • 0.95 Volt le = 50 mA. Is = 5.0 mA 

tr 250 MHz le= 10 mA. VcE = 20 Volts 
f = 100 MHz (2N3903) 

tr 300 MHz le = 1 o mA. VcE = 20 Volts 
f = 100 MHz (2N3904) 

cob 4.0 pF Vea = 5.0 Volts. IE= O. f = 100 kHz 

cib 8.0 pF VsE = 0.5 Volt. le = o. f = 1 oo kHz 

hie 0.5 8.0 kohms le = 1.0 mA. VcE = 10 Volts. 
f = 1.0 kHz (2N3903) 

hie 1.0 10 kohms le= 1.0 mA. VcE = 10 Volts. 
f = 1.0 kHz (2N3904) 

hre 0.1 5.0 x 10-4 le = 1.0 mA. VcE = 1 o Volts. 
f = 1.0 kHz (2N3903) 

hre 0.5 8.0 x 10-4 le= 1.0 mA. VcE = 10 Volts 
f = 1.0 kHz (2N3904) 

hte 50 200 le = 1.0 mA. VcE = 10 Volts. 
f = 1.0 kHz (2N3903) 

hte 100 400 le = 1.0 mA. VcE = 10 Volts. 
f = 1.0 kHz (2N3904) 

hoe 1.0 40 µmhos le = 1.0 mA. VcE = 10 Volts. 
f = 1.0 kHz 

td 35 ns Vee= 3.0 Volts. VsE(off) = 0.5 Volt. 

tr 35 ns le= 10 mA.1 81 =1.0 mA 

ts 175 ns Vee= 3.0 Volts. le= 10 mA. ls1 = 

ls2 = 1.0 mA (2N3903) 
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2N3903,2N3904 

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

Symbol Min Max Unit Conditions 

ts 200 ns Vee= 3.0Volts, le= 10 mA, ls1 

ls2 = 1.0 mA 

tf 50 ns Vee = 3.0 Volts. le = 1 o mA. Is 1 

ls2 = 1.0 mA 

• Pulse Test: Pulse Width = 300 µs. Duty Cycle = 2%. 

SCHEMATIC 

FIGURE 1 - DELAY AND RISE TIME 

EQUIVALENT TEST CIRCUIT 

+3.0V 

300 ns 
-..j ~TY CYCLE = 2% 

+10.6V]B 

-0.5V 

~ <1.0ns 

FIGURE 2 - STORAGE AND FALL TIME 

EQUIVALENT TEST TIME 

10 < t1 <500 us 
DUTY CYCLE = 2% 

L-j t 1 f4-+10.sv 

<~~gp 

+3.0V 

..J 

•Total shunt capacitance of test jig and connectors 
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2N4123, 2N4124 
GENERAL PURPOSE NPN SI LICON 
SWITCHING AND AMPLIFIER TRANSISTORS Package: To-92 

ABSOLUTE MAXIMUM RATINGS Total Device Dissipation 

Characteristic 2N4123 2N4124 Unit @TA= 25°c ..................... 310 mW 

Collector-Emitter Voltage....... 30 25 Vdc Derate above 25oc ............. 2.81 

Collector-Base Voltage ........... 40 30 Vdc Operating and Storage Junction 

Emitter-Base Voltage ............. . 5.0 Vdc Temperature Range ............ -55 to +135 oc 

200 Collector Current.................... mAdc Thermal Resistance, Junction 
~~~~~~~~~~~~~~~~~ 

Total Device Dissipation to Ambient ........................ . 0.357 OC/mW 

@TA= 60°c ..................... . 210 mW 

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

Symbol Min Max Unit Conditions 

BVCEO* 30 - Vdc 'c = 1 mAdc, IE= o 2N4123 

25 - 2N4124 

BVCBO 40 - Vdc lc=10uAdc,IE=O 2N4123 

30 - 2N4124 

BVEBO 5.0 - Vdc IE= 10uAdc, le= O 

1cBo 
- 50 nAdc vcB=20Vdc,IE=o 

1EBO 
- 50 nAdc v BE - 3 Vdc, le - 0 

hFE* 50 150 - le= 2 mAdc, VCE - 1 Vdc 2N4123 

120 360 2N4124 

25 - IC= 50 mAdc, V CE = 1 Vdc 2N4123 

60 - 2N4124 

VCE(sat)* 
- 0.3 Vdc IC= 50 mAdc, IB = 5 mAdc 

VBE(sat)* - 0.95 Vdc le - 50 mAdc, IB - 5 mAdc 

[hfe] 2.5 - - le - 10 mAdc, V CE - 20 Vdc, 2N4123 

f= 100MHz 

3.0 - 2N4124 

fT 250 - MHz le= 10 mAdc, V CE = 20 Vdc, 2N4123 

f= 100MHz 

300 - 2N4124 

cob - 4.0 pF VCB = 5 Vdc, IE= 0, f = 100 kHz 

cib - 8.0 pF VBE = 0.5 Vdc, le- 0, f- 100 kHz 

hfe 50 200 - le= 2 mAdc, V CE= 1 Vdc, 2N4123 

f = 1 kHz 

120 480 2N4124 

NF - 6.0 dB le= 100 uAdc, V CE= 5 Vdc, 2N4123 

Rs= 1 k ohm, 

- 5.0 Noise Bandwidth= 10 Hz to 15.7 kHz 

2N4124 

td Typ.24 ns Delay Time V CC = 3 Vdc, VE B(off) = 0.5 Vdc, 

\ Typ. 13 ns Rise Time le= 10mAdc,1B 1 =1 mAdc 

ts Typ. 125 ns Storage Time V CC = 3 Vdc, IC = 10 mAdc, 

tf Typ. 11 ns Fall Time IB 1 =1B2 = 1 mAdc 

*Pulse Test: Pulse Width = 300 us, Duty Cycle= 2%. 
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Package: To-92 

ABSOLUTE MAXIMUM RATINGS 

2N4125, 2N4126 

GENERAL PURPOSE NPN SILICON 
SWITCHING AND AMPLIFIER TRANSISTOR 

Total Device Dissipation 

Characteristic 2N4125 2N4126 Unit @TA= 25°C .................... .. 310 mW 

Collector-Emitter Voltage ....... 30 25 Vdc 

Collector-Base Voltage............. 30 25 Vdc 

Emitter-Base Voltage ............. .. 

Collector Current .................. .. 

Total Device Dissipation 

@TA= 600C ...................... . 

4.0 

200 

210 

Vdc 

mAdc 

mW 

Derate above 25oc ............ . 2.81 mW/DC 

Operating and Storage Junction 

Temperature Range ............ -55 to +135 

Thermal Resistance, Ju net ion 

to Ambient ........................ . 0.357 DC/mW 

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

Symbol Min Max Unit Conditions 

BVCEO* 30 - Vdc IC = 1 mAdc, IE = 0 2N4125 

25 - 2N4126 

BVCBO 30 - Vdc le= 10uAdc, IE= o 2N4125 

25 - 2N4126 

BVEBO 4.0 - Vdc IE=10uAdc,lc=O 

1CBO - 50 nAdc vcB=20Vdc,IE=o 

1EBO 
- 50 nAdc VBE-3Vdc,lc-o 

hFE* 50 150 - IC= 2 mAdc, VCE = 1 Vdc 2N4125 

120 360 2N4126 

25 - le= 50 mAdc, V CE= 1 Vdc 2N4125 

60 - 2N4126 

V CE(sat)• - 0.4 Vdc le= 50 mAdc, IB = 5 mAdc 

V BE (sat)• - 0.95 Vdc le= 50 mAdc, IB = 5 mAdc 

hfe 2.0 - - le- 1 O mAdc, V CE - 20 Vdc, 2N4125 

f = 100 MHz 

2.5 - 2N4126 

fT 200 - MHz IC= 10 mAdc, V CE = 20 Vdc, 2N4125 

f = 100 MHz 

250 - 2N4126 

cob - 4.5 pF VCB = 5 Vdc, IE= 0, f = 100 kHz 

cib - 10 pF VBE = 0.5 Vdc, le= 0, f = 100 kHz 

hfe 50 200 - IC - 2 mAdc, VCE - 1 Vdc, 2N4125 

f = 1 kHz 

120 480 2N4126 

NF - 5.0 dB le= 100 uAdc, V CE= 5 Vdc, Rs= 1 ohm, 

- 2N4125 

- 4.0 Noise Bandwidth = 10 Hz to 15.7 kHz 

2N4126 

td Typ 25 ns Delay Time Vee= 3 Vdc, VBE(off) = 0.5 Vdc, 

t Typ 18 ns Rise Time 'c - 10 mAdc, IB 1 - 1 mAdc r 
t Typ 140 ns Storage Time V CC= 3 Vdc, le= 10 mAdc, s 
tf Typ 15 ns Fall Time I B 1 - I B2 - 1 mAdc 

*Pulse Test: Pulse Width = 300 usec, Duty Cycle= 2%. 
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2N4137® 

HIGH-SPEED NPN SILICON SATURATED 
SWITCHING TRANSISTOR 

Package: T0-18 

• HIGH FREQUENCY CURRENT GAIN ..................... fr= 500 MHz Min. 
• HIGH VOLTAGE .................................................... LVcEO = 20 Volts Min. 
• LOW CAPACITY .......................................................... Cobo = 4.0 pf Max. 
• LOW CHARGE STORAGE TIME .................................... Ts = 13 nsMax. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector-Base Voltage ........................................ 40 Volts 

Collector-Emitter Voltage .................................... 40 Volts 
Collector-Emitter Voltage (Note 4) .................... 20 Volts 
Emitter-Base Voltage .......................................... 4.5 Volts 
Collector Current ( 10 µsec Pulse) ....................... 500 mA 

DC Collector Current ............................................. 200 mA 
Total Device Dissipation@: 

Tc = 25°C (Notes 2 and 3) ........................ 1.2 Watts 
Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 
TA = 25° C (Notes 2 and 3) ....................... 0.36 Watt 

Storage Temperature ....................... -65°C to +200°C 

Operating Temperature ........................ 200°C Maximum 
Lead Temperature 

(Soldering, 60 sec Time Limit) ......... 300°C Maximum 

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

Symbol Min Typ Max Unit Conditions 

hfE 40 66 120 le= 10 mA. VcE = 1.0 Volt (Note 5) 

hFE(-55°C) 20 50 le= 10 mA. VcE = 0.35 Volt (Note 5) 

VBE(sat) 0.72 0.8 0.85 Volt le= 10 mA.19 = 1.0 mA (Note 5) 

VBE(sat) 0.59 1.02 Volts le= 10 mA.19 = 1.0 mA (Note 5) 

VBE(sat) 0.9 1.15 Volts le = 30 mA. 19 = 3.0 mA (Note 5) 

VBE(sat) 1. 1 1.6 Volts le = 100 mA. 19 = 1 O mA (Note 5) 

VcE(sat) 0.19 0.3 Volt le = 10 mA. Is = 1.0 mA (Note 5) 

lcES 0.05 0.4 µA VsE = 0, VcE = 20 Volts 

I CB 0( 1500 C) 10 30 µA IE= o. Vee= 20 Volts 
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2N4137 

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

Symbol Min Typ 

BVeES 40 

BVcso 40 

VeEO(sust) 20 

4.5 

40 63 

30 71 

20 

VeE(sat) 0.14 

VeE(sat) 0.12 

VeE(sat) 0.17 

VeE(sat) 0.28 

VBE(sat) 0.74 0.85 

5.0 6.75 

2.3 

6.0 

9.0 

7.0 

NOTES: 

Max Unit 

Volts 

Volts 

Volts 

Volts 

120 

0.2 Volt 

0.18 Volt 

0.25 Volt 

0.5 Volt 

1.0 Volt 

4.0 pf 

13 nsec 

12 nsec 

12 nsec 

Conditions 

le= 10µA, VsE = 0 

le = 10µA, IE = 0 

le = 10 mA (pulsed). Is = O 
(Notes 4 and 5) 

IE_= 10µA. le= 0 

le= 10 mA. VeE = 0.35 Volt (Note 5) 

le = 30 mA. VeE = 0.4 Volt (Note 5) 

le= 100 mA. VeE = 1.0 Volt (Note 5) 

le = 10 mA. Is = 1.0 mA (Note 5) 

le = 10 mA. Is = 3.3 mA (Note 5) 

le = 30 mA. Is = 3.0 mA (Note 5) 

le= 100 mA. Is= 10 mA (Note 5) 

le= 10 mA. ls= 3.3 mA (Note 5) 

le= 10 mA. VeE = 10 Volts 

IE= o. Ves = 5.0 Volts 

le= ls1z 10 mA. 

ls2 z -10 mA (Note 6) 

le~ 10 mA. ls 1 z 3.3 mA 
(Note 6) 

le~ 10 mA. ls 1 ~ 3.3 mA. 

ls2 ~ -3.3 mA (Note 6) 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

( 2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

{3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating 
factor of 6.85 mW/°CJ. Junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/°Cl. 

(4) Ratings refer to a high-current point where collector-to-emitter voltage is lowest. 

( 5) Pulse Conditions: length ; 300 µsec; duty cycle ; 1 %. 

(6) See switchingcircuitsforexactvalueoflc, 161 . and 162. 
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2N4137 

SCHEMATIC 

o~ Von 

-10----

Pulse Generator 
Yin Rtse Time < l nsec 
Source Impedance = 500 
PW ?: 300 nsec 
Duty Cycle.< 2 CJ;, 

·---10,, 

Ion 

Pulse Generator 
V1n Rise Time < I nstc 
Source Impedance ' 500 
PW ? 300 nsec 
Duty Cycle < 2 -X. 

CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

'A' 

0.1 50011 
y 

V in<0>-----.-__,11---+-'IN.~r 

5611 

v '" 

50011 

+ 

0 0023 

IO 
+ 

II V 

0.0023 

10 
+ 

IOV 

9111 

to. - too MEASUREMENT CIRCUIT 

22011 0 I 

3 3 K 

5011 3 3 K 5011 

0 0023 o 002 3 I 

0 005 0 005 

0 I 0 I 

Vee =JV 
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Yout 

You! 

+6V 

0 -·-­
-4V -- -

10% Pulse waveform 
at point 'A' 

--... 1--?:_-IO'f,,_ +I 
l's~ 

To Samphng Oscilloscope 
Input Impedance = 500 
Rise Time ~ I nsec 

0n==10% 

90 % 

t off 
V99=+132V 
Vin= -21 9 V 

To Sampl1n£ Osc1lto'!icope 
Input Impedance :: 500 
Rise Time ~ I nsec 



Package: To-92 

2N4400, 2N4401 
GENERAL PURPOSE NPN SILICON 

SWITCHING AND AMPLIFYING TRANSISTORS 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
ABSOLUTE MAXIMUM RATINGS 
(TA = 25oc unless otherwise noted) 

Characteristic Unit 

Collector-Emitter Voltage ........................... 40 Vdc 

Collector-Base Voltage ................................ 60 Vdc 

l+-1.0 to IOOJJS 
DUTY CYCLE 2°/o 

+16 v 

l>Jl 

Emitter-Base Voltage .................................. 6.0 Vdc - 2 v -I .._ <2"' 
Collector Current - Continuous ............... 600 mAdc 

Total Device Dissipation 

TA = 25oC ............................................ 310 mW 

Derate above 250C ......................... 2.81 mW/°C 

Operating & Storage Junction 

Temperature Range .................... -55 to +135 °c 

Thermal Resistance, 

Junction to Case ........................... 0.137 °c/mW 

Thermal Resistance, 

Junction to Ambient ..................... 0.357 OC/mW 

TURN-ON TIME 

~ \+-LO to lOO J.IS. 

+ ~6~TY CYCLE- 2°/.~o --'V\Ar--+--tl 

-14 

I < 20ns 

TURN-OFF TIME 

SCOPE RISE TIME 4ns 
•roTAL SHUNT CAPAC1TANCE OF TEST JIG, 

CONNECTORS, AND OSCILLOSCOPE 

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

Symbol Min Max Unit Conditions 

BVCEO* 40 - Vdc ~ = 1 mAdc, ~ = O 

BVCBO 60 - Vdc le= 0.1 mAdc, IE= o 

BVEBO 6.0 - Vdc IE= 0.1 mAdc, le= o 
1CEX - 0.1 uAdc V CE= 35 Vdc, V Elli.of!J. = 0.4 Vdc -
1BL - 0.1 uAdc V CE = 35 Vdc, V Efilof!J. = o.4 Vdc 

hFE 20 - - le = 0.1 mAdc, V CE = 1 Vdc 

20 - IC= 1 mAdc, VCE = 1 Vdc 

40 -

40 - IC= 10mAdc, VCE = 1 Vdc 
50 -

50 150 le= 150 mAdc, V CE= 1 Vdc* 

100 300 

20 - le= 500 mAdc, V CE= 2 Vdc* 
40 -

VCE(sat) - 0.4 Vdc le= 150 mAdc, ]!_ = 15 mAdc 
- 0.75 le - 500 mAdc, l..f!.. - 50 mAdc 

VBE(sat) 0.75 0.95 Vdc le= 150 mAdc, 18 = 15 mAdc 

- 1.2 ~ - 500 mAdc, ~ - 50 mAdc 

·t30V 

zoon 

_!_ 
... T-, 

:cs'<lOpf. 

t 30V 

20011 

' _,_ 
~-.-, 

I t.: 5" <10pf 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

fT 200 - MHz le= 20 mAdc, V CE= 10 Vdc, f = 100 MHz 

2N4400 

250 - 2N44Q1 

*Pulse Test: Pulse Width_ 300 us, Duty Cycle_ 2%. 
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2N4400, 2N4401 

ELECTRICAL CHARACTERISTICS (TA= 25°C) 

SYMBOL MIN. MAX. UNITS CONDITIONS 

ccb - 6.5 pF V CB = 5 Vdc, IE = 0, f - 100 kHz, emitter guarded 

ceb - 30 pF VBE - 0.5 Vdc, 'c = 0, f = lUU kHz, 

Collector guarded 

hie 0.5 7.5 k ohms IC= 1 mAdc, VCE = 10 Vdc, f =kHz 2N4400 

1.0 15 2N4401 

hre 0.1 8.0 x 104 le= 1 mAdc, VCE = 10Vdc, f = 1 kHz 

hfe 20 250 - IC= 1mAdc,VCE=10Vdc,T=TkHz 

40 500 2N4401 

hoe 1.0 30 um hoe le= 1 mAdc, V CE= 10 Vdc, f = 1 kHz 

td - 15 ns Vee= 30 Vdc, VEB(off) - 2 Vdc, 

\ - 20 ns le= 100 mAdc, 181 = fOmAac 

ts - 225 ns vcc 30 Vdc, le - ll:>U mAdc, 

tf - 30 ns 181 =1 82 = 11>mAac 
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Package: To-92 

2N4418, 2N4419 

LOW-LEVEL NPN SI LICON TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (TA= 2soc unless otherwise noted) 

Characteristic 2N4418 2N4419 Unit 

Collector-Emitter Voltage ........ 15 l 12 Vdc 

Collector-Base Voltage .............. 30 Vdc 

Emitter-Base Voltage ................ 6.0 Vdc 

Collector Current ....................... 200 mAdc 

Total Device Dissipation 

@TA= 60°C ....................... 210 mW 

Total Device Dissipation 

@TA= 25°c ...................... 310 mW 

De rate above 25oc ............. 2.81 mW/°C 

Operating and Storage Junction 

Temperature Range ............ -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ......................... 0.357 0 c/mW 

TEST 
CONDITION le Vee RB RC CS( max) VEB(off) v, v2 V3 

mA v 0 0 pF v v v v 
A 10 3 3300 270 4 -15 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 

Figure 1 - Switching Time Equivalent Test Circuit 

ton It ff -,t-, ,- -t~l-

o?'f=t ~Tlc 
VEB(off) I Vz I 

- -<2ns - -<2ns 

Vee 

Re 

Ra 

PULSE WIDTH (t ): 2ns DUTY CYCLE:: 2 °/0 
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2N4418, 2N4419 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 15 - Vdc IC= 1 mAdc, IE =O 2N4418 

12 - 2N4419 

BVCBO 30 - Vdc le= 10uAdc, IE -0 

1CEX 100 nAdc VCE - 12 Vdc, VEB(off) = 0.25 Vdc 

1BL 0.1 uAdc V CE = 12 Vdc, V EB(off) - 0.25 Vdc 
- 10 VCE = 10 Vdc, VEB(off) = 0.25 Vdc, TA -10ooc 

hFE 25 - - IC - 1 mAdc, VCE - 1 Vdc 2N44fEf 

50 - 2N4419 

40 160 IC= 10 mAdc, VCE = 1 Vdc 2N4418 

100 400 2N4419 

20 - le= 10 mAdc, V CE= 1 Vdc, 2N4418 

45 - TA= 55°c 2N4419 

40 - le = 30 mAdc, V CE = 1 Vdc 2N4418 

90 - 2N4419 

30 - le= 100 mAdc, V CE= 1 Vdc 2N4418 

55 - 2N4419 

20 - le= 200 mAdc, V CE = 1 Vdc 2N4418 

35 - 2N4419 

VCE(sat) - 0.22 Vdc IC= 10mAdc,1 8 = 1 mAdc 

- 0.35 le - 100 mAac, 18 - 10 mAdc 

VBE(sat) 0.65 0.80 Vdc le- 10 mAdc, 18 - 1 mAdc 

0.75 0.95 le- 100 mAdc, 18 = 10 mAdc 

1 300 - MHz IC - 10 mAdc, V CE - 10 Vdc, f - 100 MHz 

~b - 4.0 pF V CB= 5 Vdc, IE - 0, f = 100 kHz 

cib - 8.0 pF VBE = 0.5 Vdc, lc = 0, f = 100 kHz 

ton - 25 ns Turn-On Time Fiqure 1. Test Condition A 
Vee= 3 Vdc, VEB(off) = 1.5 Vdc, 
le= 10 mAdc, 181 = 3 mAdc 

toff - 35 ns Turn-Off Time Figure 1, Test Condition A 
Vee= 3 Vdc, le= 10 mAdc, 

I 81 = 3 mAdc, I 82 = 1.5 mAdc 

ts - 20 ns Storage Time Figure 1, Test Condition 8 

V CC= 10 Vdc, le= 10 mAdc, 

181 =1 82 = 10 mAdc 

td - 8.0 ns Delay Time Figure 1, Test Condition C 

V CC= 10 Vdc, V E8 (off) = 2 Vdc, 

\ - 15 ns Rise Time le - 100 mAdc, I 81 - 10 mAdc 

\ - 20 ns Storage Time Figure 1, Test Condition C 

Vee= 10 Vdc, le= 100 mAdc, 

tf - 15 ns 181 - 182 - 10 mAdc 

Ur - 80 pC Total Control Vee= 3 Vdc, le= 10 mAdc, 

Charge 18 = mAdc 
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Package: To-92 2N4420, 2N4421, 2N4422 
HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS FIGURE 1-t0 n and toff TEST CIRCUIT 

Characteristics Unit Vss= -3ov 'ltc = +1ov 
Collector-Base Voltage .................................. 40 Vdc 

Collector-Emitter Voltage ............................. 40 Vdc 

Collector-Emitter Voltage 
0.l)Jf T_ 0.0SµF 

33 .n Applicable 0. 01-200 mA ......................... 15 Vdc 

Emitter-Base Voltage ................................... 5.0 Vdc 

Collector Current ........................................ 200 mA 

Collector Current ( 10 us pulse) ................... 500 mA 

Total Device Dissipation @TA = 250C ....... 200 mW 

Derate above 25oc ............................. 2.0 mW/OC 

Total Device Dissipation@ TC = 25oc ....... 500 mW 

Derate above 25oc ............................ 5.0 mW/OC 

Operating Junction Temperature .................. 125 oc 

Storage Temperature Range ............. -55 to +125 oc 

±_fl_ 
Pulse Width ::::... 240 ns 
tr, 11 -=:::l.Ons 

Z, 0 = 50 

FIGURE 2-CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

t6V----... 
0---...... , 0\-t Vin 

-10----~-..:.+ __ 

-4V 

Pulse Generator 
Vin Rise Time< l~s 
Source Impedance = 50.il 
PW.=.:300ns 
Duty Cycle<2% 

= 

10°/0 Pulse waveform 
at point 11A11 

t Vout 

To Sampling Oscilloscope 
Zin""=" IOOK.!l 

Rise Time ~1 ns 

0.1 

91.0. 

0.0023 pf 

+ 
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2N4420, 2N4421, 2N4422 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise specified.) 

Symbol Min Max Unit Conditions 

BVCBO 40 - Vdc 'c = 100 uAdc, IE= o 

BVCES 40 - Vdc 'c = 100 uAdc, V BE - o 

VCEO(sus)* 15 - Vdc 'c - 10 mAdc 

BV_f_B_Q_ 5.0 - Vdc IE - 1oouAac,"Tc -o 
VCE(sat)* - 0.2 Vdc 'c = 30 mAdc, IB = 3.0 mAdc 

- 0.3 'c = 30 mAdc, IB = 3.0 mAdc, TA= +65 c 

- 0.28 'c = 100 mAdc, IB = 10 mAdc 

- 0.5 'c = 300 mAdc, IB = 30 mAdc 

VBE(sat)* 0.75 0.95 Vdc 'c = 30 mAdc, I B = 3.0 mAdc 

- 1.2 le= 100 mAdc, 'B = 10 mAdc 

- 1.7 le = 300 mAdc, I B = 30 mAdc 

hFE* 30 120 - 'c = 30 mAdc, V CE = 0.4 Vdc 

25 - 'c = 100 mAdc, V CE = 0.5 Vdc 

15 - 'c = 300 mAdc, V CE = 1.0 Vdc 

1cES 
- 0.5 uAdc VCE = 20 Vdc, VEB = 0 

- 3.0 VCE = 20 Vdc, V EB= 0, TA= +65 C 

~ - 0.5 uAdc VCE = 20 Vdc, VEB = 0 

cob - 5.0 pF VCB - 5.0 V, IE - O,T- 140 kHz 

cib - 8.0 pF VBE = 0.5 V, 'c = o,T= 140kHz 

hfe 3.5 - - 'c = 30 mA, VCE = 10 V, f = 100 MHz 

td - 10 ns vcc=+1ov,1cs=300mA,IB1 =30mA, 

VBE(off) =-3.0V (Fig.1) 

t - 15 ns VCC = +10 V, 'cs= 300 mA, IB 1 =30 mA, r 
V BE (off) = -3.0 V (Fig. 1) 

ton - 18 ns 'c = 300 mA, 1B 1 = 30 mA, 

V BE (off) = -3.0 V (Fig. 1) 

\ - 20 ns VCC = +10 V, 'cs= 300 mA, IB1 =30 mA, 

1B2 =-30mA (Fig.1) 

tf - 15 ns v cc= +1 o v, 'cs= 300 mA, 1 B1 = 30 mA, 

I B2 = -30 mA (Fig. 1) 

toff - 28 ns 'c = 300 mA, 1B 1 = 30 mA, 

1B2 = -30 mA (Fig. 1) 

TS - 18 ns le= 10 mA, IB1 =10 mA, 

1B2 = -10 mA (Fig. 2) 

*Pulse Conditions: PW~ 300 us; Duty Cycle~ l %. 
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Package: To-92 2N5224 
GENERAL PURPOSE NPN SILICON LOW-LEVEL SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ............................. 12 Vdc 

Collector-Base Voltage ................................. 25 Vdc 

Emitter-Base Voltage .................................. 5.0 Vdc 

Total Device Dissipation @TA = 25oc ...... 31 O mW 

Derate above 25oc ........................ 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range ................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 OC/mW 

Figure 1 - Switching Time Test Circuit 

TURN·ON INPUT PULSE TURN·OFF INPUT PULSE 

GENERATOR SOURCE IMPEDANCE= 50 ohms 

INPUT PULSE' 
RISE l"IME <2.0ns 
FALL TIME< 2.0n; 
NOMINAL PULSEWIOTH= 300ns 
NOMINAL DUTY CYCLE, 2.0% 

CSCILLOSCOPE' 
RISE TIME 0.4ns 
INPUT RESISTANCE< 50 ohms 
iNPUT CAPACITANCE <40pF 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO* 12 - Vdcq le= 10 mAdc, IB = O 

BVCBO 25 - Vdc lc-100uAdc, IE - o 
BVEBO 5.0 - Vdc IE= 100uAdc, le- o 
1cBo - 500 nAdc VCB - 15 Vdc, IE - 0 

1EBO - 100 uAdc VBE = 4.0 Vdc, lc = 0 

hFE 40 400 - le= 10 mAdc, V CE - 1.0 Vdc 

15 - le= 10Q mAdc, VCE - 1.0 Vdc 

VCE(sat) - 0.35 Vdc le - 10 mAdc, 18 - 3.0 mAdc 

VBE(sat) - 0.9 Vdc le - 10 mAdc, 18 - 3.0 mAdc 

fT 250 - MHz le - 10 mAdc, V CE - 10 Vdc, f - 100 MHz 

ccb - 4.0 pF VCB = 5.0 Vdc, IE= 0, f = 1.0 MHz 

td - 25 ns Delay Time See Figure 1 

\ - 20 ns Rise Time See Figure 1 

t -s 35 ns Storage Time See Figure 1 

tf - 25 ns Fall Time See Figure 1 

*Pulse Test: Pulse Width= 300 us, Duty Cycle= 2.0%. 
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MPS706, MPS706A Package: To-92 

HIGH-SPEED NPN SILICON LOW-LEVEL SWITCHING TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristic MPS706 J MPS706A 

Collector-Emitter Voltage 

(RBE; 10 Ohms) 20 

Collector-Base Voltage 25 

Emitter-Base Voltage 3.0 I 5.0 

Total Device Dissipation 

@TA; 25°c 310 

Derate above 25oc 2.81 

Operating and Storage Junction 

Temperature Range -55 to +135 

Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/DC 

oc 

Type R S~l1n9 Resistor 
20 Ohms 

vcc:3.0Vdc 

(Adjust fot IOmA) 

Figure 1 - Switching Time Test Circuit 

Type R Samplin9 Resistor 

Figure 2 - Storage Time Test Circuit 

ELECTRICAL CHARACTERISTICS (TA; 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO* 15 - Vdc le; 10 mAdc, IB; o 
BVCER 20 - Vdcq IC; 10 mAdc, RBE; 10 Ohms 

1CBO - 0.5 uAdc VCB;15Vdc,IE;O 

1EBO 
- 10 uAdc VEB - 3.0 Vdc, le - 0 

hFE * 20 - - le; 10 mAdc, VCE; 1.0 Vdc 

MPS706 

20 60 MPS706A 

V CE (sat)* - 0.6 Vdc le; 10 mAdc, IB; 1.0 mAdc 

V BE (sat)* 
- 0.9 Vdc IC - 10 mAdc, I B - 1 .0 mAdc 

MPS706 

0.7 0.9 MPS706A 

1 200 - MHz ~; 10 mAdc, V CE; 15 Vdc, f; 100 MHz 

cob - 6.0 pF VCB; 10 Vdc, IE; 0, f; 100 kHz 

rb - 50 Ohms IE; 10 mAdc, V CE; 15 Vdc, f; 300 MHz 

ton** - 40 ns Turn-On Time See Figure 1 

toff * * - 75 ns Turn-Off Time See Figure 1 

TS** - 60 ns Charge Storage Time Constant** See Figure 2 

MPS706 

- 25 MPS706A 

*Pulse Test: Pulse Width~ 12 ns, Duty Cycle~ 2.0%. 
**Measured with Tektronix Type R Plug-In (50-0hm Internal Impedance) and circuits shown. 

12-148 



Package: To-92 

MPS834 
HIGH-SPEED NPN SI LICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ............................ 30 Vdc 

Collector-Base Voltage ................................. 40 Vdc 

Emitter-Base Voltage ................................... 5.0 Vdc 

Collector Current .................................... 200 mAdc 

Total Device Dissipation @TA = 25oc ........ 310 mW 

Derate above 25oc ......................... 2.81 mw1oc 

Totijl Device Dissipation @TC = 25oc ........ 500 mW 

Derate above 25oc ......................... 4.55 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Figure 2 - Charge Storage Time 

Constant Measurement Circuit 

+3.0 \Ide 

280 

Figure 1 - Turn-On and Turn-Off 

Time Measurement Circuit 

+!OVdc 

160 

820 01.,iF 
.r--'VV\r--'l.NV---tf-ovout 

,o, 

500 

+111/ 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCBO 40 - Vdc le= 10uAdc, IE= o 
BVEBO 5.0 - Vdc IE - 10uAdc, lc-o 

1CES 
- 10 uAdc VCE - 30 Vdc, VBE - 0 

1cBo 
- 0.5 uAdc VCB - 20 Vdc, IE~ 0 

hFE* 25 - - TC ID" mACfc,--V CE """T:"O"Vdc 

VCE(sat)* - 0.25 Vdc le 10 mAdc, 'B """T:"O"mAac 

0.4 'c bU mAcfo,TB 5.0 mAdc 

V _B_EJ_satl_ * - 0.9 Vdc le- 10 mAdc, IB - 1.0 mAdc 

fT 350 - MHz IC - 10 mAdc, V CE - 20 Vdc, f- 100 MHz 

cob - 4.0 pF VCB = 10 Vdc, IE= 0, f = 100 kHz 

ton - 16 ns Turn-On Time le - 11rmAac,TBl - 3.0 mAdc, 

I B2 = 1.0 mAdc See Figure 1 

toff - 30 ns Turn-Off Time le - 10 mAdc, I Bl - 3.0 mAdc, 

I B2 = 1.0 mAdc See Figure 1 

ts - 25 ns Storage Time le - 10 mAdc, I B 1 - I B2 = 1 o mAdc 

See Figure 2 

*Pulse Test: Pulse Width~ 12 ns, Duty Cycle~ 2.0%. 
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MPS2369 Package: To-92 

HIGH-SPEED NPN SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Voltage ........................... 15 Vdc 

Collector-Emitter Voltage ........................... 40 Vdc 

Collector-Base Voltage ................................ 40 Vdc 

Emitter-Base Voltage ................................... 4.5 Vdc 

Collector Current-Peak ........................... 500 mAdc 

Total Device Dissipation 

@TA= 25°C .......................................... 310 mW 

Derate above 25oc .•........................ 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.355 OC/mW 

Figure 1 - t 0n Circuit 

-j t1 r- 3.0V 

+10o67f\_---·l ~_l_ 
'T""' • 

-1,,V 1C5 >4.0pf 

-I <I.On• -~ 
PULSE WIDTH ll1)=300n1 
DUTY CYCLE = 2.0°/o 

Figure 2 - toff Circuit 

Figure 3 - Storage Test Circuit 

''°:ilcj'-1~-- >-IOV---'V\98/V-O -

-4.0 v I 500 
<l.Ons +-

PULSE WIDTH 01)=300n1 
DUTY CYCLE = 2iO 0/ 0 

•rotol shunt capacitance of test jiQ and connectors 

' 
,~:~Cs· > 3.o.r 

I 
I __ , 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

svcEo· 15 - Vdc lc = 10 mAdc, 18 = o 
BVCES 40 - Vdc lc-10uAdc,V8E-0 

BVCBO 40 - Vdc lc=lOuAdc,IE=O 

BVEBO 4.5 - Vdc IE= lOuAdc, lc = o 
1cso - 0.4 uAdc VCB = 20 Vdc, IE= 0 

- 30 VCB - 20 Vdc, IE - 0, TA - 1250C 

hFE• 40 120 - 'c = 1 O mAdc, V CE = 1.0 Vdc 

20 - le= 10 mAdc, V CE= 1.0 Vdc, TA= 55oc 

20 - 'c = 100 mAdc, V CE = 2.0 Vdc 

VCE(sa!l. - 0.25 Vdc 'c = 10 mAdc, ~ = 1.0 mAdc 

VBE(satl• 0.70 0.85 Vdc le= 10 mAdc, ~ = 1.0 mAdc 

cob - 4.0 pF VCB = 5.0 Vdc, IE= 0, f = 140 kHz 

hfe 5.0 - - IC = 10 mAdc, V CE = 1 0 V de, f = 100 MHz 

ton - 12 ns V CC = 3.0 Vdc, V BE (off) = 1.5 Vdc, 

IC= 10 mAdc, ~ = 3.0 mAdc Figure 1 

to ff - 18 ns Vee= 3.0 Vdc, lc = 10 mAdc, IBl = 3.0 mAdc, 

~2 = 1.5 mAdc Figure 2 

t - 13 ns 181=182 =IC= 10 mAdc Figure 3 s 

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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Package: To-92 MPS2713, MPS2714 
GENERAL PURPOSE LOW-LEVEL NPN SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Base Voltage ................................. 18 Vdc 

Collector-Emitter Voltage ............................. 18 Vdc 

Emitter-Base Voltage ................................... 5.0 Vdc 

Collector Current .................................... 200 mAdc 

Total Device Dissipation@ TA = 60°c ........ 21 O mW 

Total Device Dissipation@ TA= 25oc ........ 31 O mW 

Derate above 25oc ........................ 2.81 mW/OC 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 oc/mW 

Junction Operating Temperature ................. 135 oc 

Storage Temperature Range ............. -55 to +135 oc 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

1cso 
- - 0.5 uAdc vc 8 =18Vdc,1E=o 

- - 15 VCB - 18 Vdc, IE - 0, TA - 10ooc 

1EBO 
- - 0.5 uAdc VEB=5Vdc,lc=O 

hFE 30 60 90 - le - 2 mAdc, V CE - 4.5 Vdc 

MPS2713 

75 150 225 MPS2714 

VCHsatl_ - 0.16 0.3 Vdc le= 50 mAdc, 18 = 3 mAdc 

V_ElEJsat} 0.6 0.75 1.3 Vdc IC - 50 mAdc, 16 ~ 3 mAdc 

hfe JCJ - 120 - le~ 2 mAdc, VCE - 4.5 Vdc, f - 1 kHz 

MPS2713 

80 - 300 MPS2714 

fT - 250 - MHz IC= 10 mAdc, V CE= 10 Vdc, f = 100 MHz 

cob - L.5 - pF VCB - 10 Vdc, IE - 0, f - 100 kHz 

h. - 3000 - ohms le - 0.5 mAdc, V CE - 1 Vdc, f - 1 kHz 1e 
td - 7.0 - ns Delay Time IC - 10 mA, I 81 - 3 mA, 

\ - 6.0 - ns Rise Time v cc= 10 v I 
ts - IL - ns Storage Time IC - 10 mA, I 81 - 3 mA, 

tf - 9.0 - ns Fall Time I 82 - 1 mA, V CC - 10 V 
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MPS3646 Package: To-92 

HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit Collector Current ( 10 us pulse) ................... 500 mA 

Collector-Base Voltage ................................. 40 Vdc Total Device Dissipation @TA= 25oc ....... 200 mW 

Collector-Emitter Voltag!'l ........................... 40 Vdc Derate above 25°C ........................... 2.0 mW/OC 

Collector-Emitter Voltage Total Device Dissipation@ TA= 25oc ........ 500 mW 

Applicable 0. 01-200 mA ........................ 15 Vdc Derate above 25oc ............................ 5.0 mW/OC 

Emitter-Base Voltage .................................... 5.0 Vdc Operating Junction Temperature .................. 125 oc 

Collector Current ......................................... 200 mA Storage Temperature Range ............ -55 to +125 oc 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise specified.) 

Symbol Min Max Unit Conditions 

BVCBO 40 - Vdc le= 100uAdc, IE= o 
BVCES 40 - Vdc IC - 100uAdc, VBE - 0 

V CEO(sus) * 15 - Vdc le -10 mAdc 

BVEBO 5.0 - Vdc 'E lOOuAdc, 'c 0 

VCE(sat)* - 0.2 Vdc 'c - 30 mAdc, I B - 3.0 mAdc 

- 0.3 'c - 30 mAdc, IB - 3.0 mAdc, TA - +65 C 

- 0.28 IC- 100 mAdc, IB - 10 mAdc 

- 0.5 le - 300 mAdc, IB - 30 mAdc 

V BE (sat)* 0.75 0.95 Vdc le - 30 mAdc, 'B 3.0 mAdc 

- 1.2 le - 100 mAdc, IB - 10 mAdc 

- 1.7 le - 300 mAdc, I B - 30 mAdc 

hFE* 30 120 - le - 30 mAdc, V CE - 0.4 Vdc 

25 - le - 100 mAdc, VCE 0.5 Vdc 

15 - le - 300 mAdc, V CE - 1.0 Vdc 

1CES 
- 0.5 uAdc VCE - 20 Vdc, VEB.., 0 

- 3.0 V CE= 20 Vdc, V EB - 0, TA - +65 C 

IB - 0.5 uAdc VCE - 20 Vdc, VEB - 0 

cob - 5.0 pF VCB-5.0V,IE 0, f - 140 kHz 

cib - 8.0 pF v BE - 0.5 V, le - 0, f - 140 kHz 

hfe 3.5 - - le ~30 mA,'l CE -mv,r - 100 MHz 

td - 10 ns VCC- +10 V, 'cs - 300 mA, I Bl - 30 mA, 

V BE(off) = -3.0 V (Fig. 1) 

tr - 15 ns VCC- +10 V, ICS - 300 mA, I Bl • 3UmA, 

VBE(off) = -3.0 V (Fig. 1) 

ton - 18 ns le - 300 mA, I Bl - 30 mA, v BE(off) -3.0V 

(Fig. 1) 

t -
s 

20 ns VCC = +10 V, ICS = 300 mA, !Bl= 30 mA, 

1B2 =-30mA (Fig.1) 

tf - 15 ns VCC- +10 V, 'cs - 300 mA, !Bl 30mA, 

IB2 = -30 mA (Fig. 1) 

to ff - 28 ns le - 300 mA, IBl - 30 mA, tB2 - -30 mA (Fig. 1) 

TS - 18 ns le - 10 mA, IBl - 10 mA, tB2 -10 mA (Fig. 2) 

*Pulse Conditions: PW~ 300 us; Duty Cycle_ l %. 
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Figure 1 - t 0 n and t 0 ff Test Circuit 

O.lpF 

1
0.l~F 

~:: 
'r,'f<l.Ons 5011 

Zin = 50 

...L 

Vee = +rov 

To Samphnq Scope 
Rise Time<t.Ons 
Input z,.....1001(.11 

Figure 2 - Charge Storage Time Measurement Circuit 

t 6V---..., _1Q 0/ 0 Pulse waveform 
o at point "A" 03}:_-4V 

V1n 

-10--- ' 
Pulse Generator 
Vin Rise Time< Ins 
Source Impedance ~ 50.Cl. 
PW~lOOns 
Duty Ci<lo<2% 

_,., 
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10°/o 
t Vout 

To Sampllnq Olcilloscapt 
Z;n - IOOK.n. 
Rise T1me...:::1na 

89011 
0.1 

9111 

Vout 
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2N2205,2N2206® 

HIGH-SPEED NPN SILICON 
SWITCHING TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Characteristics Unit 

Storage Temperature ....................... -65°C to +300°C 
Operating Junction 

Temperature .................................... -65°C to+ 175°C 
Lead Temperature (Soldering. 

10 sec time limit) .............................................. +235°C 
Total Device Dissipation 

([!,Tc= 25°C (Notes 2 and 3) ................... 1.0 Watt 
(g, TA = 25°C (Notes 2 and 3) ..................... 0.3 Watt 

Vcso Collector-Base Voltage ............................ 25 Volts 
VcEO Collector-Emitter Voltage (Note 4) ........ 12 Volts 
VEBO Emitter-Base Voltage .............................. 3.0 Volts 

le Collector Current ···········································-·-200 mA 

Packages, 

2N2205, T0-18 
2N2206, T0-46 

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

Symbol Min Max Unit Conditions 

hFE 20 (2N2205) le= 10mA.Vce = 1.0Volt 
40 120 (2N2206) 

Vse(sat) 0.7 0.9 Volt (2N2205) le= 10mA.ls = 1.0mA 
0.7 0.9 Volt (2N2206) 

Vce(sat) 0.22 Volt (2N2205) le = 10 mA. I B = 1 .0 mA 
0.22 Volt (2N2206) 

Vee( sat) 0.35 Volt (2N2205) le= 50mA.ls = 5.0mA 
0.35 Volt (2N2206) 

hte 2.0 (2N2205) le= 10mA.Vce = 10Volts 
2.0 (2N2206) 

Cobo 6.0 pf (2N2205) le = o. Vea = 10 Volts 
6.0 pf (2N2206) 

1cso 0.025 µA (2N2205) le = o. Vea = 15 Volts 
0.025 µA (2N2206) 

lcso( 15oocl 15 µA (2N2205) le= o. Vea= 15 Volts 
15 µA (2N2206) 

1CEX 15 µA (2N2205) Vee= 1 o Volts. Vse = 0.25 Volt 
15 µA (2N2206) 
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2N2205,2N2206 

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

Symbol Min Max Unit Conditions 

1EBO 100 µA (2N2205) le = o. Vrn = 3.0 Volts 
100 µA (2N2206) 

8Ve00 25 Volts (2N2205) IE= O. le= 100µA 

25 Volts (2N2206) 

Vern 12 Volts (2N2205) 19 = 0. le = 1 O mA (pulsed) 

12 Volts (2N2206) (Notes 4 and 5) 

8VEBO 3.0 Volts (2N2205) le= 0. IE= 100µA 
3.0 Volts (2N2206) 

TS 25 nsec (2N2205) le~ 10 mA.19 1 ~ 10 mA. 

35 nsec (2N2206) 192 ~ -10 mA (Note 6) 

ton 40 nsec (2N2205) le~ 10 mA.191 ~ 3.0 mA. 

40 nsec (2N2206) 192 ~ -1.0 mA (Note 7) 

to ff 75 nsec (2N2205) le~ 10 mA.19 1 ~ 3.0 mA. 

75 nsec (2N2206) 192 ~ -1.0 mA (Note 7) 

NOTES: 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be 1mpa1red 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations 

{3) These ratings give a maximum junction temperature of 175°C and junction-to-case thermal resistance of l 50°C!Watt {derat1ng factor 
of 6.7 mW/°C); junction-to-ambient thermal resistance of 500°C!Watt (derating factor of 2.0 mW/°C) 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest 

(5) Pulse Conditions: length <6 msec: duty cycle <30%. I 
(6) See Fig. 1 for exact value of le. I B 1. and I 82 

(7) See Fig. 2 for exact value of IC· I B 1. and I 82 
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2N2205, 2N2206 
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NOTES: 

( l) With certain types of power supplies. 1t may be necessary to connect 25·µf decoupling capacitors across the power-supply terminals 

for Vee and v88 

(2) Input voltage (VIN) obtained from a pulse generator having an output impedance of 50 ohms_ VIN rise time < 1 nsec; pulse duration 
>300 nsec. and duty factor <2% 

(3) Input and output waveforms. shown above. monitored by means of a samplrng oscilloscope or other indicating device having rise 
time <O 5 nsec. input capacrtance of probe <2 5 pf with shunt resistance > 1000 ohms 

NOTES: 

FIGURE 1 

CIRCUIT USED TO MEASURE STORAGE TIME (ts) . 

,,. 
510 112215 

"'"' 510 

... , 
mo~ 

••• 
11n,r 111--...... ---1 .11u,r 0 11'\ 

NIPVT WAYE r11111s t,n 
t.. '11· -m 

"" '", •lit '11' t 17J 
,,., -l.lJ 

~T -0°'' L' ti" UoOllJ• 

tu 1.rr 
... 'cc JJ 

OCITl'VT WAJ( FDlllS 

( 1) W1th certain types of power supplies. it may be necessary to connect 25-µf decoupling capacitors across the power-supply terminals 

for Vee and v 88 

(2) Input voltage (VIN) obtamed from a pulse generator having an output impedance of 50 ohms. v1N rise time <1 nsec: pulse duration 
>300 nsec. and duty factor <2% 

~3) Input and output waveforms. shown above. monitored by means of a sampling oscilloscope or other indicating device having rise 
time <O 5 nsec. input capacitance of probe <2.5 pf with shunt resistance >3000 ohms. 

FIGURE 2 
CIRCUIT USED TO MEASURE "TURN-ON" TIME (t0 nl AND "TURN-OFF" TIME (t0 ttl· 
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Package T0-5 2N2303® 

PNP MEDIUM FREQUENCY AMPLIFIER SILICON TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector-Base Voltage .... ... -50 Volts 

Collector-Emitter Voltage 

(RBE ~ 10 ohms) (Note 4). . ................... -50 Volts 
Collector-Emitter Voltage (Note 4) ................. -35 Volts 
Emitter-Base Voltage...... . ..................... -5.0 Volts 

Total Dissipation<!!: 

Tc = 25°C (Notes 2 and 3) ........... 2.0 Watts 

Tc = 100°C (Notes 2 and 3) ...... . . ........ 1.0Watt 

TA=25°C ............................ . . .......... 0.6 Watt 
Storage Temperature ... . ... -65°C to +200°C 
Operating Junction Temperature ...... 175° C Maximum 

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

Symbol Min Max Unit Conditions 

hFE 75 200 le= -150 mA. VcE = -10 Volts (Note 5) 

hFE 75 le= -5.0 mA. VcE = -10 Volts (Note 5) 

VBE(sat) -1.3 Volts le= -150 mA. IB = -15 mA 

VcE(sat) -1.5 Volts lc=-150mA.IB=-15mA 

hfe 3.0 le= -50 mA. VcE = -10 Volts, i= 20mHz 

cob 45 pF IE= 0. VcB = -10Volts 

1cBo 1.0 µA IE= 0. VcB = -30 Volts 

1CB0(150°C) 100 µA IE = o. VcB = -30 Volts 

VcER(sust) -50 Volts le= -100 mA. RBE ~ 10ohms 

VcEO(sust) -35 Volts le= -100 mA. IB = O 

NOTES: 

( 1) These ratings are limiting values above which the serviceability of any semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 175°C and junction-to-case thermal resistance of 75°C/watt (derating 
factor of 13.3 mW/°C). 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

(5) Pulse Conditions: length= 300 usec: duty cycle= 1%. 
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2N2894 2N3209 ® 

SILICON SWITCHING TRANSISTORS 

HIGH SPEED -PNP SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCH 
AND RF AMPLIFIER 

• Fast t." : 23 nsec typ. @ 30 mA 
• Fast t.ff : 34 nsec typ. @ 30 mA 
• High fr : 600 MHz typ. 
• Low saturation : 0.25V typ. V ce @ 100 mA 
• Low C0 b : 3.3pF typ. @ SV 

The ITT 2N2894 and 2N3209 are PNP diffused silicon planar 
epitaxial transistors designed for saturated and non­
saturated switching at high currents. Both are ideal for RF 
and IF applications, and 100 MHz oscillator converter cir­
cuits. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage .. 
Collector-to-Emitter Voltage (open base) . . ............. . 
Emitter-to-Base Voltage 
Collector Current (10 µ,sec pulse) ........... . 
Junction Temperature (op. and stg.) . 
Total Power Dissipation@ Tc= 25°C . 

(derate 6.8mWi°C above 25°C) 
@Tc= 100°c. 

Total Power Dissipation @ TA = 25°C . 
(derate 2.06mW/°C above 25°C) 

2N2894 

-12 
-12 
-4 
200 
-65 to 200 
1.2 

0.72 
0.36 

Manufactured under License by Fairchild Camera and Instrument Corporation. Printed material 
reproduced by permission. Copyright 1965 Fairchild Camera and Instrument Corporation. 

12-158 

DIMENSIONS 

T0-18 

2N3209 

-20 
-20 
-4 
200 

1.2 

0.68 
0.36 

.225 
210 

.100 LEAD 
CIRCLE 

UNITS 

Volts 
Volts 
Volts 
mA oc 
Watts 

Watts 
Watts 



2N2894 2N3209 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 
2N2894 2N3209 

SYMBOL MIN. TYP. MAX. MIN. TYP. 

BVeso -12 -20 

BVeES -20 

LVeeo '" -12 -20 

sv .. a -4.0 -4.0 

h,, I 40 75 150 30 75 
30 55 25 67 
25 15 30 
17 43 12 43 

Vee (sat)' -0.07 -0.15 -0.07 
-0.10 -0.20 -0.10 
-0.25 -0.50 -0.28 

v,. (sat)' -0.78 -0.92 -0.98 -0.78 -0.92 
-0.85 -1.10 -1.20 -0.85 -1.10 

-1.40 -1.70 -1.40 
lcEs 0.05 80 0.05 
lcso 0.025 10 0.025 
c,, 3.3 6.0 3.0 
c,, 3.8 6.0 3.8 
h,,., 4.0 5.5 4.0 5.5 

t,, 23 60 23 

t,., 34 90 34 

NOTES: 1. Pulsed measurement: width ~300 µsec, duty cycle ~2%. 
2. Rating is where collector to emitter voltage is lowest. 

MAX. UNIT 

Vdc 

Vdc 

Vdc 

Vdc 

120 

-0.15 Vdc 
-0.20 Vdc 
-0.60 Vdc 
-0.98 Vdc 
-1.20 Vdc 
-1.70 Vdc 
80 nA 
10 _g_A 
5.0 pF 
6.0 ...£f 

60 nsec 

90 nsec 

t,,-1,., TEST CIRCUIT 

• Pulse Source 
V In 

• Rise Time< 1.0 nsec 

P.W. > 200 nsec 

Z ln=500 

1000 

0.1 

v .. 

1000 

2KO 

t,, 
Vee= -2.0V 
V,.=3,0V 
v,,= -7.0V 
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-2.0V 

620 

V out 

t,., 
Vee= -2.0V 
V,.= -4.0V 
V,,= +6.0V 

CONDITIONS 

lc=10µA 

lc=10µA 

le=10mA 

l,=100µA 

lc=30mA Ve,= -0.5V 

le=10mA Ve,= -0.3V 

le=100mA Ve,= -1.0V 

lc=30mA Ve,= -0.5V TA= -55°C 
lc=10mA ls=1.0mA 
lc=30mA ls=3.0mA 
lc=100mA l,=10mA 
lc=10mA ls=1.0mA 
lc=30mA ls=3.0mA 
le= 100mA ls=10mA 
Ve,= -6V and -10V respectively 
Same as above TA=125°C 
Vcs=-5.0V 
V,,= -0.5V 
le=30mA Ve,= -10V 
1=100MHz 
le=30mA 
l.,=1.5mA 
le=30mA 
l.,=1.5mA 
l.,=1.5mA 

To Sampling Scope 
Rise Time <10 nsec 
Input Z=100KO 

I 



2N2904A 2N2905A 2N2906A 2N2907A® 
SILICON GENERAL PURPOSE TRANSISTORS 

GENERAL PURPOSE 
PNP SILICON 
PLANAR EPITAXIAL 
TRANSISTORS 

• High Voltage :-60V min. 
• Low Vee (sat): 0.4V @150 mA 
• hfe guaranteed from 100 µA to 500mA 

The ITT 2N2904A-7A are PNP silicon planar epitaxial general 
purpose transistors for applications at current ranges from 0.1 to 
500 mA. Low saturation voltage and fast switching times make the 
2N2904A. 5A ideal for core driving. The flat gain over a wide current 
range gives good linearity in amplifier circuits. High breakdown 
voltage allows large signal swing in switching and amplifier circuits. 
Designed to complement the ITT 2N2217 thru 2N2222 NPN types. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage .................................... . 
Collector-to-Emitter Voltage (open base) ........................ . 
Emitter-to-Base Voltage ..................................... . 
Collector Current (continuous) ................................ . 
Junction Temperature (storage) ............................... . 

Total Power Dissipation@ Tc=25'C ............................ . 
Derating factor above 25'C ............................. . 

Total Power Dissipation @ TA=25'C ............................ . 
Derating factor above 25'C ............................. . 
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DIMENSIONS 
2N2904A. SA 

T0-5 

DIMENSIONS 
2N2906A, 7A 

T0-18 

2N2904A 2N2906A 
2N2905A 2N2907A 

-60 -60 
-60 -60 
-5 -5 
600 600 

-65 to 200 

3.0 1.8 
17.3 10.3 

0.6 0.4 
3.43 2.28 

UNITS 

Volts 
Volts 
Volts 
mA 
·c 

Watts 
mW/'C 
Watts 
mW/'C 



2N2904A 2N2905A 2N2906A 2N2907A 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 

2N2904A 
SYMBOL 2N2906A 

MIN. MAX. MIN. 

BVceo -60 -60 
LVcE01' 2 -60 -60 
BVeeo -5 -5 

hFe1 40 75 
40 100 
40 100 
40 120 100 
40 50 

Vce(sat) 1 -0.4 
-1.6 

Vee( sat) 1 -1.3 
-2.6 

leao 10 
10 

leex 50 
la 50 

Cob 8 
C;b 30 

h1. 2 2 

td 10 

t, 40 

t, 

t1 

Notes: 1. Pulsed width :o; 300 µsec; duty cycle :o; 2%. 
2. Lowest emitter to collector voltage. 

2N2905A 
2N2907A 

MAX. 

300 

-0.4 
-1.6 

-1.3 
-2.6 

10 
10 
50 
50 

8 
30 

10 

40 

80 

30 
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UNIT CONDITIONS 

Vdc le= -10µA 
Vdc le= -10mA 
Vdc le= -10µA 

le= -100µA Vee= -10V 
le= -1mA Vee= -10V 
le= -10mA Vee= -10V 
le= -150mA Vee= -10V 
le= -500mA V~e= -10V 

Vdc le= -150mA le= -15mA 
Vdc le= -500mA le= -50mA 

Vdc le= -150mA le= -15mA 
Vdc le= -500mA la= -50mA 

nA Vee= -50V 
µA Vee= -50V TA=150°c 
nA Vee= -30V Vee=0.5V 
nA Vee= -30V Vee=0.5V 

pF Vee= -10V f=100KHz 
pF ·Vee= -2V f=100KHz 

le= -50mA Vee= -20V 
f=100MHz 

ns le= -150mA le1= -15mA 
Vee= -10V 

~ 
0 

0 
V SCOPE 

-:U: I 

0 

I~ -= -= ns 

ns le= -150mA le1=le2 =15mA 
Vee= -10V 

+15 

IK 37 

o _r 
s1PE 

6V 

-=L___C 1~~FD 
ns 

I I• 2~50 -= -=l:oo-= 

I 



2N3012® 

HIGH-SPEED PNP SILICON SWITCHING 
AND RF AMPLIFIER TRANSISTOR 

Package: T0-18 

The ITT 2N3012 is a 600 me PNP silicon planar epitaxial transistor designed for saturated and non­
saturated switching circuits requiring up to 200 milliamperes of collector current. It is suitable for 20 
me amplifiers, 10.7 me IF amplifiers. and 100 me oscillator converter circuits. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Characteristics Unit 

Collector-Base Voltage ..................................... - 12 Volts 
Collector-Emitter Voltage (Note 4) ................. - 12 Volts 
Collector-Emitter Voltage ................................. - 12 Volts 
Emitter-Base Voltage ....................................... -4.0 Volts 
Total Dissipation@: 

Tc = 25°C (Notes 2 and 3) ........................ 1 .2 Watts 
TA = 25°C (Notes 2 and 3) ....................... 0.36 Watt 

Storage Temperature ...................... -65°C to +200 °C 
Operating Junction Temperature ...... 200°e Maximum 
Lead Temperature 

(Soldering. 60 sec Time Limit) ......... 300°C Maximum 

SCHEMATIC 

vbb -'N 

0.1 

PULSE ~c:ln100ll 
RISE TIME< I nsc 
P.W. > 2aO nsc 
i!1n • 5011 '=' 

t,,,, V1111· +JV Vin " -1V 
\in V1111• _., Vin• +IN 

Vou1 

TO SAMP 
RISE TIN 
INPUTi! 

FIGURE 1 - SWITCHING TIME TEST CIRCUI' 

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

Symbol Min Typ Max Unit Conditions 

hFE 30 70 120 le = 30 mA. VeE = -0.5 Volt (Note 5) 

hFE 25 50 le = 10 mA. VeE = -0.3 Volt (Note 5) 

hFE 20 40 le= 100mA.VcE = -1.0Volt(Note5) 

VeE(sat) -0.07 -0. 15 Volt le= 10 mA. ls= 1.0 mA 

VeE(sat) -0.1 -0.2 Volt le= 30 mA. 18 = 3.0 mA 

VeE(sat) -0. 15 -0.4 Volt le= 30 mA. Is = 3.0 mA 

VeE(sat) -0.25 -0.5 Volt le= 100 mA, ls= 10 mA 

VBE(sat) -0.78 -0.90 -0.98 Volt le= 10 mA. ls= 1 .o mA 

VBE(sat) -0.85 -1.12 -1.2 Volts le= 30 mA. Is = 3.0 mA 

VBE(sat) -1.4 -1.7 Volts le= 100 mA. Is= 10 mA 

hte 4.0 5.5 le= 30 mA. VeE = -10 Volts 

cob 3.3 6.0 pf IE = o. Ves = -5.0 Volts 

eTE 3.8 6.0 pf le= o. VEB = -0.5 Volt 
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2N3012 

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

Symbol Min Typ Max Unit Conditions 

1eES 0.05 80 nA VeE = -6.0 Volts. VsE = 0 

leEs(85oel 0.003 5.0 µA VeE = -6.0 Volts. VsE = 0 

BVeso -12 Volts le= 10µA.IE=0 

BVeES -12 Volts le= 10µA. IE= 0 

VeEO(sust) -1.2 Volts le= 10 mA (pulsed). 19 = O 
(Notes 4 and 5) 

BVEBO -4.0 Volts IE= 100µA, le= 0 

ton 25 60 nsec le~ 30 mA. ls1 
~ 1.5 mA (Note 6) 

to ff 35 75 nsec le~30mA.1 61 ~ 

1.5 mA. 162 ~ -1.5 mA (Note 6) 

NOTES: 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximui:n junction temperature of 200°C and junction·to·case thermal resistance of 146°C/watt (derating 
factor of 6.85 mW/°C): junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/°C). 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

(5) Pulse Conditions: length= 300µsec: duty cycle= 1%. 

( 61 See switching circuit for exact values of I c. I 81. and I 82-

- 3V 

67 

1.5 K 

+50V 

FIGURE 2 -
SWITCHING 
NON-SATURATED 
PERFORMANCE 

Scale • 2nsec I cm. 

'----- - - - - - - - - - ------! 
,__ _____ 5 TRANSISTORS----­

tpd • __ l -
10 1osc 

FIGURE 3 - FIVE STAGE RING OSCILLATOR FOR 
MEASUREMENT OF PROPAGATION DELAY 
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2N3502,2N3503,2N3504,2N3505® 

PNP SILICON HIGH CURRENT 
SWITCHING TRANSISTORS 

Packages: 

2N3502/03. T0-5 

2N3504/05. T0-18 

These ITT PN P silicon planar epitaxial transistors are designed for digital and analog applications at 

current levels up to 500 milliamperes. Their high beta, high fr at high current, high LVCEO' and low 
noise figure make them ideal for use as line drivers. memory applications and low-noise amplifiers. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Storage Temperature ....................... -65°C to +200°C 
Operating Junction Temperature ....... 200°C Maximum 
Total Device Dissipation @: 

Tc = 25° C (Notes 2 and 3) 
(2N3502, 2N3503) ...................................... 3.0 Watts 
(2N3504. 2N3505) ...................................... 1.3 Watts 

TA = 25° C (Notes 2 and 3) 
(2N3502, 2N3503) ........................................ 0.7 Watt 
(2N3504, 2N3505) ........................................ 0.4 Watt 

Collector-Base Voltage 
(2N3503, 2N3505) ..................................... -60 Volts 
(2N3502, 2N3504) ..................................... -45 Volts 

Collector-Emitter Voltage (Note 4) 
(2N3503, 2N3505) ..................................... -60 Volts 
(2N3502, 2N3504) ..................................... -45 Volts 

Emitter-Base Voltage 
(2N3503, 2N3505) .................................... -5.0 Volts 
(2N3502, 2N3504) .................................... -5.0 Volts 

Collector Current (Note 2) 
(2N3502. 2N3503, 2N3504, 2N3505) ...... 600 mA 

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

Symbol Min Typ Max Unit Conditions 

hFE 2N3503, 2N3505. 80 120 le= 10µA. VeE = -lOVolts 

2N3502, 2N3504 

hFE 2N3503. 2N3505. 120 le= lOOµA. VeE = -10 Volts 
2N3502, 2N3504 

hFE 2N3503, 2N3505. 135 200 le= 1.0mA.VeE = -lOVolts 
2N3502. 2N3504 

hFE 2N3503, 2N3505. 140 270 le= 10 mA. VeE = -10 Volts 
2N3502. 2N3504 (Note 5) 

hFE 2N3503, 2N3505, 100 150 300 le = 150 mA. VeE = -10 Volts 
2N3502. 2N3504 (Note 5) 
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2N3502,2N3503,2N3504,2N3505 

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

Symbol Min Typ Max Unit Conditions 

hFE 2N3503, 2N3505. 50 70 le= 500 mA. VcE = -10Volts 

2N3502. 2N3504 (Note 5) 

hFE 2N3503. 2N3505. 115 160 300 le= 50mA.VcE = -1.0Volt 

2N3502. 2N3504 

VeE(sat) 2N3503. 2N3505. -0.9 -1.0 Volt le= 50 mA. le = 2.5 mA (Pulsed. 

2N3502. 2N3504 see Note 1) 

VeE(sat) 2N3503, 2N3505, -1.0 -1.3 Volts le= 150 mA. le= 15 mA (Pulsed. 

2N3502. 2N3504 see Note 1) 

VcE(sat) 2N3503. 2N3505. -0.08 -0.25 Volt le= 50 mA. le = 2.5 mA (Pulsed. 

2N3502. 2N3504 see Note 1) 

VCE(sat) 2N3503. 2N3505. -0.18 -0.4 Volt le = 150 mA. le = 15 mA (Pulsed. 

2N3502. 2N3504 see Note 1) 

hfe 2N3503. 2N3505, 2.0 2.50 le = 50 mA. VcE = -20 Volts 

2N3502. 2N3504 (f = 100 me) 

VcEOlsustl 2N3503. 2N3505. -60 Volts le= 10 mA (pulsed). le= 0 

2N3502. 2N3504 -45 Volts (Notes 4 and 5) 

ton 2N3503. 2N3505. 20 40 nsec le~ 300 mA. le 1 ~ 30 mA 
2N3502. 2N3504 (Note 6) 

to ff 2N3503. 2N3505. 40 100 nsec le~ 300 mA. le1 ~ 30 mA. 
2N3502. 2N3504 le2 ~ -30 mA (Note 6) 

hFEl-55°C) 2N3503. 2N3505. 50 100 le= 50 mA. VcE = -1.0 Volt 
2N3502. 2N3504 

1CES 2N3503. 2N3505 0.07 10 nA VcE = -50 Volts. VeE = 0 

1CES 2N3502. 2N3504 0.05 10 nA VcE = -30 Volts. VeE = 0 I 
evceo 2N3503. 2N3505 -60 Volts le= lOµA. IE= 0 

2N3502. 2N3504 -45 Volts 

eVEBO 2N3503. 2N3505. -5.0 Volts IE= lOµA, lc = 0 
2N3502. 2N3504 

cob 2N3503. 2N3505. 4.5 8.0 pf IE =O.Vce = -10Volts 
2N3502. 2N3504 

CTE 2N3503. 2N3505. 15 25 pf le = o. VEe = -0.5 Volt 
2N3502. 2N3504 
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2N3502, 2N3503,2N3504,2N3505 

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

Symbol Min Typ Max Unit Conditions 

NF 2N3503. 2N3505. 1.0 4.0 dB le= 30µA. Vee= -5.0Volts 
2N3502. 2N3504 (Note 7) 

leso(+15o) 2N3503. 2N3505 10 µA Vee = -50 Volts. le = o 

leso(+15ol 2N3502. 2N3504 10 µA Vee = -30 Volts. le = o 

Vee( sat) 2N3503. 2N3505. -0.5 -1.6 Volts le = 500 mA. 19 = 50 mA (Pulsed. 
2N3502. 2N3504 see Note 5) 

Vse(sat) 2N3503. 2N3505. -2.0 Volts le= 500 mA, Is= 50 mA 
2N3502. 2N3504 (Pulsed, see Note 5) 

SMALL SIGNAL CHARACTERISTICS (f = 1 kc) 

Symbol Min Typ Max Unit Conditions 

hie 1050 2300 Ohms le= 10 mA. Vee= -10 Volts 

hoe 110 800 um hos le= 10 mA. Vee= -10 Volts 

h,e 240 1500 x10-6 le= 10mA. Vee= -10Volts 

hte 135 200 420 le= 10 mA. VeE = -10 Volts 

NOTES: 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 58.3°C/watt (derating 
factor of 17.2 mW/°C) for the 2N3502 and 2N3503, and 146°C/watt (derating factor of 6.85 mW/°C) for the 2N3504 
and 2N3505: junction-to-ambient thermal resistance of 250°C/watt (derating factor of 4.0 mW/°C) for the 2N3502 and 
2N3503. and 438°C/watt (derating factor of 2.28 mW/°C) for the 2N3504 and 2N3505. 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

(5) Pulse Conditions: length= 300µsec: duty cycle= 1%. 

(6) See switching circuit for exact values of le, I 81 , and I 82. 

(7) f = 1.0 Kc: Rs = 10 KQ. 

SCHEMATIC FIGURE 1 - TON AND T OFF TEST CIRCUIT 

-30Y 

4.0V 

0.47 Your 
j--o TO SAMPLING 

OSCILLOSCOPE 330 

1.0 

J:.:."T 500pl 

VrN = -9V -;-
t,, lt:S6nsec 
P.W. = O.Siaec 
ZrN = 500 
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Packages: 

2N3671. T0-5 
2N3672. T0-18 
2N3673. T0-46 

2N3671,2N3672,2N3673® 

HIGH-SPEED PNP SILICON SWITCH AND 
CORE DRIVER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Characteristics Unit 

Storage Temperature ....................... -65°C to +200°C 

Operating Junction Temperature ....... 200°C Maximum 
Total Device Dissipation (Notes 2 and 3): 

@Tc = 25°C (2N3671) ............................. 3.0 Watts 
(2N3672} ............................. 1.8 Watts 

(2N3673) ............................. 3.0 Watts 

@TA= 25°C (2N3671) ............................... 0.6 Watt 
(2N3672) .............................. 0.4 Watt 
(2N3673) ........................... 0.35 Watt 

Collector-Base Voltage ..................................... -60 Volts 

Collector-Emitter Voltage (Note 4) ................. -50 Volts 
Emitter-Base Voltage ....................................... -5.0 Volts 

Collector Current (Note 2) .................................... 600 1nA 

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

Symbol Min Max Unit Conditions 

hFE 75 225 le = 150 mA. VcE = -10 Volts (Note 5) 

hFE 75 le= 1.0mA.VcE = -10Volts 

hFE 75 le = 10 mA. VcE = -10 Volts (Note 5) 

hFE 55 le = 0.1 mA. VcE = -10 Volts 

hFE 40 le = 500 mA. V CE = -1 O Volts (Note 5) 

hFE 20 le = 150 mA. VcE = -0.6 Volt (Note 5) 

VcE(sat) -0.4 Volt le= 150 mA. ls= 15 mA (Note 5) 

VcE(sat) -1.6 Volts le= 500 mA. ls= 50 mA (Note 5) 

VsE(sat) -1.3 Volts le = 150 mA. Is = 15 mA (Note 5) 

VsE(sat) -2.6 Volts le= 500 mA. ls= 50 mA (Note 5) 

td 10 ns lcs = 150 mA. ls1 = 15 mA (See Fig. 1) 

tr 40 ns lcs = 150 mA. ls1 = 15 mA (See Fig. 1) 

ts 80 ns lcs = 150 mA. lg1 = 15 mA. 

ls2 = -15mA(SeeFig.2) 
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2N3671,2N3672,2N3673 

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

Symbol Min Max 

tf 30 

ton 45 

toff 100 

hfe 2.0 

1cso 10 

'csol150°c) 10 

1CEX 50 

19 50 

Cobo 9.0 

cibo 30 

BVcso -60 

VcEO(sust) -50 

BVEBO -5.0 

NOTES: 

Unit Conditions 

ns lcs = 150 mA.191 = 15 mA. 

192 = -15 mA (See Fig. 2) 

ns lcs = 150 mA.191 15 mA (See Fig. 1) 

ns lcs = 150mA,191 15 mA. 

nA 

µA 

nA 

nA 

pF 

pF 

Volts 

Volts 

Volts 

192 = -15 mA (See Fig. 2) 

le = 50 mA. VcE = -20 Volts 

IE = o. Vcs = -50 Volts 

IE = o. Vcs = -50 Volts 

VcE = -30 Volts. VsE = +0.5 Volt 

VcE = -30 Volts. VsE = +0.5 Volt 

IE= o. Vcs = -lOVolts 

le = o. VEB = -2.0 Volts 

le= 10µA. IE= 0 

le= 10 mA (pulsed). ls= O 
(Notes 4 and 5) 

lc=O.IE=10µA 

( 1) These ratings are lim rting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limrts. The factory should be consulted on applications Involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 20Q°C and junction to case thermal resistance of 58.3°C/watt (derating 
factor of 17.2 mW/°C); junction to ambient thermal resistance of 292°C/watt (derating factor of 3.43 mW/°C) for the 2N3671. 
Junction to case thermal resistance of 97.3 °C/watt (derating factor of 10.3 mW/°C) junction to ambient thermal resistance 
of 437°C/watt (derating factor of 2.28 mW/°C for the 2N3672. Junction to case thermal resistance of 58.3°C/watt (derating 
factor of 17.2 mW/°C); junction to ambient thermal resistance of 50Q°C/watt (de rating factor of 2.0 mW/°C). 

(4) Rating refers to a high-current point where collector to emitter voltage is lowest. 

(5) Pulse Conditions: length = 300 µsec: duty cycle = 1 %. 
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CIRCUIT DIAGRAM 

INPUT 
Zo = 50Q 
PRF = 150 PPS 
Rise Time s 2 nsec 

::u-
--j f-- 200 ns 

INPUT 
Zo = 50Q 
PRF = 150 PPS 
Rise Time S2 nsec 

.:U-
--j 1-- 200 ns 

FIGURE 1 
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2N3671,2N3672,2N3673 

Sampling Oscilloscope 
Zin S50Q 
Rise Times l nsec 

Sampling Oscilloscope 
Zin S50Q 
Rise Time S l nsec 
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2N3962,2N3963,2N3964,2N3965® 

PNP SILICON LOW-LEVEL, 
LOW-NOISE TYPE TRANSISTORS 

• LOW NOISE FIGURE .............................. NF= 2.0 dB (MAX) AT 1.0 kHz 
NF= 4.0 dB (MAX) AT 100 Hz 

• HIGH CURRENT GAIN ................................ hFE = 180 (MIN) AT 1.0µA 

hFE = 250 - 500 AT 10 µA 
hFE = 250 - 600 AT 1.0 mA 

• HIGH BREAKDWON VOLTAGE ......... LVcEO = 45. 60 AND 80 VOLTS 
• EXCELLENT BETA LINEARITV ......................... FROM 1.0µAT050mA 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector-Base Voltage 

(2N3962. 2N3965) ..................................... -60 Volts 
(2N3963) ....................................................... -80 Volts 
(2N3964) ....................................................... -45 Volts 

Collector-Emitter Voltage (Note 4) 

(2N3962, 2N3965) ..................................... -60 Volts 
(2N3963) ....................................................... -80 Volts 

(2N3964) ....................................................... -45 Volts 
Emitter-Base Voltage 

(2N3962. 2N3963. 2N3964, 2N3965) -6.0 Volts 

Total Device Dissipation@: 

Tc= 25°C ..................................................... 1.2 Watts 

TA= 25°C .................................................... 0.36 Watt 
Storage Temperature ...................... - 65° C to +200 °C 

Operating Junction Temperature .......................... 200°C 
Lead Temperature 

(Soldering. 60 sec Time Limit) ........................... 300 °C 

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

Package: T0-18 

Symbol Min Typ Max Unit Conditions 

hFe 2N3962. 2N3963 60 175 le= 1.0µA. Vee= -5.0 Volts 
2N3964. 2N3965 180 300 

hFe 2N3962. 2N3963 100 210 300 le= 10µA.Vee = -5.0Volts 
2N3964. 2N3965 250 320 500 

hFe 2N3962. 2N3963 100 240 le = 1ooµA. Vee = -5.0 Volts 
2N3964. 2N3965 250 330 

hFe 2N3962. 2N3963 100 260 450 le = 1.0 mA. Vee = -s.o Volts 
2N3964. 2N3965 250 330 600 



2N3962,2N3963,2N3964,2N3965 

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

Symbol Min Typ Max Unit Conditions 

hFE 2N3962, 2N3963 100 280 le = 1 o mA. Vee = -5.0 Volts (Note 5) 
2N3964. 2N3965 200 300 

hFE 2N3962. 2N3963 90 260 le = 50 mA. Vee = -5.0 Volts (Note 5) 
2N3964, 2N3965 180 315 

hFe(-55°e) 2N3962. 2N3963 40 90 le= 1oµA.Vee = -5.0Volts 
2N3964, 2N3965 100 160 

hFel-55°e) 2N3962. 2N3963 45 150 le = so mA. Vee = -s.o Volts (Note 5) 
2N3964. 2N3965 90 190 

hFe1+1oo•e) 2N3962. 2N3963 375 600 le = 1.0 mA. Vee = -5.0 Volts 
2N3964. 2N3965 400 800 

8Veeo 2N3962 -60 Volts le= 1oµA.1e = o 
2N3964 -45 Volts 

BVeeo 2N3963 -80 Volts le= 1oµA.1e = o 
2N3965 -60 Volts 

BVees 2N3962 -60 Volts le= 1oµA.1e = o 
2N3964 -45 Volts 

evces 2N3963 -80 Volts le= 1oµA.18 = o 
2N3965 -60 Volts 

VeEO(sust) 2N3962 -60 Volts le = 5.0 mA (pulsed). Is = O (Notes 4 and 5) 
2N3964 -45 Volts 

VeEO(sus!) 2N3963 -80 Volts le = 5.0 mA (pulsed), le = 0 (Notes 4 and 5) 
2N3965 -60 Volts 

BVeeo 2N3962. 2N3963 -6.0 Volts ie =o.1e = 1oµA 
2N3964. 2N3965 

NF 2N3962, 2N3963 1.0 3.0 dB le = 20 µA. v CE = -5.0 Volts 
2N3964. 2N3965 0.7 2.0 d8 Rs= 10kohms,BW = 15.7kHz I NF 2N3962. 2N3963 0.8 3.0 dB le = 20µA. Vee = -s.o Volts. 
2N3964, 2N3965 0.5 2.0 dB Rs= 10 kohms. BW = 1.5 kHz 

NF 2N3962. 2N3963 0.8 3.0 d8 le = 20µA. Vee = -s.o Volts. 
2N3964. 2N3965 0.5 2.0 dB Rs= 10kohms,BW = 150Hz 

NF 2N3962. 2N3963 3.0 10 dB le= 20µA. Vee = -s.o Volts. 
2N3964, 2N3965 1.8 4.0 dB Rs= 10 kohms. BW = 15 Hz 

NF 2N3964. 2N3965 3.5 8.0 dB le = 20µA. Vee = -s.o Volts. 
Rs= 10 kohms. BW = 2.0 Hz 

1ces 2N3962 0.5 10 nA Vee = -so Volts. Vee = o 
2N3965 
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2N3962, 2N3963,2N3964,2N3965 

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

Symbol 

'cEs 2N3963 

'cEs 2N3964 

'cEs(+ 150°Cl 2N3962 
2N3965 

1EBO 2N3962. 2N3963 
2N3964. 2N3965 

VCE(sat) 2N3962. 2N3963 

2N3964. 2N3965 

VcE(satl 2N3962. 2N3963 
2N3964. 2N3965 

VBE(satl 2N3962. 2N3963 
2N3964. 2N3965 

VeE(satl 2N3962. 2N3963 
2N3964. 2N3965 

hie 2N3962. 2N3963 
2N3964. 2N3965 

hoe 2N3962. 2N3963 
2N3964. 2N3965 

hre 2N3962. 2N3963 
2N3964. 2N3965 

hie 2N3962. 2N3963 
2N3964. 2N3965 

hie 2N3962. 2N3963 
2N3964. 2N3965 

Cobo 2N3962.2N3963 
2N3964. 2N3965 

cibo 2N3962. 2N3963 
2N3964. 2N3965 

NOTES: 

Min 

2.5 
6.0 

5.0 
5.0 

100 

250 

2.0 
2.5 

Typ 

0.5 

0.5 

2.0 
0.5 

2.0 

2.0 

-0.1 

-0.16 

-0.72 

-0.81 

8.0 
10 

19 
25 

300 

360 

Max 

10 

10 

10 
10 

10 

10 

10 

-0.25 

-0.4 

-0.9 

-0.95 

17 

20 

40 

50 

Unit Conditions 

nA VcE = -70 Volts. VEe = 0 

nA VcE = -40 Volts. VEe = 0 

µA VcE = -50 Volts. VEe = 0 
µA 

µA VcE = -70 Volts. VEe = 0 

µA VcE = -40 Volts. VEe = 0 

nA le = o. VEe = -4.0 Volts 

Volt le= 10mA.le = 0.5 mA 

Volt le = 50 mA. le = 5.0 mA (Note 51 

Volt le= 10 mA. le= 0.5 mA 

Volt le= 50 mA. le= 5.0 mA (Note 51 

k ohms ·le = 1.0 mA. Vee = -5.0 Volts 
kohms 

µmho le = 1.0 mA. VcE = -5.0 Volts 
µmho 

10 x 10-4 le= 1.0 mA. VcE = -5.0Volts 

550 
700 

8.0 
8.0 

6.0 

15 

le = 1.0 mA. VcE = -5.0 Volts 

le = 0.5 mA. VcE = -5.0 Volts 

pF IE = O. Vee = -5.0 Volts 

pF le= o. VEe = -0.5 Volt 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating 
factor of 6 .85 mW/°C); junction-to-ambient thermal resistance of 486° C/watt ( derating factor of 2.06 mW/°C). 

(4) This rating refers to a high-current point where collector-to-emitter voltage is lowest. 

(5) Pulse Conditions: length= 300µs; duty cycle= 1%. 
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Package: To-92 

2N4058 thru 2N4062 

GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics 2N4059/62 
Total Device Dissipation 

2N4058 Unit 
@T 8 = 60°C .................... 210 mW 

25 v 
@TA= 25°c .................... 310 

25 v 
Junction Temperature ............ 135 oc 

4.0 v 
Thermal Resistance, Junction 

100 mA 
to Ambient ....................... 0.357 OC/mW 

Collector-Emitter Voltage .......... 40 

Collector-Base Voltage .............. 40 

Emitter-Base Voltage .............. .. 

Collector Current ..................... .. 

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

Symbol Min T)'p_ Max Unit Conditions 

BVCEO 40 - - Vdc 2N4059!Sj 1 = 0.5 mAdc, I = 0 
25 - - 2N4058 C B 

BVEBO 4.0 - - Vdc 18 =10uAdc, ~ =O 

1cso - - 0.05 uAdc 2N4059/62 V CB - 30 Vdc,<I E - 0 

- - 0.05 2N4058 VcB=20Vdc,IE=O 

- - 1.0 2N4059/62 VCB = 30 Vdc, IE= 0, 

TA=600C 

- - 1.0 2N4058 .vCB = 20 Vdc, 

IE = 0, TA= 600C 

hFE 100 - - - 2N4058 le= 1 oo uAdc, 

vcE=10Vdc 

50 - 100 2N4059/60 

90 - 180 2N4061 

150 - 300 2N4062 
le= 2 mAdc, 

200 - 400 2N4058 > vcE=10Vdc 

30 - - 2N4059/60 

60 - - 2N4061 

90 - - 2N4062 ..l. 

VCE(sat) - - 0.5 Vdc IC= 50 mAdc, IB = 5 mAdc 

fT - 200 - MHz 2N4059/6) le= 2 mAdc, 
- 340 - 2N4062 

vcE=10Vdc 
- 340 - 2N4058 

- 270 - 2N4059/6} le= 10 mAdc, 
- 420 - 2N4062 

VCE = 10Vdc 
- 420 - 2N4058 

cob - - 4.0 pF 2N4059/62} V CB= 10 Vdc, IE= 0, 

- - 4.0 2N4058 f = 100 kHz 

NF - 1.8 3.0 dB VCE = 5 Vdc, IC= 10uAdc, 

Rs= 10 kohms, 2N405!s 
Power Bandwidth= 15.7 kHz, 

3dB points@ 10 Hz and 10 kHz 

*Pulse Test: Pulse Width ~ 30 us, duty cycle~ 2%. 
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® 
2N4248,2N4249,2N4250 

PNP SILICON LOW LEVEL. LOW NOISE 
AMPLIFIER TRANSISTORS 

Package:T0-92 

• Low Noise Figure .................................................. 2.0 dB (max) at 1.0 kHz 
• High Current Gain ....................................................... 250-700 at 100µA 
• High Breakdown ........................................... 40 and 60 Volts (min) LVcEO 
• Excellent Beta Linearity ............................................. From 1 µA to 50 mA 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Characteristics Unit 

Storage Temperatures ......................... -55°C to 125°C 
Operating Junction Temperatures ........................ 125°C 
Lead Temperature (Soldering, 

10 seconds time limit) .......................................... 260°C 
Total Device Dissipation (Notes 2 and 3) 

@Tc= 25°C .................................................. 0.5 Watt 
@TA= 25°C .................................................. 0.2 Watt 

Collector-Base Voltage 
(2N4248, 2N4250) ..................................... -40 Volts 
(2N4249) ....................................................... -60 Volts 

Collector-Emitter Voltage 
(2N4248, 2N4250) ..................................... -40 Volts 
(2N4249) ....................................................... -60 Volts 

Emitter-Base Voltage 
(2N4248. 2N4250) .................................... -5.0 Volts 
(2N4249) ...................................................... -5.0 Volts 

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

Symbol Min Typ Max Unit Conditions 

NF 2N4248 0.7 dB le= 20µA. Vee= -5.0Volts 
2N4249 0.7 3.0 dB (Note6) 

2N4250 0.5 2.0 dB 

NF 2N4248 1.0 dB le = 20µA. Vee= -5.0 Volts 
2N4249 1.0 3.0 dB (Note 7) 

2N4250 0.7 2.0 dB 

NF 2N4248 0.8 dB le= 250µA. Vee= -5.0Volts 
2N4249 0.8 3.0 dB (Note 8) 

2N4250 0.7 2.0 dB 

2N4248 90 le= 10µA. Vee= -5.0 Volts 
2N4249 190 

2N4250 300 

2N4248 50 100 le= 100µA. Vee = -5.0 Volts 
2N4249 100 240 300 

2N4250 250 350 700 
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2N4248,2N4249,2N4250 

ELECTRICAL CHARACTERISTIC$ (TA= 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

hFE 2N4248 50 110 le = 1.0 mA. VcE = -5.0 Volts 

2N4249 100 250 

2N4250 250 350 

hFE 2N424B 50 120 le= 1 o mA. VcE = -5.0 Volts 
2N4249 100 280 (Note 5) 

2N4250 250 350 

BVceo 2N4248. 2N4250 -40 Volts le= 10µA. IE= 0 

2N4249 -60 Volts 

BVCES 2N4248. 2N4250 -40 Volts le= 10µA 
2N4249 -60 Volts 

VeEO(sust) 2N4248. 2N4250 -40 Volts le= 5.0 mA (pulsed). le = O 

2N4249 -60 Volts (Notes 4 and 5) ' 

BVEBO 2N4248. 2N4249. -5.0 Volts lc=O.IE=10µA 
2N4250 

1ceo 2N4248. 2N4249. 10 nA IE = o. Vee = -40 Volts 
2N4250 

leeo(65oc1 2N4248. 2N4249. 3.0 µA IE= o. Vee= 40 Volts 
2N4250 

1EBO 2N4248. 2N4249. 20 nA le= o. VeE = 3.0 Volts 
2N4250 

VeElsat) 2N4248. 2N4249. -0.25 Volt le= 10 mA.1 8 = o.5 mA 
2N4250 (Note 5) 

VBE(sat) 2N4248. 2N4249. -0.9 Volt le = 1 O mA. 18 = 0.5 mA 

2N4250 (Note 5) 

hte 2N4248 50 le= 1.0 mA. VcE = -5.0Volts I 2N4249 100 250 550 

2N4250 250 350 800 

hte 2N4248. 2N4249 2.0 le = 0.5 mA. VcE = -5.0 Volts 
2N4250 2.5 

Cobo 2N4248. 2N4249. 6.0 pF IE = o. Vea = -5.o Volts 
2N4250 

Cibo 2N4248. 2N4249. 16 pF le = o. v 8 E = o.5 Volt 
2N4250 
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2N4248,2N4249,2N4250 

SMALL SIGNAL CHARACTERISTICS (f = 1 kHz) 

Symbol Min Typ Max Unit Conditions 

hie 2N4249 2.5 8.0 17 kohms le = 1.0 mA. Vee = 5.0 Volts 
2N4250 6.0 10 20 kohms 

hoe 2N4249 5.0 19 40 ,umho le= 1.0 mA. Vee= -5.0Volts 
2N4250 5.0 25 50 ,umho 

hre 2N4249. 2N4250 10 x10-4 le = 1.0 mA. Vee = -5.o Volts 

hte 2N4249 100 250 550 le= 1.0mA.Vee = -5.0Volts 
2N4250 250 350 800 

NOTES: 

11) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

12) These are steady state limits. The factory should be consulted on applications involving pulsed or low-duty cycle operations. 

13) These ratings give a maximum junction temperature of 125°C and junction-to-case thermal resistance of 200°C/watt (derating 
factor of 5.0 mW/°C): junction-to-ambient thermal resistance of 500°C/watt (derating factor of 2.0 mW/°C). 

(4) This rating refers to a high-current point where collector to emitter voltage is lowest. 

( 5) Pulse Conditions: length = 300 µs; duty cycle = 1 %. 

(6) Rs = 1 O kl2. Power Bandwidth of 150 Hz. 

(7) Rs = 10 kl2. Power Bandwidth of 15.7 kHz with 3.0 dB points at 1 O Hz and 10 kHz. 

(8) Rs = 1.0 kl2. Power Bandwidth of 150 Hz. 
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Package: To-92 2N5086, 2N5087 
LOW-LEVEL, LOW-NOISE PNP SI LICON AMPLI Fl ER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ........................... 50 Vdc 

Collector-Base Voltage ................................ 50 Vdc 

Emitter-Base Voltage ................................... 3.0 Vdc 

Collector Current - Continuous ................. 50 mAdc 

Peak ......................... 100 mAdc 

Total Device Dissipation @ TA = 25oc ..... 310 mW 

Derate above 25oc ........................ 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................. -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient .................................. 0.357 OC/mW 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted 

Symbol Min Typ Max Unit Conditions 

BVCEO 50 - - Vdc le= 1.0 mAdc, 18 = o 
BVCBO 50 - - Vdc IC - 100 uAdc, IE - O 

1cso 
- - 1IT nAdc "cs= 10 Vdc, IE -o 
- - 50 VCB = 35 Vdc, IE= 0 

1EBO 
- - 50 nAdc VBE = 3.0 V.dc, le= 0 

hFE 150 - 500 - le - 100 uAdc,VCE --S:0-Vdc 

2N5086 

250 - 800 2N5087 

150 - - le = 1.0 mAdc, V CE = 5.0 Vdc 

2N5086 

250 - - 2N5087 

150 - - le = 10 mAdc, V CE = 5.0 Vdc 

2N5086 

250 - - 2N5087 

VCE(sat) - - 0.3 Vdc 'le= 10 mAdc, 18 = 1.0 mAdc 

VBE(on) - - 0.85 Vdc le = 1.0 mAdc, V CE = 5.0 Vdc 
-

fT 40 120 - MHz le = 500 uAdc, V CE = 5.0 Vdc, 

f = 20 MHz 2N5086 

40 150 - 2N5087 

cob - - 4.0 pF VCB = 5.0 Vdc, IE= 0, f = 100 kHz 

hfe 150 - 600 - le = 1.0 mAdc, V CE - 5.0 Vdc, 

f = 1.0 kHz 2N5086 

250 - 900 2N5087 

NF - - 3.0 dB le = 20 uAdc, V CE = 5.0 Vdc, 

Rs = 1 O k ohms, t = 1 O Hz to 

15.7 kHz 2N5086 

- - 2.0 2N5087 

- 1.2 3.0 le= 100 uAdc, V CE = 5.0 Vdc, 

R5 = 3.0 k ohmn, f = 1.0 kHz 

2N5086 

- 1.0 2.0 2N5087 
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2N5221 Package: To-92 

LOW-POWER GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ............................ 15 Vdc 

Collector-Base Voltage ................................. 15 Vdc 

Emitter-Base Voltage ................................... 3.0 Vdc 

Collector Current .................................... 500 mAdc 

Total Device Dissipation@ TA= 25oc ....... 31 O mW 

Derate above 25oc .......................... 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient .................................... 0.357 OC/mW 

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

Symbol Min Max Unit Conditions 

BVCEO 15 - Vdc le = 10 mAdc, I B = o 
BVCBO 15 - Vdc le= 100uAdc, IE= o 
BVEBO 3.0 - Vdc IE= lOOuAdc, le= o 
1cBo 100 iiAcfc '\TCB =l'ITVdc,IE =""{) 

1EBO 
- 100 nAdc VBE - 3.0 Vdc, le- 0 

hFE 25 - - IC - 10 mAdc,'"VCE =10\Tcfc 

30 600 le= 50 mAdc, V CE = 10 Vdc 

VCE(sat) - 0.5 Vdc le - 150 mAdc, IB - 15 mAdc 

VBE(sat) - 1.1 \ldc le= 150 mAdc, IB = 15 mAdc 

fT 100 - MHz IC- 20 mAdc, VCE -10Vdc 

ccb - 15 pF VCB = 5.0 Vdc, IE= 0, f = 1.0 MHz 

hfe 30 1800 - le= 50 mAdc, VCE = 10 Vdc, f = 1.0 kHz 
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Package: To-92 

2N5226 
MEDIUM POWER PNP SILICON AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ........................... 25 Vdc 

Collector-Base Voltage ................................ 25 Vdc 

Emitter-Base Voltage ................................... 4.0 Vdc 

Collector Current .................................... 500 mAdc 

Total Device Dissipation@ TA= 25oc ........ 31 O mW 

Derate above 25oc ......................... 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 OC/mW 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 25 - Vdc 'c = 10.mAdc, IB = o 

BVCBO 25 - Vdc le= 100 uAdc, IE= o 

BVEBO 4.0 - Vdc IE= 100 uAdc, 'c = O 

1cBo 
- 300 nAdc VCB-15Vdc,IE-o 

1EBO 
- 500 nAdc V...§.E = 4.0 Vdc, ~ = O 

hFE 25 - - ~ = 10 mAdc, ~CE= 10 Vdc 

30 600 IC = 50 mAdc, V~E = 10 Vdc 

VCE(sat) - 0.8 Vdc 'c = 100 mAdc, IB = 10 mAdc 

VBE(sat) - 1.0 Vdc lc - 100 mAdc, IB - 10 mAdc 

fT 50 - MHz IC= 20 mAdc, VCE = 10 Vdc 

ccb - 20 pF VCB = 5.0 Vdc, IE= 0, f = 1.0 MHz 

hfe 30 1800 - 'c = 50 mAdc, V CE = 1 O Vdc, f = 1.0 kHz 
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2N5227 
Package: To-92 

GENERAL PURPOSE PNP SI LICON LOW-LEVEL AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ............................ 30 Vdc 

Collector-Base Voltage ................................ 30 Vdc 

Emitter-Base Voltage .................................. 3.0 Vdc 

Collector Current ...................................... 50 mAdc 

Total Device Dissipation @TA= 25oc ....... 310 mW 

Derate above 25oc ........................ 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 OC/mW 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 30 - Vdc lc = 1.0 mAdc, IB = o 
BVCBO 30 - Vdc 'c = 100uAdc, IE= o 
BVEBO 3.0 - Vdc IE = 100 uAdc, 'c = o 

TCBO - 100 nAdc VCB-10Vdc,IE=O 

1EBO - 500 nAdc VBE = 2.0 Vdc, lc = 0 

nFE 30 - - 'c = 100 uAdc, V CE-- 10 Vdc 
50 700 'c = 2.0 mAdc, V CE= 10 Vdc 

VCE(sat) - 0.4 Vdc 'c = 10 mAdc, Ji_= 1.0 mAdc 

VBE(sat) - 1.0 Vdc 'c = 10 mAdc, IB = 1.0 mAdc 

fT 100 - MHz 'c = 10 mAdc, V CE= 10 Vdc 

ccb - 5.0 pF VCB = 10 Vdc, IE= 0 

hfe 50 1500 - 'c = 2.0 mAdc, V CE= 10 Vdc, f = 1.0 kHz 
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Package T0-92 

2N5372 thru 2N5375 
GENERAL PURPOSE PNP SILICON TRANSISTORS 

ABSOLUTE MAXIMUM. RATINGS@ 250C (free air) 

Characteristics Unit 

Storage temperature range ................ -55 to +150 oc 

Operating Collector 

Junction Temperature .......................... +150 oc 

Lead temperature 1 /16" from case 

10 seconds max ................................... +260 oc 

Collector current ......................................... 500 mA 

Continuous device dissipation at or 

below 25oc free-air temperature ........... 360 mW 

Linear derating factor above 

250C ............................................. 2.87 mW/OC 

Emitter-base voltage .............................. ............ 5 V 

Collector-base voltage .....................•................ 60 V 

Collector-base voltage (2N5375) ..••................... 40 V 

Collector-emitter voltage (Applicable 

from le = O mA to le - 1 O mA .................... 30 V 

ELECTRICAL CHARACTERISTICS@ 250C free-air temperature 

Symbol Min Max Unit Conditions 

1CBO - 50 nA 2N5372,2N5373,2N5374 

V CB = 40 V, IE = O 

- 50 nA 2N5375 Vci:::=30V,IE=O 
1EBO - 50 nA VEB=3V,lc=O 

BVCBO 60 - v 2N5372,2N5373,2N5374 

lc=10uA,IE=O 

40 - v 2N5375 lc=10uA,IE=O 

BVEBO 5 - v IE= 10uA, lc = 0 

BVCEO 30 - v 'c = 10 mA, IB = o (Note 1) 

hFE 20 - - 2N5372 

50 - - 2N5373 

100 - - 2N5374 vce=1ov,1c=1mA 

20 - - 2N5375 

hFE 30 - - 2N5372 

75 - - 2N5373 

150 - - 2N5374 VCE = 10 V, IC= 10 mA (Note 1) 

30 - - 2N5375 

hFE 40 120 - 2N5372 

100 300 - 2N5373 

200 400 - 2N5374 VCE = 10 V, IC= 150 mA (Note 1) 

40 400 - 2N5375 

VBE - 1.2 v VCE = 10 V, lc = 150 mA (Note 1) 

VBE(sa!)_ - 1.3 v le= 150 mA, IB = 15 mA (Note 1) 

VCEJ_sat) - 0.3 v le = 150 mA, I B = 15 mA (Note 1) 

~ - 10 pF VCB = 10 V, ~ = 0, f = 1 MHz (Note 2) 

[hfel 1.5 - - VCE = 10 V, IC= 20 mA, f = 100 MHz 

ton - 50 nsec IC= 150 mA, VCC = 30 V, IBl = 15 mA, 

(see fig. 1) 

toff - 150 nsec 2N5372, 2N5373 lc=150mA,Vcc=6V, 

- 175 usec 2N5374, 2N5375 181 = rB2 = 15 mA (see fig. 2) 

NOTES: l. Pulse test: PW= 300 usec, duty cycle~ 2%. 
2. Ccb measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The 

emitter terminal shall be connected to the guard terminal of the bridge. 
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2N5378, 2N5379 Package: To-92 

GENERAL PURPOSE PNP SI LICON TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS@ 25oc (free air) 

Characteristics Unit 

Storage temperature range ................ -55 to +150 oc 

Operating Collector 

Junction Temperature .......................... +150 oc 

Lead temperature 1/16" from case 

10 seconds max. . ....•............................. +260 oc 

Emitter-base voltage ..................•.............••...•.... 5 V 

Collector-base voltage .........................•..........••. 40 V 

Collector-emitter voltage (Applicable 

from le= O mA to le= 10 mAI ........•......... 30 V 

Collector current .•............................•........ 500 mA 

Continuous device dissipation at or 

below 25°C free-air temperature ......•....• 360 mW 

Linear derating factor above 25oc ...... 2.87 mW/OC 

ELECTRICAL CHARACTERISTICS@ 250C free-air temperature 

Symbol Min Max Unit 

1cBo - 10 nA 

BVCBO 40 - v 

BVEBO 5 - v 

BVCEO 30 - v 

hFE 100 500 -
40 200 -

hFE 120 600 -
100 500 -

hFE 150 - -
120 - -

VBE(sat) 0.65 0.80 v 

VCl;isatl - 02 v 
hib 20 32 Ohms 

hob 0.06 0.5 um hos 

hfe 120 1000 -

100 900 -

ccb - 10 pF 

[hfel 20 100 -

NF - 2.0 dB 

- 3.0 dB 

NOTES: 1. Pulse: tpulse width = 300 usec, duty 
cycle 5. 2%. 

2. C measurement employs a three-
te'i-'fuinal capacitance bridge Incorpora­
ting a guard circuit. The emitter term­
inal shall be connected to the guard 
terminal of the bridge. 
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Conditions 

vcB=30V,le=o 

lc=10uA,le=o 

IE - 100 nA, le= 0 

le= 10 mA, IB = o (Note 11 

2N5378 VCE = 5 V, le= 10 uA 

2N5379 VCE = 5V, le= 10uA 

2N5378 VCE = 5 V, le= 1 mA 

2N5379 VCE = 5 V, 'c = 1 mA 
2N5378 Vee= 5 V, 'c = 10 mA (Note 11 

2N5379 

IC= 10 mA, IB = 1 mA 

le= 10 mA, IB = 1 mA 

le= 1 mA, v CE = 5 v. f = 1 kHz 

IC = 1 mA, v CE = 5 v. f = 1 kHz 

2N5378 le= 1 mA, v CE= 5 V, f = 1 kHz 

2N5379 

VCB = 10 V, IE= 0, f = 1 Mhz (Note 21 

VCE = 5 v. le= 500uA, f = 10MHz 

2N5378 le - 10 uA, v CE= 5 v. 

Rg = 10 K Ohms, 

2N5379 Bandwidth= 10 Hz to 15.7 kHz 



Package: To-92 

2N5447, 2N5448 

PNP SILICON AMPLIFIER TRANSISTORS 

*r,BSOLUTE MAXIMUM RATINGS at 25oc free-air temperature (unless otherwise noted) 

Characteristic 2N5447 2N5448 Unit 

Collector-Base Voltage 

Collector-Emitter Voltage 

(See Note 1 l 

Emitter-Base Voltage 

Continuous Collector Current 

Continuous Device Dissipation at 

(or below) 25oc Free-Air 

Temperature (See Note 2) 

Continuous Device Dissipation at 

(or below) 25oc Lead 

Temperature (See Note 3) 

Storage Temperature Range 

Junction Temperature-Operating 

-40 -50 v 

-25 -30 v 
-5 -5 v 

200 mA 

360 mW 

500 mW 

-65 to 150 oc 

260 oc 

NOTES: 

1. These values apply when the base-
emitter diode Is open-circuited. 

2. oerate linearly to l So0 c free-air tern-
perature at the rate of 2.88 mW/deg. 

3. Der ate linearly to 15o0 c lead tern-
perature at the rate of 4 mW/deg. Lead 
temperature is measured on the col-
lector lead 1/16 Inch from the case. 

SILICON 15-WATT QUASI-COMPLEMENTARY 
POWER AMPLIFIER 

1.5~n 6.2k0 

"" 5pF,50V 

>0 r~··-!50-V _'"_"_ ...... ·70-C+-18-k0.._'00_"_,3_.V _•_._ _ __. __ ..__..___--If-' 

•Oktl 
'0------+-----~---~ 

ELECTRICAL CHARACTERISTICS at 250C free-air temperature 

2N5447 2N5448 

~bol Min Max Min Max Unit Test Conditions 

VJ_BR)CBO -40 -50 v 'c = -100 uA, 'l: = o 

V!BBICEO -25 -30 v 'c - -10 mA, IB = O,See Note 4 

V(BRl EBO -5 -5 v IE =-100uA, lc = o 

1cBo 
-100 -·100 nA V CB = 20-V, IE - 0 

-
1EBO 

-100 -100 nA VEB=-3V,lc-o 

hFE 
I 60 ___ 300 30 150 V CE= -5V, 'c = -50 mA, See Note 4 

VBE -0.6 -1 -0.6 -1 v VCE = -5 V, IC= -50 mA, See Note 4 

VCE -0.25 -0.25 v IB = -5 mA, lc = -50 mA, See Note 4 

[hfe] 
---5 5 VCE - -5 V, 'c = -50 mA, f- 20 MHz 

ccb 12 12 pF VCB = 10 V, IE= 0, f = 1 MHz 

l See Note 5 

NOTES: 4. These parameters must be measured using pulse techniques. t = 300 us, duty cycle~ 2%. 
5. ccb Is measured using three-terminal measurement technique!? with the emitter guarded. 
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MPS-A55 Package: To-92 

PNP SILICON AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ....... 60 Vdc 

Collector-Base Voltage ....•....... 60 Vdc 

Emitter-Base Voltage ............... 4.0 Vdc 

Collector Current - Continuous 500 mAdc 

Total Device Dissipation 

@TA= 25oc ...................... 500 mW 

Derate above 25oc ............. 4.54 mW/OC 

Total Device Dissipation 

®Tc= 25oc .....................• 800 mW 

Derate above 25oc ........... 7.27 mW/OC 

Operating and Storage Junction 

Temperature Range ............... -55 to +135 oc 

Thermal Resistance, Junction 

to Case .................................. 0.137 OC/mW 

Thermal Resistance, Junction 

to Ambient ........................... 0.220 °C/mW 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVCEO 60 - - Vdc lc = 1.0 mAdc, IB = o 

BVEBO 4"1r - - Vdc IE= 100 uAdc, lc = o 
1 CBO lUU nAdc VCB - 60 Vdc, IE 0 

hFE 50 150 - - lc = 10mAdc, Vee -1.0 Vdc 

50 125 - IC= 100 mAdc, V CE= 1.0 Vdc 

- 80 - le = 350 mAdc, v CE = 1.0 Vdc 

VCE(sat) - 0.09 0.25 Vdc le= 100 mAdc, IB = 10 mAdc 

VBE(sat) - 0:78 - Vdc le= 100 mAdc, IB = 10 mAdc 

VBE(on) - 0.73 1.2 Vdc le= 100 mAdc, V CE= 1.0 Vdc 

lT bO 10U - MHz 'c 100 mAdc, V CE 1.0 Vdc, 

f = 100 MHz 

cob - 6.5 - pF VCB = 10 Vdc, le= 0, f = 100 kHz 

cib - 20 - pF VBE - 0.5 Vdc, le - 0, f - 100 kHz 
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Package: To-92 

MPS-A70 

GENERAL PURPOSE PNP SI LICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Voltage ............................ 40 Vdc 

Emitter-Base Voltage .................................... 4.0 Vdc 

Collector Current - Continuous ................. 100 mAdc 

Total Device Dissipation @TA = 25°C ......... 300 mW 

Derate above 250C ......................... 2.73 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.367 OC/mW 

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

Symbol Min Max Unit Conditions 

BVCEO 40 - Vdc IC = 1 .0 mAdc, I B = 0 

BVEBO 4.0 - Vdc IE - 100 uAdc, le= o 
1cso - 100 nAdc vc8 =30Vdc,le=O 

hFE 40 400 - ~ - 5.0 mAdc, V CE - 10 Vdc 

VCt;lsat) - 0.25 Vdc le= 10 mAdc, ~ = 1.0 mAdc 

fT 125 - MHz ~ - 5.0 mAdc, VCE - 10 Vdc, f - 100 MHz 

cob - 4.0 pF VCB = 10 Vdc, IE= 0, f = 100 kHz 

Figure 1-Simplified AC Equivalent Circuit (Common Emitter) 

COLLECTOR 

Ce 
(hfe +I) re 
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MPS3638,MPS3638A 
PNP SILICON TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Voltage ............................. 25 Vdc 

Collector-Emitter Voltage .............................. 25 Vdc 

Collector-Base Voltage. .................................. 25 Vdc 

Emitter-Base Voltage .................................. 4.0 Vdc 

Collector Current ..................................... 500 mAdc 

Total Device Dissipation @TA= 25oc ........ 310 mW 

Derate above 25oc ......................... 2.81 mwtoc 
Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 OC/mW 

Figure 1 

1000..n. 

I.Opt 

V;n=-9V:-f 
PW: SOOn1 50 A 
tr =It <&.O ns 

Zin: so.n. 

Package: To-92 

"cc =-IOV 

30.n. 

To Sampling Scope 
Rise Time <I ns 
Zin ~IOOIC 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO* 25 - Vdc le= 10mAdc, IB = o 
B\7CES 25 - Vdc le - 100 uAdc, v_B_E = o 
BV_c_Bo 25 - Vdc ~ -100uAdc, IE= 0 

BVEBO 4.0 - Vdc le= 100uAdc, le- o 
1ces - 0.035 uAdc VCE = 15 Vdc, VBE = 0 

- '""2".0 Vee= 15 Vdc, VBE = 0, TA= 55oc 

's - 0.035 uAdc V CE = 15 Vdc, V BE = 0 

hFE* 80 - - le= 1 mAdc, Vee= 10 Vdc MPS3638A 

20 - le= 10 mAdc, V CE= 10 Vdc MPS363B 
100 - MPS363BA 

30 - le = 50 mAdc, V CE = 1 Vdc MPS363B 

100 - MPS363BA 

20 - le= 300 mAdc, V CE = 2 Vdc MPS363B 
20 - MPS363BA 

VCE(sat)* - 0.25 Vdc le= 50 mAdc, I B = 2.5 mAdc 

- 1.0 le - 300 mAdc, I B - 30 mAdc 

VBE(sat)* - 1.1 Vdcq le= 50 mAdc, IB = 2.5 mAdc 

0.80 2.0 le = 300 mAdc, I B = 30 mAdc 

fT 100 - MHz Vee= 3 Vdc, le= 50mAdc, f-MHz 

MPS363B 

150 - MPS363BA 

cob - 20 pF Vea= 10 Vdc, le= o, f = 140 kHz 

MPS363B 

- 10 MPS363BA 
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MPS3638, MPS3638A 

ELECTRICAL CHARACTERISTICS TA= 25°C unless otherwise specified 

SYMBOL MIN MAX UNIT CONDITIONS 

cib - 65 pF VCE = 0.5 Vdc, IC= 0, f = 140 kHz 

MPS3638 

- 25 MPS3638A 

hfe 25 180 - IC = 10 mAdc, V CE = 10 Vdc, F = 1.0 kHz 

MPS3638 

100 - MPS3638A 

hoe - 1.2 mm hos le= 10 mAdc, V...c.E. = 10 Vdc, f = 1.0 kHz 

hie - 1500 Ohms IC = 10 mAdc, V CE = 10 V de, f = 1.0 kHz 

MPS3638 

- 2000 MPS3638A 

h - 26 X10·4 le= 10 mAdc, VCE = 10 Vdc, f = 1.0 kHz 
re 

MPS3638 

- 15 MPS3638A 

td - 20 ns Delay Time V CC - 10 Vdc, IC - 300 mAdc, 

\ - 70 ns Rise Time 181 =30mAdc,V 8E(off)-3.1 Vdc 

\ - 140 ns Storage Time V CC - 10 Vdc, 'c - 300 mAdc, 

tf - 70 ns Fall Time 1 81 =~mAdc,1 82 = 30 mAdc 

ton - 75 ns Turn-On Time 'c = 30P mAdc, I 81 = 30 mAdc 

toff - 170 ns Turn-Off Time IC - 300 mAdc, I 81 - 30 mAdc, 

182 = 30 mAdc 

*Pulse Test: Pulse Width= 300 us; Duty Cycle= 1%. 

I 
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MPS3702, MPS3703 Package: To·92 

LOW-POWER PNP SILICON TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics MPS3702 MPS3703 Unit 

Collector-Emitter Voltage ...... 25 30 Vdc 

Collector-Base Voltage ........... 40 50 Vdc 

Emitter-Base Voltage ............ . 5.0 Vdc 

Collector Current - Conti.nuous 200 mAdc 

Total Device Dissipation 

@TA =250C .................. .. 310 mW 

Derate above 25oc .......... 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range ........... ·55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ........................ . 0.357 OC/mW 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO" 25 - Vdc lc=10mAdc,1 8 =0 MPS3702 

30 - MPS3702 

evceo 40 - Vdc le= 100uAdc, IE= o MPS3702 

50 - MPS3703 

BVEBO 5.0 - Vdc IE= 100uAdc, lc = o 
1ceo - 100 nAcfo Vee= 20 Vdc, IE= 0 

1Eeo 100 nAdc v BE ~ 3 voe, lc , o 
hFE* -so 300 - lc 'f>U mAdc, V CE = 5 voe Ml':S;j/U:.i: 

30 150 MPS3703 

VCE(satl* - 0.25 Vdc le- 50 mAdc, 18 - 5 mAdc 

VBl;iool" 0.6 1.0 Vdc le= 50 mAdc, VCE = 5 Vdc 

fT 100 - MHz le - 50 mAdc, V CE - 5 Vdc, f = 20 MHz 

cob - 12 pF vc8 - 10 Vdc, f-1 MHz 

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%. 
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Package: To-92 

MPS6533 thru MPS6535 

PNP SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (TA= 25oc unless otherwise noted) 
Emitter-Base Voltage 5.0 4.0 Vdc 

Characteristic Unit ........... 

Collector-Base Voltage Collector Current ................. 600 600 mAdc 

MPS6533, MPS6534 ........ 40 Vdc Total Device Dissipation 

MPS6535 ......................... 39 @TA= 600C ................... 210 210 mW 

Collector-Emitter Voltage @TA= 25°c ................... 310 310 

MPS6533, MPS6534 ........ 40 
Thermal Resistance, Junction 

MPS6535 .......................... ! I 30 I to Ambient ....................... 0.357 0.357 °C/mW 

Junction Temperature ........... 135 135 oc 

ELECTRICAL CHARACTERISTICS (TA= 25oc unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVCBO 40 - - Vdc le= 10uAdc, IE= o MPS6533, 

MPS6534 

30 - - MPS6535 

BVCEO 40 - - Vdc IC = 10 mAdc, I B = 0 MPS6533, 

MPS6534 

30 - - MPS6535 

BVEBO 4.0 - - Vdc IB = 10uAdc, le= o 
1cso 

- - 0.05 uAdc V CB - 30 Vdc, IE - 0 MPS6533, 

MPS6534 

- - 0.1 V CB = 20 Vdc, IE = 0 MPS6535 

- - 2.0 VCB = 30 Vdc, IE= 0, MPS6533, 

TA= 60°C MPS6534 

- - 5.0 VCB = 20 Vdc, IE= 0, MPS6535 

TA= 6o0 c 

hFE 30 70 - - le= 10 mAdc, MPS6533 

60 110 - VCE = 1 Vdc MPS6534 

40 85 120 le= 100 mAdc, MPS6533 

VCE = 1 Vdc 

'90 140 270 MPS6534 

30 - - MPS6535 

25 55 - le= 500 mAdc, MPS6533 

vcE=10Vdc 

50 70 - MPS6534 

VCE(sat) - 0.2 0.5 Vdc le= 100 mAdc, MPS6533, 

16 = 10 mAdc MPS6535 

- 0.13 0.3 MPS6534 

V BE(sat) - 0.84 1.0 Vdc le - 100 mAdc, MPS6533, 

18 = 10 mAdc MPS6534 

- 0.87 1.2 MPS6535 

cob - 4.8 6.0 pF VCB = 10 Vdc, IF.= 0, f = 100 kHz 

fT 260 - MHz le= 50 mAdc, V CE·_ 10 Vdc 
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2N2696® Package T0-18 

PNP VHF AMPLIFIERS, HIGH CURRENT SWITCHES 

The ITT 2N2696, ia a PNP silicon PLANAR epitaxial 

transistor designed for digital and analog applications 
at current levels to 500 milliamperes. The high gain­

bandwidth product. f,, at high currents, makes them ex­
cellent units for line driving and memory applications. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Units 
Collector-Base Voltage ..................................... -25 Volts 
Collector-Emitter Voltage (Note 4) ................. -25 Volts 
Emitter-Base Voltage ....................................... -4.0 Volts 
Collector Current (Note 2) .................................... 500 mA 
Total Dissipation@: 

Tc = 25° C (Notes 2 and 3) ........................ 1.2 Watts 
Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 
TA= 25°C (Notes 2 and 3) ....................... 0.36 Watt 

Storage Temperature ....................... -65°C to +200°C 
Operating Junction Temperature ....... 200°C Maximum 
Lead Temperature 

(Soldering. 60 sec Time Limit) ......... 300°C Maximum 

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

Symbol Min Max Unit Conditions 

hFE 30 130 le = 50 mA, VcE = -1.0 Volt (Note 5) 

hFE 20 le = 300 mA. VcE = -2.0 Volts (Note 5) 

hFE(-55°C) 12 le = 50 mA. VcE = -1.0 Volt (Note 5) 

VBE(sat) -1.1 Volts le = 50 mA. Is = 2.5 mA 

VBE(sat) -2.0 Volts le= 300 mA.ls = 30 mA 

VcE(sat) -0.25 Volt le = 50 mA. 18 = 2.5 mA 

VcE(sat) -1.0 Volt le = 300 mA, I B = 30 mA 

hte 1.0 le= 50mA.VcE = -3.0Volts f=100MHz 

Cob 20 pF IE= o. Vcs = -10Volts 

lcso 25 nA IE= o. Vcs = -10Volts 

ICBQ(150°C) 5.0 µA IE =O.Vcs = -10Volts 
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ELECTRICAL CHARACTERISTICS (TA= 25°e unless otherwise noted) 

Symbol Min Max 

BVeso -25 

'llcEO(sust) -25 

BVEBO -4.0 

Ton 75 

Taff 170 

NOTES: 

Unit 

Volts 

Volts 

Volts 

nsec 

nsec 

Conditions 

le= 100µA. IE= 0 

le = 30 mA (pulsed).·ls = 0 

le= 0. IE= 100µA 

le~ 300 mA.191 ~ 30 mA 

le~ 300 mA.101 ~ 30 mA. 

192 ~ 30 mA 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired. 

2N2696 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance for the 2N2696 of 
145°C/watt (derating factor of 6.9 mW/°C). Junction-to-ambient thermal resistance of 486°C/watt (derating factor 2.1 
mW/°C). 

(4) Rating refers to a high-cu rent point where collector-to-emitter voltage is lowest. 

( 5) Pulse Conditions: length = 300 usec; duty cycle = 1 %. 
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2N2801, 2N2837 

NPN SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
Characteristics Unit 

Collector-Base Voltage ........................................ 50 Volts 
Collector-Emitter Voltage .................................... 35 Volts 
Emitter-Base Voltage .............................................. 5 Volts 
Collector Current .................................................... 800 mA 
Total Device Dissipation@ TA = 25°C 

(2N2801 ) .......................................................... 0.8 Watt 
Derate above 25°C ................................. 4.57 mW/°C 
(2N2837) .......................................................... 0.5 Watt 
Derate above 25°C ................................. 2.86 mW/°C 

Total Device Dissipation @Tc = 25° C 
(2N2801 ) ........................................................... 3 Watts 
Derate above 25°C ................................. 17.3 mW/°C 
(2N2837) ........................................................ 1.8 Watts 
Derate above 25°C ................................. 10.3 mW/°C 

Junction Temperature. Operating .................... +200 °C 
Storage Temperature ...................... -65°C to +200 °C 

Packages: 

2N2801, T0-5 
2N2837, T0-1 8 

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

Symbol Min Max Unit Conditions 

BVcBo 50 Volts le= 10µA. IE= 0 

BVEBO 5 Volts IE= 100µA, lc = 0 

BVcEO 35 Volts le= 100 mA, IB = 0 

1CEX 100 nA VcE = 25 Volts. VBE = 0.5 Volt 

1BL 100 nA VcE = 25 Volts. VBE = 0.5 Volt 

hFE 20 le = 0.1 mA. VcE = 1 o Volts (2N2837) 

hFE 30 le= 0.1 mA. VcE = 10 Volts (2N2801) 

hFE 30 90 le= 150 mA. VcE = 1 O Volts* (2N2837) 

hFE 75 225 le= 150mA.VcE = 10Volts* (2N2801) 

hFE 15 le = 150 mA. VcE = 1 Volt* (2N2837) 

hFE 30 le = 150 mA. VcE = 1 Volt* (2N2801) 
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2N2801,2N2837 

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

Symbol Min Max Unit Conditions 

hFE 25 

hFE 40 

VeE(sat) 

VeE(sat) 

VsE(sat) 

VsE(sat) 

cob 

fr 120 

0.4 

1.2 

1.3 

1.8 

25 

le= 500 mA. VcE = 1 o Volts• (2N2837) 

le= 500mA.VcE = 10Volts• (2N2801) 

Volt le = 150 mA, Is = 15 mA 

Volts le= 500 mA. Is= 50 mA 

Volts le= 150 mA. Is = 15 mA 

Volts le= 500 mA. Is= 50 mA 

pF Ves = 1 o Volts. f = 100 kHz 

MHz le= 50 mA, VcE = 10 Volts, 
f = 100 MHz 

• Pulse Test: Pulse Width ::;; 300µs. Duty Cycle::;; 2% 

.. 
SWITCHING CHARACTERISTIC.S 
(At 25°C unless otherwise noted) 

Characteristics Typ Max 
Delay Time 9 25 
Rise Time 25 45 
Storage Time 100 225 
Fall Time 30 45 

SCHEMATIC 

FIGURE 1 - DELA"'. .AND RISE TIME 
TEST CiRCUIT 

INPUT 

Zo = 50 !l 
PRF = 150 PPS 
RISE TIME S 2 ns 

-1sU 
--!2 µsf-

+15V +10V 

500 

50 

Unit 
ns 
ns 
ns 
ns 

FIGURE 2 - STORAGE AND FALL TIME 
TEST CIRCUIT 

INPUT 

Z0 = SOil 
PRF = 150 PPS 
RISE TIME S 2 ns 

+1a.sv +1ov 

50 
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2N3134 
HIGH-SPEED NPN SILICON SWITCHING 
AND AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector-Base Voltage ........................................ 50 Volts 
Collector-Emitter VGltage .................................... 35 Volts 
Emitter-Base Voltage .............................................. 4 Volts 
Collector Current .................................................... 600 mA 

Total Device Dissipation@ Tc= 25°C ............. 3 Watts 
Derate above 25°C ................................. 17.3 mW/0 e 

Total Device Dissipation@ TA = 25°C ......... 0.6 Watts 
Derate above 25°C ................................. 3.43 mW/0 e 

Junction Temperature .......................... -65 to +200 °e 
Storage Temperature ........................... -65 to +200 °e 

Package: T0-5 

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

Symbol Min Max Unit Conditions 

leBo 0.05 µA VeB = 30 Volts. IE = o 

leBo 30 µA VeB = 30 Volts. IE = o. TA = 150°C 

1cEx 0.1 µA VcE = 30 Volts. VBE = 0.5 Volt 

1BL 0.1 µA VeE = 30 Volts. VBE = 0.5 Volt 

BVcso 50 Volts le= 10 uA. IE= 0 

BVcrn· 35 Volts le= 10 mA. ls = O* 

BVEBO 4 Volts IE = 10 uA. le = 0 

VcE(sat) • 0.6 Volt le= 150 mA. IB = 15 mA* 

VBE(sat) • 1.5 Volts le= 150 mA. ls= 15 mA* 

hFE 50 le= 1.0mA.VcE= 10Volts 

hFE 100 300 le= 150 mA. VcE = 10Volts• 

cob 10 pF VeB = 10 Volts, IE= o. f = 100 kHz 

cib 40 pF VsE = 2 Volts. le= o. f = 100 kHz 

fr 200 MHz le= 50 mA. VcE = 20 Volts. f = 100 MHz 

. Pulse Test: Pulse Width ;::;; 300µs. Duty Cycle;::;; 2% 
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2N3546 
Package: T0-18 

HIGH-SPEED PNP SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
Characteristics Unit 

Collector-Base Voltage ........................................ 15 Volts 
Collector-Emitter Voltage .................................... 12 Volts 
Emitter-Base Voltage .......................................... 4.5 Volts 

Total Device Dissipation@ TA= 25DC ........ 0.36 Watt 
Derate above 25DC ................................. 2.06 mW/DC 

Total Device Dissipation @Tc = 25DC .......... 1.2 Watts 
Derate above 25DC .................................... 6.9 mW/DC 

Operating Junction Temperature ......................... 200 DC 
Storage Temperature Range ............... -65 to +200 DC 
Thermal Resistance, Junction to Ambient 0.49 DC/mW 
Thermal Resistance, Junction to Case ...... 0.15 DC/mW 

ELECTRICAL CHARACTERISTICS (TA= 25DC unless otherwise noted) 

Symbol Min Max Unit Conditions 

lcso 0.010 µA Vcs = 10 Volts 

lcso 10 µA Vcs = 10Volts, TA= 150DC 

1cex 0.010 µA VcE = 10 Volts. VsE(offl = 3 Volts 

1BL 0.10 µA VcE = 10 Volts. VsE(off) = 3 Volts 

BVcso 15 Volts le= 10µA,IE=O 

BVEBO 4.5 Volts IE=10µA,lc=O 

BVcEO• 12 Volts le= 10 mA, ls= O* 

VcE(sat) • 0.15 Volt le= 10mA.1 8 =1 mA* 

VcE(sat) • 0.25 Volt le= 50 mA, 18 = 5 mA • 

Vce(satl • 0.50 Volt le = 100 mA. I B = 10 mA 

VBE(sat)* 0.7 0.9 Volt le= 10mA.18 = 1 mA 

VBE(sat) • 0.8 1.3 Volts le= 50 mA. ls= 5 mA 

VsE(sat). 1.6 Volts le= 1oomA.18 = 10mA 

hFE• 20 le= 1.0 mA. VcE = 1 Volt* 

hFE• 30 120 le= 10 mA. VcE = 1 Volt 

hFE• 15 le= 10 mA. VcE = 1 Volt. TA= -55DC 
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2N3546 

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

Symbol Min Max 

hFE• 25 

hFE• 15 

Cob 6 

cib 5 

fr 700 

QT 400 

td 10 

tr 15 

ts 20 

tf 15 

ton 40 

to ff 30 

Unit 

pF 

pF 

MHz 

pC 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

le= 50 mA, VcE = 1 Volt 

le= 100 mA, VcE = 1 Volt 

Vcs = 10 Volts, IE= o. f = 1 MHz 

VsE = 0.5 Volt. le= 0, f = 1 MHz 

le= 10 mA. VcE = 10 Volts. f = 100 MHz 

le= 50 mA. Is= 5 mA. Vee= 3 Volts 

le= 50 mA. Is= 5 mA. 

VsE = 2 Volts. Vee= 3 Volts 

le= 50mA.ls 1 =ls2=5mA. 

Vee= 3 Volts 

(See Figure 3.4.5) 

• Pulse Test: PW = 300 µs, Duty Cycle :s; 2% 

CIRCUIT DIAGRAM 

FIGURE 1 
DELAY AND RISE TIME 

EQUIVALENT TEST CIRCUIT 

-3V 

+~~=t--!=-
-10.BV LJ 

PULSE WIDTH = 200 ns 
RISE TIMES 2 ns 

DUTY CYCLE S 10% 

FIGURE 2 
STORAGE AND FALL TIME 

EQUIVALENT TEST CIRCUIT 

-3V 

+B.7Vft OV 

-11.3 v 

PULSE WIDTH= 200 ns 
RISE TIMES 2 ns 

DUTY CYCLES 10% 

·osCILLOSCOPE RISE TIME s 1 ns 
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FIGURE 3 
SWITCHING TIME TEST CIRCUIT 

Vss -2 v 

PULSE WIDTH> 200ns 
RISE TIME< 1 ns 

Z;n = 50 Q 

ton:Vss = +3V.V;n = -7V 
totf v 68 = -4 v. V;n = +6 v 



Package' T0-92 

2N3905,2N3906 
PNP SILICON GENERAL PURPOSE SWITCHING 

AND AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Voltage .................................... 40 Volts 

Collector-Base Voltage ........................................ 40 Volts 

Emitter-Base Voltage .......................................... 5.0 Volts 

Collector Current .................................................... 200 mA 

Total Device Dissipation® TA= 25°C ........... 310 mW 

Total Device Dissipation@ TA = 60°C ........... 21 O mW 
Derate above 25°C ................................. 2.81 mW/°C 

Operating and Storage Junction 

Temperature Range ........................... -55 to + 135 °C 
Thermal Resistance. Junction to 

Ambient ..................................................... 0.357 °C/mW 

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

Symbol Min Max Unit Conditions 

BVcso 40 Volts lc=10µA,IE=O 

BVcrn· 40 Volts le= 1.0 mA. Is = 0 

BVEBO 5.0 Volts IE= 10µA, lc = 0 

1cEx 50 nA VcE = 30 Volts, VBE(off) = 3.0 Volts 

1BL 50 nA VcE = 30 Volts. VBE(off) = 3.0 Volts 

hFE• 30 (2N3905) le = 0.1 mA. VcE = 1.0 Volt 

60 (2N3906) 

hFE• 40 (2N3905) le= 1.0 mA. VcE = 1.0Volt 

80 (2N3906) 

hFE• 50 150 (2N3905) le= 10 mA. VcE = 1.0Volt 
100 300 (2N3906) 

hFE• 30 (2N3905) le= 50 mA. VcE = 1.0 Volt 

60 (2N3906) 

hFE• 15 (2N3905) le= 100 mA. VcE = 1.0Volt 

30 (2N3906) 

VcE(sat) • 0.25 Volt le= 10 mA. Is= 1.0 mA 

0.4 Volt le= 50 mA. ls= 5.0 mA 
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2N3905, 2N3906 

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

Symbol Min Max Unit Conditions 

VBE(sat)* 0.65 0.85 Volt le= 10mA.ls = 1.0mA 
0.95 Volt le = 50 mA. Is = 5.0 mA 

fr 200 MHz (2N3905) le= 10 mA. VcE = 20Volts. 
250 MHz (2N3906) f= 100MHz 

Cob 4.5 pF Vee = 5.0 Volts. IE = O. f = 100 kHz 

cib 10 pF VsE = 0.5 Volt. le= o. f = 100 kHz 

hie . 0.5 8.0 kohms (2N3905) le= 1.0 mA. VcE = 10 Volts. 
2.0 12 kohms (2N3906) f = 1.0 kHz 

hre 0.1 5.0 x 10-4 (2N3905) le = 1.0 mA. VcE = 1 o Volts. 
1.0 10 x 10-4 (2N3906) f = 1.0 kHz 

hte 50 200 (2N3905) le = 1.0 mA. VcE = 1 o Volts. 
100 400 (2N3906) f = 1.0 kHz 

hoe 1.0 40 µmhos (2N3905) le= 1.0 mA. VcE = 10V1ilts, 
3.0 60 µmhos (2N3906) f = 1.0 kHz 

NF 5.0 dB (2N3905) le= 100µA. VcE = 5.0 Volts. 
4.0 dB (2N3906) R5 = 1.0 k ohm. f = 10 Hz 

to 15.7 kHz 

td 35 ns Vee = 3.0 Volts. VsE(offl = 0.5 Volt. 

tr 35 ns le= 10 mA.191 = 1.0 mA 

ts 200 ns (2N3905) Vee= 3.0 Volts. le= 10 mA. 
225 ns (2N3906) 181 = 182 = 1.0 mA 

tf 60 ns (2N3905) Vee = 3.0 Volts. le = 1 o mA, 
75 ns (2N3906) 19'1 = 192 = 1.0 mA 

• Pulse Test: Pulse Width = 300 µs. Duty Cycle = 2.0%. 
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SCHEMATIC 

2N3905,2N3906 

FIGURE 1 - DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT 

-3.0V 

~l<l~ns 
+0.5VLJ lOK 

-10.6V...J l-...300 ns 
- I I- DUTY CYCLE= 2% 

I 
I 

_.1_ 
,,...., C. <4.0 pF" 

I 
..I 

FIGURE 2 - STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 

+~Ons 
lOK 

">-'Wlr-4-+-I 

9V r-1 t1 1-- 1N916 

10 < t1 <500 us 
DUTY CYCLE = 2% 

-3.0V 

•Total shunt capacitance of test jig and connectors 

12-199 

I 



2N4026,2N4027,2N4028,2N4029® 
PNP SILICON HIGH-VOLTAGE GENERAL 
PURPOSE AMPLIFIER TRANSISTORS 

Package: T0-1 8 

•HIGH BETA ........................................................... , ... 100-300@100mA 
• HIGH VOLTAGE ............................................... 60 AND 80 VOLTS LVcEO 

• LOW V CE(sat) ..................................................... 1.0 VOLT (MAX) @ 1.0 A 
• EXCELLENT BETA LINEARITY ...................... FROM 100 µ,A TO 500 mA 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector-Bas~ Voltage 
(2N4026, 2N4028) ..................................... -60 Volts 
(2N4027. 2N4029) ..................................... -80 Volts 

Collector-Emitter Voltage (Note 4) 
(2N4026, 2N4028) ..................................... -60 Volts 
(2N4027. 2N4029) ..................................... -80 Volts 

Emitter-Base Voltage 
(2N4026, 2N4027, 2N4028, 2N4029) -5.0 Volts 

Total Device Dissipation@: 

Tc = 25° C (Notes 2 and 3) ........................ 2.0 Watts 
T AF= 25° C (Notes 2 and 3) ........................ 0.5 Watt 

Storage Temperature ....................... -65° C to +200°C 
Operating Junction Temperature ... +200°C Maximum 
Lead Temperature 

(Soldering, 60 sec Time Limit) ..... +300°C Maximum 

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

Symbol Min 

hfe 2N4026. 2N4027 30 

2 N4028. 2N4029 75 

hFe 2N4026. 2N4027 40 

2N4028. 2N4029 100 

Typ 

80 
150 

80 

Mu 

120 
160 300 

T00 AND T0 ff TEST CIRCUIT 

Vaa +3.BV Vee -30V 

lKll 6011 

·9.7~ ~1-0µ .... :_...,.,..-c 
PULSE SOURCE 6211 
tr, tf < 20ns 

Z1N = 500 "" 
PW= lOus 
DUTY CYCLE < 2% 

Unit Conditions 

TO OSCILLOSCOPE 
INPUT l > lDOKll 
tr "<'lOns 

le= lOOµA. Vee = -5.0 Volts (Note 51 

le= tOOmA.Vee = -5.0Volts(Note5) 

hFE 2N4026. 2N4027 25 60 le= 500 mA. Vee= -5.0Volts (Note 5) 

2N4028. 2N4029 70 

hFe 2N4026 15 

2N4028 40 

hFe 2N4027 10 

2N4029 25 

hFE(-55°e) 2N4026. 2N4027 15 

2N4028. 2N4029 40 

hie 2N4026. 2N4027 1.0 

2N4028.2N4029 1.5 

110 

50 

100 

1.5 4.0 

2.0 5.0 

12-200 

le = 1.0 A. VeE = -5.0 Volts (Note 5) 

le = 1.0 A. VeE = -5.0 Volts (Note 5) 

le= lOOmA.Vee = -5.0Volts(Note5) 

le = 50 mA. Vee = -10 Volts 



2N4026, 2N4027,2N4028, 2N4029 

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

Symbol Min Typ Max Unit Conditions 

Cobo 2N4026. 2N4027 15 20 pf IE= o. Vcs = -10 Volts 

2N4028. 2N4029 

cibo 2N4026. 2N4027 75 110 pf le = 0. VEB = -0.5 Volt 

2N4028. 2N4029 

ton 2N4026. 2N4027 30 100 ns le"" 500 mA.1 81 ""50 mA 

2N4028. 2N4029 23 100 ns (Note 6) 

ts 2N4026. 2N4027 150 350 ns le"" 500 mA.1 61 ""50 mA. 

2N4028. 2N4029 175 350 ns ls2"" -50 mA (Note 6) 

tf 2N4026. 2N4027 25 50 ns le"" 500 mA.1 61 ""50 mA. 

2N4028. 2N4029 22 50 ns ls2"" -50 mA (Note 6) 

VcE(sat) 2N4026. 2N4028 -o 1 -015 Volts le= 150 mA. ls= 15 mA (Note 5) 

2N4027. 2N4029 

VcE(satl 2N4026. 2N4028 -0.25 -0.5 Volts le= 500 mA. ls = 50 mA (Note 51 
2N4027. 2N4029 

VcE(sat) 2N4026. 2N4028 -0.5 -1.0 Volt le= 1000 mA. ls= 100 mA (Note 5) 

VeE(sat) 2N4026.2N4028 -0.8 -0.9 Volt le = 150 mA. Is = 15 mA (Note 5) 

2N4027. 2N4029 

VeE(sat) 2N4026. 2N4028 -11 Volts le= 500 mA. ls = 50 mA (Note 5) 

2N4027. 2N4029 -0.95 -1 1 Volts 

VBE(sat) 2N4026. 2N4028 -1.05 -1.2 Volts le= 1000 mA. ls= 100 mA (Note 5) 

BVceo 2N4026. 2N4028 -60 Volts IE =O.lc = lOµA 

2N4027. 2N4029 -so Volts 

BVrno 2N4026. 2N4028 -5.0 Volts le =O.IE = 10µA 
2N4026. 2N4028 

VcEO(sustJ 2N4026. 2N4028 -60 Volts le= 10 mA (pulsed). ls = 0 (Notes 4 and 5) 

2N4027. 2N4029 -BO Volts 

I 1cso 2N4026. 2N4028 0.2 50 nA IE= o. Vcs = -50 Volts 

1cso 2N4027. 2N4029 0.2 50 nA IE= O. Vcs = -60 Volts 

lcsot15ooc1 2N4026. 2N4028 0.2 50 µA IE= 0. Vcs = -50 Volts 

1 c 8011 50° CJ 2N4027. 2N4029 0.25 50 µA IE= o. Vcs = -60 Volts 

( 1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 87.5°C/watt (derating 
factor of 11 .4 mW/°C): junction-to-ambient thermal resistance of 350°C/watt (derating factor of 2.85 mW/°C). 

(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 

( 5) Pulse Conditions: length = 300 µs: duty cycle = 1 %. 

(6) See switching circuit for exact values of I c. I B 1. and I 82· 

12-201 



2N4030 2N4031 2N4032 2N4033® 
SILICON GENERAL PURPOSE TRANSISTORS 

GENERAL PURPOSE 
HIGH-VOLTAGE 
PNP SILICON PLANAR 
EPITAXIAL TRANSISTORS 
• High Voltage: -80V (2N4031, 3) 
• High Gain: 100min.@100mA (2N4032, 3) 
• Low VcE (sat): -0.15V @150mA 

The ITT 2N4030, 2N4031, 2N4032, 2N4033 are high voltage PN P 
silicon planar epitaxial transistors useful in a variety of applications. 
Excellent linearity of current gain, high breakdown voltage and low 
saturation voltage combine in this 150MHz f, device to increase 
the possible uses for this device. Primary applications are high 
voltage output stages and complementary drivers. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage .................................... . 
Collector-to-Emitter Voltage (open base) ........................ . 
Emitter-to-Base Voltage ..................................... . 
Collector Current ........................................... . 
Junction Temperature (op. and stg.) ........................... . 

Total Dissipation@ Tc=25'C ................................. . 
( derate above 25°C) .................................... . 

Total Dissipation @ TA=25°C ................................. . 
(derate above 25'C) .................................... . 
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DIMENSIONS 

T0-5 

2N4030 2N4031 
2N4032 2N4033 

-60 -80 
-60 -80 
-5 -5 
1.0 1.0 
-65 to +200 

I 
4.0 

22.8 
0.8 
4.56 

UNITS 

Volts 
Volts 
Volts 
Amps 
'C 

Watts 
mW/'C 
Watts 
mW/'C 



2N4030 2N4031 2N4032 2N4033 

ELECTRICAL CHARACTERISTICS@ 25°C unless otherwise noted. 

2N4030 2N4031 2N4032 2N4033 

SYMBOL UNIT CONDITIONS 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

BVeso -60 -80 -60 -80 Vdc le= -10µA 

LVeeo1•2 -60 -BO -60 -BO Vde le= -10mA 
BVeso -5.0 -5.0 -5.0 -5.0 Vde le= -10µA 

hFe1 .40 120 40 120 100 300 100 300 le= -100mA Vee= -5V 
30 30 75 75 le= -100µA Vee= -5V 
25 25 70 70 le= -500mA Vee= -5V 
15 15 40 40 le= -100mA Vee= -5V 

TA= -55°C 
15 10 40 25 le= -1A Vee= -5V 

Vee(sat) 1 -0.15 -0.15 -0.15 -0.15 Vdc le= -150mA Is= -15mA 
-0.50 -0.50 -0.50 -0.50 Vde le= -500mA Is= -50mA 
-1.0 -1.0 Vde le= -1A Is= -100mA 

Vse(sat)' -0.9 -0.9 -0.9 -0.9 Vde le= -150mA 18= -15mA 

Vae(on) -1.1 -1.1 -1.1 -1.1 Vde le= -500mA Vee= -0.5V 
-1.2 -1.2 Vde le= -1A Vee= -1V 

leso -50 -50 nAde Vea= -50V 
-50 -50 nAde Vea= -60V 

-50 -50 µAde Vea= -50V TA=150°C 
-50 -50 µAde Vea= -60V TA=150°C 

leso -10 -10 -10 -10 µAde Vee= -5V 

Cob 20 20 20 20 pF Vee= -10V f=1 MHz 
C;b 110 110 110 110 pF V,8 = -0.5V f=1 MHz 

lh1.I 1.0 4.0 1.0 4.0 1.5 5.0 1.5 5.0 Vee= -10V le= -50mA 
f=100MHz 

ton 100 100 100 100 ns 
lc=500mA I 
ls1=50mA 

t, 350 350 350 350 ns ls2=50mA 
SWITCHING TIME TEST CIRCUIT 

t1 50 50 50 50 i 36V 

-30V 
ns 

02-J ': ~:1n Gon 
,, 
rvour 

' 7 10011 

\/1N•-97 
~ 

SAMPLING SCOPE 
11 e.1 1 1ns1t lr<lnne 
PW=:IYHC z1N2: IOOKA 
z 1N~5on 
DUTY CYCLE<Z91. 
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2N4402, 2N4403 Package: To,92 

GENERAL PURPOSE PNP SI LICON 
SWITCHING AND AMPLIFYING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ........................... 40 Vdc 

Collector-Base Voltage ............................... 40 Vdc 

Emitter-Base Voltage .................................. 5.0 Vdc 

Collector Current - Continuous .............. 600 mAdc 

Total Device Dissipation TA= 250C .......... 310 mW 

Derate above 25oe ......................... 2.81 mW/Oe 

Operating & Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

To Case ........................................ 0.137 OC/mW 

Thermal Resistance, Junction 

To Ambient ................................. 0.357 OC/mW 

Turn-On Time 

£ ~ ,, 
0 

-

-I 1--- 'D~;~ ~0v0ct~ ~2 % 

Turn-Off Time 

+~<20os 
0 ~--'\Al\~--~ 

-16 

-1 l-1.0 to IOO~s 
DUTY CYCLE= 2°/o 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVeEO* 40 - Vdc le= 1 mAdc, I B = o 
BVCBO 40 - Vdc le- 0.1 mAdc, IE =O 

BVEBO o:o - Vdc IE =0.1 mAdc, le =O 

1CEX - 0.1 uAdc VCE-~oVdc,VBE(off) -0.4vac 

1BL 
- 0.1 uAdc VCE =3S"Vcfc,VBE(off) = 0.4 '\lac 

hFE 30 - le= 0.1 mAdc, V CE = 1Vdc 

30 - le= 1 mAdc, Vee= 1 Vdc 

60 -

50 - IC= 10mAdc, VCE = 1 Vdc 

100 -

50 150 le= 150 mAdc, V CE= 2 Vdc* 

100 300 

20 - le= 500 mAdc, V CE = 2 Vdc* 

VCE(sat) - 0.4 Vdc le= 150 mAdc, IB = 15 mAdc 

- 0.75 le= 500 mAdc, IB = 50 mAdc 

VBE(sat) 0.75 0.95 Vdc le= 150 mAdc, IB = 15 mAdc 

- 1.3 le= 500 mAdc, IB = 50 mAdc 

-30V 

2001l. 

_J._ 
,...,~. 

:cs· <10pt 

' 

-30V 

200.n. 

' _,_ 
~-.-~ ___ :cs· <10pf 

2N4403 

2N4402 

2N4403 

2N4402 

2N4403 

2N4402 

2N4403 

fT 150 - MHz 2N4402 le= 20 mAdc, V CE= 10 Vdc, 
200 - 2N4403 f=100 MHz 

*Pulse Test: Pulse Width = 300 us, Duty Cycle= 2%. 
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2N4402, 2N4403 

ELECTRICAL CHARACTERISTICS (T,.. = 25°C) 

SYMBOL MIN. MAX. UNITS CONDITIONS 

ccb - 8.5 pF V CB= 10 Vdc, IE = 0, f = 140 kHz, emitter guarded 

ceb - 30 pF v BE - 0.5 Vdc, le= 0, f - 140 kHz, 

collector guarded 

hie 750 7.5k ohms lc-1 mAdc, VCE = 10 Vdc, f = 1 kHz 2N4402 
1.5k 15k 2N4403 

'k 0.1 8.0 x 10"4 le= 1 mAdc, V_c_e_ = 10 Vdc, t = 1 kHz 

hfe 30 250 - IC= 1 mAdc, VCE - 10 Vdc, f- 1 kHz 2N4402 
60 500 2N4403 

hoe 1.0 100 um hoe ~ = 1 mAdc, V_ee_ = 10 Vdc, f = 1 kHz 

td - 15 ns V CC - 30 Vdc, V BE.1.offl - 2 Vdc, 

\ - 20 ns ~C = 150 mAdc, fil - 15 mAdc 

~ - 225 ns Vee= 30 Vdc, ~ - 150 mAdc, 

tf - 30 ns IB 1 - IB2 - 15 mAdc 

I 
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2N5056, 2N5057® 
HIGH SPEED PNP SILICON SATURATED 
SWITCHING TRANSISTORS 

Package: T0-18 

• Fast Switching ..................................................... t0 n = 20 ns (max) at 30 mA 

t 0 ff = 35 ns (max) at 30 mA 
Ts= 30 ns (max) at 10 mA 

• High Frequency ........................................... fT = 800 MHz (min) at 30 mA 
• Low Capacitance .............................................. Ccb = 4.5 pf (max) at 5 Volts 

• Low Saturation Voltage ......... V CE( sat) = 0.19 Volts (max) at le = 30 mA 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Storage Temperature ....................... -65°C to +200°C 
Operating Junction Temperature ...................... +200°C 
Lead Temperature (Soldering. 

60 second time limit) ........................................ +300°C 

Total Device Dissipation: 

@Tc= 25°C (Notes 2 and 3) ................... 1.2 Watts 
@Tc = 100°C (Notes 2 and 3) ................ 0.72 Watt 
@TA = 25°C (Notes 2 and 3) .................. 0.36 Watt 

Collector-Base Voltage ..................................... -15 Volts 
Collector-Emitter Voltage (Note 4) ................. -15 Volts 
Emitter-Base Voltage ....................................... -4.5 Volts 

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

Symbol Min Typ Max Unit Conditions 

ton 2N5056 10 20 OS le ~30 mA, le1 ~ 3.0 mA 
2N5057 10 20 OS (Note 6, Figure 11 

1off 2N5056 15 35 OS Jc ~30mA. le= 182 ~3.0mA 
2N5057 15 35 OS (Note 6, Figure 11 

TS 2N5056 15 30 OS Jc~ 10 mA.1 81 ~10 mA. 
2N5057 15 30 OS le2 ~ -10 mA (Note 6. Figure 11 

VcE(satl 2N5056 -0.08 -0.13 Volt Jc= 10mA.le = 1.0mA 
2N5057 -0.08 -0.13 Volt (Note 51 

VcE(satl 2N5056 -0.12 -0.19 Volt Jc= 30 mA. le= 3.0mA 
2N5057 -0.12 -0.19 Volt (Note 51 

VcE(satl 2N5056 -0.28 -0.45 Volt Jc= 100mA.le = 10mA 
2N5057 -0.28 -0.45 Volt (Note 51 

VeE(satl 2N5056 -0.72 -0.82 -0.92 Volt le= 10mA.le = 1.0mA 
2N5057 -0.72 -0.82 -0.92 Volt (Note 51 

VBE(satl 2N5056 -0.80 -0.93 -1.15 Volts le = 30 mA. le = 3.0 mA 
2N5057 -0.80 -0.93 -1.15 Volts (Note 51 
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2N5056, 2N5057 

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

Symbol Min Typ Max Unit Conditions 

VBE(sat) 2N5056 -0.95 -1.14 -1.5 Volts le= 100mA.ls = 10mA 
2N5057 -0.95 -1.14 -1.5 Volts 

hte 2N5056 6.0 9.0 le= 30 mA. VcE = -10 Volts 
2N5057 8.0 12 

ecb 2N5056 3.3 4.5 pF IE= o. Ves = -5.0Volts 
2N5057 3.3 4.5 pF 

eeb 2N5056 4.7 6.0 pF le = o. VEB = -0.5 Volt 
2N5057 4.7 6.0 pF 

1eES 2N5056 0.3 50 nA VeE = -10Volts. VsE = 0 
2N5057 0.3 50 nA 

li;Es(+125oel 2N5056 0.05 10 µA VeE = -10Volts. VsE = 0 
2N5057 0.05 10 µA 

VeEO(sust) 2N5056 -15 Volts le= 10 mA. IE= 0 
2N5057 -15 Volts (Notes 4 and 5) 

BVeso 2N5056 -15 Volts le= 10µA,IE = 0 
2N5057 -15 Volts 

BVeES 2N5056 -15 Volts le= 10µA. VsE = 0 
2N5057 -15 Volts 

BVEBO 2N5056 -4.5 Volts le= O. IE=· 100µA 
2N5057 -4.5 Volts 

hFE 2N5056 12 25 le= 1.0 mA. VeE = -0.5 Volt 

2N5057 20 44 (Note 5) 

hFE 2N5056 20 33 le = 1 o mA. VeE = -0.3 Volt 

2N5057 30 53 (Note 5) 

hFE 2N5056 30 48 100 le = 30 mA. VeE = - 0.5 Volt I 2N5057 40 63 100 (Note 5) 

hFE 2N5056 20 45 le= 100 mA. VeE = -1.0Volt 

2N5057 30 55 (Note 5) 

hfE(-55°e) 2N5056 12 25 le = 30 mA. VeE = -0.5 Volt 
2N5057 20 38 (Note 5) 

NOTES: 

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating 
factor of 6.85 mW/°C); junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/°C). 

(4) This rating refers to a high-current point where collector to emitter voltage is lowest. 

(5) Pulse Conditions: length= 300µs;dutycycle = 1%. 

(6) See switching circuit for exact values of IC· I 81 . and 182. 
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2N5056, 2N5057 

FIGURE 1 

SWITCHING TIME TEST CIRCUIT 

SCHEMATIC FIGURE 2 

SWITCHING TIME TEST CIRCUIT 
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Package: To-92 2N5228 

GENERAL PURPOSE PNP SILICON LOW-LEVEL SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Unit 

5.0 Vdc 

6.0 Vdc 

Collector-Base Voltage ............................... 5.0 Vdc 

Emitter-Base Voltage .................................. 3.0 Vdc 

Collector Current ....................................... 50 mAdc 

Total Device Dissipation @TA= 25oc ....... 310 mW 

Derate above 25oc .......................... 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ................................... 0.357 OC/mW 

Figure 1 - Switching Time Test Circuit 

Vee '3.0 Y 

SCOPE 
3.3k 

IN 

9.IVl r 
1·5V"°] c 

-10.s::_LJ -10.7 v-LJ 
TURN.ON INPUT PULSE TURN-OFF INPUT PULSE 

GENERATOR SOURCE IMPEDANCE.= 50 ohms 

INPUT PULSE' 
RISE TIME <: 2.0 ns 
FALL TIME< 2.0ns 
NOMINAL PULSEWIDTH: 300 ns 
NOMINAL DUTY CYCLE' 2 .0% 

OSCILLOSCOPE' 
RISE TIME 0.4ns 
INPUT RESISTANCE< 50 ohms 
INPUT CAPACITANCE< 4.0 pF 

ELECTRICAL CHARACTERISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 5.0 - Vdc lc=10mAdc,~=O 

BVCES 6.0 - Vdc le= 100 uAdc, V BE= o 
BVCBO 5.0 - Vdc le= 100 uAdc, IE = O 

BVEBO 3.0 - Vdc IE -100uAdc, lc- o 
1CES 

- 100 nAdc VCE - 4.0 Vdc, VBE - 0 

1EBO - 100 uAdc v BE - 2.5 Vdc, le= 0 

hFE 30 - - le - 10 mAdc, V CE - 0.3 Vdc 
fl) - le - 50 mAdc, V CE - 1.0 Vdc 

VCE(sat) - 0.4 Vdc le= 10 mAdc, IB = 3.0 mAdc 

VBE(sat) 0.65 1.25 Vdc le - 10 mAdc, IB - 3.0 mAdc 

fT 300 - MHz IC - 10 mAdc, V CE - 5.0 Vdc, f - 100 MHz 

ccb - 5.0 pF VCB = 5.0 Vdc, IE= 0, f = 1.0 MHz 

td - 25 ns Delay Time See Figure 1 

\ - 50 ns Rise Time See Figure 1 

ts - 90 ns Storage Time See Figure 1 

tf - 50 ns Fall Time See Figure 1 
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2N2480,2N2480A 
Package= TO- 92 

NPN SILICON DUAL TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (each side) 

Characteristics Unit 
Collector-Emitter Voltage .................................... 40 Volts 
Collector-Base Voltage (2N2480) ..................... 75 Volts 
Collector-Base Voltage (2N2480A) .................. 80 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 
Collector Current .................................................... 500 mA 
Operating Junction Temperature .......................... 200°C 
Storage Temperature Range ................ -65 to +200°C 

Total Dissipation@ TA = 25°C (one side) ...... 0.5 Watt 
Derate above 25°C ................................. 2.86 mW/°C 

Total Dissipation@ Tc = 25°C ....................... 1.6 Watts 
Derateabove25°C .................................... 9.1 mW/°C 

Total Dissipation@ TA= 25°C (both sides) ... 0.6 Watt 
Derate above 25°C ......... ; ....................... 3.43 mW/°C 

Total Dissipation@ Tc= 25°c ....................... 3.0 Watts 
Derate above 25°C ................................. 17.2 mW/°C 

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

Symbol Min Max Unit Conditions 

BVcEO• 40 Volts le = 20 mA. Is = o• 

BVcso 75 Volts (2N2480) le= 100µA. IE= 0 
80 Volts (2N2480A) 

BVEBO 5.0 Volts IE= 100µA. lc = 0 

1cso 15 µA Vcs = 30Volts. IE= o. TA= 150°C 
0.050 µA (2N2480) Vcs = 60 Volts. IE = 0 

0.020 µA (2N2480A) 

1EBO 50 nA (2N2480) VsE = 5.0 Volts. le = o 
20 nA (2N2480A) 

hFE 20 (2N2480) le = 100µA. VcE = 5.0 Volts 
35 (2N2480A) 

hFE 30 350 (2N2480) le = 1.0 mA. VcE = 5.0 Volts 
50 200 (2N2480A) 
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2N2480,2N2480A 

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

Symbol Min Max Unit Conditions 

VcE(sat) 1.2 Volts (2N2480) le= 50 mA. ls= 5.0 mA 
1.3 Volts (2N2480A) 

VBE(sat) 0.9 Volt (2N2480) le= 50mA.ls = 5.0mA 
1.0 Volt (2N2480A) 

fr 50 MHz le= 50 mA. VcE = 10 Volts. f = 20 MHz 

cob 20 pF (2N2480) Vcs = 10 Volts. IE= o 
18 pF (2N2480A) f= 1.0MHz 

cib 85 pF (2N2480A) v8 E = o.5 Volt. le = o. 
f = 1.0 MHz 

hie 1000 5000 ohms (2N2480A) le= 1.0 mA. VcE = 5.0 Volts. 
f = 1.0 kHz 

hib 20 35 ohms (2N2480A) le= 1.0 mA. Vcs = 5.0 Volts. 
f = 1.0 kHz 

hfe 50 300 (2N2480A) le= 1.0 mA. VcE = 5.0 Volts. 
f = 1.0 kHz 

hoe 4.0 16 um hos (2N2480A) le = 1.0 mA. VcE = 5.0 Volts. 
f = 1.0 kHz 

NF 8.0 dB le= 0.3 mA. VcE = 10 Volts. Rs= 510 ohms. 
f = 1.0 kHz. BW = 1.0 Hz 

• Pulse Test: Pulse Width s; 300 µs. Duty Cycles; 2%. 

I 
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DIMENSIONS 

16·LEAD 
Ceramic Dual In-line 

ORDERING CODE FOR 930 DTL, 
9000 TTL, 9300 TTL, 950 CTL 

AND LINEAR CIRCUITS 

Operating Temperature Range (add) 
-1 for -55 to +125°C 
-5 for o to +70°C 
+ 75°C for digital 

Package (add) 
B for Flat Pack 
C for T0-5 Style 
D for Ceramic Dual In-Line 
P for Plastic Dual In-Line 

Example: 
MIC 709A-1D 
is -55 to +125°C 
Range in Dual In-Line Package 

13-1 

PACKAGE DIMENSIONS 

Dual In-Line 
Plastic Package T0-116 

LEADS TO BE TIN PLATED 

~ 
l~I 

-

. 

I. .375 , I 
NOM. 

f..-~ _J 
.2601 

DIMENSIONS- FLAT PACK 

250 I IE . MIN . ., 

- -~r 

I ·114 
I 

I "] 

718 
i:==_ TI 

r 
.:100 

J ~: "' ''" 
__£_065 MAX. 

I, 240 MIN 1T 
I 260 MAX 

14 

18 "~ 
l=:=::::i .390 

4 , . .T 
.0050 I .260/.245 J.250 MIN. I 
0035 • 1• •· ! 
T.1.~.075 ~.050 

16 LEAD-check factory for availability 
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PACKAGE DIMENSIONS 

MECHANICAL DATA 
Case: Hermetically sealed glass 
Finish: All external surfaces corrosion 
resistant and leads readily solderable 
Leads: Dumet, tin plated 
Weight: 0.135 grams (approx.) 
Mounting Position: Any 
Marking: Diodes carry ITT identification, 
and are EIA Color Coded. Bands 1, 2, 3 
and 4 on the illustration above indicate 
the first, second, third and fourth digit 
respectively of the type designation 
starting from the cathode end of the 
diode. 
Black 
Brown 
Red 
Orange 
Yellow 

. 0 
.... 1 

.. 2 
..... 3 
..... 4 

Green 
Blue 
Violet 
Gray 
White 

...... 5 
.. 6 

.... 7 
.. 8 

..... 9 
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DOUBLE PLUG DIODE 

STANDARD 

AVAILABLE 

D0-7 

t]=rl"'"I 
T""'1_.!:_JCJ 
.031 

.±_.OOZ 

D0-29 

c .031 .±_.002 _f .120 MAX. DIA. 

"'*'r=~~~~~c:JF~~~~~ 

~l"MIN _J L.2~5 
EPOXY PACKAGE 

Lead-Material Silver Plated Copper 



PHYSICAL DIMENSIONS 

5 

030 170 0 MAX. .2'° 

__.L ---, 
a LEi--D~ ~ ~~ ;o~ 

T0-71 

SEATING 
PLANE 

T0-5 

T0-52 

.370 

.335 

.200 LEAO 
CIRCLE 

I 

.225 
210 

+ 
.100 LEAD 

CIRCLE 

·'"' .370 

MA)(. .2.60 040 0.240 
__.L ---, 

8 LEi.-{] ~ ~ ~ ~ .,ON~ 
•SEATING 

PLANE 

T0-77 

NOTE: DIMENSIONS AS PER LATEST 
JS-10 COMMITTEE. 
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PACKAGE DIMENSIONS 

r--195~ 

2~~ i_ (1-~f~g 
i--~ .500 

,; <f <1' <f MIN 
.ois/ u usu __ 
.01s 90• -r--=:---. 

3 LEADS -

T0-18 

>O 

T0-46 

.370 

.225 

.100 LEAD 
CIRCLE 

335 
.370 

.009 0.140 ~ .260 

6~ .500 0 "' 
.040 ."' MAX. 165 
_J_ 

T 500 
a LEi.--o~ ~ ~l_L ~~~~~l 

T0-78 

SEATING 
PCANt: 

ALL DIMENSIONS IN INCHES. 
LEADS ARE GOLD-PLATED KOVAR. 

R·131c 

SEATING 
PLANE 
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PACKAGE DlMENSIONS 

DIMENSIONS 

.335 MT0-100 :~~~ 

.305 ------r 
'.010. M11n1 .165 

040 .040 .185 

~t-W-i-
10 LEADs....I rmnn nnnn ·~~~ 
:8li DIA. IWUU ULillll____j_ 

N01ES: LEADS ARE GOLD-PLATED KOVAR 
PACKAGE WEIGHT IS 1.32 GRAMS 

T0-99 

NOTE: DIMENSIONS AS PER LATEST 
J'S-10 COMMITTEE. 
ALL DIMENSIONS IN INCHES. 
LEADS ARE GOLD-PLATED 
KOVAR. 
PACKAGE WEIGHT IS t.12 
GRAMS. 

tr~ B C 

.10 -r -
_d 2.0 

2.0 

T 
.492 

j_ 
__,.j~2 
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T0-92 PACKAGE 

·t; 
2.0 -

2.0 

_J_ 

T 
_l_ 

.087 

·492 

1 
-1~ 

NOTE-ON SPECIAL ORDER 

ITT Semiconductors will provide 
T0-18, T0-46 and T0-52 units 
with formed leads to the require­
ments of the T0-5 package. In 
addition disc insulators on the 
above devices are also available 
by special order. 
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TTL INTEGRATED CIRCUITS 

---SECTION 1 ---

Type No. Page 

General Information 
54/74 Series TTL Family 1/8 

ITT 7400 through ITT 7440 9/13 
ITT 7413 .............. 14,15 
ITT7441A ............ 16/18 
ITT 7442 .............. 19,20 
ITT 7443 .............. 19,20 
ITT 7444 .............. 19,20 
ITT 7445 .............. 21/23 
ITT 7450 .............. 24/26 
ITT 7451 .............. 24/26 
ITT 7453 .............. 24/26 
ITT 7454 .............. 24/26 
ITT 7460 .............. 27,28 
ITT 7470 .............. 29/31 
ITT 7472 .............. 32/34 
ITT 7473 ............... 32/34 
ITT 7474 .............. 35,36 
ITT 7475 .............. 37,38 
ITT 7476 .............. 32/34 
ITT 7480 .............. 39/44 
ITT 7481 .............. 45/47 
ITT 7482 .............. 48,49 
I TT 7 483 .............. 50/53 
ITT 7484 .............. 45/47 
ITT 7486 .............. 54,55 
ITT 7490 .............. 56/58 
ITT 7491A . . . . . . . . . . . . 59 
ITT 7492 .............. 60/62 
ITT 7493 .............. 63/65 
ITT 7494 .............. 66,67 
ITT 7495 .............. 68,69 
ITT 7496 .............. 70,71 
ITT 74107 ............. 32/34 
ITT 74118 ............. 72,73 
ITT 74121 ............. 74/76 
ITT 74145 ............. 21/23 
ITT 74150 ............. 77/80 
ITT74151 ............. 77/80 
ITT74154 ............. 81/83 
ITT 74155 ............. 84/86 
ITT 74156 ............. 84/86 
ITT 74180 ............. 87/89 
ITT 54/74192 .......... 90/95 
ITT 54/74193 .......... 90/95 

54H/74H Series TTL Family 
96/100 

ITT 74HOO through ITT 74H40 
101/103 

ITT 74H50 . . . . . . . . . . . . 104 
ITT 74H51 . . . . . . . . . . . . 104 
ITT 74H53 . . . . . . . . . . . . 104 

Cross-Reference by Section, Page and Device Number 

Type No. Page 

ITT 74H54 . . . . . . . . . . . . 104 
ITT 74H60 ........... 105/107 
ITT 74H72 .......... 108/110 
ITT 74H73 .......... 108/110 
ITT74H74 .......... 111,112 
ITT 74H76 ......... , 108/110 
ITT 9000 ............ 113/130 
ITT 9001 ............ 113/130 
ITT 9002 ............ 113/130 
ITT 9003 ............ 113/130 
ITT 9004 ............ 113/130 
ITT 9005 ............ 113/130 
ITT 9006 ............ 113/130 
ITT 9007 ............ 113/130 
ITT 9008 ............ 113/130 
ITT9009 ............ 113/130 
ITT 9016 ............ 113/130 
ITT 9020 ............ 113/130 
ITT 9022 ............ 113/130 
ITT 9024 ............ 131/134 
ITT 9033 ............ 135/138 
ITT 9300 ............ 152/157 
ITT9301 ............ 158/162 
ITT 9304 ............ 163/168 
ITT 9308 ............ 169/172 
ITT 9309 ............ 173/178 
ITT 9311 ............ 179/182 
ITT 9312 ............ 183/188 
ITT 9316 ............ 189/192 
ITT 9322 .......•.... 193/196 
ITT 9328 ............ 197/200 
ITT 9601 ............ 139/144 
ITT 9602 ............ 145/151 

NEW PRODUCTS 

54/74124 .............. 1-201 
54/74130 .............. 1-201 
54/74131 .............. 1-201 
54/74135 .............. 1-201 
54/74137 .............. 1-201 
54/74138 .............. 1-201 
54/74139 .............. 1-201 
SAH 161 ........... : . . 1-202 
SAH 171 .............. 1-202 
SAH 181 .............. 1-202 
SAH 190 .............. 1-203 
SAJ 220 .............. 1-202 
TBA 470 .............. 1-203 
TBA 800 .............. 1-204 
TBA 840 .............. 1-203 
TBA 940 .............. 1-204 
TBA 950 .............. 1-204 
TCA 250 .............. 1-203 
TCA 430 .............. 1-203 
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Type No. Page 

TCA 350 .............. 1-204 
UAA 110 .............. 1-202 
UAA126 .............. 1·202 
UAA 136 .............. 1-202 

HIGH LEVEL LOGIC 

--- SECTION 2 ---

Digital Circuit High-Level Logic 
1/4 

ITT 301 . . . . . . . . . . . . . . 5 
ITT 302 . . . . . . . . . . . . . . 6 
ITT 303 . . . . . . . . . . . . . . 6 
ITT 311 . . . . . . . . . . . . . . 7 
ITT 312 . . . . . . . . . . . . . . 8 
ITT 321 ............... 9,10 
ITT 322 .............. 9,10 
ITT323 .............. 11,12 
ITT 324 .............. 13,14 
ITT 325 .............. 9,10 
ITT 326 .............. 13,14 
ITT 331 . . . . . . . . . . . . . . 15 
I TT 332 . . . . . . . . . . . . . . 11 , 1 2 
ITT 333 .............. 13,14 
ITT 334 .............. 11, 12 
ITT 335 .............. 13,14 
ITT 341 .............. 9,10 
ITT342 .............. 16 
ITT 344 . . . . . . . . . . .. . . 17 
ITT361 .............. 18/20 
ITT 362 .............. 18/20 
ITT 363 .............. 18/20 
ITT 370 . . . . . . . . . . . . . . 21 
ITT 371 . . . . . . . . . . . . . . 22 
ITT 372 . . . . . . . . . . . . . . 23 
ITT 380 . . . . . . . . . . . . . . 24 
ITT 381 . . . . . . . . . . . . . . 24 

LINEAR 
INTEGRATED CIRCUITS 

--- SECTION 3----

ITT 709A . . . . . . . . . . . . . 1/4 
ITT 709 . . . . . . . . . . . . . . 5/9 
ITT 710 .............. 10/13 
ITT 711 .............. 14/17 
ITT 712 .............. 18/25 
ITT 720 .............. 26/30 
ITT 723 .............. 31/38 
ITT 726 .............. 39/41 
ITT 730 .............. 42/47 
ITT 741 .............. 48/51 
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Cross-Reference by Section, Page and Device Number. 

DEVICES FOR 
SPECIAL APPLICATIONS 

----SECTION 4 ---

Type No. Page 

SAJ 110 . . . . . . . . . . . . . . 1.2 
SAJ 110, Application Notes25/29 
SAJ 170 . . . . . . . . . . . . . . 3,4 
SAK 110.............. 5,6 
TAA 775G ............. 7/13 
TAA 780 .............. 14,15 
TAA 790 .............. 16,17 
TBA 120S ............. 18/20 
High Voltage Selenium Rectifiers 

for Consumer Applications 21 
SAH 215- 4 ........... 22/24 

OTL INTEGRATED CIRCUITS 

--- SECTION 5---

General Description . . . . . . 3 
Contents . . . . . . . . . . . . . . 3 
Glossary . . . . . . . . . . . . . . 4 
Loading Factors. . . . . . . . . 5 
Noise Immunity......... 6,7 
Propagation Delay . . . . . . . 8,9 
Transfer Characteristics ... 10, 11 
DC Curves ............. 12,13 
MIC 930 .............. 14/17 
MIC 932 .............. 18/23 
MIC 933 .............. 38/41 
MIC 935 .............. 24/27 
MIC 936 .............. 24/27 
MIC 937 .............. 24/27 
MIC 941 .............. 60/63 
MIC 944 .............. 18/23 
MIC 945 .............. 42/47 
MIC 946 .............. 28/33 
MIC 948 .............. 42/47 
MIC 949 .............. 28/33 
MIC 950 .............. 48/53 
MIC 951 .............. 60/63 
MIC961 .............. 14/17 
MIC 962 .............. 34/37 
MIC 963 .............. 34/37 
MIC 9093 . · ............ 54/59 
MIC 9094 ............. 54/59 
MIC 9097 ............. 54/59 
MIC 9099 ............. 54/59 
MIC 9109 ............. 64/68 
MIC 9110 ............. 64/68 
MIC9112 ............. 64/68 

MOS ARRAYS 

----SECTION 6----

Type No. Page 

ITT 1056.............. 1/4 
ITT 1144.............. 5/7 
ITT 3329 . . . . . . . . . . . . . . 8/11 
ITT 3708 .............. 12/15 

EPOXY AND 
GLASS RECTIFIERS 

--- SECTIQN 7 ---

Entertainment Type Selenium 
Rectifiers . . . . . . . . . . . . 1 /6 

Selenium Contact Protector 
Rectifiers . . . . . . . . . . . . 7 /12 

Transient Voltage Suppressor 
Rectifiers ............ 13/18 

FM 500 Series .......... 21/23 
RG 1122-3 ............. 24/26 
1N645thru1N649 ...... 19 
1 N 645 JAN. . . . . . . . . . . . 20 
1N 4000 Series .......... 21/23 
1 N 4383-5 ............. 24/26 
1 N 4585-6 ............. 24/26 

THYRISTOR DIODES 

----SECTION 8---

1 N 3831 through 1 N 3846 1,2 
Type E 4E20-4E200 . . . . . 3,4 
Type E 4E20M-4E200M . . 5,6 
Four-Layer Diode, Application 

Notes .............. 7/14 

TUNER AND ZENER DIODES 

---SECTION 9----

ITT 109 . . . . . . . . . . . . . . 1,2 
ITT 141 . . . . . . . . . . . . . . 3/6 
ITT 142 . . . . . . . . . . . . . . 3/6 
ITT 210 . . . . . . . . . . . . . . 7,8 
ITT 243 . . . . . . . . . . . . . . 9, 10 
ITT 244 .............. 9,10 
ZTK 33 .............. 11, 12 
ZTK 33A .............. 11,12 
1N 702 thru 1N 726 ...... 13,14 
1N 746 thru 1N 759 ...... 13,14 
1N 957 thru 1N 973 ...... 13,14 
1N 4733 thru 1N 4752.... 15 
1 N 5231 thru 1 N 5250. . . . 1"5 
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SILICON DIODES 

---SECTION 10---

Type No. Page 

Double Plug Diodes, Technical 
Data . . . . . . . . . . . . . . 1,2 

Silicon General Purpose 
Diodes . . . . . . . . . . . . . . 3,6 

1N914 .............. 7 
1N 914 JAN............ 8 
1N916 .............. 9 
1N 4148 . . . . . . . . . . . . . . 10 
1N 5194 . . . . . . . . . . . . . . 18 
1N 5195 . . . . . . . . . . . . . . 18 
1N 5196 . . . . . . . . . . . . . . 18 
1 N 5220 . . . . . . . . . . . . . . 13 
1N 5605thru 1N 5609 .... 19,20 
ITT 600 . . . . . . . . . . . . . . 11 
ITT 600DPD. . . . . . . . . . . . 11 
ITT MP . . . . . . . . . . . . . . 11 
ITT 601 . . ... . . . . . . . . . . 12 
ITT 601DPD............ 12 
ITT 601MP............. 12 
ITT 700 . . . . . . . . . . . . . . 13 

GERMANIUM DIODES 

---SECTION 11--­

Gold Bond Germanium Diodes1/4 

SILICON TRANSISTORS 

---SECTION 12--­

Small Signal Chips and Wafers 1,2 
2N 696 . . . . . . . . . . . . . . 3 
2N 697 . . . . . . . . . . . . . . 3 
2N 706 ............ .102,103 
2N 706A ............ .102, 103 
2N 706B ............ .102, 103 
2N 707 . . . . . . . . . . . . . . 4,5 
2N 708 . . . . . . . . . . . . . . 104 
2N 744 . . . . . . . . . . . . . . 105 
2N753 .............. 106 
2N 783 ............ .107,108 
2N 784 . . . . . . . . . . . . . . 109 
2N 834 . . . . . . . . . . . . . . 110 
2N 835 . . . . . . . . . . . . . . 111 
2N 914 ............ 112,113 
2N 915 . . . . . . . . . . . . . . 6.7 
2N 929 . . . . . . . . . . . . . . 8,9 
2N 930 . . . . . . . . . . . . . . 8,9 
2N 2192 .............. 10,11 
2N 2192A ............. 10,11 
2N 2192B ............. 10,11 



Type No. Page 

2N 2193 .............. 12,13 
2N 2193A ............. 12,13 
2N 21938 ............. 12,13 
2N 2194 .............. 14,15 
2N 2194A ............. 14,15 
2N 21948 ............. 14,15 
2N 2195 .. .. .. .. .. .. .. 16 
2N 2195A . . . . . . . . . . . . . 16 
2N 21958 .. .. .. .. .. .. . 16 
2N 2205 ............ 154/156 
2N 2206 ............ 154/156 
2N 2218 .............. 17,18 
2N 2219 . . . . . . . . . . . . . . 17, 18 
2N 2219A ............. 19,20 
2N 2221 .............. 21,22 
2N 2221 A ............. 23,24 
2N 2222 .............. 21,22 
2N 2242 .............. 25,26 
2N 2297 .............. 27,28 
2N 2303 . . . . . . . . . . . . . . 157 
2N 2368 ............ 114/118 
2N 2369 . . . . . . . . . . . . 114/ 118 
2N 2369A ........... 119/124 
2N 2405 . . . . . . . . . . . . . . 85 
2N 2480 ............ 210,211 
2N 2480A ........... 210,211 
2N 2483 . . . . . . . . . . . .. 29/34 
2N 2484 .............. 29/34 
2N 2509 . . . . . . . . . . . . . . 35 
2N 2510 .............. 36,37 
2N 2511 .............. 38,39 
2N 2586 .............. 40.41 
2N2696 ............ 190,191 
2N 2?10 ............ 125,126 
2N 2801 ............ 192,193 
2N 2837 ............ 192,193 
2N 2868 . . . . . . . . . . . . 86,87 
2N 2894 ............ 158,159 
2N 2904A ........... 160,161 
2N 2905A ........... 160,161 
2N 2906A ........... 160,161 
2N 2907A ........... 160,161 
2N 3011 . . . . . . . . . . . . 127, 128 
2N 3012 ............ 162,163 
2N 3019 .............. 42.43 
2N 3020 .............. 42.43 
2N 3053 . . . . . . . . . . . . . . 44 
2N 3107 .............. 45/47 
2N3108 .............. 45/47 
2N3109 .............. 45/47 
2N 3110 .............. 45/47 
2N 3115 ............ 129,130 
2N 3116 ............ 129,130 
2N 3117 .............. 48/53 
2N 3134 . . . . . . . . . . . . . . 194 
2N 3209 ............. 158, 159 

Cross-Reference by Section, Page and Device Number 

Type No. Page 

2N 3252 .............. 88,89 
2N 3253 .............. 88,89 
2N 3299 .............. 54/56 
2N 3300 .............. 54/56 
2N 3301 .............. 54/56 
2N 3302 .............. 54/56 
2N 3502 ............ 164/166 
2N 3503 ............ 164/166 
2N 3504 ............ 164/166 
2N 3505 ............ 164/166 
2N 3510 .............. 57,58 
2N 3546 ............ 195,196 
2N 3646 ............ 131,132 
2N 3665 .............. 59 ,60 
2N 3666 . . . . . . . . . . . . . . 59 ,60 
2N 3671 ............ 167/169 
2N 3672 ............ 167/169 
2N 3673 ............ 167/169 
2N 3700 .............. 61,62 
2N 3701 .............. 61,62 
2N 3724 .............. 90/95 
2N 3725 .............. 90/95 
2N 3734 .............. 96/98 
2N 3736 .............. 96/98 
2N 3903 ............ 133/135 
2N 3904 ............ 133/135 
2N 3905 ............ 197/199 
2N 3906 ............ 197/199 
2N 3962 ............ 170/172 
2N 3963 ............ 170/172 
2N 3964 ............ 170/172 
2N 3965 ............ 170/172 
2N 4013 .............. 90/95 
2N 4014 .............. 90/95 
2N 4026 ............ 200,201 
2N 4027 ............ 200,201 
2N 4028 ............ 200,201 
2N 4029 ............ 200,201 
2N 4030 ............ 202,203 
2N 4031 ............ 202,203 
2N 4032 ............ 202,203 
2N 4033 ............ 202,203 
2N 4046 . . . . . . . . . . . . 99/101 
2N 4047 ............ 99/101 
2N 4058 . . . . . . . . . . . . . . 173 
2N 4059 . . . . . . . . . . . . . . 173 
2N 4060 . . . . . . . . . . . . . . 173 
2N 4061 .. .. .. .. .. .. .. 173 
2N 4062 . . . . . . . . . . . . . . 173 
2N 4123 . . . . . . . . . . . . . . 136 
2N 4124 . . . . . . . . . . . . . . 136 
2N 4125 . . . . . . . . . . . . . . 137 
2N 4126 . . . . . . . . . . . . . . 137 
2N 4137 ............ 138/140 
2N 4248 ............ 174/176 
2N 4249 ............ 174/176 
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2N 4250 ............ 174/176 
2N 4400 ............ 141,142 
2N 4401 ............ 141,142 
2N 4402 ............ 204,205 
2N 4403 ............ 204,205 
2N 4418 ............ 143,144 
2N 4419 ............ 143,144 
2N 4420 ............ 145,146 
2N 4421 ............ 145,146 
2N 4422 ............ 145,146 
2N 5056 ............ 206/208 
2N 5057 ............ 206/208 
2N 5086 .. .. .. .. .. .. .. 177 
2N 5087 . . . . . . . . . . . . . . 177 
2N 5209 . . . . . . . . . . . . . . 63 
2N 5210 . . . . . . . . . . . . . . 63 
2N 5219 . . . . . . . . . . . . . . . 64 
2N 5220 . . . . . . . . . . . . . . . 65 
2N 5221 ............... 178 
2N 5223 . . . . . . . . . . . . . . . 66 
2N 5224 ............... 147 
2N 5225 . . . . . . . . . . . . . . . 67 
2N 5226 ............... 179 
2N 5227 ............... 180 
2N 5228 ............... 209 
2N 5368 . . . . . . . . . . . . . . . 68 
2N 5369 . . . . . . . . . . . . . . . 68 
2N 5370 . . . . . . . . . . . . . . . 68 
2N 5371 . . . . . . . . . . . . . . . 68 
2N 5376 . . . . . . . . . . . . . . . 69 
2N 5377 . . . . . . . . . . . . . . . 69 
2N 5378 ............... 182 
2N 5379 ............... 182 
2N 5447 ............... 183 
2N 5448 ............... 183 
2N 5449 . . . . . . . . . . . . . . . 70 
2N 5450 . . . . . . . . . . . . . . . 70 
2N 5451 . . . . . . . . . . . . . . . 70 
MPSA05 . . . . . . . . . . . . . . . 71 
MPSA10 . . . . . . . . . . . . . . . 72 
MPSA20 . . . . . . . . . . . . . . . 73 
MPSA55 ............... 184 
MPSA70 ............... 185 
MPSK20 . . . . . . . . . . . . . . . 73 
MPSK21 . . . . . . . . . . . . . . . 73 
MPSK22 . . . . . . . . . . . . . . . 73 
MPS706 ............... 148 
MPS706A . . . . . . . . . . . . . . 148 
MPS834 ............... 149 
MPS2369 . . . . . . . . . . . . . . . 150 
MPS2711 . . . . . . . . . . . . . . . 74 
MPS2712............... 74 
MPS2713 ............... 151 
MPS2714 ............... 151 
MPS2923............... 75 
MPS2924............... 75 
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MPS2925............... 75 
MPS2926............... 76 
MPS3392............... 77 
MPS3393...... .. . . . . . . . 77 
MPS3394............... 77 
MPS3395............... 77 
MPS3638 ............ 186, 187 
MPS3638A ........... 186, 187 
MPS3646 ............ 152, 153 
MPS3693............... 78 
MPS3702 ............... 188 
MPS3703 . . . . . . . . . . . . . . . 188 
MPS3704 ............... 79 
MPS3705 ................ 79 
MPS3706 ................. 79 
MPS3707............... 80 
MPS3708............... 80 
MPS3709............... 80 
MPS3710............... 80 
MPS3711............... 80 
MPS3721............... 76 
MPS5172............... 81 
MPS6530 ............... 82 
MPS6531 . . . . . . . . . . . . . . . 82 
MPS6532 ............... 82 
MPS6533 . . . . . . . . . . . . . . . 189 
MPS6534 . . . . . . . . . . . . . . . 189 
MPS6535 ............... 189 
MPS6565............... 83 
MPS6566............... 83 
MPS6591 . . . . . . . . . . . . . . . 84 
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