





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2N834°
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

For Improved Performance See ITT 2N2369.

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

195
18077

.020 205

MAX§ 190
T )
019 i ﬂa [

CHARACTERISTICS UNITS A L
Collector-to-Base Voltage. . . . ... .. 40 | Volts 3 LEADS
Collector-to-Emitter Voltage. ... .... 25 Volts
Emitter'-to-Base .Voltage. e 5 Volts 48 VA
Operating Junction Temperature. . . . 175 °C ;ggg> RCLE
Storage Temperature.............. —65 to +200 °C T0-18
Po@Tc=25°C........ccovvvnn. 1.0 Watt
Po@Ta=25°C......ccvvvvunnnn 0.3 Watt
ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)
SYMBOL MIN. MAX. | UNIT . CONDITIONS

BVceo 40 Vdc c=100pA

BVces 30 Vdc le=101A

BVeso 5 Vdc le=100LA

hee 25 le=10mA, V:=1.0V

Vee(sat) 0.25 Vdc le=10mA, l;=1.0mA

Vee(sat) 0.4 Vdc lc=50mA, I;=5.0mA pulsed

Vie(sat) 0.9 Vdc le=10mA, I;=1.0mA

lcso 0.5 A V=20V

lcso 30 A V=20V, T,=150°C

Cob 4 pF Vca =1 OV

he. 35 le=10mA, V=15V, f=100MHz

Ts 25 ns le=10mA, ls1=ls2=10mA

ton 35 ns c=10mA, ls1=3mA, lez=1TmA

Torr 75 ns le=10mA, lsi=3mA, l2=1TmA

NOTE: Pulse width < 300 usec, duty cycle < 2%.
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2N835°
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

For Improved Performance See ITT 2N2369. DIMENSIONS
195
ABSOLUTE MAXIMUM RATINGS e
CHARACTERISTICS UNITS WL e
Collector-to-Base Voltage. . . ... ... 25 Volts 0,9;/ ] g, d_ gy
Collector-to-Emitter Voltage ....... 15 Volts - I
Emitter-to-Base Voltage........... 3 Volts FANNC 228
Operating Junction Temperature. . . . 175 °C P
Storage Temperature.............. —65 to +200 °C Y N 00 LeAD
PD @ Tc = 25°C ................. 1.0 Watts CIRCLE
Pb@Ta=25°C................. 0.3 Watts
ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)
SYMBOL . MIN. MAX. | UNIT CONDITIONS
BVCBQ 25 VdC |c= 1 OHA
BVees 20 Vdc le=10rA
BVeo 3 Vdc le=10pA
hFE 20 |c=10mA, VCE=1V
Vee(sat) 0.3 Vdc ¢c=T10mA, l;=1mA
Vee(sat) 0.9 Vdc le=10mA, lz;=1TmA
lcso 0.5 nA Ve =20V
leso 30 KA V=20V, TA,=150°C
Cob 4 pF VCB= 1 OV
hs, 3 le=10mA, V=15V, f=100MHz
TS 35 ns Ic=10mA, [5|=132=10mA
ton 20 ns c= 1 OmA, Im =3mA, Inz =1mA
toff 35 ns |c=10mA, la] =3mA, |52=1 mA
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Pack : TO-18
2N914® a9e

NPN SILICON SATURATED SWITCH AND VHF AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

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

Rgg < 10 ohms (Note 4) ................... .. 20 Volts
Collector-Emitter Voltage (Note 4) .. ... 15 Volts
Emitter-Base Voltage ...............c....... 5.0 Volts
Total Dissipation @:

Tc = 25°C(Notes2and 3) ..o 1.2 Watts
Tc = 100°C (Notes2 and 3) ..o 0.68 Watt
Ta = 25°C(Notes2 and 3)....cccccoerrn. 0.36 Watt
Storage Temperature ............c.......... —65°C to +300°C

Operating Junction Temperature ....... 200°C Maximum
Lead Temperature
(Soldering, No Time Limit) ............... 300°C Maximum

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

Symbol Min Ty;; Max Unit Conditions

hEE 30 55 120 - Ic = 10 mA. Vcg = 1.0 Volt (Note 5)
hgg(—55°C) 12 28 - - Ic = 10 mA. Vcg = 1.0 Volt (Note 5)
hee 10 17 - - Ic = 5600 mA, Vcg = 5.0 Volts (Note 5)
VBE(sat) 0.70 0.74 0.80 Volt Ic=10mA.Ig = 1.0mA

VeE(sat) - 0.40 0.70 Volt  Ic =200 mA,lg = 20 mA

VCE(sat) - 0.20 0.25 Volt  Ic =10 Ig (Note 6)

hte 3.0 37 - - Ic =20 mA, Vcg = 10 Volts

Cobo - 4.5 6.0 pf  Ig=0.Vcg = 10 Volts

Cibo - - 9.0 pf  Ic=0.Vgg = 0.5 Volt

Iceo - 4.0 25 muA Ig = 0.V¢cg = 20 Volts

Ico(150°C) - 3.0 15 uA  Ig =0.Vcp = 20 Volts

BVcEo 40 - - Volts  Ig=1.0uA lg=0

VCER(sust) 20 - - Volts  Ic = 30 mA (pulsed), Rgg < 10 ohms

(Notes 4 and 5)
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2N914

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

Symbol Min Typ Max Unit Conditions

VCEO(sust) 15 - - Volts  Ic = 30 mA (pulsed). Ig = 0
(Notes 4 and 5)

BVego 5.0 - - Volts  Ic =0.Ig = 10 A

leg0 - 0.007 0.1 uA  Ic =0.Vgp = 4.0 Volts

lcex(125°C) - 3.0 10 uA Vce = 20 Volts, Vgg = +0.25 Volt

Ts - 13 20 nsec Ic =lg1 X 20 mA,

g2 = ,—20 mA (Notes 7 and 8)

o+ - 25 40 nsec  Ic X200 mA, Igq X 40 mA
(Note 8)
s+ - 25 40 nsec Ic & 200 mA. g1 = 40 mA,

Ig2 ® —20 mA (Note 8)

NOTES:
(1) These ratings are hmiting values above which the serviceability of any individual semiconductor device may be impaired
(2)  These are steady state imits. 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 1457 C ‘watt (derating
factorof 6 9 mW/<C). junction-to-ambient thermal resistance of 486°C watt (derating factor of 2 1 mW-“C)

(4)  Rating refers to a high current point where collector-to-emitter voltage I1s lowest
(5)  Pulse Conditions length = 300usec: duty cycle = 1%

(6) e =1.0mA through 20 mA

(7)  Measured on Sampling Scope PW 2 200 nsec

(8)  See switching circurts for exact values of I 1g 4. and Igy
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2N2368 2N2369°
SILICON SWITCHING TRANSISTORS

HIGH SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING

TRANSISTORS

High f;: 6560 mHz, typ. alos

High Gain: 40 min. @ I.=10mA RN
Low C,, : 4pfmax. @ V=5V
Low T,, = 9 nsec typ.

Low t, = 13 nsec typ.

The ITT 2N2368 and 2N2369 are NPN silicon planar epitaxial

. . . . . o
saturated switching trarTS|St0rs. for applications at Cur.rent ranges \>/4>\\( o0 LEaD
from 0.1 to 100 mA. High gain and narrow base region provide 938 CIRCLE
excellent radiation resistance. They can operate at clock rates
above 10 MHz for commercial computer applications. 1018
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collector-to-Base Voltage . . . . ... ... i e e e 40 | Volts
Collector-to-Emitter Voltage (shorted base) . . . ....... ... ... ... .. ...... 40 Volts
Collector-to-Emitter Voltage (openbase). .. ......... ... ..., 15 Volts
Emitter-to-Base Voltage . . . . ... ... e 4.5 Volts
Collector Current (10 usec. pulse) . . . ... ot it e e e e e 500 mA
Junction Temperature (Op. and stg.) . . . ...ttt e —65 to +200 °C
Total Power Dissipation @ Tc=25°C . . ... ... it 1.2 | Watts
(derate 6.8 mW/°C above 25°C)
@ Tc =100°C .ot e 0.68 | Watts
Total Power Dissipation @ Ta = 25°C . ...ttt 0.36 Watts

(derate 2.06 mW/°C above 25°C)
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ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.
SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
hFE' ) |c=10l'nA, Vc5=1V
20 60 2N2368
40 120 2N2369
|c= 1 OmA, VCE= 1 V,
T=-55°C
10 2N2368
20 2N2369
|c =1 OOmA, VCE =2V
10 2N2368
20 2N2369
Ve (sat) 0.2 0.25 Vdc le=10mA, lg=1mA
Vee (sat) 0.7 0.75 0.85 Vdc lc=10mA, lg=1mA
Iego 0.1 0.4 HA Vs =20V, =0
10 30 HA Ve =20V, =0,
T=150°C
fr 650 MHz Vce=10V, lc=10mA
Cob 2.5 4.0 pf Vce=5V, le=0
o 2 le=ln = 10mA,  GsLene
(charge storage l;2 2 —10mA | sy s
; L ¢ g feme
time) 5 10 nsec S\ vt ) HFT
econs | com ‘
. |
ton (2) 9.0 12 nsec Ic ~ 10mA, tox tos MEASUREMENT CIRCUIT
ls = 3mA
torr 2 Ic 10mA,
Iss 3MA, ;
Is2 2 —1.5mA
10 15 nsec 2N2368 .
13 18 nsec 2N2369
! i
BVco 40 Vde lc=10uA, le=0
BVces 40 Vdc le=10pA, 1z=0
Vceo(sust) 15 Vdc lc=10mA, l5=0
BVeso 4.5 Vdc le=10pA, Ic=0

NOTES: 1. Pulse measurement: width < 300 usec, duty cycle < 2%.

2. See switching circuits for exact I, 1g1, and lgz.

12-115




2N2368 2N2369

TYPICAL CHARACTERISTICS'

HIGH VOLTAGE COLLECTOR CHARACTERISTICS SATURATION REGION COLLECTOR CHARACTERISTICS
1
G7ma o | —1 | —
| / T=100°C > o
6o / | — . /zo“‘ o L —
o
€ 4 } € / [ ——
- 0 |
> s yavinl 2,00l o — | 1
= / f l 75 E—————
- I
= 3 T — z /ﬁ\/"’_4
z 04mo | I i | 3
[+ o
[ / 3 7 |
[+
. o ma et
32 03ma ° | s -
= / Z 100
S | A °
5 o2mo| [ — 9 Ima
Yyt T /‘ 3
o
3 .Olma —1 3] 1g=0 T=100°C
© [ 1g=0 ° |
o o 3 3
° 4 8 12 16 COLLECTOR VOLTAGE (Vgg) VOLTS
COLLECTOR VOLTAGE (Vcg) VOLTS
HIGH VOLTAGE COLLECTOR CHARACTERISTICS SATURATION REGION COLLECTOR CHARACTERISTICS
.\0‘““')/‘ [ [—
Some , T ,2|5.C S 2087 /\/
o /OBT\"N/\ / / ° A\
£ /1 £ 7 [
° 'g7me / // ) ol —]
£ /T/ = 200 O
Z a =
g, K— o6m / / H gma —
2 S o |1sme—
— o smo L —
e /] ===
e L— / 2100 25ma
(8] (8] g1
I 03ma 9 | —
3 / / 3 /
o | .02ma 3 Ima
o T (8}
Olma In=0 T=25°C
= 8
o ] Ig=0 \ o |
0 4 2 16 [) | 2 3 4
COLLECTOR VOLTAGE (vog) VOLTS COLLECTOR VOLTAGE (Vi) VOLTS
HIGH VOLTAGE COLLECTOR CHARACTERISTICS SATURATION REGION COLLECTOR CHARACTERISTICS
Bmo [ T
| jeee =-|55°c_. \L/ 2052
—] / o 5,
2 of—] 1ame | g I |
£ = / / ’ E \Bwe L —
o - 2ma yan 2200 /| /r’
= —-——-‘—/T/ | ——1
£ 3 = = \oma__L—1""|
z ome / g o
g P ' f « = A I —
3 P — 08ma _—] / / o ///7"2"‘”——"“
§ J_onu x 100 5 ma
: — /1N A
2! ! 04ma w 25ma
3 = i \ 2 T
© 02ma - o 1g=0 T=-55°C
ig=0
o I o | |
) 4 8 12 6 0 ] 2 3 P
COLLECTOR VOLTAGE (V) VOLTS COLLECTOR VOLTAGE (V.g) VOLTS

NOTE: Single tamily characteristics on Transistor Curve Tracer
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2N2368 2N2369

TYPICAL CHARACTERISTICS, continued

PULSE DC CURRENT GAIN VS COLLECTOR CURRENT SATURATION REGION BASE CHARACTERISTICS
T
7 [T 1 TG
° Veg: 5V || Joo°c ‘wsgmA,
g ® aill i <E‘ i // /
L 200 20mA |
& L1 = [
i 60 25°C s Ig =I0mA/ /
5 AN £
£ i g
- 40 o
2 | -55°C S 100
3 = =~ S
5 20 ] — ™ g // //
o
o | //"” N 8
@ T=25°C
<
zZ o -
g o 05 0l 05 10 50 10 50 100 04 08 12 16
COLLECTOR CURRENT (lc) ma BASE VOLTAGE (Vgc) VOLTS
COLLECTOR SATURATION VOLTAGE
VERSUS COLLECTOR CURRENT SATURATION REGION BASE_CHARACTERISTICS
TT N 100mA
Lic=101 80mA
c 8 60mA ’
w < 40mA
g 20 20m
5 > /
X / : 200!
z3 1.0 - S = 13=wmA/
89 yi o}
=> 3
2= Lz @
= J/4VA 3
53 8
205 A «
38 7 g
9P 5 £ 100
> R.25°C Y 5
e« O p— o, )
R st = S s 2 E
4 7 T 1 — o
2 -55°C / II I T=100 °C
© |
0.l
ol 10 10 100 04 o8 12 16
COLLECTOR CURRENT (Ig) mA BASE VOLTAGE (V) VOLTS
BASE SATURATION VOLTAGE VERSUS COLLECTOR CURRENT SATURATION REGION BASE CHARACTERISTICS
= T
@ I , I BOMITIOOmA
= T
<] 1c=10 1g €0mA
=~ 12 < 40mA
© L1 € ]
& ] - 20m A’
w 1 A = 200
= o9 -56°C |11 - Ig = 10mA ”/ /
! L C - z
¢ e i £
= = =
g o s____._—--—H—"' 1 100°C_L——] 3
> L T «
> T S 100
£
2 03 g
=] o
g // /I T=-55°
@ |
o
‘§ .l 05 1 5 10 50 100 04 o8 12 3
@ co
LLECTOR CURRENT {ic) ma BASE VOLTAGE (Vge) VOLTS
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2N2368 2N2369

TYPICAL CHARACTERISTICS, continued

STORAGE TIME VERSUS TURN ON

FALL TIME VERSUS TURN ON

FALL TIME VERSUS TURN ON

AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS
| Ic= tomA 1/ Ic= 10mA
Ve =3.0V « ] Veg 3.0V
g w0 E -I0 ,357 / T 50—+
8 Ag >- N
= V = b / < @
-80 L -80 S = -a0
= = / o o =
z o 2 z
& & / IS & o
€ .60 3 -60 e € -30 2l
o w S - o
w 7] (e w
2 = E / 2 2 A
@ -40 o © -4.0 , @ -2.0
b sl & L w ] aseg
S el L 1 et - oo
g -2 4 y/ = —1]
Z -20 oy g -20 g -0
H] 6! | ] = lc=30ma | 2 LT |
B — -
T T . ivov .
0 20 40 60 80 0 20 40 60 80 10 0 20 40 60 80
TURN ON BASE CURRENT g, mA TURN ON BASE CURRENT (lg)) mA TURN ON BASE CURRENT ) mA
STORAGE TIME VERSUS TURN ON STORAGE TIME VERSUS TURN ON STORAGE TIME VERSUS TURN ON
AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS
I / —I 7 | Ic=10mA
< e | $ a R « Vg =3.0V e
g -2 $ € 80 S E -I0
- — a <
_S ,«? _gé" _9;' S/ / 8
ES " E; =
. —20 - }-@ - " . 80 -
] Z -60 = z &
g W - ) {o)
£ g § vd
3 5 =} S -6.0 [
w / © / o
7} T~ o2 W -40 w
E’ -10 e 2 a0 o ]
: °
N EL TV £ Dl
z A -20 > ol J !
& -5 g g -20 1
= Ig=100mA 2 L lc=30mA | 2 [ —1 eonsec| | |
V=30V | Vge=3.0V —
o ¢ o 1 o ‘
0 5 10 15 20 25 0 20 40 60 80 10 0 20 40 60 80
TURN ON BASE CURRENT (i) mA TURN ON BASE CURRENT (1) mA TURN ON BASE CURRENT I, mA
DELAY TIME VERSUS BASE —
RISE TIME VERSUS TURN ON BASE EMITTER OFF VOLTAGE AND SWITCHING TIMES VERSUS
CURRENT AND COLLECTOR CURRENT TURN ON BASE CURRENT COLLECTOR CURRENT
1T b =
—H 7 3 N ot
\N c=101g=10l
< |vees3ov 2 50 o 50N 52
E s> &
~ 10 se¢ 1 Z u S N
o 20 y > @ & o
= NI = -40 " & b
= = o] K I 2
2z |— I N / 4 S 8, 20
-3 &4 5 & 1)
3 59 2 -30 o o t /
ot | L 3o w v $ Z 0 \ A
N \Q )4 g < N T
< 1.0 = f 0"? ;’ 20 nS © ANPZS T ]
z 1 20 & £ 50 = f
s = 2 = N
z L+ = j=d t
% o -0 E s
= |:, Ig= 10 mA ® 2.0 ty
w =
' Z Veg=3.0V 0
e 0 100 6 20 50 10 20 10 20 50 10 20 50 100
COLLECTOR CURRENT (Ic) mA TURN ON BASE CURRENT (1) mA COLLECTOR CURRENT (ic] mA
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2N2369A°
SILICON SWITCHING TRANSISTOR

HIGH SPEED NPN SILICON
SATURATED SWITCHING
TRANSISTOR

e High f;: 675 MHz, typ.

e High Gain: 40 min. @ I.=10 mA

e LowC,: 4 pfmax. @ V,=5V DIMENSIONS

e Low t..: 9 nsec typ.; et

® Low t,: 13 nsec typ. .%&_j— 298
Iy 4500

The ITT 2N2369A is a NPN silicon planar epitaxial saturated o il ﬂe g g MN

switching transistor for applications at current ranges from 0.1 3 LEADS

to 100 mA. High gain and narrow base region provide excellent
radiation resistance. The 2N2369A can operate at clock rates

. L S
above 10 MHz for commercial computer applications. \;///4 00 LEro
046, CIRCLE
033
TO-18
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collector-to-Base Voltage. . . . . ...t e e 40 | Volts
Collector-to-Emitter Voltage (shorted base) . . . . ... ... ... ... ... .. ... .. 40 | Volts
Collector-to-Emitter Voltage (openbase). .. .................. PPN 15 | Volts
Emitter-to-Base Voltage. . .. ... ... e 45 | Volts
Collector Current (CONLINUOUS) . . . o v vttt e it e i 200 | mA
Collector Current (10 uSeC puUlSE) . . . v v oottt e e e e 500 | mA
Junction Temperature (0p. @nd StQ.) . . . . oottt s —65to +200 | °C
Total Power Dissipation @ Tc=25°C . .. ... . ...t . 1.2 | Watts
(derate 6.8 mW/°C above 25°C)
@ Tc=100C .. .t e 0.68 | Watts
Total Power Dissipation @ Ta=25°C ... ... ... ittt it 0.36 | Watts

(derate 2.06 mW/°C above 25°C)
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2N2369A

ELECTRICAL CHARACTERISTICS @ T,=25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
hre' 40 66 120 le=10mA, Vce=1V
40 63 120 le=10mA, Vce=0.35V
20 50 le=10mA, Vce=0.35V,
T=-55°C
30 71 |c=30mA, Vce=0‘4v
20 le=100mA. Ve =1V
Vee(sat) 0.14 0.2 Vdc le=10mA, lg=1mA
0.19 0.3 Vde lc=10mA, lg=1mA,
T=125°C
0.17 0.25 Vdc lc=30mA, lz;=3mA
0.28 0.5 Vdc lc=100mA, l;=10mA
Vee(sat) 0.7 0.8 0.85 Vde le=10mA, [=1mA
0.59 1.02 Vdc lc=10mA, lc=1mA,
T=-—65to +125°C
0.9 1.15 Vdc 1c=30mA, lg=3mA
1.1 1.6 Vdc lc=100mA, ls=10mA
lces 0.05 0.4 uA Vee=20V, V=0
Icso 10 30 A V=20V, =0,
T=150°C
fr 500 675 MHz Vce=10V, lc=10mA
Cob 2.3 4.0 pf Vce=5V, le=0
CHARGE STORAGE TIME MEASUREMENT CIRCUIT
Ts le=1g1 = T0mA, P oo 5 en
(charge storage 6.0 13 nsec lgz = —10mA =
tme) | 1 v v ]| Teende o
ton 9.0 12 nsec lc =10mA
le1 = 3MA
tort 13 18 nsec lc=10mA i
les  3mA 5
ls2 = —1.6mA i
BVceo 40 Vdc le=10uA, =0
BVces 40 Vdc lc=10uA, Vee=0
Vceo(sust) 2 15 Vdc lc=10mA, I3=0
BVeso 45 Vdc le=10pA, Ic=0

NOTES: 1. Pulse measurement: width < 300 usec, duty cycle < 2%.

voltage is lowest.
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2N2369A

TYPICAL COLLECTOR CHARACTERISTICS'

COLLECTOR CURRENT COLLECTOR CURRENT
VERSUS COLLECTOR VOLTAGE VERSUS COLLECTOR VOLTAGE
¥ VarT: [
o Tp=125°C »
5 250> P by B
o / / I TpI25°C B
< B o A=le D
€40 Sah E 80 yd \_m:/
il o | / ° sy <
= = S
c st / k L —
=5 %0) [ £ 60 b (<
& /J/ / w oy
E T 7o & S e
3 [ —T1 ° | / ‘ 3 4 2 ook
2.0 ) !
"1 e I £ 7
o \ 3} I
o W o2mhr| |
410 b 320
) [ — o0 i 7
| — .oosL"‘“ 1g=0 ] 1g=0
° ,
% £X) 80 12 6 o 0. 0.2 03 0.4
COLLECTOR VOLTAGE (Vcg) VOLTS COLLECTOR VOLTAGE (Vgg) VOLTS
COLLECTOR CURRENT COLLECTOR CURRENT
VERSUS COLLECTOR VOLTAGE VERSUS COLLECTOR VOLTAG
] AI //I ”\ 2.4mA /L’/
| 080T | 1pe25°C 2.2mA TBmA
< 055‘“'\ / / 'T' T 5’°’C’ A T ] /_,,——A——‘
: A€ < 2.0mA 1.6m.
€40 050mA —] L e T 80 v ] -
- [ = [ L4mh
> _— /I 5 Z o
= S [ l2mA |
— ] /” ( =" 10mA
£30 ’ £ 60 :
E — A / // \ g 1 08mA
5 T 7T & — “obea
o 20 ] S 40 74 —
e —] / \ g 0.4mA
5 —
3o — / 2 50 |
ok - 0.2mA™ |
- }
3 e 3 L |
1p=0 Ig=0
0 8 o — 8
80 12 16 9 o.1 02 03 0.4
COLLECTOR VOLTAGE (Vgg) VOLTS COLLECTOR VOLTAGE (Vcg) VOLTS
COLLECTOR CURRENT COLLECTOR CURRENT
VERSUS COLLECTOR VOLTAGE VERSUS COLLECTOR VOLTAGE
» ! P
D il || S/ 5 55 -
- \omA = 1 T T 06‘0@‘7' 2 30mh
« | [+ L —1 Ta= -55°C < Tas-55°C 7" /|
E 4.0 09mA f—— € go Ly T ——1
o ey - vall - 7/
© 0BmA © & 20mh
£3.0 oTmA £ 60 15mA
g | )] | & 7/
« 06mA z - Ly
[ — / 3 1om
3 20 ‘/'osmA ————‘l o 40
I ’/ 04mA L ——] / s ol
S [ 5 0.5mA
8 03mA e f—1 w |
4 1.0 - 20 -
2 02mA L a
OlmA — A
1g=0 150
% 0 50 iz 6 % o 0z o3 4
COLLECTOR VOLTAGE (Vcg) VOLTS COLLECTOR VOLTAGE (Vgg) VOLTS

NOTE: Single family characteristics on Transistor Curve Tracer
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2N2369A

TYPICAL COLLECTOR CHARACTERISTICS, continued

PULSED DC CURRENT GAIN COLLECTOR SATURATION VOLTAGE
VERSUS COLLECTOR CURRENT VERSUS COLLECTOR CURRENT
IR T
M lc=101
m Vg =50V L L c=®'B
120 w
:
- S 2
z (e N\ 5 20
3100 P N 22
- P zd 1.0
& 80 = es 7
I g~
« LT ] = 7/
3 60 25°C aull ™ 2205
g W
w L oz 25°C
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2N2369A

TYPICAL ELECTRICAL CHARACTERISTICS
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2N2369A

TYPICAL CHARACTERISTICS, continued
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2N2710
Package: TO-18 HIGH-SPEED NPN SILICON SATURATED
SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .........ccccoeveccrnrirennn. 20 Volts
Collector-Emitter Voltage ....
Collector-Base Voltage ....
Emitter-Base Voltage ..................
Collector Current — Continuous..............
Total Device Dissipation @ Ty = 25°C .......

Derate above 25°C ........ccccooeverivvrecvnninans 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 (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
BVceEo 20 - Volts Ic=10mA,Ig =0
BVcES 30 - Volts Ilc = 10uA.VBg =0
BVcgo 40 - Volts Ic=10uA. lg =0
BVEgo 5.0 - Volts Ilge=10uAIc=0
IcBO - 30 HA Veg = 20 Volts, I =0
Iceo - 30 nA Veg = 20 Volts, Ig = 0, Tp = +150°C
leBO - 1.0 HA VBg = 3.0 Volts, Ic =0
heg 40 - - Ic = 10 mA, Vcg = 1.0 Volt
heg 40 - - Ic = 50 mA, Vcg = 1.0 Volt
VCE(sat) - 0.25 Volt Ic=10mA,lg = 1.0 mA
VCE(sat) - 0.4 Volt Ic =50mA,lg = 5.0mA
VBE(sat) - 0.9 Volt Ic=10mA,Ig = 1.0mA
VBE(sat) - 1.3 Volts Ic =50mA, Ig = 5.0 mA
fr 500 - MHz Ic = 10 mA, Vg = 20 Volts,
f =100 MHz
Cob - 4.0 pF Veg = 10 Volts, Ig = 0, f = 4.0 MHz
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2N2710

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

Conditions

Ve = 3.0 Volts, VgEg(off) = 2.0 Volts,
ic=10mA, Ig1 =3.0mA

Vee = 3.0 Volts, Ic = mA,
Ig1 =3.0mA, Igp = 1.0mA

Symbol Min Max Unit
ton - 20 ns
toff - 35 ns
t - 15 ns

Vee = 10 Volts, Ic = Ig1 = 1g2 = 10 mA

CIRCUIT DIAGRAM

FIGURE 1 — STORAGE TEST CIRCUIT

Vv

OSCILLOSCOPE 980

INPUT = 10 MQ
<15pF
t,=t4<04ns

+60V

—40V —U
ity <05ns
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500

FIGURE 2 — TURN ON AND TURN OFF
TIME TEST CIRCUIT
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Package: TO-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 mc 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)

NOTES:

(1)  These ratings are limiting values above which the serv-

Characteristics Unit iceability of any individual semiconductor device may
Collector-Base Voltage .......cccouuvenriiinimnneiennnns 30 Volts be impaired.
Collector-Emitter Voltage ........ccoeeiiiiviicinnnne 30 Volts (2)  These are steady state limits. The factory should be con-
. sulted on applications involving pulsed or low duty cycle
Collector-Emitter Voltage (Note 4) ................... 12 Volts operations.
Emitter-Base Voltage ........ccoevmeiiniiiniccicnne 5.0 Volts ) ) ) o
. s (3) These ratings give a maximum junction temperature of
Total Device Dissipation @: 200°C and junction-to-case thermal resistance of
Tc =25°C(Notes 2 and 3) ..c..covevvvciiennee 1.2 Watts 146°C/watt (derating factor of 6.85 mW/°C): junction-
to-ambient thermal resistance of 486°C/watt (derating
— o
Tc = 100°C (Notes 2 and 3)...cccovccrvens 0.68 Watt factor of 2.06 mW/°C).
= o
Tp = 25°C(Notes 2 and 3) ............... o 0.36 Witt (4)  Rating rfers to a high-current point where collector-
Storage Temperature ..................... —65°C to +200 °C to-emitter voltage is lowest.
. . ° .
Operating Junction Temperature........ 200°C Maximum (51 Pulse Conditions: length = 300 sec; duty cycle = 1%.
Lead Temperature (6)  See switching circuits for exact values of g, Ig4. and

(Soldering, 60 sec Time Limit)......... 300°C Maximum g2

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

Symbol Min Typ Max Unit Conditions

hgg 30 70 120 - Ic = 10 mA, Vgg = 0.35 Volt (Note 5)
heg 25 75 - - Ic =30 mA. Vgg = 0.4 Volt (Note 5)
hgg 12 50 - - Ic = 100 mA,Vcg = 1.0 Volt (Note 5)
VGE(sat) - 0.17 0.2 Volt Ic=10mA,Ig = 1.0 mA

VCE(sat) - 0.18 0.25 Volt  Ic =30 mA,Ig =3.0mA

VCE(sat) - 0.15 0.3 Volt Ic=10mA,Ig = 1.0 mA

VCE(sat) - 0.3 0.5 Volt Ic =100mA,Ig = 10 mA

VBE(sat) 0.72 0.8 0.87 Volt lc=10mA,lg = 1.0 mA

VBE(sat) - 0.9 1.156 Volts Ic=30mA,lg =3.0mA

VBE(sat‘) - 1.1 1.6 Volts Ic=100mA,Ig = 10 mA

htg 4.0 6.5 - - Ic =20 mA, Vcg = 10 Volts

Cob - 2.3 4.0 pf Ig =0, Ve = 5.0 Volts
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2N3011

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

Symbol Min Typ Max Unit Conditions
Ices - 0.05 0.4 uA Vce = 20 Volts, VBg =0
Ices(85°C) - 1.0 10 uA Vcg = 20 Volts, Vgg =0
BVecgo 30 - - Volts Ic=10uA Ig =0
BVcEs 30 - - Volts Ic = 10upA,. VEg =0
VCEO(sust) 12 - - Volts  Ic = 10 mA (pulsed), Ig =0
BVEgo 5.0 - - Volts  Ig = 100uA.Ic =0
Ts - - 13 nsec Ic=Ig1x10mA,

Ig2 &~ —10 mA (Note 6)
ton - - 15 nsec Ic~ 30 mA,Ig1 = 3.0 mA (Note 6)
toff - - 20 nsec Ica30mA, Ig1 = 3.0mA,

Ig2 =~ —3.0 mA (Note 6)

SCHEMATIC
CHARGE STORAGE TIME — CONSTANT TEST CIRCUIT
wo 8300 0.1 K0

0 - onul *6V ===\ 10% Pulse woveform

Vin v 0 —— ot point ‘A"
=10 n -4y .L__—_._._
0% Veu

5603 e T4
Pulse Generator To Sampling Oscilloscope
VinRise Time < Insec Input impedance = 50
Source Impedance =500 Rise Time = Insec

Vin Rise Time less thon insec =
PW =300 nsec
Duty Cycle <2%

tuten MEASUREMENT CIRCUIT

Vin 0.1 To Sampling Scope
Pulse Source Rise Time < lnsec
Rise Time <1lnsec 1000 Input Z ~ 100K
Pulse Width > 200nsec
Z;, = 50Q = =
Ton® Veg = 2V Tt Ve "2V
Vgg Grounded Vgg " 7V
Vin =7v Vip * -3V
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2N3115, 2N3116

Package: TO-18 NPN HIGH-SPEED SILICON SWITCHING
AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base VoItage .........cccoveveeereieiieseeneennnnn 60 Volts
Collector-Emitter Voltage .........cccceevnccreennenns 20 Volts
Emitter-Base Voltage ........cccoeveveveicevicveerercn 5 Volts
Collector-Current ..........cccooeveveveneeieiereeereeeieinns 600 mA
Total Device Dissipation @ Ta =25°C....... 1.8 Watts

Derate above 25°C.......c.cccooceiveieieereeniene 12 mW/°C
Total Device Dissipation @ Tp = 25°C .......... 0.4 Watt
Derate above 25°C .........cc.ccecevieneiennnne 2.67 mW/°C

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

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
Icego - 0.025 MA Vcg = 50 Volts, Ig = 0
Iceo - 15 RA Veg = 50 Volts, Ig = 0, Tp = 1560°C
Icex - 0.050 MA Vce = 30 Volts, Vgg = 0.5 Volt
gL - 0.050 : HA Vce = 30 Volts, Vgg = 0.5 Volt
BVcgo 60 - Volts Ic=10uA lg=0
BVcEo® 20 - Volts Ic = 10 mA, pulsed. lg = 0"
BVggo 5 - Volts IE=10uA Ic=0
VeE(sat)” - 0.5 ‘Volt Ic=150mA, Ilg = 16 mA*
VBE(sat) - 1.3 Volts Ic =150 mA,Ig = 16 mA*
hEg 40 120 - Ic = 1560 mA, 2N3115
hge 100 300 - Vce = 10 Volts, 2N3116
Cob - 8 pF Vcg = 10 Volts, Ig =0, f = 100 kHz
tq - 20 ns Ve = 30 Volts, Icg = 160 mA,
Ig1 =15 mA
t, - 75 ns Vce = 30 Volts, Icg = 150 mA,
Ig1 =15 mA
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2N3115, 2N3116

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

Conditions Symbol Min Max Unit
tg - 300 ns Vee = 6 Volts, Icg = 150 mA,
Ig1 =156mA, lg2 = 15 mA
t - 200 ns Vee = 6 Volts, Icg = 150 mA,
Ig1 = 16mA,lga = 15 mA
fr 250 - MHz Ic =20 mA, Vcg = 20 Volts,
f =100 MHz

* Pulse Test: Pulse Width < 300 us: Duty Cycle < 2.0%

12-130



2N3646©
Package: TO-92 HIGH-SPEED NPN SILICON SATURATED
SWITCHING TRANSISTOR

The ITT 2N3646 is an NPN silicon planar epitaxial transistor designed for logic and memory applications
to 500 milliamperes. It features the unique combination of 350 Mc fT minimum with a guaranteed
300 milliampere collector saturation voltage of 0.5 volt.

ABSOLUTE MAXIMUM RATINGS (Note 1)
Ton and Tore TEST CIRCUIT

Characteristics Unit
Vg - 3.0V ?Vcc - +10V

Collector-Base Voltage .............cccoeveeevvecenernnnnn. 40 Volts
Collector-Emitter VOMAge .........ccuvevemrereeesenn. 40 Volts J_ ! 1. ! _J_
Collector-Emitter Voltage (Note 4) ... ..... 16 Volts Io'l 3ike Im 3B Io.os
Emitter-Base Voltage ........cccecevcevevvevnrenve e 5.0 Volts = = 1 =
Total Dissipation @: ——o.

Te =25°C (Notes 2 and 3) ...ooooeecroe, oswar [T G| wme To Sampling Scpe

TA = 25°C (Notes 2 and 3)......................0.2 Watt %509 I ; ot 7 = 100K
Storage Temperature ...................... =55°C to +125°C
Operating Junction Temperature ... +125°C Maximum . = =
Lead Temperature Pulse Width 2 240nsec

{Soldering, 10 sec Time Limit)..... +260°C Maximum tzr{,, W

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

Symbol Min Typ Max Unit Conditions
VCE(sat) - 0.16 0.2 Volt Ic=30mA,lg =3.0mA
(Note 5)
VCE(sat) - 0.18 0.28 Volt Ic =100 mA, Ig = 10 mA (Note 5)
VCE(sat) - 0.18 0.3 Volt  Ic=30mA, lg =3.0mA
(Note 5) (Ty = +65°C)
VCE(sat) - 0.39 0.5 Volt  Ic =300 mA,Ig = 30 mA (Note 5)
h¢e 3.5 5.5 - - Ic =30 mA, Vg = 10 Volts
Ty - 8.0 18 nsec Ic =Ig1 = 10mA,
Ig2 & —10 mA (Note 6)
ton - 9.0 18 nsec Ic=300mA, ig1 ~30mA
(Note 6)
toff - 15 28 nsec Ic=300mA, lgq = 30 mA,
Ig2 =~ —30 mA (Note 6)
Cobo - 3.3 5.0 pf Ig = 0.V¢cp = 5.0 Volts
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2N3646

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
Cibo - 6.6 8.0 pf  Ic=0.Vgg = 0.5 Volt
heg 30 60 120 - Ic = 30 mA, Vg = 0.4 Volt (Note 5)
heg 25 55 - - Ic =100 mA, Vcg = 0.5 Volt (Note 5)
hee 15 - - - I¢c =300mA, Vg = 1.0 Vot (Note 5)
BVcgo 40 - - Volts I = 100uA, Ig =0
BVCEs 40 - - Volts  Ic = 100uA. Vgg = 0
VCEO(sust) 15 - - Volts Ic=10mA,lg =0

(Notes 4 and 5)
BVego 5.0 - - Voits  Ig = 100uA.Ic =0
VBE(sat) 0.75 0.82 0.95 Volt  Ic =30 mA,Ig = 3.0 mA (Note 5)
VBE(sat) - 0.97 1.2 Volts  Ic =100 mA, Ig = 10 mA (Note 5)
VBE(sat) - 1.3 1.7 Volts  Ig =300 mA, Ig = 30 mA (Note 5)
ICES - 0.04 0.5 A Vcg =20 Volts, Vgg =0
IcES(65°C) - 05 3.0 HA  VCE = 20 Volts, Vgg = 0

(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 minimum 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) Ratingrefersto a high-current point where collector-to-emitter voltage is lowest.

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

(6)  See switching circuits for exact values oflc, Ig1.andigy.

CHARGE STORAGE TIME
MEASUREMENT CIRCUIT

0

—
Vin
-10

Pulse Generator

Vin Rise Time < 1 nsec
Source Impedance = 50Q
PW 2 300 nsec

Duty Cycle < 2%

8900

-~ - 10% Pulse waveform
T \ at point ‘A’

To Sampling Oscilloscope

2, = 100 KQ
Rise Time < 1 nsec



2N3903, 2N3904
Package: T0-92 NPN SILICON GENERAL PURPOSE SWITCHING
AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage..........c.coceveeevreneene... 40 Volts
Collector-Base Voltage ........c.c.ceevecererevrnnnen... 60 Volts
Emitter-Base Voltage ..........cccccevveevcrirncennnn.. 6.0 Volts
Collector-Current .........ccoceveveveveneierrcnsriinneenn . 200 MA
Total Device Dissipation @ TA =25°C ... 310 mW
Total Device Dissipation @ Tp = 60°C ........... 210 mW

Derate above 25°C.......ccccceevvivviiciennn, 2.81 mW/°C
Operating and Storage Junction
Temperature Range ........cccoceuevcnne —551t0 +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 Ic=10uA.lIg=0

BVceo® 40 - Volts Ic=10mA,Ig =0"

BVego 6.0 - Volts le=10uA Ic=0

IcEX - 50 nA VcEe = 30 Volts, VEg(off) = 3.0 Volts
hEg* 20 - - Ic = 0.1 mA,Vcg = 1.0 Volt (2N3903)
hge* 40 - - Ic = 0.1 mA,Vcg = 1.0 Volt* (2N3904)
hgg* 35 - - Ic = 1.0mA, Vcg = 1.0 Volt (2N3903)
hge* 70 - - Ic = 1.0 mA, Vg = 1.0 Volt (2N3904)
hgg* 50 150 - Ic = 10 mA, Vcg = 1.0 Volt (2N3903)
heg* 100 300 - Ic = 10 mA, Vcg = 1.0 Volt (2N3904)
heg* 30 - - Ic =50 mA.Vcg = 1.0 Volt (2N3903)
heg* 60 - - Ic =50 mA, Vcg = 1.0 Volt (2N3904)
hgg* 16 - - Ic = 100 mA, Vg = 1.0 Volt {2N3903)
heg* 30 - - Ic = 100 mA, Vcg = 1.0 VoIt (2N3904)
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2N3903, 2N3904

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

Symbol Min Max Unit Conditions
VeE(sat)® - 0.2 Volt Ic=10mA,lg = 1.0mA"
VcE(sat)® - 0.3 Volt Ic =50mA,Ig = 5.0 mA
VBE(san)" 0.65 0.85 Volt Ic=10mA. Ig =1.0mA"
VBE(sat)® - 0.95 Volt Ic =50mA, Ig = 5.0 mA
fr 250 - MHz Ic = 10 mA, Vg = 20 Volts

f = 100 MHz (2N3903)
fr 300 - MHz Ic = 10 mA, Vg = 20 Volts

f = 100 MHz (2N3904)
Cob - 40 pF Vce = 5.0 Volts, Ig = 0. f = 100 kHz
Cip - 8.0 pF VgEg = 0.5 Volt, Ic = 0, f = 100 kHz
hie 0.5 8.0 k ohms Ic = 1.0mA,Vcg = 10 Volts,

f = 1.0 kHz (2N3903)
hie 1.0 10 k ohms Ic = 1.0mA, Vcg = 10 Volts,

f = 1.0 kHz (2N3904)
hre 0.1 5.0 X10™%  Ic=1.0mA, Vcg = 10 Volts,

= 1.0 kHz (2N3903)

hre 0.5 8.0 X104  Ic=1.0mA. Vcg = 10 Volts

f = 1.0 kHz (2N3904)
hte 50 200 - Ic = 1.0 mA, Vg = 10 Volts,

= 1.0 kHz (2N3903)

hte 100 400 - Ic = 1.0 mA, Vg = 10 Volts,

f= 1.0 kHz (2N3904)
hoe 1.0 40 umhos Ic = 1.0 mA, Vg = 10 Volts,

f=10kHz
tq - 35 ns Vcc = 3.0 Volts, VBg(off) = 0.5 Volt,
t - 35 ns Ic=10mA,Igq1 = 1.0 mA
t - 175 ns Vce = 3.0 Volts, Ic = 10 mA, Igg =

Ig2 = 1.0 mA (2N3903)
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2N3903, 2N3904

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

Symbol Min Max Unit Conditions

tg - 200 ns Vece =3.0Volts, Ic =10 mA, Igq =
Igg = 1.0mA

t - 50 ns Vcec = 3.0Volts, Ic =10 mA, Igq =
Ig2 = 1.0 mA

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.

SCHEMATIC

FIGURE 1 — DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT

+3.0V

300 ns

DUTY CYCLE = 2% & 275

|
1

L. .

~7.C. <40pF

FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST TIME
+3.0V

10 <t1<500 us
DUTY CYCLE = 2%

L—‘ t |<-+10‘9v

C. <40pF*

* Total shunt capacitance of test jig and connectors
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2N4123, 2N4124

GENERAL PURPOSE NPN SILICON

SWITCHING AND AMPLIFIER TRANSISTORS

Package: To-92

ABSOLUTE MAXIMUM RATINGS

Total Device Dissipation

Characteristic 2N4123 | 2N4124 Unit e@T A" 250C ....coovieeeiieene 310 mW
Collector-Emitter Voltage ....... 30 25 Vdc Derate above 25°C ............. 281 mw/°C
Collector-Base Voltage ........... 40 30 Vdc  Operating and Storage Junction
Emitter-Base Voltage .............. 5.0 Vdc Temperature Range ............ -565to +135 oC
Collector Current 200 mAdc  Thermal Resistance, Junction
Total Device Dissipation to Ambient .....cccooeeeeiiiiiennee. 0.357 oC/mW
@ TA =600C ....ccccruevirnennne 210 mwW
ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO* 30 - vdc IC =1 mAdc, E- 0 2N4123
25 - 2N4124
BVCBO 40 - vdc IC =10 vAdc, 'E =0 2N4123
30 = 2N4124
BVEBO 5.0 - Vdc IE =10 uAdc, IC =0
'CBO - 50 nAdc VCB =20 Vdc, IE =0
'EBO — 50 nAdc VBE =3 Vdc, ‘C =0
hFE* 50 150 — IC =2 mAdc, VCE =1Vdc 2N4123
120 360 2N4124
25 - 'C =50 mAdc, VCE =1Vdc 2N4123
60 - 2N4124
VCE(sat)* - 0.3 Vdc ‘C =50 mAdc, IB =5 mAdc
VBE(sat)* — 0.95 Vdc IC =50 mAdc, lB =5 mAdc
[hfe] 25 — — IC =10 mAdc, VCE =20Vdc, 2N4123
f=100 MHz
3.0 - 2N4124
fT 250 -~ MHz IC = 10 mAdc, VCE =20Vdc, 2N4123
f =100 MHz
300 — 2N4124
Cob - 4.0 pF VCB=5Vdc,IE=O,f= 100 kHz
Cib — 8.0 pF VBE = 0.5 Vdc, IC =0,f=100 kHz
hfe 50 200 — c™ 2 mAdc, VCE =1 Vdc, 2N4123
f=1kHz
120 480 2N4124
NF - 6.0 dB IC =100 vAdc, VCE =5 Vdc, 2N4123
- RS =1 k ohm,
- 5.0 Noise Bandwidth = 10 Hz to 15.7 kHz
2N4124
ty Typ. 24 ns Delay Time VCC =3 Vdc, VEB(off) = 0.5 Vdc,
tr Typ. 13 ns Rise Time IC =10 mAdc, IB1 =1 mAdc
t Typ. 125 ns Storage Time VCC =3 Vdc, 'C =10 mAdc,
tf Typ. 11 ns Fall Time IB1 = I‘32 =1 mAdc

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

2N4125, 2N4126

GENERAL PURPOSE NPN SILICON
SWITCHING AND AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Total Device Dissipation

Characteristic 2N4125 | 2N4126 Unit @ TA = 250C 310 mw
Collector-Emitter Voltage ....... 30 25  Vdc Derate above 250C 281  mW/OC
Collector-Base Voltage............. 30 25 Vdc Operating and Storage Junction
Emitter-Base Voltage ............... 4.0 Vdc Temperature Range ............ 55 to +135 oc
Collector Current ..........cocou..... 200 mAdc Thermal Resistance, Junction
Total Device Dissipation to Ambient .....oc.vieiiiniiinnnns 0.357 oC/mw
@ TA =600C......cccevvvrreennnn 210 mwW
ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO* 30 = Vdc lC =1 mAdc, |E =0 2N4125
25 — 2N4126
BVCBO 30 - Vdc lC =10 vAdc, 'E =0 2N4125
25 — 2N4126
BVEBO 4.0 - Vdc |E =10 vAdc, 'C =0
ICBO — 50 nAdc VCB =20 Vdc, IE =0
'EBO — 50 nAdc VBE =3 Vdc, IC =0
hFE" 50 150 - Ic =2 mAdc, VCE =1Vdc 2N4125
120 360 2N4126
25 - 'C =50 mAdc, VCE =1 Vdc 2N4125
60 — 2N4126
VCE(sat)’ - 0.4 Vdc IC =50 mAdc, IB =5 mAdc
VBE(sat)* - 0.95 Vdc IC = 50 mAdc, lB =5 mAdc
hfe 2.0 — — IC= 10 mAdc, VCE =20 Vdc, 2N4125
f=100 MHz
25 — 2N4126
fT 200 — MHz lC =10 mAdc, VCE =20Vdc, - 2N4125
f=100 MHz
250 — 2N4126
Cob - 4.5 pF VCB =5 Vdec, lE =0, f=100kHz
Cib - 10 pF VBE—O.S Vdc,lC—O,f— 100 kHz
hfe 50 200 — lC =2 mAdc, VCE =1 Vdc, 2N4125
f=1kHz
120 480 2N4126
NF — 5.0 dB IC =100 uAdc, VCE =5 Vdc, RS =1 ohm,
— 2N4125
- 4.0 Noise Bandwidth = 10 Hz to 15.7 kHz
2N4126
4y Typ 25 ns Delay Time VCC =3 Vdc, VBE(off) =0.5 Vdc,
T, Typ 18 ns Rise Time 'C =10 mAdc, |B1 =1 mAdc
ts Typ 140 ns Storage Time VCC =3 Vdc, ‘C =10 mAdc,
te Typ 15 ns Fall Time IB1 = |82 =1 mAdc

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

HIGH-SPEED NPN SILICON SATURATED
SWITCHING TRANSISTOR

Package: TO-18

HIGH FREQUENCY CURRENT GAIN ...............
¢ HIGH VOLTAGE.......ccooeimmimrinciiccncinne
* LOW CAPACITY...

* LOW CHARGE STORAGE TIME ..........cccoerreene.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ........cccooevvvvrrcvvreennennnnne, 40 Volts
Collector-Emitter Voltage .........cccocoeverrvevenines 40 Volts
Collector-Emitter Voltage (Note 4) .................... 20 Volts
Emitter-Base Voltage .........c.c.ccccevvvvveveeencnenenn.. 4.5 Volts
Collector Current (10 usec Pulse) ...... 500 MA
DC Collector Current .........cccccceveveerereenerrireeen 200 mA
Total Device Dissipation @:

Tc =25°C(Notes 2 and 3) .......cccceoueeeec. 1.2 Watts
Tc = 100°C (Notes 2 and 3). ..0.68 Watt
Ta =25°C(Notes 2 and 3) ........ccccoceerenne. 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

. fr = 500 MHz Min.
"‘LVCEO = 20 Volts Min.
+ Cobo = 4.0 pf Max.
....... 7s = 13 ns Max.

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

Symbol Min Typ Max Unit Conditions

hEE 40 66 120 - Ic = 10 mA, Vcg = 1.0 Volt (Note 5)
hge(—55°C) 20 50 - - lc = 10 mA, Vcg = 0.35 Volt (Note 5)
VBE(sat) 0.72 0.8 0.85 Volt  Ic =10 mA,lg = 1.0 mA (Note 5)
VBE(sat) 0.59 - 1.02 Volts Ic =10 mA, Ig = 1.0 mA (Note 5)
VBE(sat) - 0.9 1.15 Volts  Ic =30 mA, Ig = 3.0 mA (Note 5)
VBE(sat) - 1.1 1.6 Volts  Ic = 100 mA., Ig = 10 mA (Note 5)
VCE(sat) - 0.19 0.3 Volt Ic=10mA,Ig = 1.0 mA (Note 5)
Ices - 0.05 0.4 A Vgg =0, Vcg = 20 Volts
IcBO(150°C) - 10 30 MA  1g=0,Vcp = 20 Volts
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2N4137

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVcES 40 - - Volts  Ic = 10uA,Vgg =0
BVCBO 40 - - Volts lc=10uA Ig =0
VCEO(sust) 20 - - Volts  Ic = 10 mA (pulsed), Ig = 0
(Notes 4 and 5)
BVEgQ 45 - - Volts  1g = 10uA.Ic =0
hge 40 63 120 - Ic = 10 mA, Vcg = 0.35 Voit (Note 5)
heg 30 71 - - Ic = 30 mA.Vcg = 0.4 Volt (Note 5)
heg 20 - - - Ic = 100 mA, Vcg = 1.0 Volt (Note 5)
VCE(sat) - 0.14 0.2 Voit Ic=10mA,lg = 1.0 mA (Note 5)
VCE(sat) - 0.12 0.18 Volt  Ic =10 mA, Ig = 3.3 mA (Note 5)
VCE(sat) - 0.17 0.25 Volt  Ic =30 mA,Ig = 3.0 mA (Note 5)
VeE(sat) - 0.28 05 Volt  Ic =100 mA,Ig = 10 mA (Note 5)
VBE(sat) 0.74 0.85 1.0 Volt  Ic =10 mA,Ig = 3.3 mA (Note 5)
he 5.0 6.75 - - Ic = 10 mA, Vcg = 10 Volts
Cob - 2.3 4.0 pf Ig =0, Ve = 5.0 Volts
Tg - 6.0 13 nsec Ic =lg1x 10 mA,
’ Ig2 =~ —10 mA (Note 6)
ton - 9.0 12 nsec Icx10mA.Ig1 = 3.3 mA
(Note 6)
toff - 7.0 12 nsec Ic=10mA,Ig1 = 3.3 mA,
‘ Ig2 & —3.3 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 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)  Ratings refer to a high-current point where collector-to-emitter voltage is lowest.
(5) Pulse Conditions: length = 300 usec: duty cycle = 1%.
(6) See switching circuits for exact value of IC, Igy.and igsy.
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2N4137

SCHEMATIC
CHARGE STORAGE TIME MEASUREMENT CIRCUIT

‘A’ 8900 0.1 1K@

? —w- ?Vout
0 01 | soo0

T Vin@ H— 1w
Yin 5000 910
-10
0.0023

Pulse Generator It
Vin Rise Time < 1 nsec 560':
Source Impedance = 50Q < 10
PW 2 300 nsec 4=
Duty Cycle <2 % +

nyv )%V

1)
0 i ,L—--m— —10%

=90 %
vgg -3V
Vin = #1525V

Pulse Generator

Vin Rise Time < | nsec
Source Impedance = 50Q
PW 2 300 nsec

Duty Cycle <2 %

ton — torr MEASUREMENT CIRCUIT

220Q

01

0005 | 0005
¢ AL
" w
01 01
it 51
w L

. .

Ves Vee =3V
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10% Pulse waveform
at point ‘A’

=t~

To Sampling Oscilloscope

Input Impedance = 50Q

Rise Time < 1 nsec

0'7:‘" 10%
Y L\

Vout 90 %

toft
vgg= +132V
Vin=-219V

tott

To Sampling Oscilloscope
Input Impedance = 50Q
Rise Time < | nsec



2N4400, 2N4401
GENERAL PURPOSE NPN SILICON
Package: T0-92 SWITCHING AND AMPLIFYING TRANSISTORS

SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V

ABSOLUTE MAXIMUM RATINGS

= O 1 .0 00
(TA 250C unless otherwise noted) *‘ ooty CriiE 29%

Characteristic Unit 416 v
Collector-Emitter Voltage .......cccceceeeveeeeiennas 40 Vdc o -
Collector-Base Voltage .......cceeeeveevvereerennne 60 Vdc ;vf; _
-2V 1 Cg <opf

Emitter-Base VOItage ........cooeeereeerereersuencns 6.0 Vdc ..l o <2ns -
Collector Current - Continuous ............... 600 mAdc TURN-ON TIME
Total Device Dissipation =

TA = 2B0C ...iiieiriiereene e st 310 mW +30v

Derate above 250C ........ccccnuvierene 2.81 mw/°C -+ jewrw0op

DUTY CYCLE—2%

Operating & Storage Junction +i6V

Temperature Range .................... -55 t0 +135 °C o
Thermal Resistance, ey e <00t

Junction to Case .......cccceeeerieenernnnns 0.137 °C/mW | |e<2oms 4

Thermal Resistance, TURN-OFF TIME
Junction to Ambient .........c.cccueee. 0.357 °C/mW -av o
SCOPE RISE TIME  4ns

“TOTAL SHUNT CAPACITANCE OF TEST JIG,
CONNECTORS, AND OSCILLOSCOPE

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO* 40 — Vdc IC =1 mAdc, 'B =0

BVCBO 60 — Vdc IC =0.1 mAdc, |E =0

BVEBO 6.0 - Vdc IE =0.1 mAdc, IC =0

'CEX - 0.1 uAdc VCE = 35 Vdc, VEB(off) =0.4 Vdc

IBL - 0.1 uAdc VCE =35 Vdc, VEB(off) = 0.4 Vdc

hFE 20 - — lC =0.1 mAdc, VCE =1Vdc 2N4401
20 - IC =1 mAdc, VCE =1Vdc 2N4400
40 — 2N4401
40 — IC =10 mAdc, VCE =1Vdc 2N4400
50 - 2N4401
50 150 IC =150 mAdc, VCE =1 Vdc* 2N4400 .
100 300 2N4401
20 - IC =500 mAdc, VCE =2 Vdc* 2N4400
40 - 2N4401

VCE(sat) — 0.4 Vdc IC =150 mAdc, IB =15 mAdc
— 0.75 1 =500 mAdc, IB =50 mAdc

VBE(sat) 0.75 0.95 Vdc 'C =150 mAdc, IB =15 mAdc
— 1.2 Ic= 500 mAdc, Ig= 50 mAdc

fT 200 — MHz e =20 mAdc, VCE =10 Vdc, f= 100 MHz

2N4400

250 - 2N4401

*Pulse Test: Pulse Width — 300 us, Duty Cycle — 2%.
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2N4400, 2N4401

ELECTRICAL CHARACTERISTICS (T,=25°C)

SYMBOL MIN. MAX. UNITS CONDITIONS
ch - 6.5 pF VCB =5 Vdc, IE =0, f- 100 kHz, emitter guarded
Ceb - 30 pF VBE =0.5 Vdc, IC =0, f=100kHz,
Collector guarded
hie 0.5 7.5 k ohms IC =1 mAdc, VCE =10Vdc, f=kHz 2N4400
1.0 15 2N4401
4 - = =
re 0.1 8.0 x 10 IC =1 mAdc, VCE =10Vdc, f=1kHz
fe 20 250 — 'C =1 mAdc, VCE =10 Vdc, f=1TkHz 2N4400
40 500 2N4401
hoe 1.0 30 umhoe ‘C = 1 mAdc, VCE =10 Vdc, f =1kHz
ty - 15 ns VCC =30 Vdc, VEB(off) =2 Vdc,
tr - 20 ns ‘C = 150 mAdc, 'B1 =15 mAdc
t - 225 ns VCC =30 Vdc, IC =150 mAdc,
t — 30 ns IB1 = 'BZ= 15 mAdc
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2N4418, 2N4419

Package: T0-92 LOW-LEVEL NPN SILICON TRANSISTORS
ABSOLUTE MAXIMUM RATINGS (TA = 250C 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.........cccuvveeennn.. 200 mAdc
Total Device Dissipation
eT AT 60°C.....ccovvverrannnn. 210 mwW
Total Device Dissipation
@T AT 250C ..ot 310 mw
Derate above 250C ............. 2.81 mW/oC
Operating and Storage Junction
Temperature Range ............ -55 to +135 oc
Thermal Resistance, Junction
to Ambient ......cceeeveevienennen. 0.357 oC/mwW
TEST
CONDITION | l¢ | Vee | Rg | Re |Cgiman) [Vestorn | Vi | V2 V3
mA \% 0] Q pF \ \% \% \%
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

VEB(off)

—| |e—<2ns

PULSE WIDTH(t)=2ns DUTY CYCLE=2%
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2N4418, 2N4419

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 15 — Vdc IC =1 mAdc, 'E =0 2N4418
12 — 2N4419
BVCBO 30 - Vdc IC = 10 vAdc, 'E =0
'CEX — 100 nAdc VCE =12 Vdc, VEB(off) =0.25 Vdc
IBL - 0.1 uAdc VCE =12 Vdc, VEB(off) =0.25 Vdc ’
— 10 VCE =10 Vdc, VEB(off) =0.25 Vdc, TA =100°C
hFE 25 - — |C =1 mAdc, VCE =1Vdc 2N4418
50 — 2N4419
40 160 IC =10 mAdc, VCE =1Vdc 2N4418
100 400 2N4419
20 - IC =10 mAdc, VCE =1 Vdc, 2N4418
45 - TA =550C 2N4419
40 - 'C = 30 mAdc, VCE =1 Vdc 2N4418
Q0 - 2N4419
30 — 'C =100 mAdc, VCE =1Vdc 2N4418
55 — 2N4419
20 - IC =200 mAdc, VCE =1Vdc 2N4418
35 — 2N4419
VCE(sat) — 0.22 Vdc IC =10 mAdc, IB =1 mAdc
- 0.35 IC =100 mAdc, IB =10 mAdc
= = d
VBE(sat) 0.65 0.80 Vdc 'C 10 mAdc, IB T mAdc
0.75 0.95 IC = 100 mAdc, I'3 =10 mAdc
fT 300 — MHz IC= 10 mAdc, VCE =10 Vdc, f = 100 MHz
Cob — 4.0 pF VCB=5Vdc, 'E =0, f=100kHz
Cib — 8.0 pF VBE = 0.5 Vdc, IC =0, f=100kHz
ton - 25 ns Turn-On Time Fiqure 1, Test Condition A
VCC =3 Vdc, VEB(off) = 1.5 Vdc,
IC =10 mAdc, IB1 =3 mAdc
totf - 35 ns Turn-Off Time Figure 1, Test Condition A
V.~ =3Vdc, |~ =10 mAdc,
cc Cc
|B1 =3 mAdc, IB2 = 1.5 mAdc
ts — 20 ns Storage Time Figure 1, Test Condition B
VCC =10 Vdc, IC = 10 mAdc,
IB1 = IBz =10 mAdc
ty — 8.0 ns Delay Time Figure 1, Test Condition C
VCC =10 Vdc, VEB(off) =2 Vdc,
t - 15 ns Rise Time IC =100 mAdc, IB1 =10 mAdc
T — 20 ns Storage Time Figure 1, Test Condition C
VCC =10 Vdc, lC = 100 mAdc,
t - 15 ns I‘31 =I32=1OmAdc
QT — 80 pC Total Control VCC =3 Vdc, IC =10 mAdc,
Charge IB = mAdc
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Package: To-92

2N4420, 2N4421, 2N4422

HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ........cccoeeevvveeieeeennnnnnn. 40 Vdc
Collector-Emitter Voltage ...........ccovvvueeeeennnn.. 40 Vdc

Collector-Emitter Voltage
Applicable 0. 01-200 mA ...
Emitter-Base Voltage

Collector Current

Collector Current (10 us pulse)

Total Device Dissipation @ TA =250C ....... 200 mw
Derate above 259C..............ccceeuuvvnnnen. 2.0 mw/eC
....... 500 mwW

Total Device Dissipation @ TC =250C
Derate above 250C
Operating Junction Temperature ...

Storage Temperature Range

FIGURE 1_t0n and LY TEST CIRCUIT

Vpg= — 30V e =+I0V

I 0.05 uF

To Samphing Scope
Rise Time<1.0ns
Input Z== IO0OK 0

O.1pF

+76v

50N

=

L

Pulse Width=>240ns
t 1ty << 1.Ons
)

Z, =50

FIGURE 2—CHARGE STORAGE TIME MEASUREMENT CIRCUIT

t6V———__ 10% Pulse waveform
0__L at point A
° ? -4V —
v.
l " / o, Vout
-10 0% v
Pulse Generator <--Tg To Sampling Oscilloscope

VinRise Time < Ins
Source Impedance = 5001
PW==300ns

Duty Cycle<2%

[oX] 5000

00023 uF

Zin == 100K Q.
Rise Time ==1ns

56N l
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2N4420, 2N4421, 2N4422

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise specified.)

Symbol Min Max Unit ~ Conditions
BVCBO 40 — Vdc Ic= 100 vAdc, g= 0
BVCES 40 — Vdc 'C =100 vAdc, VBE =0
VCEO(sus)* 15 — Vdc IC= 10 mAdc
BVEBO 5.0 — Vdc IE =100 uAdc, IC =0
VCE(sat)* - 0.2 Vdc IC = 30 mAdc, IB = 3.0 mAdc
- 0.3 IC = 30 mAdc, IB = 3.0 mAdc, TA
- 0.28 'C = 100 mAdc, lB =10 mAdc
- 0.5 IC = 300 mAdc, 'B =30 mAdc
VBE(sat)* 0.75 0.95 Vdc IC = 30 mAdc, lB = 3.0 mAdc
- 1.2 IC=100mAdc,IB=1OmAdc
- 1.7 lC = 300 mAdc, 'B =30 mAdc
hFE* 30 120 - lc= 30 mAdc, VCE =0.4 Vdc
25 - 'C =100 mAdc, VCE = 0.5 Vdc
15 - |C = 300 mAdc, VCE =1.0 Vdc
'CES — 0.5 uAdc VCE =20 Vdc, VEB =0
- 3.0 VCE =20 Vdc,VEB=0, TA=+650
lB - 0.5 uAdc VCE =20 Vdc, VEB =0
Cob - 5.0 pF VCB=5.0 Vv, IE =0,f=140kHz
Cip - 8.0 pF VBE =05V, Ic= 0, f=140kHz
fe 35 — — IC=30mA,VCE=10V,f=1OO MHz
td - 10 ns VCC=+10V, ICS=300 mA,IB,I =30 mA,
VBE(off) =-3.0V (Fig. 1)
tr - 15 ns Vcc=”°V"cs=3°°mA"B1
VBE(off) =-3.0V (Fig. 1)
ton - 18 ns IC=300mA’IB1 =30 mA,
VBE(off) =-3.0V (Fig. 1)
t - 20 ns VCC=+10V,ICS=300mA, g1 =30mA,
'82 =-30 mA (Fig. 1)
t - 15 ns VCC=+10 V,ICS=300 mA, 'B1 =30mA,
I'32 =-30mA (Fig. 1)
toff - 28 ns IC =300 mA, |B1 =30 mA,
IB2 =-30mA (Fig. 1)
TS — 18 ns 'c='°'“A"B1 =10 mA,
IBz =-10 mA (Fig. 2)

*Pulse Conditions: PW < 300 us; Duty Cycle < 1%.
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Package: To-92 2N5224
GENERAL PURPOSE NPN SILICON LOW-LEVEL SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS Figure 1 — Switching Time Test Circuit
Characteristic Unit

Collector-Emitter Voltage .........ccovvveveeennn... 12 Vdc |o.55v_, \ IOJV_, \
Collector-Base Voltage 25 Vdc ov

Emitter-Base Voltage ..... .. 5.0 Vdc —1.5v | \— , \_
~9lv

Total Device Dissipation @ TA =250C ...... 310 mW

Derate above 25°C ............cecuuunne. 2.81 mw/oC TURNZON INPUT PULSE  TURN-OFF INPUT PULSE
Operating and Storage Junction Yee 230

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

to Ambient .......cccceeiiiieiiecnrin, 0.357 °C/mw

GENERATOR SOURCE IMPEDANCE = 50 ohms

INPUT PULSE: CSCILLOSCOPE :
RISE TIME <<2.0ns RISE TIME O.4ns
FALL TIME <2.0ns INPUT RESISTANCE<< 50 ohms
NOMINAL PULSEWIDTH= 300ns iNPUT CAPACITANCE <<4.0 pF
NOMINAL DUTY CYCLE= 2.0%

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 12 - Vdcq |C= 10mAdc,lB=0
BVCBO 25 — Vdc lc= 100 uAdc, IE =0
BVEBO 5.0 - Vdc lE =100 vAdc, Ic =0
ICBO — 500 nAdc VCB =15 Vdc, g = 0
‘EBO - 100 uAdc VBE =4.0 Vdc, IC =0
hFE 40 400 — IC =10 mAdc, VCE =1.0Vdc
15 — Ic=1OQmAdc,VCE=1.0Vdc
VCE(sat) - 0.35 Vdc Ic= 10 mAdc, lB = 3.0 mAdc
VBE,(sat) — 0.9 Vdc IC =10 mAdc, IB = 3.0 mAdc
fT 250 — MHz IC= 10 mAdc, VCE =10 Vdc, f = 100 MHz
ch - 4.0 pF VCB =5.0 Vdc, |E =0,f=1.0MHz
Yy — 25 ns Delay Time See Figure 1
t - 20 ns Rise Time See Figure 1
tg - 35 ns Storage Time See Figure 1
te — 25 ns Fall Time See Figure 1

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MPS706, MPS706A Package: T0-92
HIGH-SPEED NPN SILICON LOW-LEVEL SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Vee3.0 Vdc
(Adjust for I0mA)

Characteristic MPS706 | MPS706A Unit Type R Soming Resistor
Collector-Emitter Voltage
270
(Rgg =10 Ohms) 20 Vdc rov puse Vorts
Internal Resiston
Collector-Base Voltage 25 Vdc o | | e oo 3.0
Emitter-Base Voltage 30 | 50 Vdc B I

-2.0V

Total Device Dissipation

@T, =25 310 mw Figure 1 — Switching Time Test Circuit
Derate above 25°C 2.81 mW/oC
Operating and Storage Junction Ziiilf.“fo. 10mA)
T mplin 1stor
Temperature Range -55 to +135 oC e R Somplng Reasto

Pulse Voits

+5.0v Internal Resistance
50 Ohms
OV | = |~

-4.0Vv

Figure 2 — Storage Time Test Circuit

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 15 - Vdc IC= 10 mAdc,IB=0
BVCER 20 — Vdcq 'C =10 mAdc, RBE =10 Ohms
'CBO — 0.5 vAdc VCB =15 Vdc, IE =0
IEBO — 10 uvAdc VEB=3.0 Vdc, IC=0
hFE* 20 - - IC=10 mAdc,VCE =1.0Vdc
MPS706
20 60 MPS706A
VCE(sat)* — 0.6 Vdc IC = 10 mAdc, IB = 1.0 mAdc
VBE(sat)* — 0.9 Vdc Ic= 10 mAdc, ‘B = 1.0 mAdc
MPS706
0.7 0.9 MPS706A
fT 200 - MHz IC= 10 mAdc, VCE =15 Vdc, f = 100 MHz
Cob - 6.0 pF VCB=10Vdc,IE=0,f=100kHz
b - 50 Ohms IE =10 mAdc, VCE =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 Cycie < 2.0%.
**Measured with Tektronix Type R Plug-In (50-Ohm Internal Impedance) and circuits shown.
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MPS834
Package: T0-92 HIGH-SPEED NPN SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit

Collector-Emitter Voltage .........ccccevvvvvvvnnnnnns 30 Vdc , 2,

Collector-Base Voltage ..........cccceeevvvevueeruennnn. 40 Vdc "

Emitter-Base VOItage .......cccoceevveeiiieiieinieennns 5.0 Vdc

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

Total Device Dissipation @ TA =2560C ........ 310 mW =
Derate above 25°C ..........ccccvevurnnne 2.81 mw/oC oft <Vf;B:-4 ovac I__* ‘ou‘;eg-"fls\/ﬂc v.nA-le‘vuc

Total Device Dissipation @ T, = 25°C ........ 500 mW e I
Derate above 259C ............ccueenn.. 4.55 mw/oC

Operating and Storage Junction Figure 1 — Turn-On and Turn-Off
Temperature Range .................... -55 to +135 °C Time Measurement Circuit

Figure 2 — Charge Storage Time

Constant Measurement Circuit
Vip =10V

+1V

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCBO 40 - Vdc IC =10 vAdc, 'E =0

BVEBO 5.0 — Vdc IE= 10uAdc,|c=0

ICES — 10 uAdc VCE =30 Vdc, VBE =0

'CBO - 0.5 uAdc VCB =20 Vdc, IE =0

hFE* 25 — — IC— T0 mAdt:,VCE =1.0Vdc

VCE(sat)“ — 0.25 Vdc Ic =T0 mAdc, [B = 1.0 mAdc

— 0.4 IC =50 mAdc, IB =5.0 mAdc

VjE (sat)* — 09 Vdc IC =10 mAdc, IB = 1.0 mAdc

fT 350 — MHz IC= 10 mAdc, VCE =20 Vdc, f= 100 MHz

Cob - 4.0 pF VCB= 10 ch,|E=0,f=100 kHz

ton — 16 ns Turn-On Time 'C =10 mAdc, 'B1 = 3.0 mAdc,
IB2 = 1.0 mAdc See Figure 1

toff - 30 ns Turn-Off Time IC =10 mAdc, IB1 = 3.0 mAdc,
IBz = 1.0 mAdc See Figure 1

ts - 25 ns Storage Time IC= 10 mAdc,IB1 = IB2= 10 mAdc
See Figure 2

*Pulse Test: Pulse Width 2 12 ns, Duty Cycle 2 2.0%.
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MPS2369 Package: To-92
HIGH-SPEED NPN SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Figure 2 — toff Circuit

Characteristics Unit
Collector-Emitter Voltage ............c.cceeeeeeenens 15 Vdc
Collector-Emitter Voltage ............cceeeveeennen. 40 Vdc __'I "
+10.75Vv
Collector-Base Voltage .... ot I\
Emitter-Base Voltage ........c.cccceeeeereciveneneennnns 418V
Collector Current-Peak ............ccceeeueennn. 500 mAdc - |“ <tonms
. . . PULSE WIDTH (1) =300ns
Total Device Dissipation DUTY CYCLE =2.0%
@TA=25°C ......................................... 310 mw
Derate above 250C .............cccuueenee... 2.81 mw/oC
Operating and Storage Junction i
Temperature Range .................... 55 to +135 OC Figure 3 — Storage Test Circuit
Thermal Resistance, Junction
10 AMDIENT ..., 0.355 °C/mW veov_ LT =
Figure 1 —t_ Circuit O.L/._r\:
-40vV
" ‘-— 30V < ons ~
VR PULSE WIDTH () =300ns
+ioev \ DUTY CYCLE =20%
° _L *Total shunt capacitance of test jig and connectors
Y “1es >a0u
—’I <1.Ons - _:

PULSE WIDTH (1))=300ns =
DUTY CYCLE =2.0%

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO‘ 15 - Vdc IC=10mAdc,IB=O
BVCES 40 - Vdc Ic= 10 vAdc, VBE =0
BVCBO 40 — Vdc Ic= 10 vAdc, Ig = 0
BVEBO 45 - Vdc 'E =10 vAdc, lc= 0
lCBO — 0.4 uAdc VCB =20 Vdec, lg = 0
— 30 VCB=20 Vdc,IE=0,TA=125°C
hege 40 120 - Ic= 10 mAdc, VCE =1.0Vdc
20 — lC =10 mAdc, VCE =1.0 Vdc, TA = 550C
20 — lc= 100 mAdc, VCE =2.0Vdc
VCE(sat) - 0.25 Vdc Ic= 10 mAdc, Ig = 1.0 mAdc
VBE(sat)’ 0.70 0.85 Vdc lC =10 mAdc, Ig= 1.0 mAdc
Cob - 4.0 pF VCB=5’0 Vdc,IE=0,f= 140 kHz
hfe 5.0 - — Ic= 10 mAdc, VCE =10 Vdc, f= 100 MHz
ton — 12 ns VCC = 3.0 Vdc, VBE(off) =1.5 Vdec,
'C =10 mAdc, IB1 = 3.0 mAdc Figure 1
toff - 18 ns VCC = 3.0 Vdc, IC =10 mAdc, I!31 = 3.0 mAdc,
IBz = 1.5 mAdc Figure 2
ts — 13 ns IB1=I82=IC=10mAdc Figure 3

*Pulse Test: Puise 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

Collector-Base Voltage ......................c.......
Collector-Emitter Voitage ..
Emitter-Base VOItage ........cccceeeverunniereeeennnns

Collector Current ........cccooeevvieeeeerineeenenn,
Total Device Dissipation @ TA =600C........ 210 mwW

Total Device Dissipation @ TA =25°C........ 310 mw
Derate above 250C ............ccccueeee. 2.81 mw/oC
Thermal Resistance, Junction
1o AMDbient ..cccveeervinieeeiieeeiann . 0.357 °C/mwW
Junction Operating Temperature ................. 135 °C
Storage Temperature Range ............. -55 to +135 °C

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
lCBO = = 05 uAdc VCB =18 Vdc, ‘E =0 _

- — 15 VCB—18Vdc,IE-0,TA—1OOC
IEBO - - 0.5 uAdc VEB =5 Vdc, Ic =0
hFE 30 60 90 — |C =2 mAdc, VCE =4.5 Vdc

MPS2713

75 150 225 MPS2714
VCE(sat) - 0.16 0.3 Vdc IC i 50 mAdc, IB i 3 mAdc
vV E(sat 0.6 0.75 1.3 Vdc lC =50 mAdc, IB =3 mAdc
h 30 — 120 — I.=2mAdc, V.. =45 Vdc, f=1kHz

fe C CE
MPS2713

80 - 300 MPS2714
fT - 250 — MHz IC= 10 mAdc,VCE =10 Vdc, f= 100 MHz
Cob — 25 — pF VCB =10 Vdc, 'E =0, f=100kHz
h. — 3000 — ohms 1.=0.5mAdc, V =1Vdc, f=1kHz

ie C CE

ty - 7.0 — ns Delay Time IC =10 mA, IB1 =3 mA,
t, — 6.0 -~ ns Rise Time VCC =10V
t - 12 — ns Storage Time IC =10 mA, 'Bl =3 mA,
t — 9.0 — ns Fall Time lBQ =1 mA, VCC =10V
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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 ...........ccocveevveevenn., 40 Vdc Total Device Dissipation @ Tp=259C....... 200 mw
Collector-Emitter Voltage ........................... 40 Vdc Derate above 250C .......................... 2.0 mw/oC
Collector-Emitter Voltage Total Device Dissipation @ TA =250C........ 500 mW

Applicable 0. 01-200 MA ....oooveeeeeeee 15 Vdc Derate above 25°0C ..........ccccoeereenenn. 5.0 mw/°C
Emitter-Base Voltage ............c.cc.ooueueueeane...... 5.0 Vdc Operating Junction Temperature .................. 1250C
Collector CUrrent.........c..ueeeeveeveeeeineeeeennn . 200 mA Storage Temperature Range ............ -55 to +1250C

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise specified.)

Symbol Min Max Unit Conditions
BVCBO 40 — Vdc Ic =100 vAdc, lg= (o]
BVCES 40 - Vdc IC = 100 vAdc, VBE =0
VCEO(sus)‘ 15 - Vdc IC_ =10 mAdc
BVEBO 5.0 — Vdc |E =100 vAdc, Ic= 0
VCE(sat)’ — 0.2 Vdc IC = 30 mAdc, IB = 3.0 mAdc
— 0.3 IC = 30 mAdec, |B = 3.0 mAdc, TA =+65C
- 0.28 IC =100 mAdc, IB =10 mAdc
— 0.5 IC = 300 mAdc, IB =30 mAdc
VBE(sat)* 0.75 0.95 Vdc IC = 30 mAdc, IB = 3.0 mAdc
— 1.2 IC=100mAdc,IB=1OmAdc
— 1.7 IC = 300 mAdec, IB = 30 mAdc
hFE* 30 120 — Ic = 30 mAdc, VCE =0.4 Vdc
25 — IC =100 mAdc, VCE =0.5 Vdc
15 — IC = 300 mAdc, VCE =1.0 Vdc
lceEs — 0.5 uAdc VCE =20 Vdc, VEB =0
- 3.0 VCE =20 Vdc, VEB =0, Ta= +65C
Ig - 0.5 uAdc VCE = 20 Vdc, VEB =0
Cob — 5.0 pF VCB=5.0 V. Ig =0, f= 140 kHz
Cib - 8.0 pF VBE =05V, IC =0, f= 140 kHz
hee 35 — — IC=30mA,VCE=10V,f=100MHz
g = 10 ns Vcc=+1°V"cs=3°°mA"B1=3°""A'
VBE(off) =-3.0V (Fig. 1)
t — 15 ns VCC=+1OV,ICS=3IOOmA,IB.I =30 mA,
VBE(off) =-3.0V (Fig. 1)
ton — 18 ns IC=300mA,IB1=30mA,VBE(Off)=-3.OV
(Fig. 1)
t - 20 ns VCC=+10V,ICS=300mA,IB1 =30 mA,
: lgp =-30 mA (Fig. 1)
t — 15 ns VCC=+10 V,|CS=300mA,lB.l =30mA,
I!32 =-30 mA (Fig. 1)
Loff - 28 ns |C=300mA'IB1 =3OmA,132=-30 mA (Fig. 1)
TS - 18 _ ns IC= 1OmA,IB1=10mA,le=-10mA(Fig. 2)

*Pulse Conditions: PW = 300 us; Duty Cycle _ 1%.
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MPS3646

Figure 1 — t, and tosf Test Circuit

Vgg= —30V ? " ?Vcc = +10v

O.pF J‘
T

_LOOS F
T

To Sampling Scope
Rise Time <1.0ns
Input 2=~ 100K 0

+76v

Pulse Width==240ns
Y !y << 1.Ons
,

2,, =50

Figure 2 — Charge Storage Time Measurement Circuit

+ GV—_1 10% Pulse waveform
.; ot point "A"

o f -4?/_— —
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®
2N2205, 2N2206

HIGH-SPEED NPN SILICON
SWITCHING TRANSISTORS

Packages:

2N2205, TO-18
2N2206, TO-46

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ....................... —65°C to +300°C
Operating Junction

Temperature .............ccccoccoeeveeeenan, —65°Cto +175°C
Lead Temperature (Soldering.
10 sec time limit) ..o +235°C
Total Device Dissipation
@ Tc =25°C(Notes2 and 3) .......ccccoeee.ne. 1.0 Watt
@ Tp = 25°C (Notes2and 3) .......cc.ccooeeeee. 0.3 Watt
Vego Collector-Base Voltage ..., 25 Volts
VcEeo Collector-Emitter Voltage (Note 4) ........ 12 Volts
VegQ Emitter-Base Voltage ..o 3.0 Volts
Ic Collector CUMment ............cccoouniviimciniieiisi s 200 mA

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

Symbol Min Max Unit Conditions

hrE 20 - - (2N2205) Ic = 10 mA, Vcg = 1.0 Volt
40 120 - (2N2206)

VBE(sat) 07 0.9 Volt (2N2205) Ic = 10 mA, Ig = 1.0 mA
0.7 0.9 Volt (2N2206)

VeE(sat) - 0.22 Volt (2N2205) Ic = 10 mA, Ig = 1.0 mA
- 0.22 ~ Volt (2N2206)

VeE(sat) - 0.35 Volt (2N2205) Ic = 50 mA, Ig = 5.0 mA
- 0.35 Volt (2N2206)

hte 20 - - (2N2205) Ic = 10 mA, Vg = 10 Volts
2.0 - - (2N2206)

Cobo - 6.0 pf (2N2205) Ig = 0,Vcg = 10 Volts
- 6.0 pf (2N2206)

IcBO - 0.025 uA (2N2205) g =0.Vcg = 15 Volts
- 0.025 HA (2N2206)

Icgo(150°C) - 15 uA (2N2205) Ig = 0.Vcg = 15 Volts
. 15 UA (2N2206) '

IcEX - 15 HA (2N2205) Vcg = 10 Volts,Vgg = 0.25 Volt
. 15 LA (2N2206)
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2N2205, 2N2206

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

Symbol Min Max Unit Conditions
IEBO - 100 uA (2N2205) Ic = 0.Vgg = 3.0 Volts
- 100 HA (2N2206)
BVego 25 - Volts (2N2205) Ig = 0.Ic = 100uA
25 - Volts (2N2206)
Vceo 12 - Volts (2N2205) Ig = 0.1c = 10 mA (pulsed)
12 - Volts (2N2206) (Notes 4 and 5)
BVEgo 30 - Volts (2N2205) Ic = 0.1g = 100uA
3.0 - Volts (2N2206)
s - 25 nsec (2N2205) Ic =10 mA.lgq =~ 10 mA,
- 35 nsec (2N2206) Ig2 = —10 mA (Note 6)
ton - 40 nsec (2N2205) Ic =~ 10 mA.Ig] ~ 3.0 mA.
- 40 nsec (2N2206) Igo &~ —1.0 mA (Note 7)
toff - 75 nsec (2N2205) Ic 10 mA.Igq =~ 3.0 mA,
- 75 nsec (2N2206) Ig2 = —1.0 mA (Note 7)
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 175°C and junction-to-case thermal resistance of 150°C/Watt (derating factor
of 6.7 mW/°C): junction-to-ambient thermal resistance of 500°C/Watt (derating factor of 2.0 mW/°C)

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

(5)  Pulse Conditions: length <6 msec: duty cycle <30%.
(6) See Fig. 1 for exact value of IC' Igy.and gy
(7) SeeFig. 2 for exact value °“C-'B1'a"d Ig2
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2N2205, 2N2206
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NOTES:

(n

With certain types of power supplies. it may be necessary to connect 25-uf decoupling capacitors across the power-supply terminals
forVecand Vgg

(2)  Input voltage (V|n) obtained from a pulse generator having an output impedance of 50 ohms. V| nse 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
ume <0 5 nsec. input capacitance of probe <2.5 pf with shunt resistance > 1000 ohms
FIGURE 1
CIRCUIT USED TO MEASURE STORAGE TIME (ts).
—<
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NOTES:
(1) With certain types of power supplies. it may be necessary to connect 25-uf decoupling capacitors across the power-supply terminals
forVecand Vgg
(2)  Input voltage (V) obtained from a pulse generator having an output impedance of 50 ohms. VN 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
ume <O 5 nsec. input capacitance of probe <2.5 pf with shunt resistance > 3000 ohms.

FIGURE 2
CIRCUIT USED TO MEASURE “TURN-ON" TIME (t, ) AND “TURN-OFF"” TIME (tq¢).

12156



Package TO-5 2N2303©®
PNP MEDIUM FREQUENCY AMPLIFIER SILICON TRANSISTOR

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ............cccccevivinnnnnn —50 Volts
Collector-Emitter Voltage

(Rgg < 10 ohms) (Note 4) .............ccccoeennn. —50 Volts
Collector-Emitter Voltage (Note 4) ................. —35 Volts
Emitter-Base Voltage .........cccoooiiiniiieennnn, —5.0 Volts
Total Dissipation @ :

Tc =25°C(Notes2and 3) ........cccccoeeenne. 2.0 Watts
Tc =100°C (Notes 2and 3) ..o 1.0 Watt
TA = 25°%C e 0.6 Watt
Storage Temperature .............cc....... —65°C to +200°C
Operating Junction Temperature ....... 175°C Maximum

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

Symbol Min Max Unit Conditions

hEE 75 200 - Ic = =150 mA, Vcg = —10 Volts (Note 5)
heE 75 - - Ic = —5.0mA, Vcg = — 10 Volts (Note 5)
VBE(sat) - -1.3 Volts Ic=—150mA.lg = —156 mA

VeE(sat) - -15 Volts Ic=—150mA.Ig = —15 mA

hie 3.0 - ' - Ic = =50 mA, Vgg = —10 Volts, f= 20mHz
Cob - 45 pF Ig =0.Vcg = —10 Volts

Icso - 1.0 HA Ig =0.Vcg = —30 Volts

ICBO(150°C) - 100 UA Ig = 0.Vcp = —30 Volts

VCER(sust) —50 - Volts Ic = —100 mA, Rgg = 10 ohms
VCEO(sust) —35 - Volts Ilc=—100mA,lg =0

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.

(8)  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

+ Fastt, :23 nsec typ. @ 30 mA

+ Fastt, :34 nsectyp. @ 30 mA

+ High f; : 600 MHz typ.

+ Low saturation : 0.25V typ. V.. @ 100 mA
+ LowC,, : 3.3pF typ. @ 5V

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

DIMENSIONS

120

and IF applications, and 100 MHz oscillator converter cir-
cuits.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS 2N2894 2N3209 UNITS
Collector-to-Base Voltage . .. ............................. —-12 -20 Volts
Collector-to-Emitter Voltage (openbase) ................... -12 —20 Volts
Emitter-to-Base Voltage ................. ... ... ... . ... ... —4 -4 Volts
Collector Current (10 usec pulse) ...................... . 200 200 mA
Junction Temperature (op.andstg.) ....................... —65 to 200 °C
Total Power Dissipation @ Tc =25°C ..................... 1.2 1.2 Watts

(derate 6.8mW/°C above 25°C)

@Tc=100°C .................... 0.72 0.68 Watts

Total Power Dissipation @ T~ =25°C ..................... 0.36 0.36 Watts

(derate 2.06mW/°C above 25°C)

Manufactured under License by Fairchild Camera and Instrument Corporation. Printed material
reproduced by permission. Copyright 1965 Fairchild Camera and Instrument Corporation.
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2N2894 2N3209

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N2894 2N3209
SYMBOL MIN. TYP. MAX. MIN. TYP. MAX. UNIT CONDITIONS
BVcso -12 —-20 Vdc le=10uA
BVces -20 Vde le=10pA
LVceo 152 -12 —-20 Vdc Ic=10mA
BVeso —-4.0 —-4.0 Vdc le=100xA
hee 40 75 150 30 75 120 lc=30mA Vee= —0.5V
30 55 25 67 le=10mA  Vce=—0.3V
25 15 30 le=100mA Vce= —1.0V
17 43 12 43 Ic=380mA V= —0.5V_ Ta=—55°C
Vee (sat)' —0.07 -0.15 -0.07 —0.15| Vdc le=10mA  lz=1.0mA
—-0.10 -0.20 -0.10 —0.20( Vdc lc=30mA [z=3.0mA
-0.25 —0.50 —0.28 —0.60 Vdc lIc=100mA 1;=10mA
Vie (sat)’ -0.78 —-0.92 —0.98 —0.78 —0.92 —0.98| Vdc le=10mA  lz=1.0mA
—0.85 -1.10 -1.20 —0.85 -1.10 —1.20{ Vdc le=30mA  ls=3.0mA
—1.40 —=1.70 —1.40 —1.70 Vdc lc=100mA l3=10mA
lces 0.05 80 0.05 80 nA Vee= —6V and —10V respectively
lcso 0.025 10 0.025 10 uA Same as above TA=125°C
Ca 33 6.0 3.0 5.0 pF Ves = —5.0V
Cin 3.8 6.0 3.8 6.0 pF Ve = —0.5V
hie 4.0 5.5 4.0 5.5 lc=30mA V= —10V
f=100MHz
ton 23 60 23 60 nsec lc=~30mA
lsi~1.5mA
tor 34 90 34 90 nsec lc~30mA
ls~1.5mA
lsz~1.5mA
NOTES: 1. Pulsed measurement: width <300 usec, duty cycle <2%.
2. Rating is where collector to emitter voltage is lowest.
ton—t.x TEST CIRCUIT
- Vi —-2.0v

100

+ Pulse Source Vin

+ Rise Time < 1.0 nsec
P.W. > 200 nsec
Z in=500

Vee= —2.0V
Ves =3.0V

Vin=—7.0V
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2N2904A 2N2905A 2N2906A 2N2907A°
SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
PNP SILICON
PLANAR EPITAXIAL
TRANSISTORS

. High Voltage:-60V min.
e Low V. (sat): 0.4V @ 150 mA
¢ hi: guaranteed from 100 A 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

DIMENSIONS
2N2904A, 5A

.335

sttt
—

DIMENSIONS
2N2906A, 7A

o195 o

V'\\
N%)\C 228
o 1) 2o

T e

S
VX s

2N2904A | 2N2906A

CHARACTERISTICS 2N2905A | 2N2907A | UNITS
Collector-to-Base Voltage. .. .. .....cov it —60 —60 Volts
Collector-to-Emitter Voltage (openbase)......................... —60 —60 Volts
Emitter-to-Base Voltage. . .. ......... ... i —5 -5 Volts
Collector Current (CONtINUOUS) « ... v vttt et it e e 600 600 mA
Junction Temperature (StOrage) . . . ......cvvt et neenenanennnn —65 to 200 °C
Total Power Dissipation @ Tc=25°C......... ..., 3.0 1.8 Watts

Derating factor above 25°C.........oviiineiiieeneeenn, 17.3 103 mw/°C
Total Power Dissipation @ TA=25°C................cociiiinnnn, 0.6 0.4 Watts

Derating factorabove 25°C..........ciiiiiniin i 3.43 2.28 mw/°C
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2N2904A 2N2905A 2N2906A 2N2907A

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N2904A 2N2905A
SYMBOL 2N2906A 2N2907A UNIT CONDITIONS
MIN. MAX. MIN. MAX.
BVcso —60 —60 Vdc le= —10uA
LVero" 2 —60 —60 Vdc le= —10mA
BVeso -5 —5 Vdc le= —10pA
hee! 40 75 le= —100LA V= —10V
40 100 le= —1mA V= —10V
40 100 le= —10mA Vee= —10V
40 120 100 300 le= —150mA Vee= —10V
40 50 le= —500mA V= —10V
Vce(sat)! —-0.4 —0.4 Vdc Ic= —150mA le= —15mA
—1.6 -1.6 Vdc le= —500mA lz= —50mA
Vee(sat)' -1.3 -1.3 Vdc le= —150mA Ig= —15mA
—-2.6 —2.6 Vdc lc= —500mA lg= —50mA
lcao 10 10 nA V= —50V
10 10 MA Ve= —50V Ta=150°C
lcex 50 50 nA Vee= —30V Vge=0.5V
ls 50 50 nA Vee= —30V Vee=0.5V
Cob 8 8 pF V= —10V f=100KHz
Ci 30 30 pF V= —2V f=100KHz
h¢e 2 2 lc= —50mA V= —20V
f=100MHz
ta 10 10 ns, lc= —150mA lgy= —15mA
Vee= —10V -30v
200
o - SCOPE
Wl
50
-l6v w00 3
t 40 40 | ns bR =
t; 80 ns le= —150mA lg;=lg2 =15mA
Vcc= -1 OV
o
t : 30 ns "

Notes: 1. Pulsed width <300 usec; duty cycle <2%.
2. Lowest emitter to collector voltage.
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2N3012°

HIGH-SPEED PNP SILICON SWITCHING

AND RF AMPLIFIER TRANSISTOR

Package: TO-18

The ITT 2N3012 is a 600 mc 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
mc amplifiers, 10.7 mc IF amplifiers, and 100 mc oscillator converter circuits.

ABSOLUTE MAXIMUM RATINGS (Note 1) SCHEMATIC
Characteristics Unit Vio -
Collector-Base Voltage ...........ccccccoeevcvnniinennnee —12 Volts
Collector-Emitter Voltage (Note 4) ................. —12 Volts 1000 62
Collector-Emitter Voltage..............cccccceeneneee.. — 12 Volts o1 xa Vout o
i 0 SAMP G SCO
Emitter-Base Voltage ..........cccccvevvcverreeeneene.. —4.0 Volts Vin RISTIN © Lnsec
Total Dissipation @: PULSE SOURCE 100 INUTZ K2
RISE TIME < 1 nsec
Tc =25°C(Notes2 and 3) .......cccccovrnrnnnes 1.2 Watts  pw.> 20nsec
Tp = 25°C(Notes 2 and 3) .c......cccceveeeer.. 0.36 Watt  2in ° %02 = =
Storage Temperature ................... —65°C to +200 °C Vip® *V Vjp = -V
. . . gt V" " Vit W
Operating Junction Temperature ...... 200°C Maximum

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

FIGURE 1 — SWITCHING TIME TEST CIRCUI

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

hgg 30 70 120 - Ic =30 mA, Vg = —0.5 Volt (Note 5)
hee 25 50 - - Ic =10 mA, Vcg = —0.3 Volt (Note 5)
hee 20 40 - - Ic = 100 mA, Vcg = — 1.0 Volit (Note 5)
VCE(sat) - -0.07 —=0.15 Volt Ic=10mA,Ilg = 1.0mA

VCE(sat) - —-0.1 —0.2 Volt Ic=30mA,lg =3.0mA

VCE(sat) - —0.15 —-0.4 Volt Ic=30mA,lg =3.0mA

VeE(sat) - —0.25 —-0.5 Volt Ic=100mA,lg = 10 mA

VBE(sat) —-0.78 —0.90 —0.98 Volt Ic=10mA,lg = 1.0 mA

VBE(sat) —0.85 —-1.12 —-1.2 Volts Ic=30mA,Ilg =3.0mA

VBE(sat) - -1.4 -1.7 Volts Ic=100mA,Ig = 10 mA

hte 4.0 5.5 - - Ic =30 mA,Vcg = —10 Volts

Cob - 33 6.0 pf Ig =0,Vcg = —5.0 Volts

Cre - 3.8 6.0 pf Ic =0,Vgg = —0.5 Volt
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2N3012

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

Symbol Min Typ Max Unit Conditions
Ices - 0.05 80 nA Vce = —6.0 Volts, Vgg = 0
Ices(85°C) - 0.003 5.0 uA Vcg = —6.0 Volts, Vgg = 0
BVcgo —-12 - - Volts Ic=10uA lg=0
BVcEs -12 - - Volts  Ic = 10uA,lIg =0
VCEO(sust) —-12 - - Volts  Ic = 10 mA (pulsed). Ig =0
(Notes 4 and 5)
BVEgO -40 - - Volts  Ig = 100uA,Ic =0
ton - 25 60 nsec Ic=30mA, lg1
~ 1.5 mA (Note 6)
toff - 35 75 nsec Ic~30mA, lgy =
1.5mA, lgp ~ —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 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) Ratingrefersto a high-current point where collector-to-emitter voltage is lowest.

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

(6)  See switching circuit for exact values of I, 1g1. and Ig2.

67

INPUT

FIGURE 2 —

SWITCHING

NON-SATURATED
PERFORMANCE

4
s67

OUuTPUT
———o

Scale = 2nsec / cm.

Vee
510 Q 510 Q
L - S
L———‘ 5 TRANSISTORS —-—————UJ
s —L

10foec

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

Packages:
PNP SILICON HIGH CURRENT 2N3502/03, TO-5
SWITCHING TRANSISTORS 2N3504/05, TO-18

These ITT PNP silicon planar epitaxial transistors are designed for digital and analog applications at
current levels up to 500 milliamperes. Their high beta, high fT at high current, high LVCEQ’ 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) ....covvevveereceereeerernnnes 3.0 Watts
(2N3504, 2N3505) .....oovmeeereereeriire s 1.3 Watts
Ta =25°C(Notes 2 and 3)

(2N3502, 2N3503) ..0.7 Watt

(2N3504, 2N3505) ......ooeuevrrierrcrriererereieine 0.4 Watt
Collector-Base Voltage

(2N3503, 2N3505) ... —60 Volts

(2N3502, 2N3504) .....cooevrerrerirreecreneeens —45 Volts
Collector-Emitter Voltage (Note 4)

(2N3503, 2N3505) ....ccceevvrerrrerieceireiene —60 Volts

(2N3502, 2N3504) ......coovvveecrrire e —45 Volts
Emitter-Base Voltage

(2N3503, 2N3505) ..o —5.0 Volts

(2N3502, 2N3504) ......ccoverreerrcrririrenennes —5.0 Volts

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

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

Symbol Min Typ Max Unit Conditions

heg 2N3503, 2N3505, 80 120 - - Ic = 10uA, Vcg = —10 Volts
2N3502,2N3504

hgg 2N3503. 2N3505, 120 = = - Ic = 100uA.Vcg = —10 Yolts
2N3502, 2N3504

heg 2N3503, 2N3505. 135 200 - - Ic = 1.0 mA.Vcg = —10 Volts
2N3502, 2N3504

heg 2N3503, 2N3505, 140 270 - - Ic = 10mA. Vgg = —10 Volts
2N3502, 2N3504 (Note 5)

hgg 2N3503. 2N3505, 100 150 300 - Ic = 150 mA, Vcg = — 10 Volts
2N3502.2N3504 (Note 5)
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2N3502, 2N3503, 2N3504, 2N3505

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

heg 2N3503, 2N3505, 50 70 - - Ic=500mA, Vcg = —10 Volts
2N3502, 2N3504 (Note 5)

hee 2N3503. 2N3505, 115 160 300 - Ic =50 mA. Vcg = —1.0 Volit
2N3502, 2N3504

VBE(sat) 2N3503, 2N3505, - -09  -10 Volt  Ic =50 mA, Ig = 2.5 mA (Pulsed.
2N3502, 2N3504 see Note 1)

VBE(sat) 2N3503, 2N3505, - -10 -13 Volts  Ic =150 mA, Ig = 15 mA (Pulsed.
2N3502, 2N3504 see Note 1)

VCElsat) 2N3503, 2N35085. -  -008 -025 Volt  Ig =50mA,Ig = 2.5mA (Pulsed,
2N3502. 2N3504 see Note 1)

VCE(sat) 2N3503, 2N3508, - -0.18  -04 Volt  Ic =150 mA,lg = 156 mA (Pulsed,
2N3502, 2N3504 see Note 1)

hee 2N3503, 2N35085, 20 250 - - Ig=50mA,Vcg = —20 Volts
2N3502, 2N3504 (f = 100 mc)

VCEO(sust) 2N3503, 2N3505, —60 - - Volts I = 10 mA (pulsed). Ig = 0
2N3502, 2N3504 —45 - - Volts (Notes 4 and 5)

ton 2N3503, 2N3505, - 20 40 nsec  Ic A~ 300 mA,Igq & 30 mA
2N3502, 2N3504 (Note 6)

toff 2N3503, 2N3508, - 40 100 nsec  Ic ~ 300 mA. Igq ~ 30 mA,
2N3502, 2N3504 Ig2 &~ —30 mA (Note 6)

hge(—565°C)  2N3503. 2N3505, 50 100 - - Ic =50 mA, Vcg = —1.0 Volt
2N3502, 2N3504 B

Ices 2N3503, 2N3505 - 0.07 10 nA  Vcg = —50 Volts,Vgg = 0

IcES 2N3502, 2N3504 - 0.05 10 nA  Vcg = —30 Volts, Vgg = 0

BVcgo 2N3503, 2N3505 -60 - - Volts Ic = 10uA. lg=0
2N3502, 2N3504 —45 - - Volts

BVego 2N3503, 2N35065, —5.0 - - Volts Ig =10uA Ic=0

2N3502,2N3504

Cob 2N3503, 2N35085, - 45 8.0 pf  1g=0.,Vcg = —10 Volts
2N3502, 2N3504

Cre 2N3503, 2N3505, - 15 25 pf  Ic=0.Vgg = —0.5 Volt
2N3502, 2N3504
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2N3502, 2N3503, 2N3504, 2N3505

ELECTRICAL CHARACTERISTICS (T = 25°é unless otherwise noted)

Symbol Min Typ Max Unit Conditions

NF 2N3503, 2N3505, - 1.0 4.0 dB Ic = 30uA. Vcg = —5.0 Volts
2N3502, 2N3504 (Note 7)

Icgof+150) 2N3503,2N3505 - - 10 HA Vecg = —50 Volts, Ig =0

Ico(+150) 2N3502,2N3504 - - 10 UA Ve = —30Volts, Ig =0

VCE(sat) 2N3503, 2N3508, - -0.5 -1.6 Volts  Ic =500 mA, Ig = 50 mA (Pulsed,
2N3502, 2N3504 see Note 5)

VBE(sat) 2N3503, 2N3505, - - -2.0 Volts  Ic =500 mA, Ig = 50 mA
2N3502,2N3504 (Pulsed, see Note 5)

SMALL SIGNAL CHARACTERISTICS (f = 1kc)

Symbol Min Typ Max Unit Conditions

hie - 1050 2300 Ohms Ic = 10mA,Vcg = —10 Volts

hoe - 110 800 umhos Ic = 10mA, Vcg = —10 Volts

hee - 240 1500 x1076 Ic =10mA, Vcg = —10 Volts

hte 135 200 420 - Ic =10mA, Vcg = —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 = 300 usec; duty cycle = 1%.

(6)  See switching circuit for exact values of I, 1g 4, and Ig 5.

(7)  f=1.0Kc:Rg=10KQ.

SCHEMATIC FIGURE 1 — Toy AND Togg TEST CIRCUIT
-30V

Vour
TO SAMPLING
OSCILLOSCOPE
ty <lnsec
iy 20.1M0

L

PULSE GENERATOR
ViN = -9V =
tr, ty<6nsec
P.W. = 0.5usec
2y =500

12-166



Packages: 2N3671, 2N3672, 2N3673°®

2N3671, TO-5
2N3672,TO-18 HIGH-SPEED PNP SILICON SWITCH AND
2N3673, TO-46 CORE DRIVER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Characteristics Unit

Storage Temperature ........c.ccc.ueee. —65°C to +200°C
Operating Junction Temperature ...... 200°C Maximum
Total Device Dissipation (Notes 2 and 3):

@ T =25°C(2N3671) oo, 3.0 Watts
(2ZN3672) oo 1.8 Watts

(2ZN3B73) o 3.0 Watts

@Tp = 25°C(2N3671) o 0.6 Watt

(VA K157 273 F 0.4 Watt

(2N3673) .o 0.35 Watt

Collector-Base Voltage .................... ...—60 Volts
Collector-Emitter Voltage (Note 4) ... ...—50 Volts
Emitter-Base Voltage .......ccccco.. ..—5.0 Volts
Collector Current (Note 2) ........ccoecuenniiniicnnnnns 600 nA

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

Symbol Min Max Unit Conditions

hEE 75 225 - Ic = 150 mA, Vg = —10 Volts (Note 5)
hge 75 - - Ic = 1.0mA,Vcg = —10 Volts

hge 75 - - Ic = 10 mA,Vcg = —10 Volts (Note 5)
hee 55 - - Ic = 0.1mA, Vcg = —10 Volts

hee 40 - - Ic =500 mA,Vcg = —10 Volts (Note 5)
hee 20 - - Ic = 150 mA, Vg = —0.6 Volt (Note 5)
VCE(sat) - -0.4 Volt Ic = 150 mA, Ig = 15 mA (Note 5)
VCE(sat) - —1.6 Volts Ic = 500 mA, Ig = 50 mA (Note 5)
VBE(sat) - -1.3 Volts Ic = 150 mA, Ig = 15 mA (Note 5)
VBE(sat) - —2.6 Volts Ic = 500 mA, Ig = 50 mA (Note 5)

t4 - 10 ns Ics = 150 mA, Ig1 = 15 mA (See Fig. 1)
t - 40 ns Ics = 160 mA, Ig1 = 15 mA (See Fig. 1)
tg - 80 ns Ics = 150 mA, Igq = 15 mA,

Ig2 = —15 mA (See Fig. 2)
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2N3671, 2N3672, 2N3673

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

Symbol Min Max Unit Conditions

g - 30 ns Ics = 150 mA.Ig1 = 156 mA,
Ig2 = —15 mA (See Fig. 2)

ton - 45 ns Ics = 150 mA, Igq = 15 mA (See Fig. 1)
toff - 100 ns Ics = 150 mA.Ig1 = 16 mA,

Igp = —15 mA (See Fig. 2)
hte 20 - - Ic = 50 mA, Vg = —20 Volts
Iceo - 10 nA Ig = 0,Vcg = —50 Volts
IcBo(150°C) - 10 HA Ig =0.Vcg = —50 Volts
IcEX - 50 nA Vcg = —30 Volts, Vgg = +0.5 Vot
g - 50 nA Vcg = —30 Volts, Vgg = +0.5 Volt
Cobo - 9.0 pF Ig = 0,Veg = —10 Volts
Cibo - 30 pF Ic = 0,Vgg = —2.0 Volts
BVcBo -60 - Volts Ic = 10uA, Ig =0
VCEO(sust) —50 - Volts Ic =10 mA (pulsed). 1g =0

(Notes 4 and 5)
BVEBO —-5.0 - Volts Ic=0.1g = 10uA
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 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 500°C/watt (derating factor of 2.0 mW/°C).

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

{6)  Pulse Conditions: length = 300 usec: duty cycle = 1%.
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2N3671, 2N3672, 2N3673

CIRCUIT DIAGRAM

FIGURE 1
.30V

INPUT

Zo = 50Q

PRF = 150 PPS

Rise Time <2 nsec

JWLJ
—-—| I—-—zoo ns

Sampling Oscilloscope
Zin <50Q
Rise Time <1 nsec

FIGURE 2
+15V -6V
INPUT
Zp=50Q
PRF = 150 PPS

Rise Time <2 nsec Sampling Oscilloscope
Zin <50Q

Rise Time <1 nsec
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2N3962, 2N3963, 2N3964, 2N3965

PNP SILICON LOW-LEVEL,

Package: TO-18
LOW-NOISE TYPE TRANSISTORS

* LOW NOISE FIGURE ........cccovueenrinnenn, NF = 2.0 dB (MAX) AT 1.0 kHz
NF = 4.0 dB (MAX) AT 100 Hz
e HIGH CURRENT GAIN ......ccooveiiiiiiniinnis hgg = 180 (MIN) AT 1.0 A

hgg = 250 - 500 AT 10 pA

hgg = 250 - 600 AT 1.0 mA

*+ HIGH BREAKDWON VOLTAGE......... LVcgQ = 45. 60 AND 80 VOLTS
* EXCELLENT BETA LINEARITY ...........cccc0.oe.... FROM 1.0 A TO 50 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Collector-Base Voltage

(2N3962, 2N3965) ..o —60 Volts

(2ZNB9B3) .o —80 Volts

(ZN3964) ...t —45 Volts
Collector-Emitter Voltage (Note 4)

(2N3962,2N3965) ..o, —60 Volts

(2N3963) ....—80 Volts

(ZNB964) ..o —45 Volts

Emitter-Base Voltage
(2N3962,2N3963, 2N3964, 2N3965) —6.0 Volts
Total Device Dissipation @:

TE = 25°C e 1.2 Watts
TA = 25°C e e 0.36 Watt
Storage Temperature .........c.cccc.oo.... —65°C to +200 °C
Operating Junction Temperature ..............c.o....... 200°C
Lead Temperature
(Soldering, 60 sec Time Limit).......cc..coevvenene. 300 °C

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

Symbol Min Typ Max Unit Conditions

hEg 2N3962, 2N3963 60 175 - - Ic = 1.04A.Vcg = —5.0 Volts
2N3964, 2N3965 180 300 - -

hee 2N3962,2N3963 100 210 300 - Ic = 10pA, Vcg = —5.0 Volts
2N3964,2N3965 250 320 500 -

hege 2N3962, 2N3963 100 240 - - Ic = 100uA. Vcg = —5.0 Volts
2N3964, 2N3965 250 330 - -

hee 2N3962, 2N3963 100 260 450 - Ic = 1.0 mA.Vcg = —5.0 Volts

2N3964. 2N3965 250 330 600 -




2N3962, 2N3963, 2N3964, 2N3965

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

Symbol Min Typ Max Unit Conditions

hee 2N3962, 2N3963 100 280 - - Ic = 10 mA. Vcg = —5.0 Volts (Note 5)
2N3964, 2N3965 200 300 - -

hee 2N3962, 2N3963 90 260 - - Ic = 50 mA, Vcg = —5.0 Volts (Note 5)
2N3964, 2N3965 180 315 - -

hge(—55°C)  2N3962, 2N3963 40 90 - - Ic = 10uA.Vcg = —5.0 Volts
2N3964, 2N3965 100 160 - -

hgg(—55°C) 2N3962, 2N3963 45 150 - - Ic = 50 mA, Vcg = —5.0 Volts (Note 5)
2N3964. 2N3965 90 190 - -

hgg(+100°C) 2N3962, 2N3963 - 375 600 - Ic =1.0mA.Vcg = —5.0 Volts
2N3964, 2N3965 - 400 800 -

BVego 2N3962 —-60 - - Volts Ic = 10pA.1g =0
2N3964 —45 - - Volts

BVcgo 2N3963 -80 - - Volts Ic =10pA.lg =0
2N3965 —60 - - Volts

BVces 2N3962 —-60 - - Volts Ic=10pA 13 =0
2N3964 —45 - - Volts

BVces 2N3963 -80 - - Volts Ic=10uA,lg=0
2N3965 ~60 - - Volts

VCEO(sust) 2N3962 —60 - - Volts  Ic = 5.0 mA (pulsed), Ig = O (Notes 4 and 5)
2N3964 —45 - - Volts

VCEO(sust) 2N3963 -80 - - Volts  Ic = 5.0 mA (pulsed), Ig = O (Notes 4 and 5)
2N3965 -60 - - Volts

BVggo 2N3962, 2N3963 -6.0 - - Volts Ic =0.1g = 10pA
2N3964, 2N3965

NF 2N3962, 2N3963 - 1.0 3.0 dB Ic =20uA.Vcg = —5.0 Volts
2N3964, 2N3965 - 0.7 2.0 ds Rg = 10 kohms, BW = 15.7 kHz

NF 2N3962, 2N3963 - 08 3.0 dB  Ic =20pA,Vcg = —5.0 Volts,
2N3964,2N3965 - 0.5 2.0 dB Rg = 10 kohms, BW = 1.5 kHz

NF 2N3962, 2N3963 - 0.8 3.0 dB  Ic =20uA,Vcg = —5.0 Volts,
2N3964, 2N3965 - 0.5 2.0 dB Rg = 10 k ohms, BW = 150 Hz

NF 2N3962, 2N3963 - 3.0 10 dB lc =20uA.Vcg = —5.0 Volts,
2N3964. 2N3965 - 1.8 4.0 dB Rg = 10 kohms, BW = 15 Hz

NF 2N3964, 2N3965 - 3.5 8.0 dB Ic = 20uA,Vcg = —5.0 Volts,

Rg = 10 kohms, BW = 2.0 Hz

Ices 2N3962 - 05 10 nA  Vcg = —50 Volts, Vgg = 0

2N3965
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2N3962, 2N3963, 2N3964, 2N3965

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

Symbol Min Typ Max Unit Conditions

Ices 2N3963 - 05 10 nA Vg = —70 Volts,Vgg = 0

IcES 2N3964 - 05 10 © nA  Vcg = —40Volts, Vgg = 0

Ices(+150°C) 2N3962 - 20 10 uA  Vgg = —50 Volts,Vgg = 0
2N3965 - 0.5 10 HA

Ices!+150°C) 2N3963 - 2.0 10 4A  Vcg = —70 Volts. Vgg = 0

Ices(+150°C) 2N3964 - 20 10 HA Vce = —40 Voits, Vgg = 0

Ieso 2N3962. 2N3963 - - 10 nA Ic = 0.Vgg = —4.0 Volts
2N3964, 2N3965

VCE(sat) 2N3962, 2N3963 - -01  —025 Volt Ic=10mA.lg =0.5mA
2N3964,. 2N3965

VeE(sat) 2N3962, 2N3963 - -016  —04 Volt  Ic =50mA,Ig = 5.0 mA (Note 5)
2N3964, 2N3965

VEBE(sat) 2N3962, 2N3963 - -072 -09 Volt  Ic=10mA,Ig =0.5mA
2N3964, 2N3965

VBE(sat) 2N3962, 2N3963 - -0.81 —095 Volt  Ic =50mA.Ig = 5.0mA (Note 5)
2N3964, 2N3965

hie 2N3962, 2N3963 28 8.0 17 kohms ¢ =1.0mA,Vcg = —5.0 Volts
2N3964, 2N3965 6.0 10 20 k ohms

hoe 2N3962,2N3963 50 19 40 pmho  Ic = 1.0 mA, Ve = —5.0 Volts
2N3964,2N3965 50 © 25 50 pumho

hre 2N3962, 2N3963 - - 10 X10~4 Ic=1.0mA, Vcg = —5.0 Volts
2N3964, 2N3965

hre 2N3962, 2N3963 100 300 550 - Ic=10mA, Vcg = —5.0 Volts
2N3964,2N3965 250 360 700 -

hie ° 2N3962, 2N3963 2.0 - 8.0 - Ic =0.5mA, Vcg = —5.0 Volts
2N3964. 2N3965 25 - 8.0 -

Cobo 2N3962, 2N3963 - - 6.0 pF 1g=0.Vcg = —5.0 Volts
2N3964, 2N3965

Cibo 2N3962, 2N3963 - - 15 pF  Ic=0,Vgg = —0.5 Volt
2N3964, 2N3965

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.

(6)  Pulse Conditions: length = 300us: duty cycle = 1%.
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2N4058 thru 2N4062
Package: T0-92 GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS
Total Device Dissipation

Characteristics 2N4059/62 | 2N4058 | Unit W
Collector-Emitter Voltage .......... 40 25 \")
Collector-Base Voltage .... 25 \Y) 5C
En::tter-ste Voltage 1‘:)(()) X Thermal Resistance, Junction
OHector CUFTBNT.wvvvessssimviresses m 10 AMDIENt orvceersasseecrees 0.357__OC/mW
ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)
Symbol Min Typ Max Unit Conditions
BV 40 - -
CEO Vdc 2N4059/62 'c - 0.5mAde, 1. =0
25 - - 2N4058 B
BVEBO 4.0 - - Vdc IB =10 uAdc, IC =Q ,
ICBO - - 0.05 uAdc 2N4059/62 VCB =30 Vdc,<|E =0
- - 0.05 2N 4058 VCB = 20 Vdc, 'E =0
- - 1.0 2N4059/62 VCB =30 Vdc, 'E =0,
T AT 600C
- - 1.0 2N4058 VCB =20 Vdc,
IE = 0,TA =60°C
hFE . 100 — - ' - 2N4058 IC =100 uAdc,
VCE =10 Vdc
50 - 100 2N4059/60)
90 - 180 . 2N4061 | 2 mAd
=2 mAdc,
150 - 300 2N4062 c
200 - 400 aN4058 p Veg = 10Vde
30 - - 2N4059/60
60 - - 2N4061
90 — - 2N4062
VCE(sat) - - 0.5 Vdc IC =50 mAdc, 'B =5 mAdc
fT - 200 - MHz 2N4059/61 |C =2 mAdc,
- 340 - 2N4062 VCE = 10 Vde
- 340 - 2N4058
- 270 - 2N4059/61 Ig = 10 mAde,
- 420 - 2N4062 VCE =10 Vdc
- 420 - 2N4058
Cob - - 4.0 pF 2N4059/62 VCB =10 Vdec, lE =0,
- - 4.0 2N4058 f=100kHz
NF — 1.8 3.0 dB VCE =5 Vdc, IC =10uAdc,
RS =10 kohms, 2N405%
Power Bandwidth = 15,7 kHz,
3dB points @ 10 Hz and 10 kHz

*Puise Test: Pulse Width S_ 30 us, duty cycle < 2%,
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®
2N4248, 2N4249, 2N4250

PNP SILICON LOW LEVEL, LOW NOISE Package:TO-92
AMPLIFIER TRANSISTORS

¢ Low NO0ise Figure ..., 2.0 dB (max) at 1.0 kHz

¢ High Current Gain .........cccocveneniirenincninneninniesssnessnenns 250-700 at 100 1A

* High Breakdown................ ..40 and 60 Volts (min) LVcgg

¢ Excellent Beta Linearity...........cccceevveniiineiniicniisnninnnne, From 1 uA to 50 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperatures ..........couevennne —55°Cto 125°C
Operating Junction Temperatures ...........c..ccceueen. 125°C
Lead Temperature (Soldering,

10 seconds time limit) ......ccceevveeviiiinis s, 260°C

Total Device Dissipation (Notes 2 and 3)

@ T =25°C v seeisenennn. 0.5 Watt

@TA = 25°C s eisensnans 0.2 Watt
Collector-Base Voltage

(2N4248,2N4250) ......coccoecevveervreerrennnnnne. — 40 Volts

(2N4249) ... e —60 Volts
Collector-Emitter Voltage

(2N4248,2N4250) ....cccvevevririenereee s —40 Volts

(2N4249) ... serrs s, — 60 VOIS
Emitter-Base Voltage

(2N4248,2N4250) ....coerrerrereirerrrererinens —5.0 Volts

(2N4249).......coooee e, — 5.0 VOIS

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

Symbol Min Typ Max Unit Conditions

NF 2N4248 - 0.7 - dB Ic = 20uA.Vcg = —5.0 Volts
2N4249 - 0.7 3.0 dB (Note 6)
2N4250 - 0.5 2.0 dB

NF 2N4248 - 1.0 - dB lc =20uA. Vcg = —5.0 Volts
2N4249 - 1.0 " 3.0 dB (Note 7)
2N4250 - 0.7 2.0 dB

NF 2N4248 - 0.8 - dB lc =250uA, Vo = —5.0 Volts
2N4249 - 0.8 3.0 dB (Note 8)
2N4250 - 0.7 20 dB

hgg 2N4248 - 90 - - Ic = 10uA, Vg = —5.0 Volts
2N4249 - 190 - -
2N4250 - 300 - -

hge 2N4248 50 100 - - Ic = 100uA,. Vg = —5.0 Volts
2N4249 100 240 300 -
2N4250 250 350 700 -
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2N4248, 2N4249, 2N4250

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

Symbol Min Typ Max Unit Conditions

heg 2N4248 50 110 - - Ic =1.0mA.Vcg = —5.0 Volts
2N4249 100 250 - -
2N4250 250 350 - -

hee 2N4248 50 120 - - Ic =10 mA, Vcg = —5.0 Volts
2N4249 100 280 - - (Note 5)
2N4250 250 350 - -

BVCBO 2N4248,2N4250 —40 - - Volts Ic=10uA lg=0
2N4249 —60 - - Volts

BVcEs 2N4248, 2N4250 -40 - - Volts I = 10uA
2N4249 —60 - - Volts

VCEO(sust) 2N4248,2N4250 -40 - - Volts  Ic = 5.0 mA (pulsed). Ig = 0
2N4249 —60 - - Volts (Notes 4 and 5) '

BVggo 2N4248.2N4249,  —50 - - Volts Ic =0.1g = 10uA
2N4250

IcBO 2N4248, 2N4249, - - 10 nA  Ig=0,Vcg = —40 Volts
2N4250

lcBo(65°C) 2N4248, 2N4249, - - 3.0 UA Ig = 0.Vcg = 40 Volts
2N4250

leBO 2N4248, 2N4249, - - 20 nA Ic =0.Vgg = 3.0 Volts
2N4250

VCE(sat) 2N4248, 2N4249, - - —0.25 Volt Ic=10mA, g = 0.5 mA
2N4250 (Note 5)

VBE(sat) 2N4248, 2N4249, - - -0.9 Volt Ic=10mA.Ig =05mA
2N4250 (Note 5)

hte 2N4248 50 - - - Ic=10mA, Vcg = —5.0 Volts
2N4249 100 250 550 -
2N4250 250 350 800 -

LT 2N4248, 2N4249 20 - - - Ic = 0.5 mA,Vcg = —5.0 Volts
2N4250 25 - - -

Cobo 2N4248, 2N4249, - - 6.0 pF Ig = 0.Vcg = —5.0 Volts
2N4250

cibo 2N4248, 2N4249, - - 16 pF Ic =0.Vgg = 0.5 Volt

2N4250

12-175




2N4248, 2N4249, 2N4250

SMALL SIGNAL CHARACTERISTICS (f = 1 kHz)

Symbol . Min Typ Max Unit Conditions

hie 2N4249 25 8.0 17 kohms Ic =1.0mA, Vcg = 5.0 Volts
2N4250 6.0 10 20 k ohms

hoe 2N4249 5.0 19 40 umho Ic = 1.0mA.Vcg = —5.0 Volts
2N4250 5.0 25 50 umho

hee 2N4249, 2N4250 - - 10 x10—4 Ilc = 1.0 mA,Vcg = —5.0 Volits

hfe 2N4249 100 250 550 - Ic =1.0mA,Vcg = —5.0 Voits
2N4250 250 350 800 -

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 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.

(56)  Pulse Conditions: length = 300 us; duty cycle = 1%.

(6} Rg = 10kQ. Power Bandwidth of 150 Hz.

(7} Rg = 10k®, Power Bandwidth of 15.7 kHz with 3.0 dB points at 10 Hz and 10 kHz.
(8) Rg = 1.0kQ.Power Bandwidth of 150 Hz.
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Package: T0-92 2N5086, 2N5087
LOW-LEVEL, LOW-NOISE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit Total Device Dissipation @ T, = 250C..... 310 mW
Collector-Emitter Voltage ..........cccecvveeneeeee. 50 Vdc Derate above 250C weoverirnininiennnns 2.81 mw/oC
Collector-Base Voltage . Operating and Storage Junction
Emitter-Base VOItage .......ccveeeevveeeeeeeereeeeannnns : Temperature Range ................. -65 to +135 OC
Collector Current - Continuous ................. 50 mAdc Thermal Resistance, Junction

Peak ..ooereeerereeernannn. 100 mAdc 10 AMbIeNt ..occvvveirienieiecnieene 0.357 °C/mwW

ELECTRICAL CHARACTERISTICS TA = 250C unless otherwise noted

Symbol Min Typ Max Unit Conditions
BVCEO 50 - - Vdc Ic = 1.0 mAdc, IB =0
BVCBO 50 - = Vdc lC = 100 vAdc, IE =
lcBO - — 10 nAdc VCB =10 Vdc, IE =
- - 50 VCB 35 Vdc, IE =
IEBO - - 50 nAdc VBE = 3.0 Vdc, IC =
hee 150 - 500 — Ic = 100 uAdc, VCE = 5.0 Vdc
2N5086
250 - 800 2N5087
150 - - Ic = 1.0 mAdc, VCE = 5.0 Vdc
2N5086
250 - - 2N5087
150 - — IC = 10 mAdc, VCE = 5.0 Vdc
2N5086
250 - —. 2N5087 :
Ve (sat) - - 03 Vde | =10 mAde, Ig = 1.0 mAdc
VBE(on) — - 0.85 Vdc Ilc=1.0 mAdc, VCE = 5.0 Vdc
fT 40 120 - MHz IC = 500 vAdc, VCE = 5.0 Vdc,
f =20 MHz 2N5086
40 150 - 2N5087
Cob — - 4.0 pF VCB = 5.0 Vdc, Ig = 0, f = 100 kHz .
heo 150 — 600 — Ic = 1.0 mAdc, VCE = 5.0 Vdc,
f=1.0 kHz 2N5086
250 - 900 2N5087
NF - - 3.0 dB IC = 20 uAdc, VCE = 5.0 Vdc,
RS =10 k ohms, f = 10 Hz to
15.7 kHz 2N5086
- - 20 2N5087
- 1.2 3.0 Ic =100 vAdc, VCE = 5.0 Vdc,
RS = 3.0 k ohmn, f= 1.0 kHz
2N5086
- 1.0 2.0 2N5087
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2N5221 Package: T0-92

LOW-POWER GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ..........cceeeeeeeevennnens 15 Vdc
Collector-Base Voltage ...........ccoevvecienirenncnnnes 15 Vdc
Emitter-Base VoItage ......cccccceeveeeirevvnenennnanns 3.0 Vdc
Collector CUrrent ......ccccveveeecinineeciiunnnnes 500 mAdc
Total Device Dissipation @ TA =250C ....... 310 mW

Derate above 259C .......cccceeveeerennene 2.81 mw/oC
Operating and Storage Junction

Temperature Range .............ceu... -65to +135 °C
Thermal Resistance, Junction

10 AMDBIENT L.oveieveieiiieeieeeceneiieenes 0.357 °C/mw

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 15 - Vdc IC=10mAdc,IB=0
BVCBO 15 - Vdc 'C =100 vAdc, lg= 0
BVEBO 3.0 — Vdc 'E =100 vAdc, IC =0
'CBO — 100 nAdc VCB =10 Vdc, IE =0
IEBO — 100 nAdc VBE = 3.0 Vdc, 'C =0
hFE 25 - — 'C =10 mAdc, VCE =10Vdc
30 600 'C =50 mAdc, VCE =10 Vdc
VCE(sat) — 0.5 Vdc 'C =150 mAdc, IB =15 mAdc
VBE(sat) — 1.1 Vdc IC= 150 mAdc,lB= 15 mAdc
fT 100 — MHz ‘C =20 mAdc, VCE =10 Vdc
ch — 15 pF VCB=5.0 Vdc,lE =0,f=1.0MHz
hfe 30 1800 — IC=50 mAdc, VCE =10 Vdc, f= 1.0 kHz
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2N5226

Package: T0-92 MEDIUM POWER PNP SILICON AMPLIFIER TRANSISTOR
ABSOLUTE MAXIMUM RATINGS
Characteristic Unit
Collector-Emitter Voltage ............ceeveevvunnnns 25 Vdc
Collector-Base Voltage ..........ccccevvveerrenennen. 25 Vdc
Emitter-Base Voltage ........cccovvercrvieveviennnnenn. 4.0 Vdc
Collector CUrrent ........coceeeiveeenieeniineennnnes 500 mAdc
Total Device Dissipation @ TA =2560C ........ 310 mW

Derate above 25°C ..........ccccevuvvnnnnen 2.81 mw/oC
Operating and Storage Junction

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

to Ambient ....ccoovvieiiiiiniiien e, 0.357 °C/mw

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 25 - Vdc IC =10 mAdc, IB =0
BVCBO 25 - Vdc Ic= 100 vAdc, g = 0
BVEBO 4.0 - Vdc IE =100 vAdc, lC =0
lcBO — 300 nAdc VCB =15 Vdc, IE =0
lEBO — 500 nAdc VBE =4.0 Vdc, lC =0
hFE 25 — — IC =10 mAdc, VCE =10 Vdc
30 600 Ic= 50 mAdc, VCE =10Vdc
VCE(sat) — 0.8 Vdc IC =100 mAdc, IB =10 mAdc
VBE(sat) - 1.0 Vdc IC =100 mAdc, lB =10 mAdc
fT 50 — MHz IC =20 mAdc, VCE =10 Vdc
[ — 20 pF Veg =50 Vdc,lE=0,f= 1.0 MHz
hfe 30 1800 - IC =50 mAdc, VCE =10Vdc, f= 1.0 kHz
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2N5227 Package: To-92

GENERAL PURPOSE PNP SILICON LOW-LEVEL AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage .........ccceeveruveenenne 30 Vdc
Collector-Base Voltage .........c.ccceerveeeruvnennnn. 30 Vdc

Emitter-Base Voltage .
Collector CUrrent ........ccceeeeiveeevivieeeeeeinnnnns

Derate above 260C ..................... .- 2.81 mw/oC
Operating and Storage Junction

Temperature Range .................... -65 to +135 °C
Thermal Resistance, Junction

o AmMbient ....ccoocivecernienieeniiienennes 0.357 °C/mW

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 30 - Vdc 'C = 1.0 mAdc, 'B =0
BVCBO 30 — Vdc 'C =100 vAdc, IE =0
BVEBO 3.0 - Vdc IE =100 vAdc, IC =0
ICBO : - 100 nAdc VCB =10 Vdc, IE =0
IEBO —_ 500 nAdc VBE =2.0 Vdc, lC =0

“heg 30 = - Ic = 100wAdc, V= 10 Vde

50 700 IC = 2.0 mAdc, VCE =10 Vdc

VCE(sat) - 04 Vdc IC =10 mAdc, 'B =1.0 mAdc
VBE(sat) - 1.0 Vdc IC =10 mAdc, IB = 1.0 mAdc
f.l. 100 - MHz IC =10 mAdc, VCE =10Vdc
Ce - 5.0 pF VCB =10 Vdc, IE =0
hfe 50 1500 - IC=2.0mAdc, VCE =10 Vdc, f= 1.0 kHz
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Package TO-92

2N5372 thru 2N5375

GENERAL PURPOSE PNP SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS @ 25°C (free air)

Continuous device dissipation at or

Characteristics Unit below 259C free-air temperature ........... 360 mW
Storage temperature range................ -55 to +150 °C Linear derating factor above
Operating Collector 250C ..ot
Junction Temperature .....c.cccceeeueeerenennns +150 0C Emitter-base voltage .........ccccvveveeiiiiennenniiinennens
Lead temperature 1/16'' from case Collector-base voltage ..........cccccccvviiiiiiiinnnninnn,
10 SECONAS MAX. ..cevriecerrireierenerereeenens +260°C Collector-base voltage (2N5375)
COlIECTOr CUITENT....eeveriereeeieveetrsereereieieseenns 500 mA Collector-emitter voltage (Applicable
fromlC=OmAtoIC-10mA .................... 30V
ELECTRICAL CHARACTERISTICS @ 250C free-air temperature
Symbol Min Max Unit Conditions
ICBO - 50 nA 2N5372, 2N5373, 2N5374
VCB =40V, E™ 0
— 50 nA 2N5375 Veop =30V, IE =0
leso - 50 nA Veg=3V.Ig=0
BVCBO 60 — \ 2N5372, 2N5373, 2N5374
IC =10uA, Ig = 0
40 - \ 2N5375 Ic= 10 uA, E- 0
BVEBO 5 — \ : IE=10uA, IC=0
BVCEO 30 — \ IC=10mA,IB=0(Note1)
hFE 20 — — 2N5372
50 - — 2N5373
100 - - 2N5374 VCE =10V, IC =1mA
20 — - 2N5375
hFE 30 - - 2N5372
75 - - 2N5373
150 - - 2N5374 VCE =10V, Ic= 10 mA (Note 1)
30 — - 2N5375
hFE 40 120 - 2N5372
100 300 - 2N5373
200 400 - 2N5374 VCE =10V, IC =150 mA (Note 1)
40 400 - 2N5375
VBE - 1.2 Y VCE=10V,IC=150mA (Note 1)
VBE(sat) - 1.3 Y ic=150mA,lB=15mA (Note 1)
VCE(sat) - 0.3 Vv IC=150mA,IB=15mA (Note 1)
Cep — 10 pF Veg =10V, 1 =0, f=1MHz (Note 2)
[hfe] 15 - - VCE= 0V, IC=20 mA, f =100 MHz
ton — 50 nsec IC= 150 mA, VCC=3O V,lB1 =15 mA,
(see fig. 1)
tos - 150 nsec 2N5372, 2N5373 'C =150 mA, VCC =6V,
- 175 usec 2N5374, 2N5375 IB1 = 132 =15 mA (see fig. 2)

NOTES: 1. Pulse test: PW = 300 usec, duty cycle < 2%,

2. Cc measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The
errRtter terminal shall be connected to the guard terminal of the bridge.
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2N5378, 2N5379

Package: To-92

GENERAL PURPOSE PNP SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS @ 25°C (free air)

Characteristics Unit
Storage temperature range ................ -55 to +150 °C
Operating Collector

Junction Temperature ..........c.cceeeeveiennne +150 °C
Lead temperature 1/16'' from case

10 seconds MAaX. .....cccccrveeveeerisneeerisnennes +260 °C

Emitter-base voltage ..........ccecereeriieinnenenrenenereenns 5V
Collector-base voltage ........cccceeeveieveericvnciennnnnns 40V
Collector-emitter voltage (Applicable

fromIC=0mAto|c=10mA) .................. 30V
Collector CUITENTt .....ccccceeveiernenivecrrnicennenanes 500 mA
Continuous device dissipation at or

below 25°C free-air temperature ............ 360 mw
Linear derating factor above 25°C ...... 2.87 mW/oC

ELECTRICAL CHARACTERISTICS @ 259C free-air temperature

Symbol Min Max Unit Conditions
ICBO - 10 nA VCB=30 V,IE =0
BVCBO 40 . — \Y |C= 10uA,IE=0
BVEBO 5 — \ IE=100nA,IC=0
BVCEO 30 — \ IC=10mA,IB=0(Note1)
hFE 100 500 — 2N5378 VCE =5V, 'C =10uA
40 200 — 2N5379 VCE =5V, IC =10uA
hFE 120 600 — 2N5378 VCE =5V, IC =1mA
100 500 — 2N5379 VCE =5V, IC =1mA
hFE 150 - — 2N5378 VCE =5V, IC =10 mA (Note 1)
120 - — 2N5379
VBE(sat) 0.65 0.80 \ IC =10 mA, IB =1mA
VCE(sat) — 0.2 \ IC =10 mA, IB =1mA
hib 20 32 Ohms IC= 1T mA, VCE =5V,f=1kHz
hob 0.06 0.5 umhos IC =1mA, VCE =6V, f=1kHz
hfe 120 1000 — 2N5378 IC =1mA, VCE =5V, f=1kHz
100 900 - 2N5379
ch - 10 pF VCB= 10 V,|E=0,f=1 MrﬂNote 2)
[hfe] 20 100 - VCE=5V,IC=500uA,f= 10 MHz
NF — 2.0 dB 2N5378 IC =10 uA, VCE =5V,
Rg= 10 K Ohms,
— 3.0 dB 2N5379 Bandwidth = 10 Hz to 15.7 kHz
NOTES: 1. Pulse: tPulse width = 300 usec, duty

cycle £ 2%.

2. C measurement employs a three-
terminal 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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2N5447, 2N5448
Package: To-92 PNP SILICON AMPLIFIER TRANSISTORS

*ABSOLUTE MAXIMUM RATINGS at 250C free-air temperature (unless otherwise noted)

Characteristic 2N5447 [2N5448 | Unit
Collector-Base Voltage —40 —-50 \ NOTES:
Collector-Emitter Voltage 1. These values apply when the base-
emitter diode is open-circuited.
(See Note 1) —25 -30 \Yj 2. Derate linearly to 150°C free-air tem-
- perature at the rate of 2.88 mW/deg.
Emitter-Base Voltage -5 -5 v 3. Derate linearly to 1500C lead tem-

: perature at the rate of 4 mw/deg. Lead
Continuous Collector Current 200 mA temperature is measured on the col-
Continuous Device Dissipation at lector lead 1/16 inch from the case.

(or below) 259C Free-Air
Temperature (See Note 2) 360 mW SILICON 15-WATT QUASI-COMPLEMENTARY
Continuous Device Dissipation at POWER AMPLIFIER
(or below) 25°C Lead =L 22008
Temperature (See Note 3) 500 mW J 59m
15k0 6.2k
Storage Temperature Range —65 to 150 oC awsrot 'oﬁ'f -
Junction Temperature-Operating 260 oC B0 Fsensov 210 .Moos{ 0
| ] 15k, !
1L
+1U
2kA ;@Ovﬁ sov 4TkAZ gup _LioogF PJ2N5447 75?«'
0pF “v{(‘ 2N3055
-t
21n
™o 4700 18kn g OOHF3LE 24°gs°°5= 3 $120
L L - p
N = 10k =
ELECTRICAL CHARACTERISTICS at 250C free-air temperature
2N5447 2N5448
Symbol Min Max Min Max Unit Test Conditions
V(BR)CBO —40 -50 \% |c=—100uA,!.=E =0
V(BR)CEO —25 —30 \Yj IC——1O mA,IB—O,See Note 4
V(BR) EBO -5 -5 \ IE-—100uA,IC—0
lCBO —100 —100 nA VCB—ZO V, ‘E =0
lEBO —-100 —100 nA VEB—-—B V,IC—O
hFE 60 300 30 150 VCE =-5V, IC = —50 mA, See Note 4
VBE —0.6 -1 -0.6 -1 VvV VCE =-5V, 'C = —50 mA, See Note 4
VCE —0.25 —0.25 \ IB =—-5mA, lC = —50 mA, See Note 4
[hfeI 5 5 VCE=—5 v, IC=—50 mA, f =20 MHz
ch 12 12 pF VCB=10V,IE—O,f—1MHz
See Note 5

NOTES: 4. These parameters must be measured using puise teohniques. t = 300 us, duty cycle Z 2%.
5. ch 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

@T A= 250C........... . 500 mwW

Derate above 25°C 4.54 mw/oC
Total Device Dissipation

@ TC =250C ........... 800 mwW

Derate above 25°C 7.27 mWw/oC
Operating and Storage Junction

Temperature Range............... 565 to +135 oC
Thermal Resistance, Junction

t0 Case ...occceeveveeiieniircieeenen 0.137 oC/mwW
Thermal Resistance, Junction

to Ambient .....cocceiveieeiiieene 0.220 oC/mwW

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCEO 60 - — Vdc 'C = 1.0 mAdc, 'B =0
BVEBO 4.0 — — Vdc IE = 100 uAdc, IC =0
1CBO — — 100 nAdc VCB =60 Vdc, 'E =0
hFE 50 150 — — 'C =10 mAdc, VCE =1.0 Vdc

50 125 — IC= 100 mAdc, VCE'= 1.0 Vdc

- 80 — 'C = 350 mAdc, VCE =1.0 Vdc
VCE(sat) — 0.09 0.25 Vdc IC = 100 mAdc, 'B =10 mAdc
VBE(sat) — 0.78 — Vdc IC =100 mAdc, IB =10 mAdc
VBE(on) — 0.73 1.2 Vdc IC = 100 mAdc, VCE = 1.0 Vdc
fT 50 100 — MHz 'C = 100 mAdc, VCE = 1.0 Vdc,

f =100 MHz

Cob — 6.5 - pF VCB= 10 Vdc,IE=0,f=100 kHz
Cib - 20 — pF VBE = 0.5 Vdc, IC =0, f=100 kHz
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Package: To-92

MPS-A70

GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .........cccccevvvrvvvvnnens 40 Vdc
Emitter-Base Voltage.........cocceeerunrvenerervenenn. 4.0 Vdc

Collector Current - Continuous

Total Device Dissipation @ TA 300 mw

Derate above 250C ..........ccoceervenen. 2.73 mW/oC
Operating and Storage Junction

Temperature Range .......cccceeeeeunee -65 10 +135°C
Thermal Resistance, Junction

10 AMbIeNnt ...cccevvveecenieeneeeeeeeneans 0.367 °C/mwW

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 40 - Vdc 'C = 1.0 mAdc, ‘B =0
BVEBO 4.0 - Vdc IE =100 uAdc, 'C =0
'CBO - 100 nAdc VCB =30 Vdc, lE =0
hFE 40 400 - IC =5.0 mAdc, VCE =10Vdc
VCE(sat) - 0.25 Vdc IC =10 mAdc, |B = 1.0 mAdc
fT 125 - MHz ‘C =5.0 mAdc, VCE =10 Vdc, f = 100 MHz
cob — 4.0 pF VCB= 10 Vdc,lE =0,f=100 kHz
Figure 1—Simplified AC Equivalent Circuit (Common Emitter)
BASE b Ceb I COLLECTOR
o— VW I [AN I
C
¢ (hfe +1)re amVp'e 21/g¢ °
“be

’
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MPS3638, MPS3638A
PNP SILICON TRANSISTOR

Package: T0-92

ABSOLUTE MAXIMUM RATINGS
Characteristics

Collector-Emitter Voltage
Collector-Emitter Voltage

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

Emitter-Base Voltage
Collector CUrrent........ccccevvvevnveeeeresrennenns
Total Device Dissipation @ TA

Derate above 250C ...........cceueeenee.. 2.81 mw/oC

QOperating and Storage Junction

Temperature Range .................... -65 to +135 °C

Thermal Resistance, Junction

Figure 1

Vgg =31V Vee =10V

1.0yt v
out
310 mwW Vip = -9V
PW: 500ns 50 n
1, =ty <6.0ns
2 500

to Ambient .......cccceiiieiiiinienniennnns 0.357 °C/mw

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 25 - Vdc IC =10 mAdc, IB =0
BVCES 25 — Vdc IC =100 uAdc, VBE =0
BVCBO 25 — Vdc IC =100 vuAdc, 'E =0
BVEBO 4.0 - Vdc IE =100 uAdc, 'C =0
ICES - 0.035 uAdc VCE = 15 Vdc, VBE =0
— 2.0 VCE = 156 Vdc, VBE =0, TA =650C
IB — 0.035 uAdc ' VCE =15 Vdc, VBE =0
hFE* 80 - - Ic =1 mAdc, VCE =10 Vdc MPS3638A
20 - IC =10 mAdc, VCE =10 Vdc MPS3638
100 — MPS3638A
30 - 'C =50 mAdc, VCE =1Vdc MPS3638
100 - MPS3638A
20 - lC = 300 mAdc, VCE =2 Vdc MPS3638
20 - MPS3638A
VCE(sat)* - 0.25 Vdc 'C = 50 mAdc, lB =2.5 mAdc
- 1.0 IC =300 mAdc, IB = 30 mAdc
VBE(sat)* - 1.1 Vdcq IC =50 mAdc, IB =2.5 mAdc
0.80 2.0 IC = 300 mAdc, 'B =30 mAdc
f.'. 100 - MHz VCE=3Vdc,IC=50mAdc,f=MHz
MPS3638
150 - MPS3638A
Cob - 20 pF VCB= 10 Vdc,IE=O,'f= 140 kHz
MPS3638
- 10 MPS3638A
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MPS3638, MPS3638A

ELECTRICAL CHARACTERISTICS T = 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 - lC=10 mAdc,VCE=10Vdc,F= 1.0kHz
MPS3638
100 - MPS3638A
hoe - 1.2 mmbhos IC= 10 mAdc, VCE =10Vdc, f= 1.0 kHz
e - 1500 Ohms |C= 10 mAdc, VCE =10Vdc, f= 1.0 kHz
MPS3638
- 2000 MPS3638A
hre - 26 X10-4 |C= 10 mAdc, VCE =10Vdc, f= 1.0 kHz
MPS3638
- 15 - MPS3638A
td - 20 ns Delay Time VCC =10 Vdc, |C = 300 mAdc,
tr — 70 ns Rise Time l‘31 = 30 mAdc, VBE(off) = 3.1 Vdc
tg - 140 ns Storage Time VCC =10 Vdc, 'C = 300 mAdc,
t — 70 ns Fall Time |B1 = 3qudc, IBz =30 mAdc
ton - 75 ns Turn-On Time |, = 300 mAdc, Igq =30 mAdc
Lott - 170 ns Turn-Off Time IC = 300 mAdc, IB1 = 30 mAdc,
IBZ =30 mAdc

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 1%.
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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 - Continuous 200 mAdc
Total Device Dissipation

@T A- 250C....cccceeecrinnnne 310 mwW

Derate above 259C 2.81 mW/°C
Operating and Storage Junction

Temperature Range ........... 55 to +135 ocC
Thermal Resistance, Junction

to Ambient .........ccceerevrennnne 0.357 oC/mwW

ELECTRICAL CHARACTERISTICS (T A 2590C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 25 - Vdc Ic =10 mAdc, IB =0 MPS3702
30 - MPS3702
BVCBO 40 - Vdc IC =100 vAdc, IE =0 MPS3702
50 - MPS3703
BVEBO 5.0 - Vdc 'E =100 vAdc, IC =0
'CBO - 100 nAdc VCB =20 Vdc, IE =0
'EBO - 100 nAdc VBE =3 Vdc, lC =0
hFE’ 60 300 - - 'C =50 mAdc, VCE =5 Vdc MPS3702
30 150 MPS3703
VCE(sat)* - 0.25 Vdc 'C =50 mAdc, 'B =5 mAdc
VBE(on)* 0.6 1.0 Vdc 'C =50 mAdc, VCE =5 Vdc
fT 100 - MHz 'C =50 mAdc, VCE =5 Vdc, f = 20 MHz
Cob - 12 pF VCB=1O Vdc, f=1MHz

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%.
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MPS6533 thru MPS6535
Package: T0-92 PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (TA = 250C unless otherwise noted)

Emitter-Base Voltage .... 50| 40! Vdc

Characteristic Unit
Collector-Base Voltage Collector Current ................. 600 | 600 [ mAdc
MPS6533, MPS6534 ........ 40 Vdc
MPSE535 ......coormeereereenns 39 2101 210 | mw
Collector-Emitter Voltage 310 | 310
MPS6533, MPSE534 ........ 40 Thermal Resistance, Junction
MPS6535 o, | | 30 to Ambient .......coceveeenen. 0.357[0.357{°C/mW
Junction Temperature ........... 135 | 135 oC
ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)
Symbol Min Typ Max Unit Conditions
BVCBO 40 — — Vdc IC =10uAdc, IE =0 MPS6533,
MPS6534
30 - - MPS6535
BVCEO 40 - - Vdc IC =10 mAdc, lB =0 MPS6533,
MPS6534
30 - - MPS6535
BVEBO 4.0 — - Vdc 'B =10 vAdc, IC =0
ICBO — — 0.05 uAdc VCB = 30 Vdc, |E =0 MPS6533,
MPS6534
— — 0.1 VCB =20 Vdc, IE =0 MPS6535
- — 2.0 VCB =30 Vdc, 'E =0, MPS6533,
T A" 600C MPS6534
— - 5.0 VCB =20 Vdc, |E =0, MPS6535
T A= 60°C
hFE 30 70 - - IC =10 mAdc, MPS6533
60 110 = Vg = 1Vde MPS6534
40 85 120 | c™ 100 mAdc, MPS6533
VCE =1Vdc
90 140 270 MPS6534
30 - — MPS6535
25 55 — IC =500 mAdc, MPS6533
VCE =10 Vdc
50 70 - MPS6534
VCE(sat) - - 0.2 0.5 Vdc IC =100 mAdc, MPS6533,
'B =10 mAdc MPS6535
- 0.13 0.3 MPS6534
VBE(sat) - 0.84 1.0 Vdc 'C =100 mAdc, MPS6533,
IB =10 mAdc MPS6534
- 0.87 1.2 MPS6535
Cob — 4.8 6.0 pF VCB =10 Vdec, IE =0, f=100 kHz
fT — 260 - MHz IC =50 mAdc, VCE =10 Vdc
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2N2696° ' Package TO-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 ...........oceceeeneinininennen. —25 Volts
Collector-Emitter Voltage (Note 4) ................. —25 Volts
Emitter-Base Voltage .........cccccvevvvvcvvcencnnenne. —4.0 Volts
Collector Current (Note 2) ........ccocevvveerireeenenenan 500 mA
Total Dissipation @:

Tc = 25°C (Notes 2 and 3) ....c.coevvrecvennnes 1.2 Watts
Tc = 100°C (Notes 2and 3).....ccccovvennne 0.68 Watt
Ta =25°C(Notes 2 and 3) ....ccoouervrvnncees 0.36 Watt
Storage Temperature ...........cccccee..... —65°Cto +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

hrg 30 130 - Ic = 50 mA, Vcg = —1.0 Volt (Note 5)
hee 20 - - Ic = 300 mA, Vcg = —2.0 Volts (Note 5)
hrE(—55°C) 12 - - Ic = 50 mA, Vcg = —1.0 Volt (Note 5)
VBE(sat) - -11 Volts Ic =50mA, Ig = 2.6 mA

VBE(sat) - —-2.0 Volts Ic =300mA,Ig = 30 mA

VcE(sat) - —0.25 Volt Ic =50 mA, Ié =2.5mA

VCE(sat) - -=1.0 Volt Ic =300 mA,Ig = 30 mA

Nfe 1.0 - - Ic = 50 mA, Vcg = —3.0 Volts f=100MHz
Cob - 20 pF lg =0.Vcg = —10 Volts

IceoO - 25 nA Ie =0.Vcg = —10 Volts

IcBO(150°C) - 5.0 HA Ig =0.Vcg = —10 Volts
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2N2696

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

Symbol Min Max Unit Conditions

BVego —25 - Volts Ilc = 100uA Ig =0

VCEO(sust) —25 - Volts Ic = 30 mA (pulsed),lg = 0

BVEgo -4.0 - Volts Ic=0.1g = 100uA

Ton - 75 nsec lc =~ 300mA,Igq ~ 30 mA

Totf - 170 nsec Ic ® 300 mA, Ig1 =~ 30 mA,
g2 ~ 30 mA

NOTES:

(1)
(2)
(3)

(4)
(6)

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

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

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).

Rating refers to a high-curent point where collector-to-emitter voltage is lowest.

Pulse Conditions: length = 300 usec; duty cycle = 1%.
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2N2801, 2N2837
NPN SILICON SWITCHING TRANSISTOR

Packages:

2N2801, TO-5
2N2837, 'TO-18

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage .............ccceveeiiincniinns 50 Volts
Collector-Emitter Voltage ........cccceceevenerincccnnnne 35 Volts
Emitter-Base Voltage .........ccovvivreveeeineniiiieccrees 5 Volts
Collector CUITeNt ........cccueveeiieie e 800 mA
Total Device Dissipation @ Ty = 25°C

(ZN2801) e e 0.8 Watt
Derate above 25°C..........cccceecevevene... £.57 mMW/°C
(2ZN2837) .o st s 0.5 Watt
Derate above 25°C...........cc.ceuecuveeneeenn.. 2.86 mMW/°C
Total Device Dissipation @ T = 25°C
(2ZN2801) .ot 3 Watts
Derate above 25°C..... .. 17.3 mW/°C
(2N28837) .ot s 1.8 Watts
Derate above 25°C................... ..10.3 mW/°C
Junction Temperature, Operating .................... +200°C
Storage Temperature ...................... —65°C to +200 °C

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

Symbol Min Max Unit Conditions

BVceo 50 - Volts Ic=10uA lIE=0

BVEgo 5 - Volts Ig = 100uA. Ic =0

BVcEo 35 - Volts Ilc=100mA,Ig =0

IcEX - 100 nA VcE = 25 Volts, Vgg = 0.5 Volt

IsL - 100 nA Vce = 25 Volts, Vgg = 0.5 Volt

hEg 20 - - Ic = 0.1 mA, Vcg = 10 Volts (2N2837)
hee 30 - - Ic = 0.1 mA, Vcg = 10 Volts (2N2801)
heg 30 90 - Ic = 150 mA, Vcg = 10 Volts*® (2N2837)
heg 75 225 - Ic = 150 mA,Vcg = 10 Volts* (2N2801)
heg 15 - - Ic = 150 mA, Vcg = 1 Volt* (2N2837)
hee 30 - - Ic = 1560 mA, Vg = 1 Volt* (2N2801)
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2N2801, 2N2837

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

Symbol Min Max Unit Conditions
hre 25 - - Ic = 500 mA, Vcg = 10 Volts* (2N2837)
hrg 40 - - Ic = 500 mA, Vcg = 10 Volts* (2N2801)
VeE(sat) - 0.4 Volt Ic =150 mA, Ig = 15 mA
VCE(sat) - 1.2 Volts Ic = 500 mA, Ig = 50 mA
VBE(sat) - 1.3 Volts Ic=150mA, Ig = 15 mA
VBE(sat) - 1.8 Volts Ic = 500 mA, Ig = 50 mA
Cob - 25 pF Vcg = 10 Volts, f = 100 kHz
fr 120 - MHz Ic = 50 mA,Vcg = 10 Volts,
f= 100 MHz
* Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%
SWITCHING CHARACTERISTICS
(At 25°C unless otherwise noted)
Characteristics Typ  Max Unit
Delay Time 9 25 ns
Rise Time 25 45 ns
Storage Time 100 225 ns
Fall Time 30 45 ns
SCHEMATIC
FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
TEST CIRCUIT TEST CIRCUIT
+isv +10v +18.9V  +10V
INPUT
Z, =500
INPUT PRF = 150 PPS 64
Z, =509 RISETIME < 2ns
PRF = 150 PPS

RISETIME<2ns  ggp

——|2 nS|<—

TO OSCILLOSCOPE
RISE TIME < 5 ns
Zin=10M

+15V
TO OSCILLOSCOPE I I 500
RISETIME < 5ns
Zin = 10 MQ |2“5|
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2N3134
HIGH-SPEED NPN SILICON SWITCHING
AND AMPLIFIER TRANSISTOR

Package: TO-5

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ........cccoccovvevevencccenenenn, 50 Volts
Collector-Emitter Vcltage..... ... 35 Volts
Emitter-Base Voltage ..........cccccvveeeinnnnnncnrennn. 4 Volts
Collector Current........ ....600 mA
Total Device Dissipation @ T¢ = 25°C............. 3 Watts

Derate above 25°C.........ccccvcevvvvevennenns 17.3 mW/°C
Total Device Dissipation @ Tp = 25°C ......... 0.6 Watts
Derate above 25°C.......cccccvccvvvrvrveennene, 3.43 mW/°C
Junction Temperature ...........cccccouvvennn. —65 to +200 °C
Storage Temperature .............ococcevnnene —65 to +200 °C

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

Symbol Min Max Unit Conditions

IcegO = 0.05 HA Ve = 30 Volts, I =0

lcBoO - 30 1A Ve = 30 Volts, I[g = 0, Tp = 160°C
lcex - 0.1 MA VcEe = 30 Volts, Vgg = 0.5 Volt

IBL - 0.1 HA VcEe = 30 Volts, Vgg = 0.5 Volt
BVego 50 - Volts lc=10uAIg =0

BVceo® 35 - Volts Ic=10mA,Ilg =0*

BVggo 4 - Volts IE=10uA Ic =0

VeE(sat)® - 0.6 Volt Ic =150 mA,Ig = 15 mA* v
VBE(sat)" - 1.5 Volts Ic=150mA,Ig = 15 mA*

hge 50 - - Ic = 1.0mA,Vcg = 10 Volts

hee 100 300 - Ic = 150 mA, Vg = 10 Volts*

Cob - 10 pF Ve = 10 Volts, Ig = 0, f = 100 kHz
Cib - 40 pF VB = 2 Volts, Ic = 0. f = 100 kHz
fr 200 - MHz Ic = 50 mA, Vg = 20 Volts, f = 100 MHz

* Pulse Test: Pulse Width < 300us, Duty Cycle < 2%
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Package: TO-18

2N3546

HIGH-SPEED PNP SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage .........ccccooeviiviinenncnnnee 15 Volts
Collector-Emitter Voltage ..........cocoeveveveeinnininnee 12 Volts
Emitter-Base Voltage ........ccccoeiivieieeeiiiinnns 4.5 Volts
Total Device Dissipation @ Tp = 25°C ........ 0.36 Watt

Derate above 25°C.........ccccvvvvnnnnnnnns 2.06 mw/°C
Total Device Dissipation @ Tc = 25°C.......... 1.2 Watts
Derate above 25°C............... ...6.9 mW/°C
Operating Junction Temperature .............cocoeeenne 200 °C

Storage Temperature Range..... ..—651t0 +200 °C
Thermal Resistance, Junction to Ambient 0.49 °C/mW
Thermal Resistance, Junction to Case ...... 0.15 °C/mW

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

Symbol Min Max Unit Conditions

IcBO - 0.010 uA Vcg = 10 Volts

IcBO - 10 LA Vcg = 10 Volts, Tp = 150°C
IcEX - 0.010 UA Vce = 10 Volts, VgE(off) = 3 Volts
IsL - 0.10 MA Vce = 10 Volts, Vgg(off) = 3 Volts
BVego 15 - Volts Ic=10uA.lg=0

BVego 4.5 - Volts Ige=10uA Ic=0

BVceo® 12 - Volts Ic=10mA, lg =0"

VCE(sat) - 0.15 Volt Ic=10mA,Ig =1 mA*
VCE(sat)" . - 0.25 Volt Ic=50mA, Ig =5mA*
VCE(sat)" - 0.50 Volt Ic=100mA,Ig = 10 mA
VBE(sat)" 0.7 0.9 Volt Ic=10mA,lg = 1mA

VBE(sat)" 0.8 1.3 Volts Ic=50mA,lg =5mA

VBE(sat)” - 1.6 Volts Ic=100mA,lg = 10 mA

hge* 20 - - Ic =1.0mA,Vcg = 1 Volt*

hgg* 30 120 - Ic = 10mA.Vcg = 1 Volt

heg* 15 - - Ic = 10mA,Vgg = 1Volt, Tp = —55°C
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2N3546

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

Symbol Min Max Unit Conditions

hpg* 25 - - Ic =50mA,Vcg = 1 Volt

hgg* 15 - - Ilc =100 mA,Vcg = 1 Volt

Cob - 6 pF Vcg = 10 Volts, Ig = 0,f = 1 MHz

Cip - 5 pF VBg = 0.5Volt,Ic =0,f =1 MHz

fr 700 - MHz Ic = 10 mA, Veg = 10 Volts, f = 100 MHz
Qr - 400 pC Ic=50mA,Ig =5mA,Vcc = 3 Volts
tq - 10 ns Ic=50mA,lg =5mA,

t - 15 ns VBE = 2 Volts, Vg = 3 Volts

tg - 20 ns Ic=50mA,Ig1 =1Ig2 = 5mA,

t - 15 ns Vce = 3 Volts

ton - 40 ns

Loff

(See Figure 3.4,5)
- 30 ns 9

* Pulse Test: PW = 300 us, Duty Cycle < 2%

CIRCUIT DIAGRAM

FIGURE 1 FIGURE 2 FIGURE 3
DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT
-3v Ves -2V

Vout”

in

-da -4

,r\cs <20pF ~7-Cs S20pF
4
Vin  +2V
" Tov 8TV PULSE WIDTH > 200 ns
RISE TIME < 1 ns
—108V Vin —113V Zin=500

PULSE WIDTH = 200 ns PULSE WIDTH = 200 ns _
RISETIME < 2 ns RISETIME < 2 ns ton: VBg = #3V.Vin = —7V
DUTY CYCLE < 10% DUTY CYCLE < 10% tofft VBB = —4V.Vip = +6V

*OSCILLOSCOPERISETIME < 1 ns
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2N3905, 2N3906

Package: TO-92 PNP SILICON GENERAL PURPOSE SWITCHING

AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .........ccococeeceeeureicinnnnee 40 Volts
Collector-Base Voltage .........cccccccvieeieinvicninnnne 40 Volts
Emitter-Base Voltage ........cccecooeiiiincciiicincs 5.0 Volts
Collector CUMENt .....cc.cvvee et 200 mA
Total Device Dissipation @ Ty = 25°C ........... 310 mW
Total Device Dissipation @ Ty = 60°C .........210 mW

Derate above 25°C......ccccovvivevenirnicnnne 2.81 mw/°C
Operating and Storage Junction

Temperature Range .........ccccoeueeeuennne —55to +135°C
Thermal Resistance, Junction to

AMDIENT ... 0.357 °C/mW

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

Symbol Min Max Unit Conditions

BVcBo 40 - -Volts Ic = 10uA. Ig =0

BVceo*® 40 - Volts Ic=10mA,Ig=0

BVego 5.0 - Volts Ig=10uA Ic =0

IcCEX - 50 nA Vce = 30 Volts, VBE(off) = 3.0 Volts

IBL - 50 nA Vce = 30 Volts, Vgg(off) = 3.0 Volts

hgg* 30 - - (2N3905) Ic = 0.1 mA,Vcg = 1.0 Volt
60 - - (2N3906)

hgg* 40 - - (2N3905) Ic = 1.0 mA, Vcg = 1.0 Volt
80 - - (2N3906)

heg* 50 150 - (2N3905) Ic = 10 mA, Vcg = 1.0 Volt
100 300 - (2N3906)

hge* 30 - - (2N3905) Ic =50 mA,Vcg = 1.0 Volt
60 - - (2N3906)

hgg* 15 - - (2N3905) Ic = 100 mA, Vcg = 1.0 Volt
30 - - (2N3906)

VcE(sat)” - 0.25 Volt Ic=10mA,Ilg = 1.0 mA
- 0.4 Volt Ic=50mA,Ig =5.0mA
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2N3905, 2N3906

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

Symbol Min Max Unit Conditions
VBE(sat)” 0.65 0.85 Volt ic=10mA,Ig = 1.0mA
- 0.95 Volt Ic=50mA, Ig =50mA
fr 200 - MHz (2N3905) Ic = 10 mA. Vg = 20 Volts,
250 - MHz (2N3906) f =100 MHz
C - 4.5 pF Vcg = 5.0 Volts, Ig = 0, f = 100 kHz
ob CB E
Cip - 10 pF VBg = 0.5 Volt. Ic = 0, f = 100 kHz
hie .05 8.0 k ohms (2N3905) Ic = 1.0 mA, Vcg = 10 Volts,
2.0 12 k ohms (2N3906) f=1.0kHz
hre ' 0.1 5.0 X10—4 (2N3905) I = 1.0 mA, Vcg = 10 Volts,
1.0 10 X10—4 (2N3906) f=1.0kHz
hte 50 200 - (2N3905) Ic = 1.0 mA, Vg = 10 Volts,
100 400 - (2N3906) f=1.0kHz
hoe 1.0 40 umhos (2N3905) Ic = 1.0 mA, Vg = 10 Valts,
3.0 60 umhos (2N3906) f=1.0kHz
NF - 5.0 dB (2N3905) Ic = 100uA, Vcg = 5.0 Volts,
- 4.0 dB (2N3906) Rg = 1.0kohm,f= 10 Hz
to 15.7 kHz
4 - 35 ns V¢ = 3.0 Volts, VgE(off) = 0.5 Volt,
t, - 35 ns Ic=10mA,lg1 =1.0mA
tg - 200 ns (2N3905) Ve = 3.0 Volts, Ic= 10 mA,
- 225 ns (2N3906) Ig1 =1g2 = 1.0mA
tg - 60 ns (2N3905) Ve = 3.0 Volts, I = 10 mA,
- 75 ns (2N3906) Ig1 =1Ig2 = 1.0mA

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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2N3905, 2N3906

SCHEMATIC

FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT

—-3.0v

—.‘ <10ns
10K

+0.5V

Ao .
~1~C. <4.0 pF

—1o.sv-—| |<-300 ns
DUTY CYCLE = 2%

FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT

~-3.0v

10 <t1<500 us
DUTY CYCLE = 2%

* Total shunt capacitance of test jig and connectors
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2N4026, 2N4027, 2N4028, 2N4029©

PNP SILICON HIGH-VOLTAGE GENERAL
PURPOSE AMPLIFIER TRANSISTORS

Package: TO-18

* HIGH BETA.......ccoiiiectcncr e ae
* HIGH VOLTAGE..
e LOW Vce(sat) .....................................................
e EXCELLENT BETA LINEARITY...

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage
(2N4026, 2N4028) ......cceevreerrecrenn —60 Volts
(2ZN4027,2N4029) .....oooveveiereererceene —80 Volts
Collector-Emitter Voltage (Note 4)
(2N4026, 2N4028) .....c.ceveeeereeeee e —60 Volts
(2N4027,2N4029) ..o —80 Volts

Emitter-Base Voltage

(2N4026, 2N4027,2N4028, 2N4029) —5.0 Volts
Total Device Dissipation @:

Tc =25°C(Notes2 and 3) .......cceccvvinneee. 2.0 Watts

TAF = 25°C (Notes 2and 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 (T5 = 25°C unless otherwise noted)

100 - 300 @ 100 mA
60 AND 80 VOLTS LVcgq
1.0 VOLT (MAX) @ 1.0 A
.FROM 100 pA TO 500 mA

TonAND Togf TEST CIRCUIT

TO OSCILLOSCOPE
INPUT 2 >100KQ
tr ~10ns

PULSE SOURCE
tr, tf <20ns
Z)N = 509

PW = 10us
DUTY CYCLE <2%

Symbol Min Typ Max Unit Conditions

hgg 2N4026.2N4027 30 80 - - Ic = 100 uA. Vg = —5.0 Volts (Note 5)
2N4028.2N4029 75 150 - -

heg 2N4026. 2N4027 40 80 120 - Ic = 100 mA, Vcg = —5.0 Volts (Note 5)
2N4028, 2N4029 100 160 300 -

heg 2N4026. 2N4027 25 60 - - Ic = 500 mA, Vcg = —5.0 Volts (Note 5)
2N4028.2N4029 70 110 - -

hge 2N4026 15 - - - Ic = 1.0 A.Vcg = —5.0 Volts (Note 5)
2N4028 40 - - -

heg 2N4027 10 - - - Ic = 1.0 A.Vcg = —5.0 Volts (Note 5)
2N4029 25 - - -

hpe(—55°C)  2N4026.2N4027 15 50 - - Ic = 100 mA. Vcg = —5.0 Volts (Note 5)
2N4028.2N4029 40 100 - -

hye 2N4026. 2N4027 1.0 1.5 4.0 - Ic =50 mA. Vcg = —10 Volts
2N4028.2N4029 1.5 2.0 5.0 -
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2N4026, 2N4027, 2N4028, 2N4029

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

Symbol Min Typ Max Unit Conditions

Cobo 2N4026. 2N4027 - 15 20 pF Ig=0.Vcg = —10 Volts
2N4028. 2N4029

Cibo 2N4026. 2N4027 - 75 110 pF Ic =0.Vgg = —0.5 Volt
2N4028. 2N4029

ton 2N4026, 2N4027 - 30 100 ns  Ic ~ 500 mA.Igy X 50 mA
2N4028.2N4029 23 100 ns (Note 6)

tg 2N4026. 2N4027 : 150 350 ns g~ 500 mA.Igq = 50 mA.
2N4028.2N4029 - 175 350 ns Ig2 & —50 mA (Note 6)

4 2N4026. 2N4027 - 25 50 ns I~ 500 mA.Igq = 50 mA.
2N4028. 2N4029 22 50 ns Ig2 = —50 mA (Note 6)

VeE(sat) 2N4026. 2N4028 -01  -015 Volts  Ic = 150 mA.Ig = 15 mA (Note 5)
2N4027.2N4029

VCE(sat) 2N4026.2N4028 - —0.25 —-05 Volts  Ic = 500 mA. Ig = 50 mA (Note 5)
2N4027.2N4029 '

VeE(sat) 2N4026, 2N4028 -05  -10 Volt  Ic = 1000 mA.Ig = 100 mA (Note 5)

VBE(sat) 2N4026, 2N4028 -08  -09 Volt  Ic =150mA.Ig = 15 mA (Note 5)
2N4027.2N4029

VBE(sat) 2N4026.2N4028 - - -1.1 Voits  Ic =500 mA.Ig = 50 mA (Note 5)
2N4027.2N4029 - -0.95 1.1 Volts

VBE(sat) 2N4026. 2N4028 - -105  -12 Volts  Ic = 1000 mA. Ig = 100 mA (Note 5)

BVcgo 2N4026, 2N4028 -60 - - Volts  Ig =0.Ic = 10uA
2N4027.2N4029 —80 - - Volts

BVego 2N4026, 2N4028 -50 - - Volts  Ic =0.1g = 10 uA
2N4026.2N4028

VCEO(sust) 2N4026.2N4028 —60 - - Volts  Ic = 10 mA (pulsed). Ig = O (Notes 4 and 5)
2N4027.2N4029 —80 - - Volts

IcBO 2N4026,2N4028 - 02 50 nA  Ig=0.Vcg = —50 Volts

IcBo 2N4027.2N4029 - 0.2 50 nA Ig = 0.Vcg = —60 Volts

IcB0l150°C)  2N4026. 2N4028 - 0.2 50 uA  Ig =0.Vcg = —50 Volts

Iceo(150°C) 2N4027,2N4029 - 0.25 50 uA Ig = 0.Vcg = —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.
(56)  Pulse Conditions: length = 300 us; duty cycle = 1%.

(6)  See switching circuit for exact values of I, 1g1, and 1g2.
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2N4030 2N4031 2N4032 2N4033°
SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
HIGH-VOLTAGE

PNP SILICON PLANAR
EPITAXIAL TRANSISTORS

e High Voltage: —80V (2N4031, 3)
o High Gain: 100 min. @ 100mA (2N4032, 3)
e Low V. (sat): —0.15V @ 150mA

DIMENSIONS

The ITT 2N4030, 2N4031, 2N4032, 2N4033 are high voltage PNP
silicon planar epitaxial transistors useful in a variety of applications.

Excellent linearity of current gain, high breakdown voltage and low \3}/,(
saturation voltage combine in this 150MHz f: device to increase 943 CIRCLE
the possible uses for this device. Primary applications are high 105
voltage output stages and complementary drivers. -
ABSOLUTE MAXIMUM RATINGS
2N4030 | 2N4031
CHARACTERISTICS 2N4032 2N4033 UNITS
Collector-to-Base Voltage. . ... .......... ... —60 —80 Volits
Collector-to-Emitter Voltage (openbase)......................... —60 —80 Volts
Emitter-to-Base Voltage. ............. i, —5 -5 Volts
Collector CUITENt. . ... .ottt e e e e e e 1.0 1.0 Amps
Junction Temperature (op.and stg.) . . . . ... iiiinr .. —65 to +200 °C
Total Dissipation @ Tc=25"C........ ... iiriiiii i, 4.0 Watts
(derate above 25°C) . .. .. ..o 22.8 mwW/°C
Total Dissipation @ Ta=25°C........c.i ittt 0.8 Watts
(derate @bove 25°C) . .. ..ot 456 mw/°C
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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.
BVceo —60 —80 —60 —80 Vdc le= —10rA
LVceo'? —60 —80 —60 —80 Vdc lc= —10mA
BVeso —5.0 —5.0 —5.0 —-5.0 Vdc le= —10rA
hee! .40 120 {40 120 {100 300 100 300 le= —100mA V= —5V
30 30 75 75 lc= —100rA Vee= —5V
25 25 70 70 lc= —600mA V= —5V
15 15 40 40 lc= —100mA V= —5V
Ta= —55°C
15 10 40 25 le= —1A Vee= —5V
Vce(sat)? —0.15 —-0.15 —0.15 —0.15| Vdc le= —150mA k= —15mA
—0.50 —0.50 —0.50 —0.50| Vdc lc= —500mA - [g= —50mA
—-1.0 -1.0 Vdc le= —1A ls= —100mA
Vas(sat)‘ —-0.9 —-0.9 —0.9 —-0.9 Vdc le= —150mA  lg= —15mA
Vss(on) —-1.1 —1.1 -1.1 -1.1 Vdc lc= —600mA V= —0.5V
—-1.2 -1.2 Vdc le= —1A Vee= —1V
ICBO —50 —50 nAdc Vc3= —50V
-50 —-50 nAdc Veg= —60V
—50 -50 pAdc Veg= —50V Ta=150°C
—-50 —-50 rAdc Vepg= —60V Ta=150°C
leso -10 —-10 —-10 -10 nAdc Vegg= —5V
Cob 20 20 20 20 pF Vep= —10V f=1MHz
Ci 110 110 110 110 pF Vegg= —0.5V f=1MHz
'hlal 1.0 40 |11.0 40 |15 50 |15 5.0 Vee= —10V lc= —50mA
f=100MHz
ton 100 100 100 100 ns
lc=500mA
lev=~50mA
t, 350 350 350 350 | ns le2=~50mA
SWITCHING TIME TEST CIRCUIT
te 50 50 50 50 ns

Viyr-97

OUTY CYCLE<2%

Vour

SAMPLING SCOPE
tr <insec
2y 2 100K A
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2N4402, 2N4403
GENERAL PURPOSE PNP SILICON

Package: T0-92

SWITCHING AND AMPLIFYING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Turn-On Time

-30V

Characteristic Unit -', —<2ns
Collector-Emitter Voltage .........ccceevverunenen. 40 Vdc -
Collector-Base Voltage ........ccoeeiieeiiiiennn, 40 Vdc ;?:; <1091
Emitter-Base Voltage ..........cccivceiiinieinnnnen. 5.0 Vdc --
Collector Current - Continuous .............. 600 mAdc o Ototoou
Total Device Dissipation TA =250C .......... 310 mwW =
Derate above 250C .........cccceveuenene 2.81 mw/oC TOTAL SHUNT CaPACTANCE OF TEST 5,
Operating & Storage Junction CONNECTORS, AND OSCILLOSCOPE
Temperature Range ........cccceeeeen. 55 to +135 °C Turn-Off Time
Thermal Resistance, Junction N |'_ <2008
TO CaSE .eeveerrereienneerinsisinresineeineae 0.137 °C/mwW +1a
Thermal Resistance, Junction o o
TO AMBIENT crreerveveerrrrressssssenee 0.357 °C/mW “Teg <topt
-6V
—) |a=1.0 10 100ps
DUTY CYCLE==2% +av
ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO* 40 - Vdc Ic=1 mAdc, Ig= 0
BVCBO 40 - Vdc IC = 0.1 mAdc, Ig= 0
BVEBO 5.0 — Vdc 'E =0.1T mAdc, lC =0
'CEX — 0.1 uAdc VCE =35 Vdc, VBE(off) =0.4Vdc
IsL - 0.1 uAdc VCE =35 Vdc, vBE(off) =0.4Vdc
heg 30 — Ic=0.TmAdc, Ve =1 Vdc 2N4403
30 - 'C =1 mAdc, VCE =1Vdc 2N4402
60 - 2N4403
50 - Ic= 10 mAdc, VCE =1Vdc 2N4402
100 - 2N4403
50 150 lC = 150 mAdc, VCE =2Vdc* 2N4402
100 300 2N4403
20 - Ic= 500 mAdc, VCE =2Vdc*
VCE(sat) - 04 Vdc IC =150 mAdc, IB =15 mAdc
- 0.75 Ic= 500 mAdc, Ig= 50 mAdc
VBE(sat) 0.75 0.95 Vdc lC =150 mAdc, I 5 = 15 mAdc
- 1.3 IC =500 mAdc, Ig= 50 mAdc
fT 150 - MHz 2N4402 Ic= 20 mAdc, VCE =10 Vdc,
200 - 2N4403 =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
ch - 8.5 pF VCB =10 Vdc, IE =0, f = 140 kHz, emitter guarded
Ceb — 30 pF VBE = 0.5 Vdc, IC =0, f-140 kHz,
collector guarded
ie 750 7.5k ohms Ic - 1 mAde, VCE =10Vdc, f=1kHz 2N4402
1.5k 15k 2N4403
b 0.1 8.0 x 10 o = 1 mAdc, Vg = 10 Vdc, f = 1 kHz
r
hfe 30 250 - IC =1 mAdc, VCE =10 Vdc, f =1 kHz 2N4402
60 500 2N4403
hoe 1.0 100 umhoe IC =1 mAdc, VCE =10Vdc, f=1 kHz
ty — 15 ns VCC =30 Vdc, VBE(off) =2 Vdc,
tr - 20 ns IC= 150mAdc,IB1 =15 mAdc
t — 225 ns VCC =30 Vdc, IC = 150 mAdc,
te - 30 ns IB1=IB2—15mAdc

12-205



2N5056, 2N5057°

HIGH SPEED PNP SILICON SATURATED
SWITCHING TRANSISTORS

Package: TO-18

e Fast Switching..........cococnieinnicnnicnciene, ton = 20 ns (max) at 30 mA
toff = 35 ns (max) at 30 mA

Ts = 30 ns (max) at 10 mA

¢ High Frequency........c.cceivviniiiiireninnnnnnnennns fr = 800 MHz (min) at 30 mA
¢ Low Capacitance .............ccoevmmerenrnreiecrennnen Ccp = 4.5 pF (max) at 5 Volts
* Low Saturation Voltage. .......Vcg(gar) = 0.19 Volts (max) at Ic = 30 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ....................... —656°C to +200°C
Operating Junction Temperature ...................... +200°C
Lead Temperature (Soldering.

60 second time limit) .......cccoceeeeeiververenrcrenns +300°C
Total Device Dissipation:
@Tc = 25°C(Notes2 and 3) ......cceceuune. 1.2 Watts
@ Tc = 100°C (Notes 2 and 3) ................ 0.72 Watt
@Tp = 25°C(Notes2and 3) .... ...0.36 Watt
Collector-Base Voltage .........cc..ceuene. ..—15 Volts
Collector-Emitter Voltage (Note 4) ................. —15 Volts
Emitter-Base Voltage ........ccccoevvceviniininnns —4.5 Volts

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

Symbol Min Typ Max Unit Conditions

ton 2N5056 - 10 20 ns  Ic~30mA,igy = 3.0mA
2N5057 - 10 20 ns (Note 6, Figure 1)

toff 2N5056 - 15 35 ns Icx30mA.ig = Ig2 *3.0mA
2N5057 - 15 35 ns (Note 6. Figure 1)

A 2N5056 - 15 30 ns  IcX10mA,Igq ~ 10 mA,
2N5057 - 15 30 ns Ig2 =~ —10 mA (Note 6, Figure 1)

VeE(sat) 2N5056 - -008 —013 Volt Ic=10mA.lg=10mA
2N5057 - —0.08 —=0.13 Volt (Note 5)

VCE(sat) 2N5056 - -012 -0.19 Volt  Ic=30mA.lg =3.0mA
2N5057 - -0.12 -=0.19 Volt (Note 5)

VCE(sat) 2N5056 - -028 -—045 Volt Ic=100mA.Ig = 10 mA
2N5057 - -0.28 —0.45 Volt (Note 5)

VBE(sat) 2N5056 -072 -082 -092 Volt Ic=10mA, Ig=1.0mA
2N5057 —-0.72 -0.82 -0.92 Volt (Note 5)

VBE(sat) 2N5056 -080 -093 ~-1.15 Volts Ic =30mA.lg =3.0mA
2N5057 —-0.80 -—0.93 -1.15 Volts {Note 5)
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2N5056, 2N5057

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

Symbol Min Typ Max Unit Conditions

VBE(sat) 2N5056 -095 -114 —15 Volts  Ic=100mA.lg = 10mA
2N5057 —095 -—1.14 -15 Volts

hte 2N5056 6.0 9.0 - - Ic =30 mA, Vcg = —10 Volts
2N5057 8.0 12 - -

Cep 2N5056 - 33 45 pF Ig = 0.Vcg = —5.0 Volits
2N5057 - 33 45 pF

Ceb 2N5056 - 47 6.0 pF  Ic =0.Vgg = —0.5 Voit
2N5057 - 4.7 6.0 pF

Ices 2N5056 - 03 50 nA Vg = —10Volts, Vgg =0
2N5057 - 0.3 50 nA

ICEs(+125°C) 2N5056 - 0.05 10 BA Vce = —10 Volts,Vgg = 0
2N5057 - 0.05 10 BA

VCEO(sust) 2N5056 -15 - - Volits Ic=10mA.Ig =0
2N5057 -15 - - Volts (Notes 4 and 5)

BVceo 2N5056 -15 - - Volts Ic=10pA lg=0
2N5057 —15 - - Volts

BVces 2N5056 -15 - - Volts I = 10pA,Vgg =0
2N5057 —15 - - Volts

BVggo 2N5056 —4.5 - - Volts  Ic =0,1g =100 A
2N5057 —4.5 - - Volts

hee 2N5056 12 25 - - Ic =1.0mA,Vcg = —0.5 Volt
2N5057 20 44 - - (Note 5)

hge 2N5056 20 33 - - Ic =10 mA, Vg = —0.3 Volt
2N5057 30 53 - - (Note 5)

hgg 2N5056 30 48 100 - Ic =30 mA.Vcg = — 0.5 Volt
2N5057 40 63 100 - (Note 5)

heg 2N5056 20 45 - - Ic = 100 mA, Vcg = —1.0 Volt
2N5057 30 55 - - (Note 5)

heg(—56°C) 2N5056 12 25 - - Ic =30 mA, Vcg = —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 mWY/°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 = 300 us; duty cycle = 1%.

(6)  See switching circuit for exact values of I, Ig 4. and I g.
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2N5056, 2N5057

FIGURE 1 SCHEMATIC FIGURE 2
SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST CIRCUIT

-30v

944}
Voutr

110V Vour
0.1pF To Sampling Scope I | To Sampling Scope
Vin t~10m Vin t, <1008
2k )
s00 100k 1 72,2100k Q

Pulse Generator Puise Generator
t,~10ns t, <10ns —
PW : 400 ns = = ~ =
PPS - 150 PW ._Aoo ns
2 - 504 "s:;";}

ton VBB =0.Vy=-685V Zin=50

totr Vgp =-9.85V.Vjy- +1LTV

FIGURE 3
FIVE STAGE RING OSCILLATOR FOR
MEASUREMENT OF PROPAGATION DELAY

~Vee
510 Q 510Q
i L .
|rﬁ— S TRANSISTORS ———4{
pds ——
P9= T0tosc
FIGURE 4

NON-SATURATED SWITCHING PERFORMANCE

-3.0v

te = 2 ns (typ.)
torr = 2 ns (typ.) +25V
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Package: T0-92 2N5228
GENERAL PURPOSE PNP SILICON LOW-LEVEL SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS Figure 1 — Switching Time Test Circuit
Characteristic Unit
Collector-Emitter Voltage ........ccccceevivnnnns 5.0 Vdc
Collector-Emitter Voltage ...........cccoevvuunnnene 6.0 Vdc
Collector-Base Voltage ..........c..cccevveeeirennnnn. 5.0 Vdc
Emitter-Base Voltage ........ccccceeevuveveeeennnene.. 3.0 Vdc
Collector Current .......ccccceeveecieeveeeesreesseennne 50 mAdc
Total Device Dissipation @ TA =250C ....... 310 mW
Derate above 250C ...........cccoveeeunnen, 2.81 mw/oC
Operating and Storage Junction
Temperature Range .................... -65 to +135 °C
Thermal Resistance, Junction 15V 3 v_\ /——
to Ambient ........ooovvviiiiiiieiieeeene. 0.357 °C/mw ov ~\ [
—-10.55 v—\——/ -10.7 v—\——/
TURN-ON INPUT PULSE TURN-OFF INPUT PULSE

GENERATOR SOURCE IMPEDANCE= 50 ohms

INPUT PULSE: OSCILLOSCOPE
RISE TIME <<2.0ns RISE TIME O.4ns
FALL TIME <<2O0ns INPUT RESISTANCE<< 50 ohms

NOMINAL PULSEWIDTH= 300ns  INPUT CAPACITANCE <<4.0 pF
NOMINAL DUTY CYCLE: 2.0%

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 5.0 - Vdc IC =10 mAdc, IB =0
BVCES 6.0 - Vdc IC =100 vAdc, VBE =0
BVCBO 5.0 - Vdc IC = 100 vAdc, IE =0
BVEBO 3.0 — Vdc IE =100 uAdc, IC =0
ICES — 100 nAdc VCE =4.0 Vdc, VBE =0
IEBO — 100 uAdc VBE =2.5Vdc, IC =0
hFE 30 — — IC =10 mAdc, VCE =0.3 Vdc
15 - IC=50 mAdc, VCE = 1.0 Vdc
VCE(sat) — 0.4 Vdc IC =10 mAdc, IB = 3.0 mAdc
VBE(sat) 0.65 1.25 Vdc IC =10 mAdc, IB = 3.0 mAdc
T 300 — MHz IC= 10 mAdc, VCE =5.0 Vdc, f= 100 MHz
ch - 5.0 pF VCB=5.0 Vdc,|E=0,vf= 1.0 MHz
td — 25 ns Delay Time See Figure 1
t - 50 ns Rise Time See Figure 1
ts - 20 ns Storage Time See Figure 1
t - 50 ns Fall Time See Figure 1
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2N2480, 2N2480A
NPN SILICON DUAL TRANSISTORS

Package: TO-92

ABSOLUTE MAXIMUM RATINGS (each side)

Characteristics Unit
Collector-Emitter Voltage ...........coevrcevninnnnne. 40 Volts
Collector-Base Voltage (2N2480) .................. 75 Volts
Collector-Base Voltage (2N2480A) .................. 80 Volts
Emitter-Base Voltage ..........ccoccevevenninee .. 5.0 Volts

Collector Current .......ccccoovvveenennene. ....500 mA
Operating Junction Temperature ..........cccceccvenne. 200°C
Storage Temperature Range................. —65 to +200°C
Total Dissipation @ Ty = 25°C (one side) ......0.5 Watt
Derate above 25°C.......cccvveeinreienivcnene. 2.86 mW/°C
Total Dissipation @ Tg = 25°C........c.cceuvvvvene. 1.6 Watts
Derate above 25°C.........ccoovvincrenncnnnne. 9.1 mW/°C
Total Dissipation @ Tp = 25°C (both sides)...0.6 Watt
Derate above 25°C.........ccvvervvvreenene. 3.43 mW/°C
Total Dissipation @ T¢ = 25°C................ 3.0 Watts
Derate above 25°C............. evreee e 17.2 mW/°C

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

Symbol Min Max Unit Conditions

BVCEO® 40 - Volts Ic=20mA,Ig = 0"

BVcgo 75 - Volts (2N2480) Ic = 100uA. Ig =0
80 - Volts (2N2480A)

BVego .5.0 - Volts Ig =100uA. Ic =0

IcBO - 15 uA VB = 30 Volts, Ig = 0,Ta = 150°C
- 0.050 MA (2N2480) Vg = 60 Volts, Ig = 0
- 0.020 MA (2N2480A)

leBO - 50 nA (2N2480) VBE = 5.0 Volts,Ic =0
- 20 nA (2N2480A)

hEE 20 - : - (2N2480) Ic = 100uA, Vg = 5.0 Volts
35 - - (2N2480A)

hee 30 350 - (2N2480) Ic = 1.0 mA, Vcg = 5.0 Volts
50 200 - (2N2480A)
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2N2480, 2N2480A

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
VCE(sat) - 1.2 Volts (2N2480) Ic =50 mA, Ig = 5.0 mA
- 1.3 Volts (2N2480A)
VBE(sat) - 0.9 Volt (2N2480) Ic = 50 mA, Ig = 5.0 mA
- 1.0 Volt (2N2480A)
fr 50 - MHz Ic = 50 mA, Vg = 10 Volts, f = 20 MHz
Cob - 20 pF (2N2480) Vcg = 10 Volts, Ig =0
- 18 pF (2N2480A) f=1.0MHz
Cib - 85 pF (2N2480A) Vgg = 0.5 Volt,Ic =0,
f=1.0MHz
hie 1000 5000 ohms (2N2480A) Ic = 1.0 mA,Vcg = 5.0 Volts,
f=1.0kHz
hip 20 35 ohms (2N2480A) Ic = 1.0 mA,Vcg = 5.0 Volts,
f=1.0kHz
hte 50 300 - (2N2480A) Ic = 1.0 mA, Vg = 5.0 Volts,
f=1.0kHz
hoe 40 16 umhos (2N2480A) Ic = 1.0 mA, Vg = 5.0 Volts,
f=1.0kHz
NF - 8.0 dB Ic = 0.3 mA, Vcg = 10 Volts, Rg = 510 ohms,

f=1.0kHz, BW = 1.0 Hz

* Pulse Test: Pulse Width < 300us. Duty Cycle < 2%.
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PACKAGE DIMENSIONS

DIMENSIONS
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009

14-LEAD

Ceramic Dual In-Line

e
—t

375 NOM

|

|
%

1 “

TEVEEY

g8
AAAAAAA

7 8

.280

.250
NOTE: 1. Board drilling dimensions should equal your
practice for a conventional .020 inch diameter lead.

.30
290
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Ceramic Dual In-Line —

.100, MAX.

MIN. ——]
I“ T =t 18—
g~ =<1 >
e = iBe
780 ] —
= <7 =
= < =
i s i)

—>[ f—020MmIN. '

20|
250

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 0 to +70°C
+75°C for digital

Package (add)

B for Flat Pack

C for TO-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

310
Dual In-Line ‘2
Plastic Package TO-116 =
LEADS TO BE TIN PLATED \,
15°TYR
200 s75
MAX. —
020 M X NOM.
15° TYR ]
Ly S
o 1] R4
.020 +.0
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16 LEAD—check factory for availability

t




PACKAGE DIMENSIONS

DIMENSIONS

240

[0ss/0sS I 280 I i
= =

E=—==—==| —————

i  e— ————

L:: —
%  SE======--

T 010/.019 190/.2|0—-1r

|
|250 MIN. imonoss Eoosl.ooe

DOUBLE PLUG DIODE
STANDARD

"- |.|25M—'.ﬁ>'<— 160 "ﬂ'ul i
= —— D&

020 —[ 062 MAX.
'4 1125 Mﬂ——'c- |00M—12(]‘

020 { 062 MAX.
AVAILABLE

022 110 MAX.
0i8 _t

i ——

"0 250
DO-7

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 ... .. 0 Green ... .. 5
Brown ... .. 1 Blue ... ... 6
Red ... ... .. 2 Violet .. . ... 7
Orange ..... K] Gray ....... 8
Yellow . ... . 4 White ... .. 9

132

.031 +.002 —l— 120 MAX. DIA.
1 — L
¢ ;—l—_T
L—I"MIN‘——)’ 245

EPOXY PACKAGE
Lead-Material Silver Plated Copper
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PHYSICAL DIMENSIONS

195
180 —
020 205
MaX § 190
__JF_
AT b
e
o~ Us —
016 _
3 LEADS
C 225
¥ o3 210
450036
bk ‘>\ 100 LEAD
046 CIRCLE
033
TO-18

92 Seatimg pLae

AR W CEC [
B

R-131¢

NOTE . DIMENSIONS AS PER LATEST ALL DIMENSIONS IN INCHES,
JS-10 COMMITTEE. LEADS ARE GOLD-PLATED KOVAR.
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PACKAGE DIMENSIONS

.040
010

DIMENSIONS
T0-100 | 7o
335

.335
305

[‘<
040 185
MAX. 165
4

4o _

=

0I9

T,/ /.
:3/&>,4045

s D

.028 029

NOTES: LEADS ARE GOLD-PLATED KOVAR

PACKAGE WEIGHT IS 1.32 GRAMS

TO-99

370
335

-3

| SEATING
PLANE

.040 [
MAX. 185
| 165
I

+

UHAIL

8 LEADS 040 'Rﬁﬁ
o000 % 4
016

NOTE . DIMENSIONS AS PER LATEST
JS-10 COMMITTEE.
ALL DIMENSIONS IN INCHES,
LEADS ARE GOLD-PLATED
KOVA

R.
PACKAGE WEIGHT IS LI2
GRAMS.

TO-92 PACKAGE

087 | 087

.492 I -4[2

e e

NOTE-ON SPECIAL ORDER

ITT Semiconductors will provide
TO-18, TO-46 and TC-52 units
with formed leads to the require-
ments of the TO-5 package. In
addition disc insulators on the
above devices are also available
by special order.
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MPS3704............... 79
MPS3705................ 79
MPS3706................. 79
MPS3707 ............... 80
MPS3708............... 80
MPS3709............... 80
MPS3710............... 80
MPS3711........ ... ... 80
MPS3721.......... .. ... 76
MPS5172............... 81
MPS65630............... 82
MPSB531T............... 82
MPSB532............... 82
MPSB533............... 189
MPSB534 ............... 189
MPSB535............... 189
MPSB565............... 83
MPSB566............... 83
MPSB5971 ............... 84
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For Price and Delivery Information
Call Your Local ITT Office

CALIFORNIA

ITT Semiconductors

1121 San Antonio Road
Palo Alto, California 94303
Telephone: 415-961-5265
Telex: 0348-450

ITT Semiconductors

730 North Euclid Street

Suite 317

Anaheim, California 92801

Telephone: 213-860-2418
714-772-7070

Telex: 065-5430

ILLINOIS

ITT Semiconductors
8550 W. Bryn Mawr
Suite 709

Chicago, lllinois 60631
Telephone: 312-693-7070
Telex: 025-4409

TWX: 910-253-4905

MASSACHUSETTS

ITT Semiconductors

594 Marrett Road

Suite 18

Lexington, Mass. 02173
Telephone: 617-861-0880
Telex: 092-3470

MICHIGAN

ITT Semiconductors

23629 Liberty Street

Suite 104

Farmington, Michigan 48024
Telephone: 313-477-6060
Telex: 023-5353

i

MINNESOTA

ITT Semiconductors

4510 West 77th Street

Office 140

Minneapolis, Minnesota 55435
Telephone: 612-920-2943
Telex: 029-0105

NEW YORK

ITT Semiconductors

333 North Broadway

Suite 3003

Jericho, Long Island, N. Y. 11753

Telephone: 516-938-1191/2
212-895-0565

Telex: 0961-416

ITT Semiconductors

6562 Ridings Road
Syracuse, New York 13206
Telephone: 315-463-6677/8
Telex: 093-7357

PENNSYLVANIA

ITT Semiconductors

676 East Swedesford Road
Wayne, Pa. 19087

Telephone: 215-688-6990/1/2/3
Telex: 084-6351

CANADA

ITT Semiconductors

Division of ITT Canada Limited
3066 Jarrow Avenue
Mississauga, Ontario, Canada
Telephone: 416-625-5220
Telex: 06-961120

semiconductors ITT

ITT SEMICONDUCTORS IS A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 3301 ELECTRONICS WAY, WEST PALM BEACH, FLORIDA 33407, (305) 842-2411
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