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HIGH FRE6IUENCY 
POWER TRANSISTOR 
High frequency power transistor for use in high speed 
industrial switching applicotions, digital computers and 
high quality audio amplifiers. 

ocii 

PRELIMINARY DATA 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variation in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 

fivoe(pki max. —32 V 
*Vee(Q~~ max. —24 V 

tVice(d.c.) max. —24 V 

vcb(nk) max. —47 V 
*Vcb(ao~ max. —36 V 

Vcb(d.e.) max. —36 V 

tThis voltage is limited to small currents as shown on page C3. 

Reverse emitter-base voltage 

~eb(pk) maX. 

*Veb(av) maX. 

veD(d.e.) maX. 

Collector current 
ic(pki max. 

*le max. 

Emitter current 
le(pg) maX. 

*le max. 

Base current 

ib(vk) max. 
*Ib max. 

e 
*Averaged over any 20ms period. 

—15 V 

—12 V 
—12 V 

2.0 A 
1.0 A 

2.2 A 

1.2 A 

200 mA 
200 mA 

Total dissipation See page C5 

plot max. _ Tlunction max. — Tambienf 
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ocz~ HIGH FREBUENCY 
POWER TRANSISTOR 

~-

Temperature ratings 

Storage temperature —55 to x-75 °C 
Maximum junction temperature 90 °C 
Junction temperature rise above 

mounting base temperature Om 3.0 °C/W 

For full information on calculating junction temperature see fig. 2 and 
operating notes. page D4. 

CHARACTERISTICSat T~unetton = 

Grounded base 

Collector leakage current 

25°C 
Typical production spreads 
Min. Av. Max. f 

Ico 30 100 p.A 

Emitter leakage current 

leo 20 100 pA 

Grounded emitter 

Collector knee voltage 

Ic = 400mA (see fig. 1) Vc(xnee) — —400 —600 mV 

Collector bottoming voltage 

(Ic = lA, In = 30mA) Vice —600 — mV 

*Base input voltage Vbe 

—260 —350 mV 

—1.0 —2.0 V 

*See page C1 for values at other collector currents. 

Current amplification factor &' — IC — I °̀
Ib+Ico 

(V° _ —2V, Ic = 100mA) — 200 —

(Vc = —2V, Ic = 1A) 50 150 — 

,~ 
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HIGH FRE@UENCY 
POWER TRANSISTOR oc~z 

~~ 
im A) 

440 

400 

t -IV 

Vc (kneel 
Fig. { 

Ib adjusted Such thot I c=44GmA 
with Vc~ - IV 

~~tics~ I 
6=D 

-~ -Vc (V) 

BASIC PARAMETERS 

Measured at V° _ —2V, I° = 400mA, Tmounttn¢ trace = z5°C 

*re 0,06 S2 

rbb• 100 SZ 

c~ (depletion capacitance) 170 pF 

fa 2.0 Mc(s 

g„t 16 ASV 

a' at low frequencies 180 

"The value of re given here is 
qk  

a 
^• 

~5 
S2; where le is in mA and T Is in °K. 
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HIGH FRE@UENCY 
POWER TRANSISTOR 

OPERATING NOTES 

i. Dissipation and heat sink considerations 

The maximum total dissipation pt°t max. _ (Vee xle)+(Vbexlb), is given 
by the relationship 

em+et+eh 

Where em+ei+eh is equal to the junction temperature rise per watt 
above ambient (see page C5). 

The various components of the rise of junction temperature above 
ambient are illustrated below: 

pmt max. _ T)unctton max. — Tambtent 

gm = 3.0°C/W 

5t = 0.5°C/W 
(with mica 
insulation) 

= 0.2°C/W 
(on chassis) 

9h 

Junction temperature 

Mounting base temperature 

Chassis (heat sink) temperoture 

Ambient temperature 

Fig. 2 

16191, 

9h depends on the cooling conditions under which the transistor is used 
i.e., dimensions, position and surface conditions of heat sink etc. A good 
air-cooled heat sink will have a value of 6h = 4°C/W. 

bh can be determined for a given collector dissipation and ambient tem-
perature by measuring the mounting base temperature 

6 Tmounttng base — Tambtent 8 °C/W 
h= p

, 
c 
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HIGH FRE6I,UENCY 
POWER TRANSISTOR oczi 

The following example illustrates the temperatures which occur at various 
points on the transistor at pc = 4W, Tjuncsion = 90°C, Oh = 4.0°CAW 
with mica insulation. 

Junction temperature 
Mounting base 

temperature 
Chassis (heat sink) 

temperature 

= 

= 

= 

90°C 

90—(4x3.0) = 78°C 

78—(4x0.5) = 7b°C 
Ambient temperature = 76—(4x4.0) = 60°C 

The suitability of any design can be checked by measuring with a thermo-
couple the mounting base temperature of the transistor operating at the 
selected collector dissipation and maximum ambient temperature. The 
point defined by the mounting base temperature and the total dissipation 
must lie below the line of the graph on page Cb, which results in 

Tjnnetion <90°C. If the point lies above the line the design is inadmissible 
and the dissipation must be reduced or the heat sink improved. The selected 
total dissipation should be the maximum attained by any transistor in 
the design being checked. 

2. Transistors may be soldered directly into the circuit but the heat con-
ducted to the junction should be kept to a minimum by the use of a thermal 
shunt. 

3. Transistors may be dip soldered at a solder temperature of 240°C for a 

maximum of 10 seconds up to a point 5mm from the seal. 

MECHANICAL DATA 

Weight 

Dimensions —see page Db. 

Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor bolted down on a plane surface. The thermal 
resistance may be reduced by a thin film of grease between the contacting 
surfaces. 

f 0.7 oz 
l 20 g 

ACCESSORIES 

Accessories must be specifically ordered. 

Accessory Code No. Notes 

2 insulating bushes 56201a Obtainable in packs for 

1 mica washer 562016 10 or 100 transistors. 

Set of 2 bushes, 56201 Obtainable as a complete 
1 washer set for one transistor. 

FEBRUARY 1960 (1) Page DS 



OC22 HIGH FRE6ZUENCY 
POWER TRANSISTOR 

e c 

b 

Mica washer 
a~toos 

` —r  3•I f OG 5 
-''I I' -  ! 

N 
[~1 ~ 

l.•—~.s—J 
Insulating bush 

Al! dim¢nsions in mm 

~• 
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HIGH FREAUENCY 
POWER TRANSISTORS oczz 
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oczz HIGH FRE6ZUENCY 
POWER TRANSISTOR 
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HIGH FREHUENCY 
POWER TRANSISTOR OC22 

aoo 
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ocn HIGH FREHUENCY 
POWER TRANSISTOR 

Ico 
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HIGH FRE6tUENCY 
POWER TRANSISTORS OC22 
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oc~i HIGH FRE6ZUENCY 
POWER TRANSISTORS 
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HIGH FRESUENCY 
POWER TRANSISTOR ociz 
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HIGH FRE6ZUENCY 
POWER TRANSISTOR 
High frequency power transistor for use in high speed 
industrial switching applications and digital computers: 
particularly suitable as a pulse generator for a ferrite store. 

oczs 

PRELIMINARY DATA 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variation in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 

fivee(pk) max. —40 V 
*Vee(ao) max. —24 V 

fYce(a.c.) max. —24 Y 

veb(Dk) max. —55 V 
*Veb(a~) max. —36 V 
Veb(d,e,) max. —36 V 

tThis voltage is limited to small currents as shown on page C3. 

Reverse emitter-base voltage 

vebcPk) max. —15 V 
*Veb(a~) max. —12 V 

Yeb(d.c.) max• —12 V 

Collector current 
l e(pk> max. 

*le max. 

Emitter current 
ie(px) max. 

*le max. 

Base current 
ib(Pki max. 

*Iv max. 

2.0 A 
1.0 A 

2.2 A 
1.2 A 

200 mA 
200 mA 

Total dissipation See page C5 

ptot max, — Ti°Helton max. — Tembtent 
e 

*Averaged over any 20ms period. 

FEBRUARY 1960 (1) Page D1 



oczs HIGH FREHUENCY 
POWER TRANSISTOR 

Temperature ratings 

Storage temperature -55 to +75 °C 
Maximum junction temperature 90 °C 
function temperature rise above 

mounting base temperature i1,n 3.0 °C/W 

For full information on calculating junction temperature see fig. 4 and 
operating notes, page D5. 

CHAR6I,CTERISTICS at T'nncttou = 25°C 

Grounded base 

Callectorleakage current 

(Ve = -10V, le = OmA) 

Emitter leakage current 

(VP = -1 CV, to = OmA) 

Grounded emitter 

i~ 

I,~, 

Typical production spreads 
Min. Av. Max. 

— ss"0 100 

— 20 100 

IaA 

µA 

Collector current with reversed biaz 
on base 

Ne ffi -AOV, Vbe = +500mV} I'r°° 2.0 mA 

Collector knee voltage 

1~ = 400rnA (see fig. 1) Vc(knae) — -350 -600 mV 

Collector bottoming voltage 
(le = 1A, Ib = 30mA) Vee -- -400 --- mV 

*Base input voltage Vb9 

(V~ _ -2V, i° = 100mA) — -250 -350 mV 
(Ve m -2V, le m lA) — -0.8 -2.0 Y 

*See page C1 for values at other collector currents. 

Current amplification factor«' —
Ib+ Ico 

(Vc = -2V, to = 100mA) — 200 
(Vo = -2V,1° = 1A) 50 150 

(c - Ico 

FEBRUARY 1960 (i) Paa~ D2 



HIGH FRE6ZUENCY 
POWER TRANSISTOR OC23 

~~ 
mA) 

aa0 

a00 

1 -IV 
Vc(knee) 

Flg. I 
Ip adjusted Such that I c•440mA 
with Vcm-IV 

-Ib 

15041 

BASIC PARAMETERS 

Measured at V° _ —2V, l e = 400mA, Tmounttng ease = 25°C 

*re 0.06 SZ 

t rbb' 80 ~ 

ce (depletion capacitance) 170 pF 
fY 2.5 Mc/s 
gm 76 AJV 

z' at low frequencies 180 

*The value of re given here is 
9  

hex ~e 
S2, where IQ is in mA and T is in °K. 

7W hen the transistor is used under pulse conditions the base resistance is 
considerably reduced. 

FEBRUARY 1960 (1) PaQa D3 



OC23 HIGH FRE6IUENCY 
POWER TRANSISTOR 

OPERATING CONDITIONS FOR TYPICAL PULSE AMPLIFIER 

DRIVING A FERRITE STORE 

5~ a~r'j

iOV 

r — _--{store }---~ 

gate gate 

~_ • _~ -~^400r-

2:1 

. 39~ 

~ ~ _.L. 

+ V 

OA10 I OA10 

WAVEFORMS 

Drive A 

Drlre 6 

Output 
current ~' 

-- i i --~ 
-+i '+-

R++;e ttmz 
<a5y, s 

15080 

 - +350mA 

  -350mA 

0 1 2345b 7 8 9 10 11 12 13 14 15 16Na 

Fig. 3 

GV 

Output Transformer 

Three windings each of 30 turns wound together for minimum leakage 

inductance on a standard former, enclosed in a pair of Ferroxcube cores 

FX1561. 

FR~R4J~iRY 1964 (1) Page D4 



HIGH FRE6IUENCY 
POWER TRANSISTOR ocz~ 

OPERATING NOTES 

1. Dissipation and heat sink consideration 

The maximum total dissipation, pal max. _ (V°e x le)~-(Vb¢ X Ib), is given 
by the relationship 

(jm-i' e1+eh 

Where em+el+eh is equal to the junction temperature rise per watt 
above ambient (see page C5). 

The various components of the rise of junction temperature above 
ambient are illustrated below: 

em = a.o°cJw 

01 = 0.5°CJW 
(with mica 
insulation) 

= 0.2°CJW 
(on chassis) 

eb 

plot max. _ Tlunction max. — Tambsent 

Junction temperature 

Mounting base temperature 

Chassis (heat sink) temperature 

Ambient temperature 

6191 

Fig. 4 

8h depends on the cooling conditions under which the transistor is used, 
i.e., dimensions, position and surface conditions of heat sink etc. A good 
air-cooled heat sink will have a value of 0h = 4°C!W. 

8n can be determined for a given collector dissipation and ambient tem-
perature by measuring the mounting base temperature 

Q _ Tmovntlnq bane — Tambtent _ 
ei C~W 

~u po 

FEBRUARY 1960 (1) Pase DS 



oc2s HIGH FRE6IUENCY 
POWER TRANSISTOR 

The fallowing example illustrates the temperatures which occur at various 
points on the transistor at pc = 4W, T)ancuoa = 90°C, Ob = 4.0°C/W 
with mica insulation. 

Junction temperature 
Mounting base 

= 90°C 

temperature = 90—(4x 3.0) = 78°C 
Chassis (heat sink) 

temperature = 78—(4x0.5) = 76°C 
Ambient temperature = 76—(4x4.0) = 60°C 

The suitability of any design can be checked by measuring with a thermo-
couple the mounting base temperature of the transistor operating at the 
selected collector dissipation and maximum ambient temperature. The 
point defined by the mounting base temperature and the total dissipation 
must lie below the tine on the graph on page C6 which results in 
TJnncttoa <90°C. If the point lies above the line the design is inadmissible 
and the dissipation must be reduced or the heat sink improved. The selected 
total dissipation should be the maximum attained by any transistor in 
the design being checked. 

2. Transistors may be scidered directly into the circuit but the heat con-
ducted to the junction should be kept to a minimum by the use of a thermal 
shunt. 

3. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 5mm from the seal. 

MEC!-IANICAL DATA 

Weight 

Dimensions —see page D7. 

Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor belted down or. a plane surface. The thermal 
resistance may be reduced by a thin film of grease between the contacting 
surfaces. 

~/ 

f 0.7 oz 
l 20 g ~../ 

ACCESSORIES 

Accessories must be specifically ordered. 

Accessory Code No. Notes 

2 insulating bushes 56201a 
1 mica washer 

Set of 2 bushes, 
1 washer 

56201 b 
Obtainable in packs for 
10 or 100 transistors. 

5b201 Obtainable as a complete 
set for one transistor. 

FEBRUARY 1960 (1 Paee D6 



HIGH FRE6IUENCY 
POWER TRANSISTOR Ot23 

Mica woshe~ 

Insuloting bush 

AN dimensions in mm 
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HIGH FRE6ZUENCY 
POWER TRANSISTOR ocZa 

10 

CC23 6086 

Grounded emitter 

I
V~=-2V 
Tambient= 25°C 
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oczs HIGH FREAUENCY 
POWER TRANSISTOR 
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HIGH FRE6lUENCY 
POWER TRANSISTOR 
High frequency power transistor for use in high speed 
Industrial switching applications and digital computers, 
and for medium frequency transmitter and carrier 
telephony applications. 

OC24 

PRELIMINARY DATA 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variation in supply 

voltages, component tolerances and ambient temperature must also be 

taken into account. 

Collector voltage 

I Vice(pk) maX. 

*Vice(a~) max. 

tVee(d. c.) maX. 

Veb(pk) maX. 

*Veb(ao> max. 

Veb(a.e.) max. 

—40 V 

—24 V 

—24 V 

—47 V 

—36 V 

—36 V 

tThis voltage is limited to small currents as shown on page C3. 

Reverse emitter base-voltage 
veb(pk) max. —15 V 

* Veb(av) max. —12 V 

Vebld.c.) max. —12 V 

Collector current 
ic(pk) max. 2.0 A 

*Ic max. 1.0 A 

Emitter current 

~e(pk) max. 2.2 A 

*le max. 1.2 A 

Base current 
ib(pk) max. 200 mA 

*Ib max. 200 mA 

Total dissipation See page C5 

} 
max 

_T~unction max.—Tambient 
pto. 

9 

*Averaged over any 20ms period. 
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OC24 HIGH FREQUENCY 
POWER TRANSISTOR 

Temperature ratings 

Storage temperature 

Maximum junction temperature 

Junction temperature rise above 
mounting base temperature tl,,, 

—55 to +75 °C 

90 °C 

3.0 °CAW 

For full information on calculating junction temperature see fig.4 and 

operating notes, page D6. 

CHARACTERISTICS at T)uuction = 25°C 

Grounded base 

Collector leakage current 

Typical production spreads 
Min. Av. Max. 

`/ 

Ico — 30 100 µA 

Emitter leakage current 
le,, — 20 100 µA 

Grounded emitter 

Collector current with reversed bias 
on base 

(Ve = —4UV, Vbe = + 500mV) — — 2.0 mA 

Collector knee voltage 
Ic = 400mA (see fig. 1) Vice(tcnee> — —350 —600 mV 

Collector bottoming voltage 
(le = 1A, Ib = 30mA) VcP — —400 — mV 

*Base input voltage Vt,P
(V° _ —2V, I~ = 100mA) —250 —350 mV 

*See page C1 for values at other collector currents. 

Current amplification factor a = lc —loo 
1u+ I,.o

(Vc = —2V, Ic = 100mA) — 200 
(Vc = —2V, to = lA) 50 150 

.~ 

FEBRUARY 1960 (1) 
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HIGH FREGZUENCY 
POWER TRANSISTOR ocza 

~° 
(m A) 

440 

400 

-IV 
Vc (knee) 

Fig. I 
Ip adjusted such thot I c~44omA 
with Vci-IV 

BASIC PARAMETERS 

_. _Vc (V) 

15o9i ~ 

Measured at Ve = —2V, le = 400mA, Tmnnntln6 base = 25°C 

*re 0.06 12 

rbb' 70 ~ 

c~ (depletion capacitance) 170 pF 

f° 2.5 Mc/s 

g,,, 16 A/V 

a' at low frequencies 180 

kT 1 2512 
*The value of re given here is 

9 
• el x ~e where le is in mA and T is in °K. 

FEBRUARY 1960 (t) Page D3 



OC24 HIGH FRE6ZUENCY 
POWER TRANSISTOR 

OPERATING CONDITIONS OF SINGLE TRANSISTOR OC24 AS 

CLASS `B' R.F. AMPLIFIER 

6097 

Fig. 2 

Typical values at Tambtent = 25°C 

Supply voltage V~° —12 V 

Signal frequency f 500 kcJs 

Power delivered to load Pioaa 500 mW 

Load Rx, 12 S2 

Output transformer turns ratio n 3.33: 1 

D.C. collector current I~ 90 mA 

Drive conditions 

The following drive will give 500mW output from an average transistor. 

Peak drive voltage 

Drive power (r.m.s.) 

~~n(Pk) 

Pin 

2.1 V 

25 mW 

`~ 

`~ 
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HIGW FRE6IUENCY 
POWER TRANSISTOR ocia 
OPERATING CONDITIONS OF MATCHED PAIR 2.0024 AS CLASS 

'B' R.F. AMPLIFIER 

Fig. 3 

Typical values at Tsmbiens = 25°C* 

Supply voltage 
Signal frequency 
Emitter resistor 
Battery current 
Power delivered to load 
Load 

Rinaa (collector to collector) 
R1oaa (per transistor) 

(R° = 
R4

--° ~- Re) Rc 23.5 S2 

Output transformer turns ratio n 1-{-1 : 2 

Vn° —12 V 
f 500 kc/s 
Re 1.0 S2 
I 550 mA 
P1oafl 3.0 W 
RL 90 S2 
Re_e 90 Sl; 

At Pi°aa of 3W 
Peak collector current i°cp><i 865 mA 
Collector current (per transistor) I° 275 mA 

Drive conditions 

The following drive will give 3W output from an average pair of 
transistors 
Peak drive voltage vincpk) 5.4 V 
Drive power (r.m.s.) Pin 325 mW 

*For operation up to an ambient temperature of 55°C, the thermal resistance 
of each heat sink should be 54.5°C(W. 
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OC24 HIGH FREQUENCY 
POWER TRANSISTOR 

OPERATING NOTES 

t. Dissipation and heat sink considerations 

The maximum total dissipation pt°t max. _ (Vee x l e)-}-(Vba x Ib), is given 

by the relationship 

ptot max. = Tluncttoa max. —Tambient 

Bm'}' ei ~" eh 

Where e,n+ei+eh is equal to the junction temperature rise per watt 

above ambient (see page C5). 

The various components of the rise of junction temperature above 

ambient are illustrated below: 

Junction t¢mperoture 

6m = 3.0°C/W 

Mounting base temperature 

(with mica 
insulation) 

= 0.2°CAW 
(on chassis) 

~ Chassis (heat sink) temperature 

8h L' 

Ambient temperature 

Fig. 4 

et, depends on the cooling conditions under which the transistor is used 

i.e., dimensions, position and surface conditions of heat sink etc. A good 

air-cooled heat sink will have a value of Oh = 4°C/W. 

dh can be determined for a given collector dissipation and ambient tem-

perature by measuring the mounting base temperature 

Tmounttng base —Tambient ° 
(h~ — — Ot C/W 

Pa 
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HIGH FRE6IUENCY 
POWER TRANSISTOR OC24 

The following example illustrates the temperatures which occur at various 
points on the transistor at pc = 4W, T~uncston = 90°C, Oh = 4.0°C(W 
with mica insulation. 

junction temperature 
Mounting base 

temperature 
Chassis (heat sink) 

temperature 

Ambinet temperature 

= 90°C 

= 90—(4 x 3.0) = 78°C 

The suitability of any design can be checked by measuring with a thermo-

couple the mounting base temperature of the transistor operating at the 

selected collector dissipation and maximum ambient temperature. The 
point defined by the mounting base temperature and the total dissipation 
roust lie belcw the line on the graph on page Cl6which results in 
T)unc+r°~ <90°C. If the point lies above the line the design is inadmissible 
and the dissipation must be reduced or the Beat sink improved. The selected 
total dissipation should be the maximum attained by any transistor in 
the design being checked. 

2. Transistors may be soldered directly into the circuit but the heat con-
ducted to the junction should be kept to a minimum by the use of a thermal 
shunt. 

3. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seco~~ds up to a point 5mm from the seal. 

MECHANICAL DATA 

Weight 0.7 oz 
20 g 

Dimensions —see page D8 

Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor bolted down on a plane surface. The thermal 

resistance may be reduced by a thin film of grease between the contacting 

surfaces. 

ACCESSORIES 

Accessories must be specifically ordered. 

Accessory Code No. Notes 

2 insulating bushes 56201a Obtainable in packs for 

-"~ 1 mica washer 56201 b 10 or 100 transistors. 

Set of 2 bushes, 56201 Obtainable as a complete 
1 washer set for one transistor. 

l 
Ml`ullaJrJd 

V 
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HIGH FRE6IUENCY 
POWER TRANSISTOR OC24 
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HIGH FRE6IUENCY 
POWER TRANSISTOR OC24 
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HIGH FRE6ZUENCY 
POWER TRANSISTOR OC24 
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JUNCTION TRANSISTOR 
Power Junction transistor of the p-n-p alloy type for general 
purpose industrial applications. 

OC25 

PRELIMINARY DATA 

ABSOLUTE MAXIMUM RATINGS 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
V°b max. (le=OA) —40 
Vee max. (1e=0.5A) —40 
Vie max. (1e=3.OA) —40 

Collector current 

ie(pkl max. 
*I~ max. 

Emitter current 
ie(pk ) max. 

*l e max. 

V 
V 
V 

4.0 A 
4.0 A 

4.0 A 
4.0 A 

Reverse emitter-base voltage 
~eb(pk) max. —10 

*Veb max. —10 V 
V 

Base current 

ib(pk) max. 500 mA 
*Ib max. 500 mA 

*Averaged over any 20ms period. 

Total dissipation at T,,,o°n~ing base <45°C 22.5 W 

Temperature ratings 
Storage temperature —55 to +75 °C 
Maximum junction temperature 

Continuous operation 90 °C 
$Intermittent operation 

(total duration=200 hours max.) 100 °C 
Junction temperature rise above 

mounting base, 0~_„~b 2.0 °C/W 

$Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 

For full information on calculating junction temperature see operating 
notes, pages D2 and D3. 
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oc~s JUNCTION TRANSISTOR 

CHARACTERISTICS at Tmoutning ba„+= 25°C 

Grounded base 

Typical production spread 
Min. Typ. Max. 

Collector leakage current Iro 
(Vcb=-500mV, Ic=OmA) — 100 µA 

Grounded emitter 
Base input voltage Vbc 

(Veb=OV, Ic=1A) — — —750 mV 
(Vcb=OV, Ic=4A) — — —1.5 V 

LARGE SIGNAL CHARACTERISTICS 
Ic— 

ICO Current factor amplification z'— 
Ib+Ico 

(Vice=-1 V, Ic=1A) 15 80 

(Vice=-1 V, Ic=4A) 12 50 

OPERATING NOTES 
1. Dissipation and heat sink considerations, 

The maximum total dissipation (pt°~ max.=(Vice x I c)+(Vt,c x I b) is given by 
the relationship: 

em+ ei+ 8h
Where 6m~-6;+6e is equal to the junction temperature rise per watt above 
ambient. 
The various components of the rise of junction temperature above ambient 
are illustrated below: 

e„ 

ptot max. _ TJuncllon max. — Tambient 

Junction temperature 

Mounting base temperature 

Chassis (heat sink) temperature 

Ambient temperature 

"With mica insulation. 
tMounted directly on to a chassis with thin film of silicone grease between 
contacting surfaces. 
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JUNCTION TRANSISTOR 
ocis 

tit, depends on the cooling conditions under which the transistor is used i.e., 
dimensions, position and surface conditions of heat sink, etc.; a good 
air-cooled heat sink will have an approximate value of 8t,=2.2°C/W. 
(7in x Tin x 1/16in blackened aluminium). 

6t, can be determined for a given total dissipation and ambient temper-
ature by measuring the mounting base temperature. 

Tmounting base — Tambient 
©h 

= 

ei 

ptot 

The following example illustrates the temperatures which occur at various 
points on the transistor at ptot=BW, Tlunetton=90 °C 8b=2.2°C/W. 

Transistor with mica insulation 
Junction temperature = 90°C 
Mounting base temperature = 90—(8x 2.0) = 74°C 
Chassis (heat sink) temperature= 74—(8x0.5) = 70°C 
Ambient temperature = 70—(8x 2.2) = 52.4°C 

The suitability of any design can be checked by measuring with a thermo-
couple the mounting base temperature of the transistor operating at the 
selected collector dissipation and maximum ambient temperature. The 
point defined by the mounting base temperature and the total dissipation 
must lie below the line of the curve on page C1 which results in Tjnnetion 

<90°C. If the point lies above the line the design is inadmissible and 
the dissipation must be reduced or the heat sink impoved. The selected 
total dissipation should be the maximum attained by any transistor in the 
design being checked. 

2. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 2mm from the seal. 

3. Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor bolted down on a plane surface. 

ACCESSORIES 
Accessories must be specifically ordered. 

Accessory Code No, Notes 
2 insulating bushes 56201a Obtainable in packs for 
1 mica washer 56201 b 10 or 100 transistors. 
1 metal washer 56214 
Set of 2 insulating bushes 56201 Obtainable as complete 
1 mica washer set for one transistor. 
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ocis JUNCTION TRANSISTOR 

4.120.1 

16.910.25 

L~ 30.1± 0.2 

Transistor 

10.9 26.2 
10.25 max. 

Mica washer 

Metal washer 

4.2 
''-O.2 

6.O 301 6.O 
±0.2 ±p.2 ±O.2

20.3 max 

I f I 

7.O 
3.15 max. 

±0.25

12#O 
±I.O 

1.00 
+O.p~ 

4.-
 39.5 max—~ 

0.127 

Insulating bush 

3.5 4.5 

3.90'0.05 
3.10*0.05 

Ali dim¢nsions in mm 
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OC25 JUNCTION TRANSISTOR 

ICBO 
(mA) 

10 

10 

OI 

O.01 

OC25 8761 

25 45 65 85 Tj (°C ) 

VARIATION OF LEAKAGE CURRENT WITH JUNCTION TEMPERATURE 

~./ 
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P-N-P GERMANIUM 
JUNCTION TRANSISTOR OC26 

,-7
~~ ~ ; 

Power junction transistor of the p-n-p alloy type intended for use in output 
stages of car radio receivers. 

QUICK REFERENCE 

-VCB max. (Z BE<200Stj 

-VCE max. (Z BE<200S1) 

-VEB max. 

-IC max. 

-IB max. 

Ptot 
max. (Tmb575oC) 

T, max. 

hFE 
(-VCE-14V, -IC =30mA 

(-VCE =1.OV, -IC =1. 

Pout typ' 
(-VCC-14V, -~=0.5~~' L =29Slj 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 39 
J.E.D TO-3 

Collector electrically connected 

to the envelope 

2-2 

32 V 

16 V 

10 V 

3.5 A 

0.5 A 

12.5 W 

90 oC 

20 - 80 

20 - 60 

3.2 W 
.'~ 

Millimetres 

A 16.9 typ. 

26.6 max. 

C 10.9typ. 

D 30.1 typ. 

E 4.0 to 4.2 

F 20.3 max. 

G 3.15 typ. 

H 10.4 max. 

J 9.5 typ. 

K 39.5 max. 

L 1.0 typ. 

NOVEMBER 1968 





JUNCTION TRANSISTORS 
OC28 OC29 
OC35 OC36 

QUICK REFERENCE DATA 

Power junction transistors of the p-n-p alloy type intended (or use in medium 
and high voltage and high current switching applications. Matched pairs of 

each type are available under the type number 2-OC 

OC28 OC29 OC35 OC36 
V cB max. (I E = OA) -80 -60 -60 -80 V 
VcE max. (IE = 0.5A) -60 -48 -48 -60 V 
VcE max. (IE = 6.OA) -60 -32 -32 -32 V 
hFE (Ic = 1.OA) 20-55 45-130 25-75 30-110 

Unless otherwise shown, data is applicable to all types 

ABSOLUTE MAXIMUM RATIN~CoS 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperatures must also be 
taken into account. 

Collector voltage 
OC28 OC29 OC35 OC36 

VCn max. (IE = OA) —80 —60 —60 —80 
VIE max. (IE = 0.5A) —60 —48 —48 —60 
VIE max. (IE = 6.OA) —60 —32 —32 —32 

Collector current 
I~rf max. 10 

tic~n~-i max. 

Emitter current 

8.0 

I E~z max. 12 
tIE~~~ ~ max. 9.0 

Reverse emitter-base 
voltage 
VET max. (I~ = OA) —40 —20 —20 —40 

Base current 
I~;~f max. 2.0 

th;tnv> max. 1.0 

Total Dissipation at Tcase ~ 45'C 30 

T; max—Tca=e 
Pt „~. Tcase > 45`C max. _ 

~i —case 

tAveraged over any 20ms period. 

V 
V 
V 

A 
A 

A 
A 

A 
A 

W 
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ocia 
Series 

JUNCTION TRANSISTORS 

Temperature ratings 
Ts~g max. 75 °C 
Tats min. —55 °C 
Tj max. (Continuous operation) 90 °C 

$Tj max. (Intermittent operation total duration 200 hours) 100 °C 
(jj_case max. 1.5 °C/W 
Oease—heat sink max. (when mounted with metal washer 

0.127mm thick and with mica washer) 0.5 °C/W 

$Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 

CHARACTERISTICS at Tcase = 25°C 
Typical production spread 

Common base Min. Typ. Max. 
Collector leakage current Icso 

(VcB = —500mV, IE = OmA) — — 100 µA 
(VcE _ —14V, IE = OrnA, 

Tcase = 100°C) — — 20 mA 
(VcB = —60V, IE = OmA, 

Tcase = 100°C) OC29, OC35 — 8.5 30 mAf--

(VCB = —80V, IE = OmA 
Tcase = 100°C) OC28, OC36 — 12 30 mA<—

Emitter cut-off voltage 
(VcB = —48V, IE = OmA, 

Tcase = 100°C) VEB — — —500 mVE--

Common emitter 
Collector knee voltage at 

IC = 6A (see Fig. 1) 

Ic
(A~ 

6.O 

VcE(kn¢¢) 

VCE(knee) 

Fig. i 

— —0.5 —1.0 

Vc CV) 

V 

DECEMBER 1963 
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JUNCTION TRANSISTORS 0 C28 
Series 

OC28 OC29 OC35 OC36 

Base current I B min. max. min. max. min. max. min. max. 

(Vcg = OV, IE = 1A) 17.5 50 7.2 21.5 13 38 9 33 mA 

(Vcg = OV, IE = 6A) 190 375 73 165 130 285 90 285 mA 

Base input voltage VgE

(Vcg = OV,IE = 1A) F—  800  mV 

(Vcg = OV, IE = 6A) -0.6 -1.6 — -1.6 -0.4 -1.4 — -1.6 V 

Current amplification 
factor h F~E

(VcE _ -14V, Ic = 30mA) zo — — — —

(VCE _ -1 V, IC = 1A) 20 55 45 130 25 75 30 110 

(VcE _ -1 V, Ic = 6A) 15 30 35 80 20 45 20 65 

BASIC PARAMETERS 

Cut-off frequency 

fh[b — 250 — kcJs 

Collector depletion capacitance 

(Vcg = -12V, IE = OmA) c« — 160 — pF 

Emitter depletion capacitance 

cte — 165 — pF 

Time constant, current feed P 
w1 

(VcE _ -4V, ICM = 1A) — 45 70 p.s 

(VCE _ -4V, IcM = 6A) — 30 50 µs 

Denaturation time constant 

(VcE = OV, IgM = 50mA) — 30 50 µs 
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ocZs 
Series 

JUNCTION TRANSISTORS 

Typical operation in on-off power switching circuit 

i

T 

~<c 

D.C. supply 
voltage Vcc 14 zs v 

.~ r-J  ~ 
RL 14 2.3 

Ic~i 1.0 6.0 

28 

1.0 

~ 

4.7 

6.0 

Load resistance 
peak collector 

current A 

~~~ i 
OC29 OC35 OC29 OC35 

i ~ 
OC28 OC36 

~~~ 
OC28 OC36 

'Turn On' 
base current Is 35 55 260 400 70 50 480 400 mA 

'Reverse' 
base current IEg 8.7 13.7 65 100 17.5 12.5 120 100 mA 

Switching times 
Rise time tr 20 zo 20 20 µs 

Storage time is 15 15 15 15 µs 

Fall time 

Rise time 

tr 40 35 

hFE I IB ~ 

40 35 µs 

tr = W1IOgehFE ~ Is ~ — ~ IcM 

I I 

loge~l+hFE 
Fall time L1 = ~ 

ICIBR ~ J 

Storage time i s = Ts loge) 
IcMll+ 

hFE + I IBR 

~ IEx I 
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JUNCTION TRANSISTORS ocza 
5.riez 

CHARACTERISTICS OF MATCHED PAIR 
(measured at T~.a ~ = 25`C) 

Ratio of the current amplification factors of the two transistors 

at VCS = OV, I~ = 300mA 1.2 : 1 
VcH = OV, I~ = 6A 1.2 : 1 

Difference between the base-emitter voltages of the two transistors 
at Vin = —14V, I~ = 30mA ~ 35 mV 

V~H = OV, I~ = 6A <300 mV 

OPERATING NOTES 

1. Dissipation and heat sink considerations 
The maximum total dissipation Pt„; max. _ (V~E x IC)+(V„F,x I F;), is given 
by the relationship:—

Ti max.—Tan,v P;,,~ max. — 
~m+8;+dh 

Where Bm+B;+iin is equal to 8i_amb. 
The various components of ej_amo are illustrated below: 

fli—case = 1.5°CjW 

Junction temperature 

,~ Cas¢ t¢mp¢ratur¢ 

/~ Chassis (heat sink) temperature 

eh 
Ambient temperature 

Fig. 3 

9ia2 

*When mounted with a metal washer 0.127mm thick and a mica washer, or 
with a mica washer only and silicone grease, 0; = 0.5°CjW. This value applies 
when the transistor is bolted down evenly on a flat heat sink. The metal 
washer is advantageous in taking up any irregularities in the heat sink 
surfaces. 

tWhen mounted directly on the chassis with a thin film of silicone grease 
between the contacting surfaces, H; = 0.2`C/W. This value applies when 
the transistor is bolted down evenly on a flat heat sink. 
0,, depends on the cooling conditions under which the transistor is used, 
i.e., dimensions, position and surface conditions of heat sink, etc. An air-
cooled heat sink (Tin. x Tin. x 116in. blackened aluminium) will have a 
value of 0;, = 2.2°CjW. 
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ocia 
Series 

JUNCTION TRANSISTORS 

l)i, can be determined for a given collector dissipation and ambient tempera-
ture by measuring the case temperature. 

~ Tcasc Tamb ~r°~/W
L = 

prof 

The following example illustrates the temperatures which occur at various 
points on the transistor at p~ = 10W, T; = 90`C, Ur, = 2.2°CjW. 

T;

Tcase 
Thcar S;ok 
Tamb 

= 90'C 

The suitability of any design can be checked by measuring, with a thermo-
couple, the case temperature of the transistor operating at the selected 
collector dissipation and maximum ambient temperature. The point de-
fi ned by the case temperature and the total dissipation must lie within 
the shaded area shown on the graph on page C10. If the point lies outside 
the shaded area the design is inadmissible and the dissipation must be 
reduced or the heatsink improved. The selected total dissipation should 
be the maximum attained by any transistor in the design being checked. 

2. Transistors may be soldered directly into the circuit but the hea*. conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

3. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 2mm from the seal. 

4. Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must be 
removed and the transistor bolted down on a plane surface. 

MECHANICAL DATA 

Dimensions —see page D8. 

Average weight 

ACCESSORIES 

J 0.66 oz 
X18.6 g 

Accessories must be specifically ordered. 
Accessory Code No. Notes 

2 insulating bushes 56201a Obtainable in packs for 
1 mica washer 56201b 10 or 100 transistors. 
1 metal washer 56214 

Set of 2 insulating bushes 56201 Obtainable as complete 
1 mica washer set for one transistor. 

F 
`~ 

\~ 
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JUNCTION TRANSISTORS o cgs 
Series 

4•I±O•I 

r 

16.9±0.25 

L~ 30•I± O.2 

45 

6.O 
±0.2 

30 I 
30.2 

5.O 
-`O.2 

Transistor 

10.9 26.2 
30.25 max. 

20.3 max 

I 

.+ 7.0 
3.15 max. 
±0.25 

39.5 max —~ 

12}0 
±I.p 

i 

Mica washer 

3.5 O.05 

5.O 

Metal washer 

4.2 
*O.2 

0.127 

10.9  ~ ~. 
'O.2 -~ 

60 
+O.2 

Insu sting bush 

i j ~3 5 

75 

~` 

3.90*O.05 
3.10±0.05 

All dimensions in mm 
C>~ 
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~UNCTIQN TRANSISTORS ~ C28 
Series 

Ic

(A) 

5 

4 

3 

2 

O 

OC28 
9331 

~~  I B=240mA 
Common amittar 

  220mA T~ - 45`C 

~~ 

...rte 

~ ~

200mA 

I I 

L_L_L_L~ 

r 

ISOmA 

160mA 

J  
40mA 

 — 120mA 

IOOmA 

80mA 

60mA 

40mA 

20mA 

-10 -20 -30 V~E (V) 

OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER 

JUNE 1962 

f~l 
M`a`llaJr~d 

V 
Pate Ct 



ocZ~ 
Series 

JUNCTION TRANSISTORS 

IC 

CA) 

5 

~C29 
9390 

1 
IB =100mA Common ¢mitt¢r 

1 1 
T~ =45°C 

90mA I I 

4 

80mA 

70mA 

60mA 

1 
SOmA 

~~ 
3 

40mA 

30mA 
2 

I 

20mA 

0 

IOmA 

O -10 -20 -30 VCe (V) 

OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER 
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JUNCTION TRANSISTORS ocza 
Series 

mA 

9386 

-10 - 20 -30 VIE (V) 

OUTPUT CHARACTERISTIC FOR OC35. COMMON EMITTER 

JUNE 1962 
~ Mullard 
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0 C28 
Series 

JUNCTION TRANSISTORS 

5 

4 

3 

2 

I 

0 

I 

~~

I OC36 9389 

IB = 150mA 

L I40mA 

f 

130mA 

120mA ~ 

110 mA 

I 

Common amittar 

I I 
T~ =45°C 

IOOmA 

i 
90mA 

80mA 

I 
70mA 

 vr-

1

60mA 

50mA 

40mA — 

30mA 

i

.. 20mA 

I I I
IOmA 

O -10 - 20 -30 V~E (V) 

OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER 
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JUNCTION TRANSISTORS o c2$ 
Series 
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Series 

JUNCTION TRANSISTORS 

VEB 
max 
(rrN) 

500 

400 

300 

vE8 

max 
(mv) 

500 

400 

300 

OC28 84216 

I
VIE - -60V 

O 25 50 75 T~ (°C) 

OC29,OC35,OC36 

I l
VIE _- 48V 

O 2 5 5 0 7 5 Tj(°C) 

VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE WITH 

JUNCTION TEMPERATURE 
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JUNCTION TRANSISTORS ocZ$ 
Series 
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conditions of base 
drive. 

~~ 

L ~ ~ ~ 

1111111111111111111 
For op¢rat'on n th's rag on 
th¢ c rcuit must ba capobla 
of providing rav¢rsa 
currant bias. 

O -20 -40 -60 -80 V~E(V 

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC28 

DECEMBER 1964 PaQa C7 



o c28 
Series 

JUNCTION TRANSISTORS 

70 

oc2a 
OC35 

s•o 

6.O 

40 

20 

0 

w 
f 

Permissible area of 
operation under all 
conditions of basa 

  drive. 

~!I
 — For operation In this regbn 
 -- th¢ circuit must re capabN 

- of providing reverse 
current bias. 

0 -20 -40 -60 -80 V~E(V) 

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC29, OC35 
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JUNCTION TRANSISTORS 0 C28 
Series 

10 

8.0 

6.0 

4.0 

20 

OC 36 

Permissible crag of 
operation under all 
conditions of base 
drive. 

~~

B36~4 

For operation in this region 
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JUNCTION TRANSISTORS 
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P-N-P GERMANIUM 
JUNCTION TRANSISTOR 

Medium power junction transistor of the p-n-p 
in output stages and switching circuits. 

QUICK REFERENCE DAT 

-VCB max. (ZBE~500S1) (/ f'Y~ V 

-VCE max. (ZBE ~500S2j \ ~`/ x6 V 

-VEB max. /~ \_ ~10 V 

-IC max. ~ 

-IB max. 

Ptot 
max. (Tmb=25 C) 

T • max. 
J 

hFE tYp• 
(-VCE=14V, -IC =10mA) 

(-VCE = 7V, -IC =100 

(-VCE =1V, -IC =8 

fhfetYP. 
(-VCE =7V, -IC =^0 

OC30 

ntended for use 

OUTLINE AND DIMENSIONS 

30 

14.3 

ated 

All dimensions in millimetres 

1.4 A 

0.25 A 

6.7 W 

75 oC 

32 

36 

z 

3~5 

NOVEMBER 1968 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type intended 
for industrial switching applications. 

Ot41 

ABSOLUTE MAXIMUM RATINGS 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
V~b max. (IQ = OmA) 
V,.,. max. (+Vb,, 300mV) 

—16 
—15 

Collector current 

icip)~) max. 150 mA 
*I~ max. 50 mA 

Emitter current 

~e(pk) max. 150 mA 
*le max. 50 mA 

Reverse emitter-base voltage 
V,.,, max. (I,. = OmA) —12 V 

Base current 

ib(pk) max. 125 mA 
*Ib max. 15 mA 

Total dissipation 
( Tiunctiou maX. — Tsmbient
Ì p,,,t max. _ e 

See page C4 

Temperature ratings 

Storage temperature limits —55 to +75 °C 
Maximum junction temperature 

Continuous operation 75 °C 
Intermittent operation 

(total duration = 200 hours max.) 90 °C 
Junction temperature rise above ambient 

with transistor in free air, 0 
Without cooling clip 0.6 'C/mW 
With type 'a' or extended type `b' 

cooling clip (see outline drawing and 
page D4) 0.5 °C/mW 

With standard cooling clip type `b' on 
a heat sink 3.Scm x 3.5cm 16s.w.g. 
aluminium 0.45 °CImW 

*Averaged over any 20ms period. 

MARCH 7961 (1) Pasa Dt 



ocai JUNCTION TRANSISTOR 

CHARACTERISTICS at Tamnienc = 25°C 

Grounded base 
Collector leakage current 

(Veb = —15V, IQ = OmA, 

Typical production spreads 
Min. Typ. Max. 

~r 

Tamuient = 60°C) le° — 10 30 µA 

Emitter leakage current 
(Veb = —12V, le = OmA) Imo, — 2.0 10 µA 

Grounded emitter 
Collector leakage current with 

reversed bias on base I,;°°
(Vee = —15V, Vbe = -f-500mV) — 2.0 10 µA 
(Vice = —15V, Vbe = -F 500mV, 

Tambient = 60°C) — 10 30 uA 

Collector knee voltage at 
le = 50mA (see fig. 1) Vc(xnee) —200 — m V 

Collector bottoming voltage Vee
(le = 10mA, Ib = 600µA) —40 —70 —140 mV 

(le = 50mA, Ib = 3mA) ~i0 —100 —200 mY 

(le = 125mA, I t, = 14mA) —60 —120 —280 mV 

le — leo Current factor amplification &' = 
Ib+ Ico 

(Veb = OV, le = 10mA} 20 40 90 
(Veb = OV, le = 50mA) 20 35 80 

(Veb = OV, i,,~t,k~ = 125mA) 10 25 60 

Io
(mA) 

50 

V~(knee) 

Flg. l 

V~(V) 

Isa~zJ .~ 

MARCH 1961 (1) Page D2 



JUNCTION TRANSISTOR ocai 

BASIC PARAMETERS 

Collector depletion capacitance 
(Veb = —6V) 

Typical productions spreads 
Min. Typ. Max. 

~c(dep) — 9.0 14 pF 

Typical parameters for pulse operation 

Large signal cut-off frequency 
(see fig. 2) ~1 3.0 4.0 — Mc~s 

On demand current gain p9 
(ic(nk) = SmA, v~~(nk) _ —5V, 

v~eiPk) _ —200mV) 

(~rcnk) = 10mA, vice(Pk) _ —10V, 
v~ecnk~ _ —200mV) 

Desaturation time constant 

10 

15 

25 

30 

—

—

(I~ = 50mA) Tg 

Current drive time constant Tc 
a' 

Tc = —
W1 

(ie(nk1 = 10mA, v~ecnk> _ —750mV) 

0.4 

0.5 

1.0 

1.5 

1.7 

3.0 

µs 

µs 
(i~(Pk~ = 125mA, v~clPk) _ —750mV) 

Voltage drive time constant 
(i~ink ~ = 1 mA, vco(nk) _ —1.5V) Tv 

*Figure of merit 
ml
rob• 

0.3 

50 

1.3 2.8 

100 150 

0.4x106

µs 

ns 

rad/S2 

*The value of W '  is the reciprocal of the product of re and the voltage 
r hb-

drive time constant, Tv 

MEASUREMENT OF f, 

[ED 

T 
i c(pk)=10mA 

OC41 or OC42 
under test 

ib(Pk) 

4V 

OV 

f~ = 
io(Pk) 

where Ob=charge into base 2 R Ob 
= ib(pk) x duration of base current 

pulse. 
Fig. 2 

OCTOBER 1964 Pate D3 



OC41 JUNCTION TRANSISTOR 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-sdldered at a solder temperature of 245'C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

COOLING CLIPS 

Type 'a' 

Intended for operation in free air and not recommended for bolting on to 
a heat sink. 

Type `b' 

Extended version.—Intended for operation in free air but may be bolted 

on to such materials as paxolin without deterioration in the thermal 

resistance. 

Standard version.—Intended to be bolted on to a heat sink. 

ACCESSORIES 

Accessory Code No. Notes 

Cooling clip type 'a' 56209 Must be 
Cooling clip type 'b' specifically 

standard version 56210 ordered 

The extended version of the cooling clip type 'b' is not supplied by 
Mullard Limited. 

OCTOBER 1964 Page D4 
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OC41 JUNCTION TRANSISTOR 

3.3 y 
7.5+j 

I 
I 

I 
_ 2O-~i 
Standard clip 

r 30 

5.7'_ •os 

Typical cooling clips 
Extended clip 

Type ~b' 

Material ~O~5mm copper strip commercial half-hard BS899 

83377 

Dot 

5 g~os 
► ~--

x 
0 
E 

Dot 
  ~` i r 

I.5max~ 

~ i 
d ~ 
C 

All dimensions in mm ~~1  ~• ~ 

Diameter of 
leads 0~4 

O.85 ► f 

i 
2•I.f 
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JUNCTION TRANSISTOR OC41 
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(mA) 

100 
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OC41 

I 
Grounded emitter 

I
V~b= OV 

6061 

E 

E 

0 

d 
0 

Q 

1 i i i 

-250 -500 

/~

-750 Vbe(mV) 

SPREAD OF BASE-EMITTER VOLTAGE PLOTTED AGAINST COLLECTOR 
CURRENT 
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OC41 
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F 

1 

2 

JUNCTION TRANSISTOR 

Grounded emitter 

I I 

4 6 

i

I b(mA ) 

SPREAD OF TRANSFER CHARACTERISTIC 

JUNE 1960 (1) Pate C2 



JUNCTION TRANSISTOR OC41 

Ico 
ICOO 

(}~A) 

100 

30 

10 

3.0 

I.0 

   OC41  

I 

  I co at Vcb =-15V 

  Icooat VCe =-15V 
Vbe =+500 mV 

6890 

~~1~~11~~~~11~~1~~~~~~~~1 `~.~11 1~~11~ 

11111111111111111111111111.E%11 
~~~~~~~~~~~~~~~~~jj~i~~l~~~~ 

'  ' 

20 40 60 Tambient~'C~ 

COLLECTOR LEAKAGE CURRENT AND COLLECTOR LEAKAGE CURRENT 
WITH REVERSED BIAS ON THE BASE PLOTTED AGAINST AMBIENT 

TEMPERATURE 

JUNE 1960 (1) Page C3 



OC41 JUNCTION TRANSISTOR 
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JUNCTION TR/#NSISTOR 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type intended 
for industrial switching applications. 

OC42 

ABSOLUTE MAXIMUM RATINGS 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 

V,.,, max. (I,. = OmA) —16 V 
V,.,. max. (+V,,,. 300mV) —15 V 

Collector current 

ie(pkl max. 150 mA 
*I,. max. 50 mA 

Emitter current 

i,.~~,ki max. 150 mA 
*I,. max. 50 mA 

Reverse emitter-base voltage 
V,.,, max. (I,. = OmA) —12 V 

Base current 

ii,~~,k ~ max. 125 mA 
*h, max. 15 mA 

Total dissipation See page C4 

Tjuneti„❑ max. — Tambieut I p,,,~ max. =  
B 

Temperature ratings 

Storage temperature limits —55 to +75 C 
Maximum junction temperature 

Continuous operation 75 C 
Intermittent operation 

(total duration = 200 hours max.) 90 C 
Junction temperature rise above ambient 

with transistor in free air, Q 
Without cooling clip 0.6 C; mW 
With type `a' or extended type 'b' 

cooling clip (see outline drawing and 
page D4) 0.5 'CjmW 

With standard cooling clip type 'b' 
on a heat sink 3.Scm x 3.5cm 16s.w.g. 
aluminium 0.45 °C~mW 

*Averaged over any 20ms period. 

MARCH 1961 (1) Page D1 



OC42 JUNCTION TRANSISTOR 

CHARACTERISTICS at Tambient = 25°C 

Grounded base 

Collector leakage current 
(Veb = —15V, le = OmA, 

Tambient = 60°C) 

Emitter leakage current 
(Veb = —12V, le = OmA) 

Grounded emitter 
Collector leakage current with 

reversed bias on base le°°
(Vee = —15V, Vbe = ~-500mV) 
(Vee = —15V, Vbe = ~- 500mV, 

Tambient = 60°C) 

Collector knee voltage at 
le = 50mA (see fig. 1) Vc(knee; 

Collector bottoming voltage V,.°
(le = IOmA, Ib = 300µA) 
(le = 50mA, Ib = 1.5mA) 
(le = 125mA, Ib = 7mA) 

Current amplification factor x' — I° — I°°
Ib+ Ico 

(Veb = OV, le = 10mA) 
(Veb = OV, le = 50mA) 
(Veb = OV, icrr,r:J = 125mA) 

50 

le„ 

IPO 

Typical production spreads 
Min. Typ. Max. 

— 10 30 µA 

— 2.0 10 µA 

— 2.0 10 µA 

— 10 30 µA 

— —200 — m Y 

—40 —70 —140 mV 

—60 —100 —200 m V 
—60 —120 —280 mV 

40 80 
40 70 
20 50 

V~(knee) 

Flg. l 

MARCH 1961 (1) 
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JUNCTION TRANSISTOR ocai 

BASIC PARAMETERS 
Typical production spreads 
Min. Typ. Max. 

Collector depletion capacitance 
(Veb = —6V) cb(dep) — 9.0 14 pF 

Typical parameters for pulse operation 

large signal cut-off frequency 
(see fig. 2) f~ 5.5 7.0 — Mc~s 

On demand current gain (3, 
(ic(Pk) = SmA, vcccnk) _ —5V, 

vee(Pk) _ —200mV) 10 30 —
(~c(pk) = 10mA, vice(Pk) _ —10V, 

vice(nk) _ —200mV) 15 40 —

Desaturation time constant 
(Ib = 50mA) Ty 0.2 0.7 1.7 µs 

Current drive time constant -„ 
«' 

Tc = —
iul 

(ib(pk) = 10mA, v~e(Pk) _ —750mV) 0.3 L2 2.5 µs 
(ib(Pk) = 125mA, v~erPk) _ —750mV) 0.3 1.0 2.0 ps 

Voltage drive time constant 
(i~(Pk) = 1 mA, voe(nk) _ —1.5V) T~ 20 70 130 ns 

*Figure of merit 
ml

rbb' 
0.57 x 106 rad/S2 

*The value of 
wl 

is the reciprocal of the product of re and the voltage 
rbb' 

drive time constant, T~-

MEASUREMENT OF f, 

ic(pk) 

161931

T 
ic(pk)=10mA 

i b(pk) 

zon 

—0 4V 

OC41 or OC42 
under test 

OV 

fi = 
~c(Pk) 

where Ob =charge into base 
2ilOb 

=ib(pk) x durotioi, of base current 
pulse. 

`ig. 2 
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OC42 JUNCTION TRANSISTOR 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245'C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115 C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

COOLING CLIPS 

Type 'a' 

Intended for operation in free air and not recommended for bolting on to 

a heat sink. 

Type 'b' 

Extended version.—Intended for operation in free air but may be bolted 

on to such materials as paxolin without deterioration in the thermal 

resistance. 

Standard version.—Intended to be bolted on to a heat sink. 

ACCESSORIES 

Accessory 

Cooling clip type `a' 
Cooling clip type 'b' 

standard version 

Code No. 
56209 

56210 

Notes 

Must be 
specifically 

ordered 

The extended version of the cooling clip type 'b' is not supplied by 

Mullard Limited. 

E -

OCTOBER 1964 Paee D4 



JUNCTION TRANSISTOR OC42 

leoaa~

r 30 

Type'a' 

3~3 

7 5+1 

L—

f  -

20--- -~+ 
Standard clip 

30 

5.7'_ •os 

Typical cooling clips 
Extended clip 

Type ~b~ 

Material~O~Smm copper strip commercial half-hard 85899 

b 

~83377I 

Dot 

Diameter of 
leads 0~4 

All dimensions in mm 

5. g ±o•s 
.. 

x 
0 
E 
r 

Dot 

~ ' ' !I ~I.5max~ 

085 ~~ 
i 2•I. 
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JUNCTION TitANSfSTOR OC42 
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JUNCTION TRANSISTOR OC42 

Ico 
Icon 
(}~A) 

100 

30 

10 

3.0 

I.0 

OC42 

I I t I 
I co at Vcb=-15V 
Ic000t Vice =-15V 

Vb¢=+500mV 

6890 

I 
J~ 

i 

20 40 60 Tambi¢nt~'C ~ 

COLLECTOR LEAKAGE CURRENT AND COLLECTOR LEAKAGE CURRENT 
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OC42 JUNCTION TRANSISTOR 
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JUNCTION TRANSISTOR OC42 
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JUNCTION TRANSISTOR OC43 

function transistor of the p-n-p alloy type intended for 
industrial switching applications. 

ABSOLUTE MAXIMUM RATINGS (limiting values) 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating cohditions, variations in supply 
voltages, component tolerances and ambient temperatures must also be 
taken into account. 

Collector voltage 
V,.,, max. (IP=OmA) -15 V 
V,.,. max. (+V~,,,>500mV) -15 V 

Collector current 
i~.~~ti~ max. 150 mA 

'*I,, max. 50 mA 

Emitter current 
i N~„tip max. 150 mA 

*I,, max. 50 mA 

Reverse emitter-base voltage 
V,.,, max. (I~=OmA) 

Base current 
i,,,~,i; ~ max. 

*I„ max. 

-12 V 

125 mA 
15 mA 

Temperature ratings 
Storage temperature limits -55 to +75 °C 
Maximum junction temperature 

Continuous operation 75 °C 
Intermittent operation 
(total duration=200 hours max.) 90 °C 

Junction temperature rise above 
ambient with transistor in free air, II 
Without cooling clip 0.6 °C/mW 
With type 'a' or extended type 'b' 
cooling clip (see outline drawing and page D3) 0.5 °C/mW 
With standard cooling clip type `b' 
on a heat sink 3.Scm x 3.5cm 16 s.w.g. 
aluminium 0.45 °C/mW 

*Averaged over any 20ms period 

OCTOBER 1964 Pa;e D1 



CHARACTERIST{CS at Tsmbtent=25°C 

Grounded base 
Collector leakage current Ico 

Typical production spreads 
Min. Typ. Max. 

2.0 10 
(Veb=-15V, IQ=0mA, 

Tambtent = 60°C) 10 30 

Emitter leakage current 
(Veb=-12V, IQ=0mA, 

TJunction= 25°C) leo 1.5 10 E~ 

Grounded emitter 

Collector current with 
reversed bias nn base 
(Vee=-15V, Vbe=+500mV) Icon — 2.0 10 

Collector bottoming voltage 
(ieipk~=125mA, Ib=7mA) Vice —60 —120 —280 mV 

Base input voltage 
(V~b=OV, I~=50mA) 

Current amplification factor «'— 

Vbe
le — le°

— —360 — mV 

 ib 'f' icu 

(Vcb=OV, Ic=50mA) 50 100 200 

(Ven=OV, ir.~pk~=150mA) 30 60 120 

BASIC PARAMETERS 
Measured atVe=-6V, IQ=1mA, 

T7unetion 
=15°C 

*re 25 — G 
rmr 120 — II

ce(aen) (le=0mA) — 9.0 14 pF 

*The value of re given here is 
qT 

• IQ ^~ T 
,where IQ is in mA and T is in. °K. 
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JUNCTION TRANSISTOR OC43 

Typical parameters for pulse operation 
Typical production spreads 

Min. 7yp. Max. 
Current amplification 

cut-off frequency at 
V,,P=-6V, 1,.=1mA ( ~«'~ =1) f~ 12 18 — Mc/s 

On demand current gain (j, 

(i~( vki=SmA, ~er(nk~=-5V, 

v~P(nk~=
-200mV) 20 60 

(4~ink~=lOmA, vicetakl= -10V,
vice~nk~=-200mV) 25 75 

Desaturation time constant 

Current drive time constant 
CC '  ~r 

Tc 
= 

C,» 

(i,.inx~=lOmA, vrP(ntii= -750mV) 

(i~ink1=125mA, vrPl„F~=-750mV) 

tFigure of merit w~ 

rmr 

1.2 2.5 µs 

0.75 1.5 lcs 

0.7 x 10f rad/S2 

tThe value of —`' I is the reciprocal of the product of r~. and the voltage drive 
n, ~r 

time constant, ~~. 

SOLDERING AND WIRING RECOMMENDATIONS 
1. When using a soldering iron, transistors may be soldered directly into the 

circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245 C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115'C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

COOLING CLIPS 
Type 'a' Intended for operation in free air and not recommended for bolting 

on to a heat sink. 

Type 'b' Extended version. Intended for operation in free air but may be 
bolted on to such materials as paxolin without deterioration in the 
thermal resistance. 

Standard version. Intended to be bolted on to a heat sink. 

M 
M 
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ACCESSORIES 
Accessory 

Cooling clip type `a' 
Cooling clip type `b' 

standard version 

Code No. 
56209 

56210 

Notes 
Must be 

specifically 
ordered 

The extended version of the cooling clip;type'b' is not supplied by Mullard Ltd. 

180441 

30 

I5 

5.~ + .o s 

t 

IS 

Type 'a~ 

t• 

33 I" 5~ 

•~ 20 
Standard clip 

30 

5.7*_ •os 

Typical cooling clips 

I 

I 
I 

I 
J 

Extended clip 

Type'b' 

Material 05mm copper strip commercial half-hard BS899 

b 

183377 

5 g +o•s 
►I

Dot 

Diameter of 
leads 0.4 

Al l dimensions in mm ~1 1 
O.85 ► ~r 

y 2•I+ 

x 
0 
E 
r` 

Dot 
~  ~ 1 
Ibmax ~ 

c c 
>_ 

L 
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JUNCTION TRANSISTOR OC43 
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Typical production spread 
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JUNCTION TRANSISTOR OC43 
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JUNCTION TRANSISTOR OC43 

Ico 
Icoo 
(}IA) 

100 
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OC43 6890 
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I co at Vcb =-15V 
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COLLECTOR LEAKAGE CURRENT AND COLLECTOR LEAKAGE CURRENT 
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R.F. JUNCTION TRANSISTOR 

R.F. junction transistor of the p-n-p alloy type in all-glass 
construction intended for use in converters and mixer-
oscillotor circuits. 

OC44 

ABSOLUTE MAXIMUM RATINGS (limiting values) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
Grounded base 

`/enlPk) max. 
*Vcniav) max. 

Vcn(a.c.~ max. 

Grounded emitter 
vice(pxi max. 

*Viceiavi max. 
Viceta.c.) max. 

—15 V 
—10 V 
—10 V 

—15 V 
—10 V 
—10 V 

These figures apply with an external base-ground circuit impedance 
of less than 1ki2, or providing i-Vne>300mV (i.e. transistor 
cut-off). 
For other values of impedance see curve on page C4. 

Collector current 
iclBk) max. 

*Ic max. 

Emitter current 
i ecpk ~ max. 

*le max. 

10 mA 
5.0 mA 

10 mA 
5.0 mA 

Reverse emitter-base voltage 
venrP~l max. 12 V 

*Vencae) max. 8.0 V 
Venla.c.~ max. 8.0 V 

Base current 
i n~pk) max. 
li, max. 1.0 mA 

Total dissipation 

(plot max. — 
Tiunction max. — Tamnientl 

(, J 

1.0 mA 

See page C5 

Temperature ratings 
Storage temperature limits —55 to -~75 C 
Maximum function temperature 

Continuous operation 75 C 
$Intermittent operation 
(total duration = 200 hours max.) 90 C 

Junction temperature rise above ambient, 8 0.7°CImW 

*Averaged over any 20ms period. 
$Likelihood of full performance of a circuit. at this temperature is also 
dependent on the type of application. 
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OC44 R.F. JUNCTION TRANSISTOR 

CHARACTERISTICS at Tjunetion = 25'C 

Grounded base Typical production spreads 
Collector leakage current Min. Typ. Max. 

(Veb = —2V, I~ = OmA) 
(Vey, _ —15V, le = OmA) 

Emitter leakage current 
(Veb = —2V, I~ = OmA) 
(Vet, _ —12V, le = OmA) 

Grounded emitter 
Collector leakage current 

Collector current with 
reversed bias on base 

Collector knee voltage at 
le = 5mA (see fig. 1) 

Collector bottoming voltage 
(le = 8mA, li, = 500N.A) 

*Base input voltage 

mA) 

I'ee

V,.,.(gn,.i., 

VI,, 

— 
— 

0.5 
— 

2.0 
10 

uA 

µA 

— 0.4 2.0 ,A 
— — 40 iAA 

— 25 75 IAA 

— 1.0 50 uA 

—80 —140 —200 mV 

—20 —45 —150 m V 

—125 —150 —185 mV 

Vice (knee) Fiq I 
— Vc¢(V) 

Iy adjusted such that I t  =6mA with Vte= - IV 
D~ 

For information on changes in characteristics with change in temperature, 
see page C6. 

*The base input voltage VbF changes by approx. —2mV~°C change in junction 
temperature. 
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R.F. JUNCTION TRANSISTOR ocaa 
SMALL SIGNAL CHARACTERISTICS at Tjnnction = 25°C 

Basic parameters 
Measured at V~ _ -6V, I~ = 1 mA 

* re 

rbL• 

Typical,production spreads 
Min. Typ. Max. 

— 25 — 
40 110 250 

S2 
S2 

~c(acp) 6.5 10 13.5 pF 

µ — 10X10-4 —
f« 7.5 15 30 Mc/s 

g~ — 39 — mA/V 

40 100 225 

*The value of re given here is 
kq 

•~ '" ~ 5~ where I~ is in mA and T is in °K. 

Equivalent circuit parameters (hybrid r, network) 

c b' c 3459 

b` indicates the int¢rnal base connection 

Measured at Vice = -(~V. IQ = 1mA 
Collector-to-base capacitance 

Base-to-emitter capacitance 

Collector-to-emitter conductance 
Collector-to-emitter resistance 
Collector-to-base conductance 
Collector-to-base resistance 

Base-to-emitter conductance 
Base-to-emitter resistance 

Internal base resistance 

Internal transconductance 

Figure of merit 

~b'c 

~b'e 

$ce 

rce 

$U' c 

rb-e

$b'e 

rb'e 

rbb' 

g*~ 
fa 

rbb' 

7.0 10.5 14 pF 
— 410 — pF 

— 40 100 µmhos 
10 25 — kS2 
— — 0.5 µmhos 
2.0 — — MS2 

— 390 — µmhos 
— 2.5 — kS2 

40 110 250 S2 

— 39 — mA/V 

50 137 286 kc/s 
per S2 
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ocaa R.F. JUNCTION TRANSISTOR 

OPERATING CONDITIONS AS A FREAUENCY CHANGER 

5843 

Qerinl 
tunee 
urcwt 

56kh 

UC44 

i25 

O~I i0 0.01 3~9 
NF kn yF kn 

86 

250 
pF 

Yip Primary 
3 ~ ist IF 
q Ira nsf or mv~ 

Osouato~ 
tunes 
nrcwt 

VCC 

IC

Conversion gain (at f = 1 Mc/s) 

Rin At f = 1 Mc/s 

At f = 200kc/s 

—7.0 V 

0.3 mA 

27 d B 

5 kS~ 

10 kit 

V 

SOLDERING AND WIRING RECOMMENDATIONS 
1. When using a soldering iron, transistors may be soldered directly into the ~% 

circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes. provided that it at no time exceeds 115'C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 
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R.F. JUNCTION TRANSISTOR ocaa 

~~ 

-~ OUTLINE AND DIMENSIONS 

Conforming to V.A.S.C.A. SO-2;563-2 

4564 

Dot 

Diameter of 
(cads O.43mm 

~ ~ I 
O.85mm~ ~ I

2.1 ~--
mm 

E 
E.5 
rE 

I
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R.F. JUNCTION TRANSISTOR OC44 
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OC44 R.F. JUNCTION TRANSISTOR 

~a 
H 1 

0 
N 0 

ro
0 
a 0 

R 

V 
a 
u 
O 

J 
N 

n~ 

E 
n 

O 
O 
N 

0 
0 

0 

O 
V 
V 
O 

~, a 
E 

N 

II 
~U 

N V 

a 
:o H 
O 
O 

O 

O 

TRANSFER AND INPUT CHARACTERISTICS. GROUNDED EMITTER 

pECEMBER 1960 (1) 
Muliard 

Page G2 



R.F. JUNCTION TRANSISTOR OC44 
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ocaa R.F. JUNCTION TRANSISTOR 
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R.F. JUNCTION TRANSISTOR OC44 
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OC44 R.F. JUNCTION TRANSISTOR 
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R.F. JUNCTION TRAN5ISTOR 

R.F. junction transistor of the p-n-p alloy type in all-glass 
construction for use in i.f. ampli[•ier stages. 

OC45 

ABSOLUTE MAXIMUM RATINGS (limiting values) 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into accounr.. 

Collector voltage 
Grounded base 

ven(Pk, max. —15 V 
* Vobravl max. —10 V 
Vev(~.e., max. —10 V 

Grounded emitter 
vice(nk) max. —15 V 

*Vee(avl max. —10 V 

Vee(d.e.l max. —10 V 

These figures apply with an external base-ground circuit impedance 
of less than 1kS2, or providing -f-Vb~>3COmV (i.e. transistor 
cut-off). 
For other values of impedance see curve on page C4. 

Collector current 
ie(nk) max. 

*l e max. 

Emitter current 
ielnk) max. 

*le max. 

10 mA 
5.0 mA 

10 mA 
5.0 mA 

Reverse emitter-base voltage 
veb(pk > max. 12 V 

*Veb(auj max. 8.0 V 
""h Veb(a.e.) max. 8.0 V 

Base current 
iU(~ki max. 
I„ max. 

1.0 mA 
1.0 mA 

Total dissipation See page CS 
Tju netitin max. — Tambi~nt

~pt~,t max. =  e 
8 

Temperature ratings 
Storage temperature limits —55 to +75 °C 
Maximum junction temperature 

Continuous operation 75 °C 
$Intermittent operation 
(total duration = 200 hours max.) 90 °C 

Junction temperature rise above ambient, 0 0.7°C/mW 

*Averaged over any 20ms period. 
$Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 
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OC45 R.F. JUNCTION TRANSISTOR 

CHARACTERISTICS at T~,,,,,.r ,,,, _ 
Grounded base 

Collector leakage current 

Emitter leakage current 

(Ven = —12V, l,. = OmA) 

Grounded emitter 
Collector leakage current 

(V~e = —2V, I), = OmA) 

Collector current with 
reversed bias on base 
(Vey _ —15V, V,,e = ~ 500mV) 

Collector knee voltage at 
le = 5mA (see fig. 1) 

Collector bottoming voltage 
(I~. = BmA, I), = 500~~A) 

Base input voltage 

t~ 
(mA) 

5 

25°C 
Typical production spreads 

I,~„ Min. Typ. Max. 
— 0.5 2.0 µA 
— — 10 aA 

I <~„ 
— 0.4 2.0 uA 
— — 40 uA 

— 12 40 p.A 

I',. — 1.0 50 IAA 

Vc•o(t;,,,,,~; —80 —140 —200 mV 

V~.,. —20 —60 —150 mV 

V,,,. —145 —170 —195 mV 

ice (knee) 

Ib atlju stva ~.,,h tn~t 

-vCe(v) 
F ;~, 

7~-6mA w~tn vie=-iV 
i~e~e~ 

For information on changes in characteristics with change in temperature 
see page C6. 

*The base input voltage V,,,. changes by approx. —2mV~°C change in junction 
temperature. 
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R.F. JUNCTION TRANSISTOR OCAS 

SMALL SIGNAL CHARACTERISTICS at Tj„n,.,.;,,n _ 25°C 

Basic parameters 

Measured at V,. _ -6V, I,, = 1mA 

*r~, 

rmr 

Typical production spreads 
Min. Typ. Max. 
— 25 — 

35 75 200 

i2 

SZ 

Cni~y p~,~ 6.5 10 13.5 pF 

µ — 3.8x10-4 —

fx 3 6 12 Mc/s 

$m — 39 — mAJV 

a' (at 1 kc/s) 25 50 125 

*The value of re given here is 
kT. ~ ^-' 25. 

where I„ is in mA and T is in °K. 
q IQ I~ 

Equivalent circuit parameters (hybrid -network) 

13459 c b' c 

e 

b~indicatss thcinternal base connection 

Me:azured at V~„ _ -bV, le = 1 mA Typical production spreads 
Max. 

14 pF 
— pF 
40 µmhos 
— ki2 

0.5 µmhos 

— Mil 
— µmhos 
— ki2 

200 i2 

— mA/V 

200 
kc(s 

per S2 

Min. Typ. 

Collector-to-base capacitance c,,-,. 7.0 10.5 

Base-to-emitter capacitance c,,•,. — 1000 

Collector-to-emitter conductance g,.,• — 15 

Collector-to-emitter resistance r,.,. 25 66.7 

Collector-to-base conductance g,r, — — 

Collector-to-baze resistance r,,-,. 2.0 — 

Baze-to-emitter conductance g,,-~. — 760 

Baze-to-emitter resistance r~,-,. — 1.3 

Internal base resistance rU„ - 35 75 

Internal transconductance gn, — 39 

Figure of merit 
tx
r,,ir 

33 80 
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OC45 R.F. JUNCTION TRANSISTOR 

OPERATING CONDITIONS AS AN I.F. AMPLIFIER 

f 

V~.~ 

le

Typical power gain per stage 

I.F. transformer winding data 

470 kcjs 
—7.0 V 

1.0 mA 

30 dB 

rl, rz r3 
Coil pin nos. No. of turns No. of turns 

2-3 45 29 

3-4 105 89 

1-5 7.5 16 

--~- SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245 C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115 C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 
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OC45 R. F, JUNCTION TRANSISTOR 

-- OUTLINE AND DIMENSIONS 

Conforming to V.A.S.C.A. SO-2 563-2 

4564 

OCTOBER 1964 
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R.F. JUNCTION TRANSISTOR OC45 
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OC45 R.F. JUNCTION TRANSISTOR 
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R.F. JURICTION TRAItiISISTOR 
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OC45 R.F. JUNCTION TRANSISTOR 
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R.F. JUNCTION TRANSISTOR ocas 

N 
d) 
a 

a 
v 
0 

d 

E 
0 H 

0 
n 

O 

0 

0 
c 

0 

X ,.. 0 0 0 0 
~3 ~ R N 
E E
a" 

MAXIMUM COLLECTOR DISSIPATION PLOTTED AGAINST AMBIENT 
TEMPERATURE 

DECEMBER 1960 (1) Page CS 



OC45 R.F. JUNCTION TRANSISTOR 

l000 

300 

100 

30 

10 

3 

oc as 4879 

Ico 

/I 
Ic o 

20 40 60 80 T~unction ~`C~ 

VARIATION OF I,.,, AND I'~~, WITH TEMPERATURE 

DECEMBER 1960 (1) Pase C6 



GERMANIUM P-N-F OC'S7 
ALLOY JUNCTION TRANSISTORS 0058 

0059 
OC60 

Germanium junction transistors of the p-n-p alloy typ 
tion, suitable for use in hearing aids and special low fr 

QUICK REFERENCE DATA 

-VCS  max. 

-VCEO 
max. 

-IC max. 

-ICM max. 

hfe tYP • -IC 
= 0.25mA 

-IC = 0.5mA 

Ptot 
max. (T~ b~45oC} 

T, max. 

OUTLINE AND DIMENSIONS 

.i 

Al l dim¢nsions i 

0057 

7.0 

3.0 

5.0 

10 

35 55 

20 

7 

etal construc-
lications. 

0058 0 :9 ~ 60 

7.0 0 0 V 

3.0 .! 3.0 V 

5.0 ~ 5.0 mA 

1 ~ ~ 10 mA 

60 

20 20 

75 75 

4.O 
max 

37 
min 

O 25 

mW 
oC

SEPTEMBER 1968 

f  ~ 
Miuliara 





JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 

oc~o 
LIMITING VALUES (absolute ratings) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
Grounded base 

ve(pk) max. —30 V 
*Ve(a~. ) max. —20 V 
V~ max. (d.c.) —20 V 

Grounded emitter 
vernk) max. —30 V 

*V~(8~., ) max. —20 V 
V n max. (d.c.) —20 V 
These figures apply with an external base-ground circuit impedance 
of less than 50052, or providing Vue> 500mV (i.e. transistor 
cut-off). For other values of impedance see curve on page 14. 

Collector current 
**( C~pk) max. 50 mA 
*! ~ max. 10 mA 

Emitter current 
**ie(pki max. 55 mA 

*I~ max. 12 mA 

Reverse base emitter voltage 
v~e(pk) max. 
Vve max. 

Base current 

( b(pk~ max. 5.0 mA 
*I,, max. 2.0 mA 

Total dissipation See page 15 
TJunetiun max. —TamurPnt~ ~Ptot —. .  

6 

Temperature ratings 
Storage temperature —55 to -i-75 °C 
Maximum junction temperature (T,jul,ntiun max.) 

Continuous operation 75 °C 
$Intermittent operation (total duration _ 

200 hrs. max.) 90 `C 
Junction temperature rise above ambient (H) 0.4 °C/mW 

*Averaged over any 20ms period 

**Owing to linearity considerations it is inadvisable to design for 
peak currents greater than 25mA where low distortion is required. 

$Likelihood of full performance of a circuit at this temperature is 
also dependent on the type of application. 

10 V 
10 V 

ISSUE 2 

1 
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oc~o JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 

CHARACTERISTICS AT Tiunetion -= 25"C 

Grounded base Min. Av. Mox. 
Collector leakage current 

(V~ -4.5V, I~ OmA) I„~ — 5.0 13 iaA 
Emitter leakage current 

Grounded emitter 
Collector leakage current 

(V ~ -4.5V, Ie OmA) {' ~~ 110 225 µA 
Collector bottoming voltage 

(I~ 9mA, Ih -- 0.5mA) V~;. — -100 -330 mV 
Base input voltage 

(V~ _ -4.5V, I n 1mA) V im -120 -145 -170 mV 
~?oise figure 

(f 1 ke,'s, Rsource 500n, 
V~=-2V, 1~=O.SmA) — 10 16 dB 
For information on changes in characteristics with change in 
temperature see page 16. 

— 3.0 13 IAA 

SP7ALL SIGP~IAL CHARACTERISTICS 

Equivalent circuit parameters (T-network) 

Measured at: f 1kcls, V~ -2V, I~ 0.5 mA, T;, ro e;,,~„ = 25'C 

re

1" ry

r ~. 
x 

39 S2 

1.0 kS2 
1.43 MS2 
0.968 

Grounded base cut-off frequency Min. Av. Max. 
(V ~ _ -6V, I ~. = 1 mA) fx 200 500 1000 krs 

Grounded emitter cut-off frequency 
(V ~. -- -6V, I ~. - 1 mA) fx ' S 15 26 kc s 

ISSUE 2 OC70 258-2 



JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 

oc~o 

SMALL SIGNAL CHARACTERISTICS measured at V~ =-2V, I~ = 0.5mA 

Grounded base 

Hybrid matrix Typical production spreads 
Min. Av. Max. 

Input impedance (with output 
short circuited to a.c.) hll 58 71 88 Sl 

Current amplification (with out-
putshort circuited to a.c.) -hzt 0.952 0.968 0.976 

Output admittance (with input 
open circuited to a.c.) hzz — 0.7 1.3 µmhos 

Voltage feedback ratio (with in-
put open circuited to a.c.) htz — 7x10- ' —

Mullard system 

Current amplification (with out-
put short circuited to a.c.) a 0.952 0.968 0.976 

Input resistance (with output 
short circuited to a.c.) ran 58 71 88 S2 

Input resistance (with output 
open circuited to a.c.) rtt — 1.0 — kS2 

Output resistance (with input 
short circuited to a.c.) ro„t — 100 — kS2 

Output resistance (with input 
open circuited to a.c.) rzz 0.77 1.4 — MS2 

Grounded emitter 

Hybrid matrix. 

Input impedance (with output 
short circuited to a.c.) 

Current amplification (with out-
put short circuited to a.c.) h'z1 

Output admittance (with input 
open circuited to a.c.) 

Voltage feedback ratio (with 
input open circuited toa.c.) h'iz 

h'u 

h Paz 

1.2 2.2 3.6 kS~ 

20 30 40 

— 22 53 µmhos 

— 9x10- ' 27x10- ' 

Mullard system 

Current amplification (with out-
put short circuited to a.c.) a' 20 30 40 

Input resistance (with output 
short circuited to a.c.) r',o 1.2 2.2 3.6 kSl 

Input resistance (with output 
open circuited to a.c.) r'll  — 1.0 — kS2 

Output resistance (with input 
short circuited to a.c.) r'o„ t — 100 — kS2 

Output resistance (with input 
open circuited to a.c.) r'zz 18.8 45 — k12 

OCTOBER 1964 Page D3 



JUNCTION TRANSISTOR oc~o Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable (or use in low con• 

sumption audio amplifier circuits 

'SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245"C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115"C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

OUTLINE AND DIMENSIONS E—

Conforming to V.A.S.C.A. 50-2jS83-2 

4564 

Dot 

Diameter of 
Icads 043mm 

Y 
c 
c 

i
~ ~ i o~es~ ~~ 

—a•J 2 1 1.. — 
mm 

x 
O 
E 
E 
E 

E 
E.E 
~E 

j 

v 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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OC70 JUNCTION TRANSISTOR 

!unction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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oc~o JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all. glass 
construction especially suitable for use in low- con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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oc~o JUNCTION TRANSISTOR 

!unction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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ovo JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

!unction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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OQO JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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oc~o JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-

sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction especially suitable for use in low con-
sumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 

oc~ s 

LIMITING VALUES (absolute ratings) 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variation in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
Grounded base 

v c(pk( max. -30 V 
*V c(S~.r max. -20 V 
V c max. (d.c.) -20 V 

Grounded emitter 

~c(pk( max. -30 V 
*V c(a~.r max. -20 V 
V~ max. (d.c.) -20 V 
These figures apply with an external base-ground circuit impedance 
of less than 500SZ, or providing ~-Vbc>500mV. 
For other values of impedance see curve on page 17. 

Collector current 

**r c(pk( max. 50 mA 
*I c max. 10 mA 

Emitter current 
**re(pkr max. 55 mA 
*le max. 12 mA 

Reverse base emitter voltage 

vberpkr max. 
Vbe max. 

Base current 

ib(pkr max. 
*Ib max. 2.0 mA 

Total dissipation See page 18 

plot — Tiunctjon max. - Tambtent~ 
e 

10 V 
10 V 

5.0 mA 

Temperature ratings 
Storage temperature -55 to +75 °C 
Maximum junction temperature (Tiunetton max.) 

Continuous operation 75 'C 
$Intermittent operation (total duration 

200hrs. max.) 90 `C 
Junction temperature rise above ambient (d) 0.4 'C/mW 

*Averaged over any 20ms period 

**Owing to linearity considerations it is inadvisable to design for 
peak currents greater than 25mA where low distortion is required. 

$Likelihood of full performance of a circuit at this temperature is 
also dependent on the type of application. 
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oc~ i JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 

CHARACTERISTICS AT Tiuncuon = 25°C 
Grounded base 

Collector leakage current 

Emitter leakage current 

Grounded emitter 
Collector leakage current 

(V~ _ —4.5V, Ib = OmA) 
Collector bottoming voltage 

(I~ = 9mA, In = 0.5mA) 
base input voltage 

(V ~ _ —4.5V, I ~ 1 mA) 
Noise figure 

(f 1 ke/s, Rsour ce = 50052, 
V~ —2V, I~ = 0.5mA) — 10 16 dB 
For information on changes in characteristics with change in 
temperature see page 19. 

Min. Av. Max. 

— 4.5 13 

— 3.5 13 

I'~o 150 325 IaA 

V ie —80 —210 mV 

Vne —115 —135 —155 mV 

SMALL SIGNAL CHARACTERISTICS 

Equivalent circuit parameters (Tnetwork) 
Measured at: f 1 kc s, V ~ —2V, I,. _— 3mA, 

14616 

rP
r i, 
r ,. 
x 

oc'e 

Tam ntent = 25 C 

6.5 S2 
500 i2 

625 I~ S2 
0.979 

Grounded base cut-off frequency Min. Av. Max. 
(V~ _ —6V, I~ = 1 mA) f~ 300 600 1000 kc, s 

Grounded emitter cut-off frequency 
(V~ _= —6V, I~ = 1mA) fx' S 11 26 kus 

Typical parameters for the full equivalent circuit 
Collector to base capacitance 

(V~ _ —6V) c~ — 40 — pF 
Internal base resistance 

(V~ —6V, I~ = 1 mA) ree - 300 S2 

ISSUE 2 oat i se-z 



JUNCTION TRANSISTOR oc~ i 
function transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 

SMALL SIGNAL CI-IARACTERISTICS measured at V~ — -2V, I~ 1mA 

Grounded base 

Hybrid motrix 

Input impedance (with output 
short circuited to a.c.) h„ 35 i2 

Current amplification (with output 
short circuited to a.c.) -h2, O.S76 

Output admittance (with input open 
circuited to a.c.) h22 1.0 µmhos 

Voltage feedback ratio (with input 
open circuited to a.c.) h,z 7 r 10 ' 

Mulford system 

Current amplification (with output 
short circuited to a.c.) x 0.976 

Input resistance (with output short 
circuited to a.c.) ri„ 35 i2 

Input resistance (with output open 
circuited to a. c.) r,l 720 i2 

Output resistance (with input short 
circuited to a. c.) r~„t 50 kS2 

Output resistance (with input open 
circuited to a.c.) rz _ 1.0 Mil 

Grounded emitter 

Hybrid matrix 

Input impedance (with output short 
circuited to a.c.) h'1, 1.45 kS2 

Current amplification (with output 
short circuited to a.c.) h'_; 41 

Output admittance (with input open 
circuited to a.c.) h'zz 42 µmhos 

Voltage feedback ratio (with input 
open circuited to a.c.) h',Z 7.6x10-4

hlullard system 

Current amplification (with output 
short circuited to a.c.) x' 41 

Input resistance (with output short 
circuited to a.c. r';,, 1.45 kit 

Input resistance (with output open 
circuited to a. c.) r'1, 720 f2 

Output resistance (with input short 
circuited to a.c.) 50 kit 

Output resistance (with input open 
circuited to a.c.) r"2z 25 kit 

i ISSUE 2 OC71 158-3 



oc~ i JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier -circuits. 

SMALL SIGNAL CHARACTERISTICS measured at V~ -_ -2V, I~ — 3mA 

Grounded base 

Typical production spreads 

Hybrid matrix Min. Av. Max. 

Input impedance (with output 
short circuited to a.c.) h11 10 17 25 S2 

Currentamplification (with out-
putshort circuited to a.c.) -h2 ~ 0.968 0.979 0.987 

Output admittance (with input 
open circuited to a. c.) h~~ — 1.6 2.7 ;.mhos 

Voltage feedback ratio (with in-
put open circuited to a. c.) hl •_> — 8>:10- ; 

Mullard System 

Current amplification (with out-
put short circuited to a.c.) x 0.968 0.979 0.987 

Input resistance (with output 
short circuited to a.c.) r~~ 10 17 25 S2 

Input resistance (with output 
open circuited to a. c.) ru 500 12 

Output resistance (with input 
short circuited to a.c.) r,,,,~ — 21 — kS2 

Output resistance (with input 
open circuited to a. c.) r 22 370 625 — kS2 

Grounded emitter 

Hybrid matrix 

Input impedance (with output 
short circuited to a. c.) h'~1 0.4 0.8 1.5 kS2 

Current amplification (with out-
put short circuited to a.c.) h'2 ~ 30 47 75 

Output admittance (with input 
open circuited to a. c.) h'zz 80 200 umhos 

Voltage feedback ratio (with 
input open circuited to a.c.) h'iz — 5.4>:10 ' 17 x 10 ' 

Mullard system 

Current amplification (with out-
put short circuited to a. c.) a' 30 47 75 

Input resistance (with output 
short circuited to a.c.) r ;,, C.4 0.8 1.5 ki? 

Input resistance (with output 
open circuited to a. c.) r'll  — 500 12 

Output resistance (with input 
short circuited to a.c.) r',,,,~ — 21 — ki2 

Output resistance (with input 
open circuited to a. c.) r"_> 5.0 12.5 -- kS2 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 

OC71 

OPERATING CONDITIONS AS R.C. COUPLED AMPLIFIER 

RI 

Rsource 

81r F 

~~ • • 

R2 Re

10 I 
k 12 k 12 

OC71 

Iout 

cc 

4439 

I°
(mA) 

R1 
(kfl) 

Rc
(kil) 

lout 
~I p 

lout for Dtot =5% 
(µA r.m.s.) 

Vcc 
/~ (V) 

6 1.0 39 2.2 23 200 

6 1.5 22 1.5 18.5 290 

9 1.0 62 3.9 28 260 

9 1.5 39 2.7 24 430 

12 1.0 82 5.6 31 270 

12 1.5 56 4.7 30 535 

/1 

The source impedance Ra°°~°o is equal to R° , and the resistance R,, is 

equivalent to the input impedance of the following stage. The gain and 

distortion figures are therefore typical of one OC71 in a series of identical 

stages in cascade. 
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oc~i JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable (or use in low-

consumption audio amplifier circuits. 

>SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245"C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115"C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.Smm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.Smm from the 
seal. 

OUTLINE AND DIMENSIONS 

Conforming to V.A.S.C.A. SO-2jSB3-2 

4564 

Dot 

Diameter of 
leads 0~43mm 

~ I ~ 
085m~  ~ 

- ~ 2I L --
mm 

v 
C E

C

~ ~E 
F— 

i i 

~1 

~/ 

`J 

`,/ 
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JIDNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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OC71 JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

!unction transistor o{ the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 

INPUT CHARACTERISTIC. GROUNDED EMITTER 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in oll glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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oc~ i JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 
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JIJNGTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in Icw-
consumption audio amplifier circuits. 
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oc~ i JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all gloss 
construction, especially .suitable for use in low-

consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all gloss 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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OC71 JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

~~ 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR oc~ i 
Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-
consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR oc~i 
Junction transistor of the p-n-p alloy type in all glass 
construction, especially suitable for use in low-

consumption audio amplifier circuits. 
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JUNCTION TRANSISTOR 
O~I 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 2-OC72 circuits and d.c. converters. 

OPERATING CONDITIONS OF SINGLE TRANSISTOR OC72 AS 
CLASS 'A' AMPLIFIER 

The values of the emitter resistance in the circuits below are based upon full 
interchangeability of the transistors and such a stabilisation of the currents 
that the maximum junction temperature is not exceeded up to an ambient 
temperature of 45`C. 

Input current 

R2 

x369 

~ V 

With a cooling fin in free air on a heat sink of 3.5 x 3.5cm or equivalent 

Supply voltage V —6.0 —9.0 —12 V 
D.C. collector current I„ 16.3 10.6 8.2 mA 
Bias resistors R, 3.3 8.2 18 kS2 

RZ 1.0 2.2 4.7 kS2 

'`Emitter resistor R„ 62 140 280 S2 
Emitter capacitor C 250 250 25C uF 
Power delivered to transformer 

primary P,,,,~ 38 38 38 mW 
Load impedance R~~,a,i 300 680 1150 S2 
Source impedance R,°„~~„ X3.0 >3.0 >3.0 kS2 
At P,,,,t max. 

Base current in 160 110 90 uA 
Input current i,„ 220 130 90 ~.cA 
Distortion Dt„i 3.6 3.$ 3.6 

*In order to take into account the spread of transistors an increase in input 
current of 50°o should be allowed for in the design. 
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OC72 
2-®C72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class `8' output stages, oscillator and switching 

circuits and d.c. converters. 

OPERATING CONDITIONS OF MATCHED PAIR 2-OC72 AS CLASS 
'B' AMPLIFIER 

The circuits below are designed for stable operation up to an ambient 
temperature of 45°C. 

(3370)

Without cooling fin 

Supply voltage 
Quiescent current 
Bias resistors 

*Emitter resistor 
Power delivered to transformer 

primary 

Rloaa (collector to collector) 
Rtoaa (per transistor) 

(Rc = R4 -c-I-Re) 

At Po„t max. 

Collector current (peak) 
Collector current (per transistor) 
Distortion 

V —4.5 —6.0 V 
Icl~-IcZ 3.0 3.0 mA 
R, 2.7 3.3 kS2 
R z 100 100 S~ 
Re 5.0 10 S2 

Pout 220 275 mW 
R c_ c 115 140 S2 

R o 34 45 S2 

io~nxi 125 125 mA 
I c 40 40 mA 
Dt~t 9.0 9.5 °o 

*If a resistor is incorporated in each emitter the value of each resistor must 
be 1.15 times the value of the common emitter resistor to ensure the same 
thermal stability. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits and d.c. converters. 

OC72 
2-OC72 

Drive conditions 

The following drive must be available in the transformer secondary to give 
full output from all transistors. This allows for losses in R2 and in a trans-
former secondary resistance of 505?. 

Peak drive current 4.9 4.9 mA 

Peak drive voltage 1.9 2.6 V 

Pdri~'elr.m.s.~ 4.6 6.4 m'✓\/ 

With cooling fin in free air mounted on a heat sink of 3.5x3.5cm or 
equivalent. 

Supply voltage V -6.0 -6.0 -9.0 -9.0 -12 V 

Quiescent current lol~-l oz 3.0 3.0 3.0 2.5 3.0 mA 

Bias resistors R1 3.3 t3 4.7 5.1 4.7 kit 

R2 100 t 100 100 100 S2 

*Emitter resistor Re 5.0 0 14 10 30 SZ 

Power delivered to 
transformer primary Po„t 310 240 355 220 390 mW 

Rinaa (collector to 
collector) R o_ e 160 280 305 600 430 i2 

Rload (per transistor) 

(R o = R4 e-{-RQ) R~ 45 70 90 160 138 f2 

At Pont max. 

Collector current 
(peak) i olvk) 125 85 100 56 85 mA 

Collector current 
(per transistor) l 0 40 27 32 18 27 mA 

Distortion Dtot 9.5 8.5 8.5 8.5 8.5 °o 

*If a resistor is incorporated in each emitter the value of each resistor must 
be 1.15 times the value of the common emitter resistor to ensure the same 
thermal stability. 

Drive conditions 

The following drive must be available in the transformer secondary to give 
full output from all transistors. This allows for losses in R2 and in a trans-
former secondary resistance of 5052. 

Peak drive current 4.9 2.8 3.2 1.7 2.8 mA 
Peak drive voltage 1.9 0.6 2.3 1.1 3.3 V 

Pdrive~r.rn.s.i 4.6 0.84 3.7 0.95 4.6 mW 

f Rl = 1 to 3 kit variable. 

R z - 8512 resistor in parallel with a Varite resistor type VA1040 (13012 at 
25°C, B = 4500°K). 
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0~~~ 

2-OC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 

circuits and d.c. converters. 

OPERATING CONDITIONS AS A D.C. CONVERTER 

Single transistor (without cooling fin) 

L J X3371 

Note: St and SZ are mechanically coupled, so that SZ opens after S1 has been 
closed. 

Transformer tappings: A = 12°,0, B 32%, C = 6%, D = 50°~~ 

Supply voltage V 6.0 V 
Battery current I 28 mA 
Input power Prn 168 m W 
Output voltage Vout 45 V 
Output current I°„~ 3.0 mA 
Output power Pout 135 mW 
Efficiency 81 ° 
Total transistor dissipation 11.7 mW 
Total diode losses 6.1 mW 
Total transformer losses 14.3 mW 
Total resistor losses 0.9 m W 
Output resistance 2.0 kS2 
Component values: 

R1 1.0 kS2 
R2 2.7 kit 
CI 0.03 uF 

CZ 100 ~xF 

C3 3.2 µF 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits and d.c. converters. 

O~r~~ 

2-OC72 

Two transistors in push-pull d.c. converter 

Rbl 
ocn 

ca ~+ j
~~-~~   y 

Rb2 
--~/VW 

C3 

~1 

OC72 
D 

RI 
8 ~ 

Supply voltage 
Battery current 
Input power 
Output voltage 
Output current 
Output power 
Efficiency 
Total transistor dissipation 
Total diode losses 
Total resistor losses 
Total transformer losses 

~"~ Output resistance 
Component values: 

Transformer ratio 
A:C B:D=1 :2.7 

OA95 

C4 

E OA95 

CS Vq ~t 

V 

I 
Ptn 

Vout 

lout 
Pout 
Y~ 

Rn l
Rnz 
Rt
Ci
C2
C, 
C, 
Cs

E:C=1 :0.137 

6.0 V 
154 mA 
924 mW 

75.5 V 
9.4 mA 

710 mW 
77 °' 
86 m W 
39 mW 
54 mW 
35 mW 
< 1.4 kS2 

270 S2 
270 S2 
820 S2 

0.047 uF 
16 µF 

0.047 uF 
8.0 µF 
8.0 uF 

OPERATING NOTES 

1. The transistor may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

2. Care should be taken not to bend the leads nearer than 1.5mm to the seal. 
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2-OC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 

circuits and d.c. converters. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class `B' output stages, oscillator - and switching 
circuits and d.c. converters. 
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2-OC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 

circuits and d.c. converters. 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits and d.c. converters. 
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2-0072 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output :stages, oscillator and switching 

circuits and d.c. converters. 
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JUNCTION TRAN5ISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits and d.c. converters. 
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2-OC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class `B' output stages, oscillator and switching 

circuits and d.c. converters. 
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JUIVCTIOI~I TRAI~OSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits anal d.c. converters. 
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2-OC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class `B' output stages, oscillator and switching 

circuits and d.c. converters 
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JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for use in 
class 'B' output stages, oscillator and switching 
circuits and d.c. converters. 
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JUNCTION TRANSISTOR 

lunction transistor of the p-n-p alloy type for use in 
class `B' output stages, oscillator and switching 
circuits and d.c. converters. 

~~~~ 

2-OC72 

CHARACTERISTICS OF OC72 (measured at Tamment = 25°C) 

Grounded base Min. Av. Max. 
Collector leakage current 

Emitter leakage current 
(Ve = —10V) let°~ 4.5 15 µA 

Current amplification cut-off 
frequency (V ° _ —6V, I ° = 10mA) fa 350 kc/s 

Grounded emitter 
Collector leakage current 

(V e = —IiV) 

Collector current 
(V e = —30V, Vb_e> x-0.1 V) 

Collector knee voltage at 
I ° = 125mA (see fig. 1) 

I~ 
~m A~ 

—135 

—125 

I'°t°, 50 125 300 

le

V clknee, 

tD 

-IV 

Vc (kn¢¢I Fig I 

Ip adjusted such that I c =-135mA 
with c= -IV 126191

Static characteristics 

Current amplification factor x' — I0—l ~° `°' 
Ib 

at V e —5.4V, I ° = 10mA z' 
V ° _ —0.7V, I e 80mA a' 
V e = —0.7V, I e = 125mA n' 
V ° _ —1.OV, I ° = 250mA x 

Base input voltage 

at V° _ —6.OV, I° = 1.5mA Vb_Q
V ° _ —0.7V, I e = 80 mA Vb_Q
V ° _ —0.7V, I e = 125 mA Vo_e

Noise figure (f = 1kc;s, 
Rso❑r°e = 50052, V ° _ —2V, 
l e = 0.5mA) 

—►-Vc(V} 

t~ 

7.5 15 µA 

—400 mV 

45 70 120 
30 50 90 
25 
15 

130 170 mV 
450 mV 
700 mV 

15 d6 
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0~~~ 

2-QC72 

JUNCTION TRANSISTOR 

Junction transistor of the p-n-p alloy type for. use in 
class `B' output stages, oscillator and switching 

circuits and d.c. converters. 

CHARACTERISTICS OF MATCHED PAIR 2-OC72 
(measured at Tamment = 25°C) 

Ratio of the current amplification factors of the-two transistors 
both at I ~ = 80mA and at I ~ = 10mA <1.3 : 1 

LIMITING VALUES (absolute ratings) 

The equipment. designer must ensure that no transistor exceeds these 
ratings and in arriving at the actual operating conditions, variations in 
supply voltages, component tolerances and ambient temperature must 
also be taken into account. 

Grounded base 
V clpk~ m3X. —32 V 
V~ max. (average or d.c.) —16 V 

Grounded emitter 
v~~pk> max. —32V See fig. 7 
V~ max. (average or d.c.) —16V See fig. 7 

Collector current 

fioiPkl max. ~-250 mA 
*I~ max. 125 mA 

Reverse emitter voltage 
ve~px~ max. —10 V 
Ve max. —10 V 

Emitter current 
j-i e ~pk , max. X250 mA 
*le max. 125 mA 

Base current 
i h ~pk , max. _125 mA 

*I~, max. 20 mA 

Collector dissipation See fig. 3 

*Averaged over any 20ms period. 

j-Owing to linearity considerations it is inadvisable to design for peak 
currents greater than 125mA where low distortion is r~quiri:d. 

TEMPERATURE RATINGS 

Storage temperature —55 to -i-75 °C 
Max. junction temperature 75 °C 
Junction temperature rise above ambient (without cooling fin, 

in free air) 0.4 °C/mW 
Junction temperature rise above ambient (with cooling fin, 

mounted in free air on a heat sink of 3.5 x 3.5cm or equivalent) 0.3 °C/mW 

ISSUE 1 

t~l 
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JUNCTION TRANSISTOR 

function transistor of the p-n-p alloy type in all-
glass construction especially suitable for use in 
high gain amplifiers. 

ovs 

LIMITING VALUES (absolute ratings) 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
Grounded base 

v~(pk) max. —30 V 
*Vc(ay.) max. -20 V 

V~ max. (d.c.) -20 V 

Grounded emitter 
j'v~(pk., max. —30 V 
*V~(a~.) max. —20 V 

V~ max. (d.c.) —20 V 

j'These figures apply with an external base-ground circuit impedance 
of less than 50052, or providing +VUe>500mV. (i.e., transistor 
cut-off). For other values of impedance see curve on page C9. 

Collector Current 
**~e(pk) max. 50 mA 

'kl~ max. 10 mA 

Emitter Current 
**ie(pk) max. 55 mA 
*Ie max. 12 mA 

Reverse emitter base voltage 

Veb(pk) max. 
V~b max. (d.c.) 

Base current 

ib(nk) max. 5 0 mA 
*Ib max. 2 0 mA 

Total dissipation 
/ Ts~„~t;~n max. -Tambient See page C10. I ptot = I e 

Temperature ratings 
Storage temperature -55 to -'r  75 °C 
Maximum junction temperature (T~unotton max.) 

Continuous operation 75 °C 
$Intermittent operation (total duration = 

200 hours max.) 90 °C 
Junction temperature rise above ambient 0 <0.4 °C/mW 

*Averaged over any 20ms period 
**Owing to linearity considerations it is inadvisable to design for 

peak currents greater than 25mA where low distortion is required. 

$Likelihood of full performance of a circuit at this temperature is 
also dependent on the type of application. 

—10 V 
—10 V 
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oc~s JUNCTION TRANSISTOR 

CHARACTERISTICS AT T)unction = 25°C 
Grounded base Typical production spreads 

Min. Av. Max. 
Collector leakage current 

Emitter leakage current 
(Ve = -4.5V, Ic = OmA) lec 

Grounded emitter 
Collector bottoming voltage 

(le = 9mA, Ib = 0.5mA) Vice
Base input voltage 

(Vc = —4.5V, Ic = 3mA) Vbe —100 
Noise figure 

(f = 1 kc~s, Rsource = 50052, 

4.5 14 µA 

3.5 13 µA 

-90 -210 m V 

-140 -210 mV 

10 16 dB 

SMALL SIGNAL CHARACTERISTICS AT T;unctton = 25°C 
Equivalent circuit parameters (T-network) 

Measured at: f 
Vc -2 
Ic 3 

X4616 

re
rb
r~. 

OC ~e 
_~ 

Typical parameters for the full equivalent circuit 
(Measured at: Vc = -2V, Ic = 3mA) 

1 kc~s 
V 

mA 

6.4 S2 
720 S2 
715 k52 

0.989 

Typical production spreads 
Min. Av. Max. 

a' (at low frequencies) 60 90 130 
fa- — 8 — kc/s 
fa (measured at Vc = —6V, 

Ic = 1 mA) — 900 — kc/s 
`~ 

MARCH 1959 {t) 
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JUNCTION TRANSISTOR OC75 

l 

Grounded base 

Measured at V~ _ -2V, I~ = 3mA, f = 1 kc/s 

Hybrid matrix Typical production spreads 
Min. Av. Max. 

Input impedance (with output 
short circuited to a.c.) 

Current amplification (with out-
put short circuited to a.c.) -hzl  — 0.989 —

Output admittance (with input 
open circuited to a.c.) _ hzz 1.4 µmhos 

Voltage feedback ratio (with 
input open circuited to a.c.) hl z 10X10-4 —

Mullard system 

Current amplification (with out-
put short circuited to a.c.) a — 0.989 —

Input resistance (with output 
short circuited to a.c.) r;n 14 S2 

Input resistance (with output 
open circuited to a.c.) rlt — 720 — S2 

Output resistance (with input 
short circuited to a.c.) ro„ t 14 — kS2 

Output resistance (with input 
open circuited to a.c.) rzz 715 — ki2 

Grounded emitter 

Measured at V~ _ -2V, I~ = 3mA, f = 1kc/s 

Hybrid matrix 

Input impedance (with output 
short circuited to a.c.) h'il — 1.3 — kS2 

Current amplification (with out-
put short circuited to a.c.) h'21 60 90 130 

Output admittance (with input 
open circuited to a.c.) h'zz — 125 — µmhos 

Voltage feedback ratio (with in-
put open circuited to a.c.) h'~z 8x10-4 —

Mullord system 

Current amplification (with out-
put short circuited to a.c.) a' 60 90 130 

Input resistance (with output 
short circuited to a.c.) r';,, 1.3 — kS1 

Input resistance (with output 
open circuited to a.c.) r'll  — 720 — f2 

Output resistance (with input 
short circuited to a.c.) r';,,,t 14 — kf2 

Output resistance (with input 
open circuited to a.c_) r'zz — 7.8 — ki2 

hu — 14 — f? 

OCTOBER 1964 Page D3 



oc~s JUNCTION TRANSISTOR 

—;. SOLDERING AND WIRING RECOMMENDATIONS 
1. When using a soldering iron, transistors may be soldered directly into the 

circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245"C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115"C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at leas[ 1.5mm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

OUTLINE AND DIMENSIONS 

Conforming to V.A.S.C.A. SO-2~SB3-2 

(4564] 

Dot 

F 

Dot t x 
v 
E 
E 
E 

1 

~ 

1
I•Smm max 

fir-" ~ E 
~ Ec 

Diameter of ~ ~ E 
leads O.43mm ~ i y 

S•O t jjj~~~...
O.2 mm~ 

~~ 

I I I 
O.85m~ ~ I

—~ 2•I ~..---
mm 
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JUNCTION TRANSISTOR 
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JUNCTION TRANSISTOR oc~s 
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oc~s JUNCTION TRANSISTOR 
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JUNCTION TRANSISTOR oc~s 
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OC75 JUNCTION TRANSISTOR 
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JUNCTION TRANSISTOR 
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oc~s JUNCTION TRANSISTOR 
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JUNCTION TRANSISTOR 
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~1 

JUNCTION TRANSISTOR OC76 

Junction transistor of the p-n-p alloy type suitable for use in switching and pulse 
oscillating circuits and as a d.c. converter. 

CHARACTERt5TIC5 (measured at T,,,,,,;,.,,, = 

Grounded base 
Collector leakage current 

25 C) 

Min. Av. Max. 

(V~ _ —10V) h r~~r 
Emitter leakage current 

— 4.5 10 µA 

Ie~~,l 
Current amplification cut-off frequency 

(V~. _ —6V, I,. = 10mA) fz 

Grounded emitter 
Collector leakage current 

(V,. _ —6V) I',.i,,;
Collector current 

(V~. _ —30V, V;,_e>+0.5V) h. 
Collector knee voltage at 

— 

350 

— 

— 

4.5 

— 

200 

7.5 

10 

— 

600 

15 

µA 

kc;s 

~A 

µA 

I,. = 125mA (see fig. 1) V~.;knerl — — —400 mV 

-125 

-Ib 

I l 1 

I 
-IV 

vc(kn¢¢) Fig 1. 

Ip atljust¢tl such that I~=-135mA with V~=-IV 

y _V~(V) 

t 
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Static characteristics 
Min. Max. 

Current amplification factor z' = Ic—I'c(o)
Ib

at Ve = —5.4V, t o = 10mA &' 45 

Ve = —0.7V, l e = 80mA &' 30 

Ve = —0.7V, t o = 125mA a' 25 
Ve = —1.OV, t o = 250mA a' 15 

Base input voltage 
at Vo = —0.7V, t o = SOmA Vb_e — 450 mV 

Ve = —0.7V, t o = 125mA Vb_e — 700 mV 

Noise figure 

(f = 1 kc~s, Rsource = 50052, 
Ve = —2V, to = 0.5mA} — 15 dB 

LIMITING VALUES (absolute ratings) 

The equipment designer must ensure that no transistor exceeds these 
ratings and in arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperatures must also be 
taken into account. 

Grounded base 

Vc~pkD max. 
Vo max. (average or d.c.) 

Grounded emitter 
vo(pkl max. 
Ve max. (average or d.c.) 

Collector current 
i o~pk i max. 

*l o max. 

Reverse emitter voltage 

vecpkl max. 
Ve max. 

Emitter current 
i e~pk ~ max. ±250 mA 

*le max. 125 mA 

Base current 
ib~pk ~ max. ±125 mA 

*Ib max. 20 mA 

Collector dissipation 
*Averaged over any 20ms period. 

—32 V 
—32 V 

See page C7 
See page C7 

±250 mA 
125 mA 

—10 V 
—10 V 

See page C3 
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JUNCTION TRANSISTOR OC76 

TEMPERATURE RATINGS 
Storage temperature —55 to +75 `C 
Max. junction temperature for continuous operation 75 `C 

tMax. junction temperature for intermittent operation 
(total duration = 200 hours max.) 90 °C 

Max. junction temperature rise above ambient (without 
cooling fin, in.free air) 0.4 °C/mW 

Max. junction temperature rise above ambient (with 
cooling fin, mounted in free air on a heat sink of 
3.5x 3.5cm or equivalent) 0.3 °C~mW 

tLikelihood of full performance of a circuit at this temperature is also 
dependent upon the type of application. 

OPERATING CONDITIONS AS A D.C. CONVERTER 
Single transistor (without cooling fin) 

Fig. 2. 

Note: S1 and S2 are mechanically coupled, so that S2 opens after S1 has been closed. 
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Transformer tappings: A = 12%, B = 32%, C = 6%, D = 50%. 
Supply voltage V 6.0 V 
Battery Current I 28 mA 

Input power P;,, 168 mW 

Output voltage V°„ t 45 V 

Output current I°us 3.0 mA 
Output power P°ut 135 mW 

Efficiency ~ 81 °/ 0 

Total transistor dissipation 11.7 mW 
Total diode losses 6.1 mW 
Total transformer losses 14.3 mW 
Total resistor losses 0.9 mW 
Output resistance 2.0 kS2 
Component values: 

R1 
R2 
C1 
C2 
C3 

Two transistors in push-pull d.c. converter. 

Fig. 3. 

OA85 

C4 

E OA85 

1.0 kS2 
2.7 kS2 
0.03 µF 

100 µF 

3.2 µF 

CS bout 
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JUNCTION TRANSISTOR OC76 

Supply voltage V 6.0 V 

Battery current I 154 mA 

Input power Pin 924 mW 

Output voltage Vuut 75.5 V 

Output current lout 9.4 mA 

Output power P„~~ 710 mW 

Efficiency 77 

Total transistor dissipation 86 mW 

Total diode losses 39 m W 

Total resistor losses 54 mW 

Total transformer losses 35 m W 

Output resistance 1.4 kit 

Component values: 
R,,, 270 S? 

R,,z 270 S2 

R, 820 S>_ 

C, 0.047 µF 

CZ 16 µF 

C;~ 0.047 µF 
CQ 8.0 µF 

CS 8.0 µF 
Transformer ratio 

A:C=6:D=1 :2.7 E:C=1 :0.137 

OPERATING NOTES 

1. The transistor may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

2. Care should be taken not to bend the leads nearer than 1.5mm to the seal. 
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JUNCTION TRANSISTOR OC76 
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JUNCTION TRANSISTOR OC76 
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JUNCTION TRANSISTOR OC76 
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JUNCTION TRANSISTOR OC76 
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JUNCTION TRANSISTOR OC76 
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JUNCTION TRANSISTOR 

TEMPERATURE RATINGS 

ocn 

Storage temperature —55 to +75 °C 
Max. junction temperature for continuous operation 75 °C 

tMax. junction temperature for intermittent operation 
(total duration = 200 hours max.) 90 °C 

Max. junction temperature rise above ambient (without 
cooling fin, in free air) 0.4 °C/mW 

Max. junction temperature rise above ambient (with 
cooling fin, mounted in free air on a heat sink of 
3.5 x 3.Scm or equivalent) 0.3 °C/mW 

j-Likelihood of full performance of a circuit at this temperature is also de-
pendent upon the type of application. 

OPERATING NOTES 

1. The transistor may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

2. Care should be taken not to bend the leads nearer than 1.5mm to the seal. 
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JUNCTION TRANSISTOR oc» 
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JUNCTION TRANSISTORS OC83 
OC84 

/„'~ 

~~ 

Junction transistors of the p-n-p alloy type intended for general purpose 
switching, pulse oscillatory and large signal applications. Matched pairs 
are available under the typenumber 2-OC. TO-1 construction, envelope 

isolated. 

QUICK REFERENCE DATA 

V CB max. (IE = 0) 

VCE max. (+VBE>1.OV) 

ICM max. 

Ptot 
max. (T~ b =25oC) 

hFE (IC =300mA) 

fZ, typ. 

40 to 200 

OC83 OC84 

-32 V 

-32 V 

1. 0 A 

600 mW 

50 to 160 

0.85 I, 0 MHz 

Unless otherwise shown data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to J, E. D, E. C. TO-1 

B.5.3934 SO-21/SB3-10 

A 

~ 8~ 

E1~.~1 
H

1111 11 ~ 
~-~ ~ ~~ 

D 
d 
G c 

G 

Millimetres 

Min. Typ. Max. 

A - 6.5 

B - - 6. 1 

C - - 9.4 

D 1.8 

E - 1.5 

F 38 -

G 0.43 

JULY 1967 
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RATINGS 

Limitingvalues of operation according to the absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission. 

Electrical 

VCB max. (IE=O) 

VCE max. (+VBE>1V) 

VCE max. (IC=300mA) 

ICM 
max. 

*IC(AV) 
max. 

IEM 
max. 

*IE (AV) 
max. 

VEB max. (IC=O) 

IBM max. 

'~s(Av) max. 

Ptot 
max. (T~ b = 25° C) 

Ptot 
max. = T] - Tamb 

A 

*Averaged over any 20ms period. 

Thermal 

OC83 OC84 

-32 -32 V 

-32 -32 V 

-20 -32 V 

1.0 A 

500 mA 

1.05 A 

520 mA 

- 3. 0 -10 V 

50 mA 

20 mA 

600 mW 

See page C13 

T, max, 85 
J 

Tstg max, 85 

Tstg min, -55 

°C 
oC

oC

THERMAL CHARACTERISTICS 

A, without cooling clip in free air 0.25 degC/mW 
~-amb 

9i-amb 
with type (a) or extended type 

(b) cooling clip see page D6 0.15 degC/mW 

A~-amb 
with standard clip type (b) on a 

heatsink 7cm x 7cm 

16 s. w. g. aluminium 0,1 degC/mW 

JULY 1967 
(M~~alla/jrd)
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JUNCTION TRANSISTORS OC83 
OC84 

MAJOR CHARACTERISTICS T. = 25oC 
~ Min. Max. 

Collector-base breakdown voltage 
V(BR)CBO 

IC=100µA, IE=O 32 - V 

Collector cut-off current I
CBO 

VCB=-lOV, IE =O - 10 µA 

Collector-emitter saturation 
VCE(sat) 

voltage 

IC=300mA, IB=9mA - -500 mV 

Base voltage V
BE 

VCB=O, IE=300mA - -750 mV 

Base current IB

VCB=O, IE=300mA OC83 1.5 7.5 mA 

OC84 1.8 6.0 mA 

TYPICAL CHARACTERISTIC SPREADS Tab  = 25° C unless otherwise stated. 

Typ. Range 

Collector cut-off current I
CBO 

IE=O, VCB -lOV 4.5 - to 10 µA 

VCB=-32V - - to 100 µA 

VCB—lOV, Ta b 85°C 300 - to 500 µA 

Emitter cut-off current I
EBO 

IC=O, VEB=-lOV - - to 100 µA 

Collector-emitter saturation voltage 
VCE(sat) 

IC=300xnA, IB=9mA -300 - to-500mV 

Base voltage VBE

VCBO, IE=300mA -475 - to -750 mV 

Noise figure 

Rs = 500S2,VCE=-2V, 

IC=0.5mA OC83 8.0 - to 33 dB E-- 

~~ 
Mallard  
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Large signal forward current 
transfer ratio 

VCE=-1V, IC=50mA 

VCE-1V, IC=300tnA 

Typ. Range 

OC83 - 50 to 280 

OC84 - 60 to 200 

OC83 - 40 to 200 

OC84 - 50 to 160 

hFEL 

Typical basic parameters. VCE=-6V, IC = 1mA 

*r 25 
e 
rbb, 60 

etc 40 

hfe 90 

Typ. Range 

f T OC83 0.65 - to 1.0 Mc/s 

OC84 850 kc/s 

*The value of re given here is 
kT 

• Il  ~ I 
5 

where IE is in mAand T is in ° K. 
q E E 

CHARACTERISTICS OF MATCHED PAIR 2-OC83 (T. = 25oC) 
2-OC84 ~ 

Ratio of the large signal forward current transfer ratios of the two transistors at: -

IC = 50mA <1, 2 : 1 

IC = 300mA <1.2 : 1 

\~ 

~~ 

SOLDERING AND WIRING RECOMMENDATIONS \~ 

1. Transistors may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by use of a thermal shunt. 

2. Transistors may be dip soldered at a soldertemperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature may 
exceed the maximum storage temperature for a period of not greater 
than 2 minutes provided that it at no time exceeds 115oC, These 
recommendations apply to a transistor mounted flush on board with 

punched through holes or spaced 1.5mm above a board with plated 
through holes. 

3, Care should be taken not to bend the leads nearerthan 1,5mmfrom the 
seal, 

NOVEn~ER 1964 Page D4 
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JUNCTION TRANSISTORS OC83 
OC84 

OUTLINE AND DIMENSIONS OF COOLING CLIPS 

0.3 

5.65 

14 

i 
17 

i 

~3.3 

O.3 

~ 
li 
~I

~ 1_ 
•~ i ~~ 

r ; 

~f

I. 

~ 
I 

~ II 8,5 

~6-+i ~I2~ 

Typ¢ a. 

Part No. 56227 

Nominal dim¢nsions in mm 
Typ¢ b. 

Part No. 56226 

i~ 

NOTE -Fitting of cooling clip 

To ensure good thermal contact with the transistor envelope, the cooling 
clips should not be distorted by forcing it over the "belling" at the base 
of the transistor. 

JULY 1967 OC83-Page D5 
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JUNCTION TRANSISTORS OC83 
OC84 
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JUNCTION TRANSISTORS OC83 
4C84 

Ic
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200 
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spraatl 

I l f l i l l ~ l
Common amittar 
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VIE =-500mV 

6 I B(mA) 
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Typical characteristic spread ~—

Common emitter 

I I I 

Vag =-500mV 

6 IB(mA) 

SPREAD OF TRANSFER CHARACTERISTIC. COMMON EMITTER 
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JUNCTION TRANSISTORS OC83 
OC84 

I c
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JUNCTION TRANSISTORS OC83 
OC84 
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1
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1 1 I I 

ca '-lov 

Maximum 

Typical 

25 45 65 85 T~ (°C; 
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JULY 1964 Page CS 



JUNCTION TRANSISTORS OC$3 
®C84 
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JUNCTION TRANSISTORS OC83 
OC84 

I szaso
C 
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r¢v¢rs¢ Currant bias. 
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JUNCTION TRANSISTORS OC83 
OC84 
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GERMANIUM P-N-P 
ALLOY JUNCTION TRANSISTORS 

oci2i 
ociz3 

Germanium jm~ction transistors of the p-n-p alloy~n,,• _ntended for use in 
industrial switching applications and digital comp 

QUICK REFERENCE DATA 

OC 122 

-VCS max. 32 

-VCE max. 
(+VBE

>0.5V) 32 

-ICM max. 2.0 

ptot 
max. (T~ b =25oC) 

T, max. 

hFE typ. (-IC =l00mA) 

fT tYP• 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-
J.E.D.E.C, TO 

~A 

_~ 

E 
F 
G 

etre 

Nom. Max. 

9.1 

9.5 

D 0.45 

E 1.22 

F 1.22 

G 4.88 

M 

SEPTEMBER 1968 

~~ 
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JUNCTION TRANSISTORS OC i 39 
OC 140 
OC141 

QUICK REFERENCE DATA 

Symmetrical germanium n-p-n junction transistors designed for high current, 
high speed computer switching applications. 

OC139 OC140 OC141 
Vcs max. (Ic = 3mA) --20 -~20 -I-20 V 
IcM max. 250 400 400 mA 
fl > 3.5 > 4.5 > 9.0 Mc/s 
hFE (IE 15mA) 20 to 84 50 to 150 80 to 200 
~;—amb 0.35°C/mW E— ~ 

Unless otherwise shown data is applicable to all types 

ABSOLUTE MAXIMUM RATINGS 

The equipment designer must ensure that no transistor exceeds these 

ratings. In arriving at the actual operating conditions, variations in supply 

voltages, component tolerances and ambient temperatures must be taken 

into account. 

Collector voltage 

Vcs max. (IE = OmA) +20 

VcE max. (—V„E ~- 200mV) +20 

Collector current OC139 

I CM max. 250 400 

*IC~4~~~ max. 250 400 

Emitter current 

IE;u max. 250 400 

*IE ~A~-~ max. 250 400 

Reverse emitter-base voltage 

VEB max. +20 

Base current 

ISM max. 250 400 

*I BiAv> max. 40 40 

Total dissipation 

*Averaged over any 20ms period. 

See page 12 

T1 max.—T~m~~ 
~Ptot max. = 

B 

V 

V 

mA~ 

mA 

mAF—

mA 

V 

mA~ 

mA 

i 
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OC139 
se.~g 

JUNCTION TRANSISTORS 

Temperature ratings 

Ts~g min. —55 °C 

Tstg max. +75 °C 

Ti max. (continuous operation) 75 °C 

$T~ max. (intermittent operation) 
(total duration = 200 hours max.) 90 °C 

6i—amb 0.35 °C/mWF 

e1_case 0.2 °CjmW 

$Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 

CHARACTERISTICS at Taa,» = 25°C (unless otherwise specified) 

Common base 

Collector leakage current Icno Typ. Max. 

(VcB = +SV, IE = OmA) 0.3 3.0 µA 

(Vcis = +SV, IE = OmA, T~ = 60°C) 6.0 35 uA 

(Vcn = +20V, IE = OmA, T~ = 60°C) 7.0 100 µA 

Emitter leakage current IEso Typ. Mox. 

0.3 3.0 µA 

(VE73 = 6.0 35 ;cA 

(VEn = +20V, Ic = OmA, T; = 60°C) 7.0 100 ;aA 

Maximum emitter input voltage VER 

(Vc„ = OV, Ic = 200mA) Typ. Max. 

OC139 —350 —750 mV 

OC140 —320 —600 mV 

OC141 —320 —450 mV 

Noise figure Typ. Max. 
(VCS = 5V, IE = 1 mA, f = 1 kcjs) 5.0 18 d6 

JULY 1962 Page D2 



JUNCTION TRANSISTORS OC 139 
Series 

Common emitter 
Collector 
saturation Base input 

voltage voltage 

VCEl9at1 VRE 

~~ 

Ic = 7.SmA, IB = 380µA 

165µA 

94µA 

Ic = 50mA, IB = 3.1mA 

1.25mA 

750µA 

VcH = OV, I E = 15mA 

Vc„ = OV, IE = 200mA 

Typ. Max. Typ. 
OC739 +50 +175 +200 

OC140 +60 +175 +200 

OC141 +60 +175 +180 

OC139 +60 +220 +300 

OC140 +70 +220 +250 

OC141 +70 +220 +230 

Max. 

+300 mV 

+250 mV 

+250 mV 

+500 mV 

+380 mV 

+340 mV 

Current amplification fhctor 

Min. 

OC139 20 

OC140 50 

OC141 SO 

OC739 

OC140 

OC141 

Bidirectional operation (collector as emitter) 

OC1401 
OC141 f VEn = OV, Ic = 200mA 

hFE 

Typ. Max. 

43 84 

75 150 

150 200 

Min. Typ. 

15 33 

36 67 

50 134 

hFE 
Min. Typ. 

21 40 
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OC139 
se.~~ 

JUNCTION TRANSISTORS 

BASIC PARAMETERS 

Collector-to-base capacitance 

(VcE _ +SV, Ic = 3mA) cb •~ 

Frequency at which ~hee~ = 1 

(Vci; _ +SV, Ic = 3mA) fl

Typ. Max. 

20 30 pF 

Min. Typ. 

OC139 3.5 6.0 Mc/s 

OC140 4.5 12 Mc/s 

OC141 9.0 20 Mc/s 

Typical parameters for pulse operation 

Current drive time constant for normal and inverted connections 

Typ. Max. 

(VcE _ +750mV, IcM = 200mA) p/c,,1 1.3 1.75 µs 

.., 

\~' 

—~ SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C. 
These recommendations apply to a transistor mounted flush on a board ~~ 
having punched-through holes, or spaced at least 1.Smm away from a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

MECHANICAL DATA 

Average weight 

OCTOBER 1964 

0.023 oz 
0.65 g 
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JUNCTION TRANSISTORS 

OUTLINE AND DIMENSIONS 

Conforming to V.A.S.C.A. SO-2/SB3-2 

6097 

Diamctcr of 
Icads O.43mm 

OC139 
s..~~ 

5.O t 
O.2mm 

x 
0 
E 
E 
E 
m 

i
I•Smm max 1 

_ v EI

~ ~ rE E 

i i 
~ ~ I 

O.85mm1 ~ I

<--

2•I ~.--
mm 

The preferred collector connection is adjacent to the coloured dot. 
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J'1NCTION TRANSISTORS OC139 
se.~~ 

U 
> ~ 
~ N 
} II 
II 

E 
u e 
>~ 

f 

,.~ N 

mE -
.. 

~ o 

U_ 
O - 

U 

I I

E -~ ,m 
M 

O 

a 
m 
H 

O 

O 
Q O 

E "' 

O 
O 
~N 

O 
O 

O 

Q 

Q 
E 
N 

(+1 

  U 

7 ~ 
  N 
  II 

  E 
  Fo 

a 

6 

a 

6 

~~~

6 

Q 
ti

~~ 

1 

V Q 

~ E O p ~ 
N - 

W 
>U 

_O

O 

INPUT, TRANSFER AND OUTPUT CHARACTERISTICS FOR OC139. 
COMMON EMITTER 

JULY 1962 

w~~ 
M`u`llaJJrd 

V 
Page C1 



OC139 
se.~.: 

JUNCTION TRANSISTORS 
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JUNCTION TRANSISTORS 

a a 

OC139 
se.~e: 

mQ 
•• E 

v —
U 

— O 
— E 
  E 
  0 

U 

uQ 
.. E 

~0 ~ N O 

.: ~ O 
N 

O 

S? 

O 
O 
fh 

8 
N 

i 
Q 

O 

O 

i I ~
U 

~~ 
+ N 

~ o 

>r 

O 

E 

>~ 

O 

>u 

O 

O 

INPUT. TRANSFER AND OUTPUT CHARACTERISTICS FOR OC141. 
COMMON EMITTER 

J U LY 1962 

~( 1 
M~~alla~~rd 
~°' Page C3 



OC139 
s..~~ 

JUNCTION TRANSISTORS 
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JUNCTION TRANSISTORS OC139 
Senes 
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JUNCTION TRANSISTORS 
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JUNCTION TRANSISTORS OC139 
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R.F. TRANSISTORS oci~o 
oci~i 

QUICK REFERENCE DATA 
Germanium junction transistors off' the p-n-p alloy difr'used type in TO-7 
construction. Intended (or use in r.( and mixer oscillator circuits in f.m, 

receivers. 

Vcs max. (IE=OmA) -20 
VcE max. -20 
Icu max. 10 
Ptot max. (Tama = 45°C) 50 

OC170 
OC171 

TYPICAL 
POWER GAIN 

(d8) 

25 
14 

at f 
(Mcls) 

Unless otherwise shown data is applicable to both types. 

10 
100 

V 
V 

mA 
mW 

ABSOLUTE MAXIMUM RATINGS 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variation in supply 
voltages, component tolerances and the ambient temperature must also 
be taken into account. 

Collector voltage 
VcB max. (I E = OmA) 

tVcE max. 

tThis value applies when 
RE 

6100 and R E >20052 

Collector current 
IcM max. 

*Ic~nv> max 

Emitter current 
IEM max. 

*IsM ~nvi max. 

Base current 
I BM max. 

*IsinvJ max. 

tReverse emitter current 
Is  max. 

*IEIaV) max. 

—20 V 
—20 V 

10 mA 
10 mA 

11 mA 
11 mA 

1.0 mA 
1.0 mA 

1.0 mA 
1.0 mA 

tWhen the reverse emitter current is not limited —VEriM must not 
exceed 0.5V. 

*Averaged over any 50ms period. 

OCTOBER 1964 Pass Dt 



oci~o 
OC171 

R.F. TRANSISTORS 

Total dissipation (at Tamb = 45°C) 50 mW 
(see curve on page C3) 

/ T~ max. —Tamb 
I Pr°c max. = 6 

Temperature r \atings / 
Tang max. +75 °C 
Tang min. —55 °C 
T~ max. (continuous operation) 75 °C 

$Ti max. (intermittent operation, total duration 
200 h rs) 90 °C 

$Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 

CHARACTERISTICS (at Tamb = 25°C) 

Common base 

Typical production spread 
Min. Typ. Max. 

Collector leakage current Icsc 
(Vcs = —6V,IE = OmA) 1.2 8 µA 

Emitter leakage current IEBO 
(VEB = 500mV, Ic = OmA) 50 µA 

Common emitter 
Base current IB
(Vcs = —6V, IE = 1mA) 7.0 25 µA 

Base voltage VBE 
—210 —260 —330 mV 

Small signal characteristics 
Frequency at which ~hre~ = 1 fl

Current amplification factor hte 

75 — Mc/s 

(VcE _ —6V, IE = 1 mA, f = 1 kc/s) 40 150 

Intrinsic Base Impedance 'Zrb~ 

(Vcs _ —tiV, IE = 1mA, f = 2Mc/s) 25 45 S2 

Noise figure OC771 OC170 
(VcE _ —6V, IE = 1mA) 

Ra 20052, f= 500kc/s Typ. 
Max. 

— 
— 

3.0 
8.0 

d6 
dB 

Ra 15052, f = 10Mc/s Typ. 
Max. 

4.0 
B.0 

4.0 
8.0 

dB 
d6 

Ra 6852, f = 100Mc/s Typ. 
Max. 

8.0 
9.5 

— 
— 

d6 
d6 

(Vc8 = —6V, IE = 1 mA) 

Re = 50052, f = 1 Kc/s 

dynamic Performance 

Typ. 
Max. 

15 
40 

18 
33 

dB 
d6 

Power Gain 
/V°°e\ 2 4R8

at 
l\ Via J RL

f = 100 10 Mc/s F—

Min. 12.5 19.0 dB 
Typ. 14.0 25.0 d6 

~~ 
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R.F. TRANSISTORS O ~' ~O 

O~' ~' 

Typical y-parameters 
The y-parameters are measured with an effective lead length of 5mm. 

Measured at V~ _ —6V, IE = 1mA 
Common Base 

OC17t 
f = 100 

Common Emitter 
OC170 
0.5 10 Mc/s 

Input conductance 
(with output short 
circuited to a.c.) gib 23 gee 0.4 2.5 mmhos 

Input capacitance 
(with output short 
circuited to a.c.) c;b —6 tie 80 65 pF 

Transfer admittance 
(with output short 
circuited to a.c.) ~yrb~ 14 ~yce~ 37 32 mA/V 

Phase angle of transfer 
admittance 

(with output short 
circuited to a.c.) orb 90 ire 0 335 deg 

Output conductance 
(with input short 
circuited to a.c.) gob 350 goe 1.0 60 µmhos 

Output capacitance 
(with input short 
circuited to a.c.) cobs 2.5 toes 5.0 4.5 pF 

Feedback admittance 
(with input short 
circuited to a.c.) ~yrbl 600 lyre 4.0 100 µmhos 

Phase angle of 
feedback admittance 

(with input short 
circuited to a.c.) orb 275 ire 270 260 deg 

Measured at Von _ —6V, I$ = 1mA 
Feedback capacitance 

(with input short circuited to a.c.) cre —1.8 —1.8 pF 

MARCH 1963 Pase D3 



OC 170 
OC171 

R.F. TRANSISTORS 

OPERATING NOTES 

1. The transistor may be soldered into the circuit but heat conducted to the 
junction should be kept to a minimum by the use of a thermal shunt. 

2. Transistors may be dip soldered at a solder temperature of 245°C for a 
maximum of 5 seconds up to a point 1.5mm from the seal. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

sssa

Interlead shield 
and metal case 

All dimensions in mm 

(TO-7 construction) 

~~O.43 

MARCH 1963 

~1 
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R.F. TRANSISTORS oc~~o 
OC 171 
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R.F. TRANSISTORS 
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R.F. TRANSISTORS ocl~o 
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OC 170 
OC171 

R.F. TRANSISTORS 
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R.F. TRANSISTORS OC 170 
OC171 
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R.F. TRANSISTORS 

m 
a 

U 
O 

O 

c 
0 
E 
E 0 
U 

O 
V 

I

O 
N 

V 

Q 

M 

O 

M 
d 

O 

MAXIMUM UNILATERALISED GAIN PLOTTED AGAINST FREQUENCY. 
OC170 

MARCH 1963 Page C6 



R.F. TRANSISTORS oci~o 
OC 171 

a 

r 

O 

L 
d 
w 
.-i .~ 

d 

O 
E 
E 
O 
U 

b 
h 
6 
a 
C 
O 
E 

0 
U 

O 

N 
V 

O 
Q 

O r~ 

O 

ch 

O 

f!1 
O 

O 

MAXIMUM UNILATERALISED GAIN PLOTTED AGAINST FREQUENCY. 
OC171 

MARCH 1963 Pap C7 



~ ~|~~ 

~~| ~| 

R R TRANSSTORS 

~ 
 $ 

~\ 

E 
0 
k 
k 

~ ~  ~ 

 ~/'~\~~~~ 

~ ~ ±~ /3~ ~ ~ ~ 

~ } 

) 

| 

$ 

g 

$ 

; 

/kt ~ 
/ 2 0 

M#»MUM r r L Dm~ ooN e~ QED AG*Ns ~M~BNT 
~Me~TUR 

mac ~, ~.n 



~., 

R.F. JUNCTION TRANSISTOR 
R.F. junction transistor of the ¢-n-p alloy-diffused type 
intended for use in r. f. and mixer oscillator circuits in 
f.m. receivers. 

OCI71 

PRELIMINARY DATA 

ABSOLUTE MAXIMUM RATINGS (limiting values) 
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
veb(pk) max. —20 V 
Veb max. —20 V 

* vee(px) max. —20 V 
*Vee max. —20 V 

*These values apply when 
Re 

<100 and Re >20052. 

Collector current 
lo(pg) max. 10 mA 
l e max. 10 mA 

Emitter current 
i e(pk) max. 10 mA 
l emax. 10 mA 

Reverse emitter-base voltage 
veb(pk) max. —500 mV 
Veb max. —500 mV 

Reverse emitter current 
IQ(pg) max. 1.0 mA 
le max. 1.0 mA 

Total dissipation See page C5 
Tjunetion max. — Tambientl 

(Prot max. —  
0 / 

Temperature ratings 
Storage temperature —55 to +75 °C 
Maximum junction temperature 

Continuous operation 75 °C 
tlntermittent operation 
(total duration = 200hrs max.) 90 °C 

Maximum junction temperature rise above ambient, 8 0.6°C/mW 

tLikelihood of full performance of a circuit at this temperature is also 
dependent on the type of application. 

JULY 1960 (i) Page D1 



oci~i R.F. JUNCTION TRANSISTOR 

CHARACTERISTICS at Tambient = 25°C 

Collector leakage current Ico 
(Vcb =-6V, le = OmA) 
(Vcb =-20V, le = OmA) 

Emitter leakage current 
(Veb=-500mV, Ic=OmA) le° 

Base current 
(Vcb=-6V, IQ=1mA) Ib 

Base input voltage 
(Vcb=-6V, le=1mA) Vbe 

Current amplification cut-off 
frequency at Vcb=-6V, 
Ie=1mA(~«'~ =1) fl

Current amplification factor 
(Vice=-6V, IQ=1 mA, 
f=1 kc/s) a' 

Intrinsic base impedance 
(Vice=-6V, IQ=1mA, 
f=2Mc/s) ~Ziz~ 

Noise figure 
(Vice=-6V, IQ=1mA) 
Raource=150S2,f=10.7Mc/s 
Raource=6852, f=100Mc/s 
(Vcb=-6V, IQ=1mA) 
Raource=50052, f=1kc/s 

y-parameters 
Grounded base 

lin 

~m X Y21 

~outx Y12 

Fig. 1 

Typical production spreads 
Min. 

— 
— 

— 

Typ. 

1.5 
— 

— 

Mox. 

13 
50 

50 

I.tA 
µA 

µA 

— 15 50 (tA 

-210 -260 -330 mV 
i~ 

— 70 — Mc/s 

20 100 

— 25 45 S3 

— 4.0 8.0 d6 
— 9.0 11 dB 

— 15 40 dB 

gout 
 oe 

Y22 
(922+j~c22) gout 

 ob 

V 
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R.F. )UNCTION TRANSISTOR oci~i 
Measured at V~b=-6V, I~=1mA, f=100Mc/s 

Typical production spreads 
Min. Typ. Max. 

Input conductance 
(with output short 
circuited to a.c.) gii — 23 45 mmhos 

Input capacitance 
(with output short 
circuited to a.c.) c11 — —6.0 —18 pF 

Transfer admittance 
(with output short 
circuited to a.c.) ~y21~ 9.0 14 — mA/V 

Phase angle of transfer admittance 
(with output short 
circuited to a.c.) jai 70 90 110 deg 

Output conductance 
(with input short 
circuited to a.c.) gaa — 350 600 µmhos 

Output capacitance 
(with input short 
circuited to a.c.) czz — 2.6 4.0 pF 

Feedback admittance 
(with input short 
circuited to a.c.) ~yis~ — 0.6 1.0 mmhos 

Phase angle of feedback admittance 
(with input short 
circuited to a.c.) biz — —85 — deg 

Grounded emitter 

tin 

~inxY~21 

~outxY~l2 

tout 

Y~2 2 
(922+JW~22) 

c 

gout 

eo • • • • oe 
iszeel

fig. 2 
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ocm R.F. )UNCTION TRANSISTOR 

Measured at Vie=-6V, I~=1mA, f=450kc/s 
Feedback capacitance c'1$ — —1.8 —2.4 pF 

Measured at Vie=-6V, I~=1mA, f=10.7Mc/s 
Output conductance g'z2 — 20 65 p.mhos 

DYNAMIC CHARACTERISTICS in measuring circuit at f=100Mc/s 

*Power gain (Vo„sla 4 Rsonroe >10 dB 
Vin/ Rload 

*The insertion losses of both tuned circuits are inclusive. 

R source 
6011 I SOOpF 

Vln

Fig. 3 

Ferrite bead—+ 
220pF 

+~0.3 V 

R is chosen so that the total impedance of the output tuned circuit is 3.3 kS2 

JULY 1960 (1) Paae D4 
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R.F. JUNCTION TRANSISTOR OCI71 

OPERATING NOTES 

1. The transistors may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

2. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 5mm from the seal. 

3. Care should be taken not to bend the leads nearer than 1.5 mm to the seal. 

s2s; 

Interlead shield 
and m¢tal case 

All dimensions in mm 

JULY 7460 (1) Pape DS 
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~~ 

R.F. JUNCTION TRANSISTOR ocm 

Ib 

(NA) 

200 

150 

100 

50 

O 

6680 OC 17 I 

Grounded emitter 

VCe= -3V 
Tam bient = 25`C 

O -100 - 200 - 300 Vbe mV ) 

INPUT CHARACTERISTIC. GROUNDED EMITTER 

JULY 1960 (1) Paga Cf 



ocm R.F. JUNCTION TRANSISTOR 

8 

6 

4 

2 

0 

6679 OC171 

Grounded emitter 

Vie = - 3V 
Tambient= 25°C 

O 50 100 150 Ib Ya`) 

TRANSFER CHARACTERISTIC. GROUNDED EMITTER 

JULY 1960 (t) 
Mullard , 

Page C2 



R.F. JUNCTION TRANSISTOR ocm 

12 

10 

8 

6 

4 

2 

0 

m 

75NA 

■ 
6678 

Grounded emitter 
I I I I I l l l l l L, 

Tambient -  25°C 

i b= ISONA 

i 

•• 

 llllllif!~~~~~~~~~~'~~~~~~~~~~~1~~~~~~~~~~~~ ~~~~~~~~~~~~~~................... ........... .. 
s ►,i~~~~i~~~ii~:~ii~~~~~~~~~~~~~1~~~~~~~ 

o —2 —a —s —a vie (v) 

OUTPUT CHARACTERISTIC. GROUNDED EMITTER 

JULY 1960 (1) Pate C3 



oan R.F. JUNCTION TRANSISTOR 

1000 

300 

100 

30 

10 

3.O 

I.0 

OC171 8661 

I I I J l 

Ratio of I CO at T°C junction temperature 
I co at 25°C unction emperature 

r

20 40 60 80 100 
Tjunction (C) 

VARIATION OF I~.~ WITH JUNCTION TEMPERATURE 

JULY 1960 (t) Pale C4 



R.F. JUNCTION TRANSISTOR ocm 
N 

O 
b 

r_ 
V 
O 

V 

C 
b 

E 
O 

H 

N 

N 

a 

N 

. 003 ~ o 
aEE 

O O 

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT 
TEMPERATURE 

JULY 1960 (1) Pa;e CS 





SILICON P-N-P 
)UNCTION TRANSISTORS 

oc2oo oc2o I 
BCZ I I 

OC202 OC203 

Silicon p n -p junction transistors intended for general purpose industrial 
applications . 

QUICK REFERENCE DATA 

OC200 OC201 BCZ11 OC202 OC203 

-VCBO 
max, 30 25 30 15 60 V 

-V(BR)CEO mom ' 
(-IC =l00mA) 25 20 25 10 50 V 

-ICM max, 100 mA 

Ptot 
max' 

(Tamb-25oC) 250 mW 

T, max, 150 oC 
J 

hfe tYP 

(-IC=1,OmA) 

fT typ, 

(-IC=1,OmA) 

15-60 

1,2 

20-80 

3,2 

25-60 

1,5 

40-120 

3.2 

10-60 

1.2 Mc/s 

Unless otherwise stated data is applicable to all types in the series 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-2/SB3-2 

~A~ 

F ---

E 

oa 

Min, Nom. Max. 

A 5,75 5,8 5.85 

B - 15,7 

C 37 -

D - 1.5 

E - 2.1 -

F - 0.85 -

G - 0.4 - 

All dim¢nsions in mm. 

JULY 1966 
Mallard 

V 
Page D1 



RATINGS 

Limiting values of operation according to the absolute maximum system. i Electrical 

VCBO ~' 
-VCS  max. 

OC200 

30 

OC201 

25 

BCZ11 

30 

OC202 

15 

OC203 

60 V 

(+VBE>500mV) 30 25 30 15 60 V 

-V(BR)CEO mom ' 
(-IC=l00mA) 25 20 25 10 50 V 

V ET  max. 20 20 20 10 30 V 

-ICM max. 100 mA 

*-IC(AV) 
max. 50 mA 

IEM 
max. 100 mA 

*IE(A~ max. 65 mA 

-IBM max. 50 mA ~. 

*-IB(AV) 
max. 15 mA 

Ptot mom' 
T =25°C 
case 

300 mVV 

T =100° C 
case 

140 mW 

Tamb-25° C 250 mW 

For other values see curve on pageCl9 

*Averaged over any 20ms period. 

Thermal 

Tstg max. 150 ° C 

Tstg min. -55 ° C 

T, max. 150 ° C 

T, min. -55 ° C 
J 

THERMAL CHARACTERISTICS 

6 j
-case 0.35 degC/mW 

e j-amb 
0.5 degC/mW 

~`/ 

JULY 1966 Page D2 



SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 

ocaoo 
ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

-ICBD Collector cut-off current 
-VCB =6.OV, IE =O 

-VCB=6.OV, IE =O 

Tamb 
-100oC 

Min. 

- 

- 

Typ. 

1.0 

0.1 

Max. 

100* 

2.5 

nA 

µA 

-VCB =30V, IE =O - 10 500 nA 

-VCB=30V, I E =O >

Tamb 
-100oC - 0.5 10 µA 

-IEB~ Emitter cut-off current 
-VEB=6.OV, IC =O - 1.0 100* nA 

-VEB =6.OV, IC =O, 

Tamb 
-100oC - 0.1 2.5 µA 

-VBE Base-emitter voltage 
-VCE =4.5V, -IC =20mA 0.55 0.8 1.25 V 

-VCE (sat) 
Collector -emitter saturation 
voltage 

-IC =20m_A, -IB =3.OmA 50 170 550* mV 

-I C =7.OmA, -IB=1.OmA - 130 320 mV 

-VBE (sat) 
Base-emitter saturation 
voltage 

-IC =20mA, -IB =3.OmA 0.6 0.9 1.25 V 

hfe Small signal forward current 
transfer ratio 

-VCE =6.OV, -IC =1.OmA, 

f=1.Okc/s 15* - 60* 

hFE 
Large signal forward 
current transfer ratio 

-VCE =4.5V, -IC =20mA 10 20 50 

fT

-VCE =4.5V, -IC =50mA 

Transition frequency 

7.0 15 50 

-VCE =6.OV, -IC =1.OmA 0.45* 1.2 3.5* Mc/s 

*Thesearethecharacteristicswhicharerecommendedforacceptance testing 
purposes. 

JULY 1966 (M̀~ lJ~ )
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ctc 

Min. 

Collector depletion capacitance 
-VCB=6.OV, IE =Ie =O, 

Typ. Max. 

f = 500kc/s - 30 60 pF 

cte 
Emitter depletion capacitance 

V EB=6.OV, IC =Ic =O, 

f = SOOkc/s - 15 30 pF 

NF Noise figure 
-VCB=2.OV, IE =0.5mA, 

f=1.Okc/s, Rs =500ffi - 8.0 17 dB 

~e 
Emitter resistance 

-VCE =6.OV, -IC=1.OmA - 25 - ffi

µ Voltage feedback factor 
-VCE =6.OV, -IC=100µA - 2.0 - x10 

tThe value of r given here is kT . 1 25 where I is in mA and T is in oK. 
e 

9 IE 
~ IE E 

EQUIVALENT CIRCUIT PARAMETERS -COMMON EMITTER Tamb-25°C 

Hybrid x network (See also page D13) 

Measured at -VCE =6,OV, -IC =1.OmA, w=104 rad/s 

rbb, (f=500kc/s) 

gm 
rb'e 
r 
ce 

rb'c 
°b'c 
cb'e 

Hybrid matrix 

hfe __ o 

hfe (Tamb 
-50 C) 

hoe 

re 

Min. 

15 

Typ. Max. 

180 350 St 
39 - xnA/V 
0.7 - kSI 

125 - kSt 
3.5 - MSI 
36 - pF 
10 - nF 

0.35 0.9 2.5 k12 
15 28 60 

10 -

- 24 55 µmho 
- 3 7 x10-4

`~.~ 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 

oczol 
ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

Min. Typ. Max. 

-ICBO 
Collector cut-off current 

-VCB =6.OV, IE =O 

-VCB =6.OV, IE =O, 

Tamb 
-100oC 

-VCB=25V, IE =O 

-VCB =25V, IE =O, 

Tamb 
-100oC 

-IEBO 
Emitter cut-off current 

-VEB =6.OV, IC =O 

-VEB=6.OV, IC =O, 

Tamb 
-100oC 

-VBE Base-emitter voltage 
-VCE =4.5V, -IC =20mA 

-VCE(sat) 
Collector -emitter saturation 
voltage 

-IC =20mA, -IB =3.OmA 

-IC =7.OmA, -IB=1.OmA 

VBE(sat) 
Base-emitter saturation 
voltage 

-IC =20mA, -IB=3.OmA 

hfe Small signal forward 
current transfer ratio 

-VCE =6.OV, -IC =1.OmA, 

f =1.Okc/s 

- 1.0 100* nA 

- 0.1 2.5 µA 

- 10 500 nA 

- 0.5 10 µA 

- 1.0 100* nA 

- 0.1 2.5 µA 

0.55 0,8 1,25 V 

50 140 550* mV 

- 105 320 mV 

0.6 0.9 1.25 V 

20* - 80* 

hFE Large signal forward 
current transfer ratio 

-VCE =4.5V, -IC=20mA 10 40 70 

-VCE =4.5V, -IC =50mA 10 30 62 

-VCE =6.OV, -IC =10µA 4 15 55 

-VCE =6.OV, -IC =100µA 8 20 60 

*These are the characteristics which are recommended for acceptance testing 
purposes. 
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Min. Typ. Max. 

fT

ctc 

cte 

NF 

tr 
e 

Transition frequency 
-VCB =6.OV, -IC =1.OmA 

Collector depletion capacitance 
-VCB =6.OV, IE =Ie =O, 

f = 500kc/s 

Emitter depletion capacitance 
-VEB =6.OV, IC =Ie =O, 

f = 500kc/s 

Noise figure 
-VCB =2.OV, IE =0.5mA 

f=1.Okc/s, Rs =50012 

Emitter resistance 
-VCE =6.OV, -IC =1.OmA 

2.0* 3.2 11* IvIc/s 

- 30 GO pF 

- 15 30 pF 

- 8.0 17 dB 

- 25 - R 

µ Voltage feedback factor 
-VCE =6,OV, -IC =100µA 6.5 - x10 

0 
tThe value of re given here is kT . 1 ,,, 25 where IE is in mA and T is in K . 

q IE 
~ 

IE 

*These are the characteristics which are recommended for acceptance testing 
purposes. 

EQUIVALENT CIRCUIT PARAMETERS -COMMON EMITTER Tamb-25oC 

Hybrid ~ network (See also page D13) 

Measured at -VCE =6.OV, -IC =1.OmA, w=10~ rad/s 

r bb, (f=500kc/s) 

gm 
rb'e 
r 
ce 

rb'c 
cb'c 

cb'e 

Hybrid matrix 

h. 
hie 
hfe 
hoe 
re 

Min, Typ, Max. 

90 230 350 12 

- 39 - mA/V 
- 1.2 - k12 
- 40 - kSt 
- 1.7 - MSl 

31.5 - pI' 
- 2.0 - pF 

0.7 - 2.5 kP. 
20 40 SU 

- - 80 µmho 
- 7 x101̀

`./ 

~~ 

JULY 1966 

~1 
Ml`nllaJJrd 

V 
Page D6 



SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I i 

OC202 OC203 

sczii 
ELECTRICAL CHARACTERISTICS (Tama-25oC unless otherwise stated) 

-ICBO 
Collector cut-off current 

Dlin, Typ. Max. 

-VCB=6.OV, IE =O 1.0 100* nA 

-VCB=6.OV, IE =O, 

Tamb-100oC 0.1 2.5 µA 

-VCB=30V, IE =O - 10 500 nA 

-VCB=30V, IE =O, 

Tamb 
-100oC - 0.5 10 µA 

-IEBO 
Emitter cut-off current 

-VEB=6.OV, IC =O - 1.0 100* nA 

-VEB=6.OV, IC =O, 

Tamb-100oC - 0.1 2.5 µA 

-VBE Base-emitter voltage 

-VCE =4.5V, -IC =20mA 0.55 0.8 1.25 V 

-VCE(sat) 
Collector~mitter saturation 

voltage 
-IC =20mA, -IB =3.OmA 50 150 550* mV 

-IC =7.OmA, -IB=1.OmA - 110 320. mV 

-VBE(sat) 
Base~mitter saturation 
voltage 

-IC =20mA, -IB =3.OmA 0.6 0.9 1.25 V 

hfe Small signal forward 

current transfer ratio 

-VCE =6.OV, -IC =1.OmA, 

hF,E

f =1.Okc/s 

Large signal forward 

current transfer ratio 

25* - 60* 

-VCE =4.5V, -IC =20mA 15 30 50 

-VCE =4.5V, -IC =50mA 10 23 50 

-VCE =6,OV, -IC =10µA 5 10 25 

-VCE =6.OV, -IC =100µA 10 15 30 

*These arethecharacteristicswhicharerecommendedforacceptancetesting 

purposes. 
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Min. Typ. Max. 

fT

ctc 

cte 

NF 

~'r 
e 

µ 

Transition frequency 
-VCE =6.OV, -IC =1.OmA 

Collector depletion capacitance 
-VCB =6.OV, IE =Ie =O, 

f = 500kc/s 

Emitter depletion capacitance 

-~E13
=6.OV, IC =Ic =O, 

f = 500kc/s 

0.9* 1.5 3.0* Mc/s 

30 60 pF 

- 15 30 pF 

Noise figure 
-VCB =2.OV, IE =0.5mA, 

f=1.Okc/s, R =50051 - 8.0 17 dB 
s 

~~ 

Emitter resistance 

-VCE =6.OV, -IC =1.OmA - 25 Sl 

Voltage feedback factor ~~ 

-VCE =6.OV, -IC =100µA - 4.0 - x10 

tThe value of re given here is kT . 1 _ 25 where IE is in mA and T is in oK . 
q I E ~ I E

*These are the characteristics which are recommended for acceptance testing 
purposes. 

EQUIVALENT CIRCUIT PARAMETERS -COMMON EMITTER Tamb-25oC 

Hybrid a network (See also page D13) 

Measured at -VCE = 6.OV, -IC =1.OmA, w =104 rad/s 

Min. Typ. Max. 

r bb ~ (f = 500kc/s) 100 200 350 St 
gm - 39 - mA/V ~~/ 
rb,e - 0.9 - kSl 
r - 65 - kSl 
rb ~ - 2.6 - MSl 
cb,c - 31.5 - pF 
cb,e - 4.0 - nF 

Hybrid matrix 

h. 0.8 1.1 3.0 kSl 

h1e 25 35 60 
hf 

e 
(T = -50oC) 18 -

fe amb 
h - 23 40 µmho 
hOe - 3 10 x10"'4
re 

JULY 1966 
(Ml`allaJJrd)
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SILICON P-N-P 
JUNCTION TRANSISTORS 

oc2oo oc2o I 
BCZ I I 

OC202 OC203 

ocaoa 
ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

-ICBO 
Collector cut-off current 

Min. Typ. Max. 

-VCB =6.OV, IE =O - 1.0 100* nA 

-VCB =6.OV, IE =O, 

Tamb-100oC - 0.1 2.5 µA 

-VCB =15V, IE =O - 10 500 nA 

-VCB =15V, IE =O, 

Tamb 
-100oC - 0.5 10 µA 

-IEBO 
Emitter cut-off current 

-VEB =6.OV, IC =O - 1.0 100* nA 

-VEB =6.OV, IC =O, 

Tam =100oC - 0.1 2.5 µA 

-VBE Base-emitter voltage 
-VCE =4.5V, -IC =20mA 0.55 0.8 1.25 V 

-VCE(sat) 
Collector -emitter saturation 
voltage 

-IC =20mA, -IB =3.OmA 50 130 550* mV 

-IC =7.OmA, -IB=1.OmA - 105 320 mV 

-VBE(sat) 
Base-emitter saturation 
voltage 

-IC =20mA, -IB =3.OmA 0.6 0.9 1.25 V 

hfe 
Small signal forward 
current transfer ratio 

-VCE =6.OV, -IC =1.OmA, 

f=1.Okc/s 45* - 120* 

-VCE =6.OV, -IC =10µA, 

f=1.Okc/s 7 2C 40 

-VCE =6.OV, -IC =100µA, 

f =1.Okc/s 25 42 85 

*These are the characteristics which are recommended for acceptance testing 
purposes. 

JUNE 1968 
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Min. Typ. Max. 

hFE 
Large signal forward 
current transfer ratio 

-VCE =4.5V, I C=20mA 24 50 125 

-VCE =4.5V, I C =50mA 20 40 100 

etc 

ete 

NF 

ire 

µ 

Transition frequency 
-VCE =6.OV, -IC =1.OmA 

Collector depletion capacitance 
-VCB=6.OV, IE =Ie =O, 

f = 500kc/s 

1.4* 3.2 11* Mc/s 

- 30 60 pF 

Emitter depletion capacitance 

-VEB=6.OV, IC =Ic =O, 

f=500kc/s - 15 30 pF 

Noise figure 
-VCB=2.OV, IE =0.5mA 

f=1.Okc/s, Rs =50052 - 8.0 17 dB 

Emitter resistance 
-VCE =6.OV, IC =1.OmA - 25 - S2 

Voltage feedback factor 
-VCE =6.OV, -IC=100µA - 7.5 - x10 

'The value of r given here is kT . 1 ,,, 25 where I is in mA and T is in oK. 
e 

fl IE 
... IE E 

*These are the characteristics which are recommended for acceptance testing 
purposes. 

EQUIVALENT CIRCUIT PARAMETERS -COMMON EMITTER Tamb-25°C 

Hybrid x network (See also page D13) 

Measured at V CE =6.OV, -IC =1.OmA, w=10~ rad/s 

r bb~ (f=500kc/s) 

gm 
rb'e r 

ce 
rb~c

eb'c 

eb'e 

Hybrid matrix 

h, 
hie 
fe __ o 

hfe (Tamb 
-50 C) 

hoe 
re 

Min. Typ. Max. 

100 250 550 12 

- 39 - mA/V 
- 1.8 - kSl 
- 35 - kffi 
- 2.1 - MS2 
- 29.5 - pF 
- 2.0 - nF 

1.5 2.1 3.3 kSt 
45 70 120 
30 - -

42 80 µmho 
6 -x10 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 

oczos 
ELECTRICAL CHARACTERISTICS (Tamb-25oC unless otherwise stated) 

-ICBO 
Collector cut-off current 

Min. Typ. Max. 

-VCB=6.OV, IE =O - 1.0 100* nA 

-VCB=6.OV, IE =O, 

Tamb-100oC - 0.1 2.5 µA 

-VCB=60V, IE =O - 10 1500 nA 

-VCB=60V, IE =O, T 

Tamb-100oC - 0.5 20 µA 

-IEBO 
Emitter cutoff current 

-VEB=6.OV, IC =O - 1.0 100* nA 

-VEB=6.OV, IC =O, 

Tamb 
-100oC - 0.1 2.5 µA 

V BE Base-emitter voltage 
-VCE =4.5V, -IC =20mA 0.55 0.8 1.25 V 

-VCE(sat) 
Collector -emitter saturation 
voltage 

-IC =20mA, -IB=3.OmA 50 170 550* mV 

-IC =7.OmA, -IB=1.OmA - 130 320 mV 

-VBE(sat) 
Base-emitter saturation voltage 
voltage 

-IC =20mA, -IB=3.OmA O.G 0.9 1.25 V 

hfe Small signal forward 
current transfer ratio 

-VCE =6.OV, -IC =1.OmA, 

h1, E

f = i . Okc/s 

Large signal forward 
current transfer ratio 

10* - 60* 

-VCE =4.5V, -IC =20mA 10 20 50 

-VCE =4.5V, I C =50mA 10 15 50 

fT Transition frequency 
-VCE =6.OV, -IC =1.OmA 0.3* 1.2 3.5* Mc/s 

*These are the characteristicswhicharerecommendedforacceptance testing 
purposes. 
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ctc 

Min. 

Collector depletion capacitance 
-VCB=6.OV. IE =Ie =O, 

Typ. Max. 

f=500kc/s - 30 60 pF 

ctc 
Emitter depletion capacitance 

-VEB =6.OV, IC =Ic =O, 

f=500kc/s - 15 30 pF 

NF Noise figure 
-VCB=2.OV, IE =0.5mA 

f=1.Okc/s, R =500St - 
s 

8.0 17 dB 

~e 
Emitter resistance 

-VCE =6.OV, -IC =1.OmA - 25 - S2 

µ Voltage feedback factor 
-VCE =6.OV, -IC =100µA 

0 
j'The value of r given here is kT . 1 25 where I is in mA and T is in K . 

e 
q IE 

~ 
IE 

E 

2.0 - x10
-4

EQUIVALENT CIRCUIT PARAMETERS -COMMON EMITTER Tamb-25oC. 

Hybrid x network (See also page D13) 

Measured at V CE =6.OV, -IC =1.OmA, w=104 rad/s 

r bb ~ (f = 500kc/s) 

gm 

rb'e 
r 
r ce 
b'c 

cb'c 

cb'e 

Hybrid matrix 

Min. Typ. Max. 

50 125 350 St 
- 39 - mA/V 
- 0.5 - kSt 
- 125 - kSt 
- 2.5 - MSt 
- 41.5 - pF 

- 7.5 - nF 

hfe 10 20 60 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

Hybrid it Network 

86046 

OC200 OC201 
BCZ I I 

OC202 OC203 

c b'c

b~ indicat¢s th¢ int¢rnal bas¢ conn¢ction 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245° C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 

having punched-through holes, or spaced atieast 1.5mm above a board 

having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored above 100° C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances 
the leads should be retinned using a suitable activated flux. 
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OUTLINE AND DIMENSIONS OF COOLING CLIPS 

0.3~ 0• 

5.65 I ~ 5.65 

14 

i 
n 

Z _J 

1 

r3.3 

28 

~3•~ 

—12 

Nominal dim¢nsions in mm 
Typ¢ a. Typ¢ b. 

Part No. 56227 Part No. 56226 

I 
8.5 

t 

17 

e~izi 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 
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SILICON P-N-P 
JUNCTION TRANSISTORS 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

IC80 
(nA) 

10g

104

103

102

10 

1.0 

OC200 OC201 
BCZ I I 

OC202 OC203 

  OC200 seri¢s 85947 

3 

s 

s 

3 

3 

5 

7 

I 

3 

Max.(VCBmax.) OC203 
Max(VCBmax.) 

OC200 OC201 I 
OC202 BCZ11 ',

Max.(- VCB-60V)  ~ 

TYR (VCB max. ) 

Typ.(- VCg.60V) 

0 50 100 150 200 Tj (C) 

COLLECTOR CUT-0FF CURRENT PLOTTED AGAINST 
JUNCTION TEMPERATURE 

JULY 1966 

1 
Mallard 

Page C15 



m 
N 
O 
m 

O
C
2
0
0
 5
¢
r
i
¢
s
 

U 
X 

O 
~°' 
L 

e 

N 

O 
d 
L 

p 
o E 
~ O 
~~ r 

U U 
H 

u~ O 
O 

U 

O 

O 
O 

O 

O 

O 

O 
O 

O ~ 

VARIATION OF SMALL SIGNAL FORWARD CURRENT TRANSFER RATIO 

WITH JUNCTION TEMPERATURE. NORMALISED AT T. = 25°C 
J 

JULY 1966 Page C16 



SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 
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reverse current bias. 
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SILICON P-N-P 
JUNCTION TRANSISTORS 

OC200 OC201 
BCZ I I 

OC202 OC203 
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e~_ame =o e aey amw.n ire: oo- 

Aj_caSe =0.35d¢g C/mW 

6j_amb =0~42deg C/mW with cooling clip 
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SILICON JUNCTION TRANSISTORS 
OC204 
OC205 
OC206 

QUICK REFERENCE DATA 
Silicon p-n-p alloy junction medium power transistors intended for generol 

purpose industrial applications. 

OC204 
Vcs max. (IE = OmA) 
VcE max. (~-VBE >500mV) 
VEB max. (Ic = OmA) 

IcM max. 
Ptot max. (Taub = 100°C) 
hFE (Ic= 150mA) 10-30 
fi > 0.45 

—32 

OC205 OC206 

—60 —32 V 

—12 V 
500 — m A 
125 m W 

10-50 16-120 

>0.45 >0.85 Mc/s 

Unless otherwise shown data is applicable to all types 

ABSOLUTE MAXIMUM RATINGS 

The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply 
voltages, component tolerances and ambient temperature must also be 
taken into account. 

Collector voltage 
Vclz max. (IE = OmA) 
VcE max. (+VnE>500mV) 

OC204 

—32 

OC205 

—60 

OC206 

—32 V 

VcE max. (Ic = 200mA) —24 —60 —24 V 

Reverse emitter-base voltage 

VEt~ max. (Ic = OmA) —12 V 

Collector current 

IcM max. 500 mA 
*Ic~.av~ max. 250 mA 

Emitter current 
I E~ max. 500 mA 

*IE(nv> max. 250 mA 

Base current 
I nM max. 125 mA 

*Is(nv~ max. 125 mA 

*Averaged over any 20ms period. 
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OC204 
se.~.: 

SILICON JUNCTION TRANSISTORS 

Total dissipation see curve on page C14 

T~ max. — Tamb\ 
~pi~~~ max. — 0 I 

Temperature ratings 

T,~~ max. 

T,~a min. 

Ti max. 

Oi-am b 

Without cooling clip in free air 

With cooling clip (type 56210) on a heat sink 
7 x 7cm 16 s.w.g. aluminium 

0~-~a.c 

BASIC PARAMETERS (measured at VcE _ —6V, Ic = 1mA) 

Min. 

OC204 Typ. 
Max. 

Min. 
OC205 Typ. 

Max. 

Min. 

OC206 Typ. 

Max. 

+ 150 

—55 

150 

°C 

°C 

°C 

0.4 °C/mW 

0.3 °C/mW 
0.25 °C/mW 

*ra 

(S2) 

rnn" 

(i2) 

c,~ 

(IE = OmA) 

(pF) 

hre 

(Ic = 10mA) 

Tamn = 25°C Tamn = —55°C 

fl

(Mc/s) 

— 20 50 15 10 0.45 

25 60 80 30 20 1.0 

— 120 120 45 35 -

- 30 50 15 10 0.45 
25 90 65 45 30 1.0 

— 250 100 100 70 -

- 50 50 30 20 0.85 
25 110 75 60 40 2.0 

— 250 110 160 115 — 

*The value of r,. given here is 
9T 

• 
a 

z 
ZF 

where IF is in mA and T is in °K. 

ACCESSORY 
Accessory Code No. Notes 

Cooling clip 56210 Must be specifically ordered 

OPERATING NOTES 

1. Transistors may be soldered directly into the circuit but heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt. 

2. Care should be taken not to bend the leads nearer than 1.5mm to the seal. 
r./ 
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SILICON JUNCTION TRANSISTORS OC204 
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OCZO4 SILICON JUNCTION TRANSISTORS 

Series 

33 ~. f-
~-- 7.5 

Cooling clip 

Material:0.5mm copper strip commercial half-hard BS899 

5.8±o•os 

~~ 

17729 

Dot 

Diameter of 
leads 0.4 

x 
0 
E 

Dot 
/~ + 
I.5max 

All dimensions in mm jl  
O.85 i• 

~ 2•I~ 

v 

C 
F-
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SILICON JUNCTION TRANSISTORS oczoa :e.~.. 
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SILICON JUNCTION TRANSISTORS 
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SILICON JUNCTION TRANSISTORS OC2O4 
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OC204 
se.~es 

SILICON JUNCTION TRANSISTORS 
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SILICON JUNCTION TRANSISTORS 
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SILICON JUNCTION TRANSISTORS 
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SILICON JUNCTION TRANSISTORS OC204 
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SILICON JUNCTION 
TRANSISTOR 

TENTATIVE DATA 

OC207 

Silicon p-n-p alloy junction medium power transistor intended for general 
purpose industrial applications, SO-2/SB3-2 construction, 

VCB max. 

VCE max. 

QUICK REFERENCE DATA 

~E 

- 

OmA) 

(cut-off) 

VCE max. (IC = 500mA) 

ICM max. 

Ptot 
max' 

(l amb - 25oC) 

hFE ~C - 150mA) 

f,I, (tYP) 

RATINGS 

-50 V 

-50 V 

500 mA 

310 mW 

12-70 

2.0 Mc/s 

Limiting values of operation according to the absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission. 

Electrical 

VCB max. (IE = OmA)1 

VCE max. (cut-off) J} 
-50 V 

VCE max. (IC = 500mA) -50 V 

VEB max. (IC = OmA) -12 V 

ICM max. 500 mA 

*IC(AV) 
max. 250 mA 

IEM max. 500 mA 

*IE(AV) 
max. 250 mA 

IBM max. 125 mA 

*IB (AV) 
max. 125 mA 

*Averaged over any 20ms period. 

MARCH 1964 Page D1 



Ptot 
max. 

T, max. - T 

Ptot mom' ~ 6 
amb

See curve on page C2 

Thermal 

Tstg Inax, 
+150 

Tstg min. - 55 

T, max. 150 
J 

THERMAL CHARACTERISTICS 

e j-amb 

Without cooling clip in free air 

With cooling clip (type 56210) on a 
heatsink 7 x 7cm 16 s. w. g, aluminium 

8. 
~-case 

oC

oC

oC

0.4 oC/mW 

0. 3 oC/mW 

0.25 oC/mW 

~~ 

BASIC PARAMETERS VCE _ -6V, IC = 1mA 

Min. Typ. Max. 

*r 
e 

r bb ' (f = 0, 5Mc/s) 

- 

50 

25 

130 

- 

250 

S2 

52 

ctc (VCB = -6V, IE = 0) 45 60 100 pF 

hfe (IC - lOmA) 20 50 120 

fT 0.45 2.0 - Mc/s ^. 

*The value of re given here is 
kT 

. I1  ~ 
I5 

where IE is in mA and T is in oK. \~ 
4 E E 

TYPICAL CHARACTERISTICS T
amb - 25oC unless otherwise shown 

Min. Typ. Max. 

Collector cut-off 
ICBO 

current 

IE = 0, VCB = -6V - 1 100 nA 
-32V - 10 500 nA 

V = -6V, T. = 100oC - 0.1 2.5 µA 
CB 

-32V, T~ = 100oC - 0.5 10 µA 
J 

'~, 
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SILICON )UNCTION 
TRANSISTOR 

OC207 

Forward current transfer 
hFE 

ratio 

V = -2V, I = 30mA 20 50 100 
CE 

_1V, 
C 

150mA 12 25 70 
-6V, 300mA - 15 

Base voltage V
BE 

VCB = OV, IC = 150mA -U.8 -1.2 -1.6 ~' 

Collector saturation 
V CE (sat) 

voltage 

IC = 150mA, IB = 17mA - -280 -560 mV 

Noise figure 

VCE _ -2V, IE = 500µA 

f = lkc/s, Rs = 50052 - 7 20 dB 

ACCESSORY 

Accessory Code No. Notes 

Cooling clip 56210 Must be specifically ordered 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, the transistors may be soldered directly 
into a circuit, but. heat conducted to the junction should be kept to a 
minimum by the use of a heat shunt. 

2. These transistors maybe dip-soldered at a solder temperature of 245oC 
for a maximum soldering time of 5 seconds. The case temperature 
during soldering must not at any time exceed the maximum storage 
temperature. This recommendation applies to a transistor mounted 
flushonaboardhavingpunched-through holes, or spaced at least 1.5mm 
above a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seals. 

  Mullard,  
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OUTLINE AND DIMENSIONS 

Conforming to V.A. S. C.A. SO-2/SB3-2 

N. A. T. O. D5A/D5B 

33 

75 

Cooling clip 

Material:0.5mm copper strip commercial half-hard BS899 
5.8±0.5 

e c 

b 

7729 

Dot 

Diameter of 
leads O.4 

All dimensions in 

Dot 
/~ + 

c 

js ~ r 

mm ~1  
O.85 

~2•I~ 

I.5max
1 

v d c 
C 

`~ 

u 
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SILICON JUNCTION 
TRANSISTOR 

OC207 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTORS 

2N 173 
2N 174 
2N174A 

Germanium p-n-p alloy transistors intended for general purpose l.f. power 
applications . 

QUICK REFERENCE DATA 

2N173 2N174 2N174A 

-VCBX 
max. 

(+VBE- 
1.5V) 60 80 80 V 

-VET  max. 40 60 60 V 

IE max. 15 A 

Ptot 
max. (Tmb =25oC) 150 W 

T, max. 100 °C 
J 

hFE at -IC = 1.2A, -VCE = 2V - 40-80 

-IC = 5A, -VCE = 2V 35-70 25-50 >25 

Unless otherwise stated data is applicable to all types 

OUTLINE AND DIMENSIONS 

Conforming to B. S, 3934 SO-37/SB3-12 ) 
J. E. D. E. C. TO-36 ) With metric thread 

G 

5mm metric thread 

M 

Millimetres 

QfA 

Min. 

- 

Typ. Max. 

31 

f7JB - 26.5 

C - 10.5 

D - 5.33 

E - 7.9 

F 10 12 

G 16 18 

H - 17.5 -

Ir7J - 3.5 

Collector connected to mounting base 

NOVEMBER 1967 2N173-Page Dl 



RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBX 
max. 

(+VBE= 
1.5V) 2N173 60 V 

2N174,2N174A 80 V 

-VEBO 
max. 2N173 40 V 

2N174, 2N174A 60 V 

IE max. 15 A 

-IB max. 4.0 A 

Ptot 
max' (Tmb = 25°C) 150 W 

Temperature 

Tstg min. -65 °C 

Tstg max. 100 °C 

T, max. 100 oC 
J 

THERMAL CHARACTERISTICS 

6
~-mb 

0.5 degC/W 

Thermal capacity for pulses in the 
1 to lOms range 0.075 Ws/degC 

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated) 
J 

Min. Typ. Max. 

-ICBO 
Collector cut-off current 

-VCB= 2.OV, IE = 0 2N173,2N174 - 100 - µA 
2N174A - 100 200 µA 

-VCB= 60V, IE = 0 2N173 - 2.0 8.0 mA 

-VCB= SOV, IE = 0 2N174,2N174A- 2.0 8.0 mA 

-VCB= 60V, IE =O, T =70°C 2N173 - 15 mA 
J 

-VCB=80 V, IE =O, T~=70° C 2N174 - 15 mA 

-VCB=30V, IE =O,T
~=70oC 2N174A - 4.0 6.0 mA 

NOVEMBER 1967 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTORS 

2N 173 
2N 174 

2N174A 

ELECTRICAL CHARACTERISTICS (cont'd) Min. 

Emitter cut-off current 
-IE BO 

Typ. bIax. 

-VEB40V, IC=O 2N173 - 1.0 8.0 mA 

-VEB 60V, IC=O 2N174,2N174A - 1.0 8.0 mA 

-VEB 30V, IC=O, T.=70°C 2N174A - 4.0 6.0 mA 
J 

-V(BR)CEO 

Collector-emitter breakdown voltage 

-IC =1.OA, IB= 0 2N173 45 - - V 
2N174 55 - - V 

-V(BR)CEO 
-IC = 0.3A, IB= 0 2N174A - 60 - V 

-V(BR)CES 
-IC = 0.3A, VBE = 0 2N173 50 - - V 

2N174,2N174A 70 - - V 

CE(sat) 
Collector-emitter saturation voltage 

-IC = 12A, -IB= 2.OA 2N173 0.3 1.0 V 
2N174 - 0.3 0.9 V 
2N174A 0.3 0.7 V 

-VBE Base-emitter voltage 

-IC=1.2A, -VCE=2.OV 2N174A - 0,35 0.5 V 

-IC=5.OA, -VCE = 2.OV 2N173 0.65 - V 
2N174,2N174A - 0.65 0.9 V 

-VEB(fl) 
Emitter-base floating potential 

-VCB 60V, IE =O 2N173 0.15 1.0 V 

-VCB=80V, IE 0 2N174,2N174A - 0.15 1.0 V 

NOVEMBER 1967 
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ELECTRICAL CHARACTERISTICS (cont'd) 

hFE 
Forward current transfer ratio 

Min. Typ. Max. 

-IC =1.2, -VCE =2.OV 2N174A 40 55 80 

-IC =5.OA, -VCE =2.OV 2N173 35 - 70 

2N174 25 - 50 

2N174A 25 35 - 

-IC =12A, -VCE =2.OV 2N173 - 25 

2N174 - 20 

Cut-off frequency 

fhfe 
-IC =S.OA, -VCE =6.OV 2N173,2N174 - 10 - kHz 

f~ 

t 

-IC = 1.OA, -VCB= 12V 2N174A 

Rise time 

100 - - kHz 

r 

tf

-IC =12A, -IB=2.OA, -VCE =12V 

Fall time 

- 15 - µs 

+VBE - 
6.OV, RBE lOSt, IC = 0 - 15 - µs 

ACCESSORIES (Code No.56213) 

Supplied with devices 

1 mica washer 

1 insulating ring 

1 cable lug 

1 lock washer 

1 hexagon nut M5 

V 

NOVEMBER 1967 I~`~ IJ~I
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N-P-N SILICON 
A.F. OUTPUT TRANSISTOR BD115 

TENTATIVE DATA 

N-P-N silicon output transistor intended for use in class 'A' output stages 
of audio amplifiers operating from a supply voltage of 100V. 

QUICK REFERENCE DATA 

VCS  max. 220 V 

VCEO 
max. 180 V 

ICM max. 150 mA 

Ptot 
max. (T~ b~50° C, mounted on heatsink) 6.0 W 

hFE 
~C-50mA, VCE =100V, T.=25 C) min. 22 

~ typ. 60 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-3/SB3-3B 
J. E.D. E.C. TO-39 

Collector connected to case 

Millimetres 

A 

B 

C 

Min. 

9.10 

8.2 

6.15 

Nom. 

- 

- 

- 

Max. 

9.40 

8.5 

6.60 

D - 5.08 -

E 0.71 - 0.86 

F1 - - 0.51 

F2 12.7 - -

F3 12.7 - 15 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.01 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

Voltage 

VCS  max. 220 V 

VCEO 
max. (see page 0) 180 V 

VCER 
max. (RBE~1.OkSt) 220 V 

VET  max. 5.0 V 

Current 

IC max. (d.c.) 150 mA 

ICM max. (peak) 150 mA 

Power 

Ptot mom' 
Tamb`-50oC, mounted on a 1.5mm 
blackened aluminium heatsink of at 
least 30cm2 (see page 6) 6.0 W 

Temperature 

Tstg range -55 to +200 ° C 

T, max. 200 oC 
J 

THERMAL CHARACTERISTICS 

Rth(j-amb) 
From junction to ambient in free air 200 degC/W 

Rth(j-amb) 
From junction to ambient mounted 
on a 1.5mm blackened aluminium 
heatsink of at least 30cm2 25 degC/W 

Rth(j-mb) 
From junction to mounting base 12.5 degC/W 

ELECTRICAL CHARACTERISTICS (T.=25 C unless otherwise stated) 
l 

Min. Typ. Max. 

ICBC 
Collector cut-off current 
IE =O, VCB=200V, 

T.=200°C - 550 - µA 
J 

IE~ Emitter cut-off current 
IC =O, VEB=5.OV - - 100 µA 

VBE *Base-emitter voltage 
IC =50mA, VCE =100V - - 1.0 V 

*VBE decreases by about 2.OmV/degC with increasing temperature. 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTORS 

2N441 
2N442 
2N44~ 

Germanium p-n-p alloy transistors intended for general purpose l.f. power 
applications . 

QUICK REFERENCE DATA 

2N441 2N442 2N443 

-VCBX 
max. 

(+VBE= 
1.5V) 40 50 60 V 

-VEBO 
max. 20 30 40 V 

IE max. 15 A 

Ptot 
max' (Tmb =25°C) 150 W 

T, max. 100 oC 
J 

h1, E (-IC 5A,-VCE =2V) 20-40 

Unless otherwise stated data is applicable to all types 

OUTLINE AIvTD DIMENSIONS 

Conforming to B. S, 3934 SO-37/SB3-12) 
J. E. D. E.C. TO-36 ) 

Smm metric thread 

locator tlo+~ 

with metric thread 

Millimetres 

~A 

Min. 

- 

Typ. 

- 

Max. 

31 

16B - - 26.5 

C - - 10.5 

D - - 5.33 

E - - 7.9 

F 10 - 12 

G 16 - 18 

H - 1"r.5 

jd'J - - 3.5 

Collector connected to mounting base 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

2N441 2N442 2N443 

-VCBX 
max. 

(+VBE 
1.5V) 40 50 60 V 

-VEBO 
max. 20 30 40 V 

IE max. 15 A 

-IB max. 4.0 A 

Ptot 
max. (Tmb 25° C) 150 W 

Temperature 

Tstg min, -65 °C 

Tstg max, 100 ° C 

T, max, 100 ° C 
J 

THERMAL CHARACTERISTICS 

e j -mb 
Thermal capacity for pulses in the 
1 to lOms range 

ELECTRICAL CHARACTERISTICS (T. = 25° C) 
J 

0.5 degC/W 

0.075 Ws/degC 

Min. Typ. Max. 

-ICS  Collector cut-off current 

CB 
2.OV, IE 0 - 100 - µA 

-VC B40V, IE 0 2N441 - 2.0 8.0 mA 

-VCB 50V, IE =O 2N442 - 2.0 8.0 mA 

-VCB60V, IE =O 2N443 - 2.0 8.0 mA 

-IE~ Emitter cut-off current 

-VEB20V, IC =O 2N441 - 1.0 8.0 mA 

-VEB30V, IC =O 2N442 - 1.0 8.0 mA 

-VEB40V, IC =O 2N443 1.0 8.0 mA 

NOVEMBER 1967 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTORS 

ELECTRICAL CHARACTERISTICS (cont'd) 

2N441 
2N442 
2N443 

-V(BR)CEO 

-V(BR)CES 

Min. 

Collector-emitter breakdown voltage 

-IC -300mA, IB=O 2N441 - 
2N442 - 
2N443 - 

-IC =300mA, VBE =O 2N441 40 
2N442 45 

2N443 50 

Typ. 

40 
45 
55 

- 
- 

- 

Max. 

- 
- 
- 

- 
- 

- 

V 
V 
V 

V 
V 

V 

-VCE(sat) 
Collector-emitter saturation voltage 

-IC =12A, -IB=2.OA 2N441,2N442 - 0.3 - V 
2N443 0.3 1.0 V 

-VBE Base-emitter voltage 

-IC =5.OA, -VCE =2.OV 2N441,2N442 - 0.65 - V 
2N443 0.65 0.9 V 

-VEB(fl) 
Emitter-base floating potential 

-VCB=40V, IE =O 2N441 - 1.0 V 

-VCB=50V, IE =O 2N442 - 1.0 V 

-VCB=60V, IE =O 2N443 - 1.0 V 

hFE Forward current transfer ratio 

-IC =5.OA, -VCE =2.OV 20 - 40 

fie

-IC =12A, -VCE = 2.OV 

Cut-off frequency 

- 20 - 

t 

-IC = 5.OA, -VCE = 6.OV 

Rise time 

- 10 - kHz 

r 
-IC = 12A, -IB= 2.OA, -VCE = 12V - 15 - µs 

Fall time 

+VBE- 
6.OV, RBE = lOSt, IC = 0 - 15 - µs 

NOVEMBER 1967 
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ACCESSORIES (Code No.56213) 

Supplied with devices: 

1 mica washer 

1 insulating ring 

1 cable lug 

1 lock washer 

1 hexagon nut M5 
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SILICON N-P-N 
PLANAR TRANSISTORS 

2Nb9b 
2Nb97 

Silicon n-p-n planar transistors for general industrial applications. 

QUICK REFERENCE DATA 

VCBO 
max, (IE = 0) 60 V 

VCER 
max. (RBE ~lOSt) 40 V 

VEBO 
max. (IC =O) 5.0 V 

ICM max. 500 mA 

Ptot 
(Tease-25oC) 2.0 W 

2N696 20 - 60 
hFE 
A. 
~-case 

2N697 40 - 120 
75 degC/W 

GUTLINE AND DIMENSIONS 

Conforms to J, E, D. E. C, TO-5 

A 

~ B~ 

Collector connected to envelope 

Millimetres 

Min. Nom. Max, 

A 

B 

8.64 

7.75 

8, 9 

8.15 

9, 4 

8.5 

C 6,1 6, 35 6, 6 

D - 5.08 

E 0.71 0, 79 0, 86 

F 38 - -

G - 0.45 -

H - 0.4 -

J 0.74 0.85 1.01 

i'`7F>RCH 1966 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

tV 
CBO 

max. (IE = 0) 

tVCER 
max. (RBE ~lOSt) 

tVEBO 
max. (IC =O) 

ICM max. 

tPtot 
max. T

case
-25oC 

T =100oC 
case 

Ta b =25° C 

60 V 

40 V 

~.0 V 

500 mA 

2. 0 W 

1.0 W 

0, 6 W 

Temperature 

tTst min. -65 oC 
g 

1'Tstg max. 200 oC 

tTj max. (operating) 175 oC 

THERMAL CHARACTERISTICS 

te j-case 
Derating factor 

75 degC/W 

13.3 mW/degC 

ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

Min. Typ. Max. 

~VCE(sat) 
Collector-emitter saturation 
voltage 

IC =150mA, IB =15mA 

tVBE(sat) 
Base-emitter saturation 
voltage 

~ICBO 

IC =150mA, IB =15mA 

Collector current-off current 

IE =O, VCB =30V 

IE =O, VCB =30V, Tab =150oC 

tcob Output capacitance 

IEE =O, VCB =10V 

1'hib Input impedance 

IC =1.OmA, VCB =5.OV 

IC =S.OmA, VCB =10V 

0.7 1.5 V 

- 1.0 1.3 V 

- 0. Ol 1. 0 µA 

- 0.7 100 µA 

- 17 35 pI' 

24 27 34 St 

4. 0 6.3 8, 0 12 
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SILICON N-P-N 
PLANAR TRANSISTORS 

2N696 
2N697 

Min, Typ, Max. 

1'hrb Voltage feedback ratio 

IC =1,OmA, VCB =5,OV - 0.7 3,0 x10 

IC = 5. OmA, VCB =10V - 0, 8 3, 0 x 10
-4

1'hfe Small signal forward current 
transfer ratio 

IC =1.OxnA, VCE =5.OV 30 55 100 

IC =5.OmA, VCE =10V 35 70 150 

1'hob Output admittance 

IC =1.OxnA, VCB =5.OV 0.1 0.16 0,5 µmho 

IC =5,OmA, VCB =10V 0,1 0,19 1.0 µmho 

#h. Input impedance 
ie 

IC =1,OmA, VCE =S,OV - 2.2 - kSt 

~'h Voltage feedback ratio 
re 

IC =1.OmA, VOE =5,OV - 3.6 x10 

1'h Output admittance 
oe 

IC =1.OmA, VCE =5,OV - 12.5 - µmho 

*~FE 
Large signal forward current 
transfer ratio 

IC =150mA, VCE =10V 2N696 20 40 60 

1'hfe High frequency current 

gain 

IC =50mA, VCE =10V 

f = 20Mc/s 

2N697 40 75 120 

2N696 2,0 3.0 

2N697 2,5 4.0 

*Measured under pulse conditions to prevent excessive dissipation, pulse 

width= 300µs, duty cycle = 0.01. 

1'J,E,D,E,C. registered characteristics. 
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SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245° C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush 

on a board having punched-through holes, or spaced at least 1.5mm 

above a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1, 5mm from the 
seal. 

4, If the devices are stored at temperatures above 100° C before incorpora-

tion into equipment some deterioration of the external surface is likely 

to occur which may make soldering into the circuit difficult. Under 

these circumstances the leads should be retinned using a suitable 

activated flux. 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR 2N918 

Silicon planar epitaxial n-p-n transistor primarily intended for low power 
r.f. amplifier and oscillator applications in the v.h.f. and u.h.f. ranges 
for industrial service. TO -72 construction, shield lead connected to the 
envelope. 

QUICK REFERENCE DATA 

VCS  max. (IE =O) 30 V 

VCEO 
max. (IB=O) 15 V 

IC max. 50 mA 

Ptot mom ' 
~Tamb-25oC) 200 mW 

T, max. 200 oC 
J 

fT min. 900 Mc/s 

Max. unilateralised gain typ. 

= 10 log ~y ~2 fe 

4gie'goe 

IC =6.OmA, VCE=12V, f=200Mc/s 36 dB 

NF max. (IC =1.OmA, VCE =6.OV, 

f=60Mc/s, Rs =400SZ) 6.0 dB 

OUTLINE AND DIMENSIONS 

Conforming to J.E.D. E. C. TO-72 
~A~ 

~~D 

Min. 

Millimetres 

Nom, Max. 

A 
B 

- 
- 

4.80 
5.33 

C 12.7 -
D - 0.48 
E - 1.21 

F - 1.16 

G - 2.54 -

H - 5.83 

Viewed from underside 
Connections 1. Emitter 3. Collector 

2. Base 4, Shield connected to envelope 

JULY 1968 

~~ 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

1'VCB(~ max. (IE =O) 30 V 

tVCEO 
max. (IB=O) 15 V 

i'VEBO max. (IC =O) 3.0 V 

1'IC max. 50 mA 

~Ptot 
max. (T~ b=25oC) 200 mW 

Temperature 

') Tstg -65 to +200 

f T, max. 200 
1 

THERMAL CHARACTERISTICS 

') A
~-amb 

0.88 degC/mW 

f A. 0.58 degC/mW 
1-case 

ELECTRICAL CHARACTERISTICS (T.=25oC unless otherwise stated) 
J 

Min. Max. 

~ICBO 

thFE 

f 
VCE(sat) 

~ VBE(sat) 

fT

~ °tc 

t 
cte 

t 
PO 

oC

oC

Collector cut-off current 
VCB=15V, IE =O 10 nA 

VCB=15V, IE =O, T =150oC 1.0 µA 

Static forward current transfer ratio 
IC =3.OmA, VCE =1.OV 20 

Collector-emitter saturation voltage 
IC =10mA, IB=1.OmA 0.4 V 

Base-emitter saturation voltage 
IC =10mA, IB=1.OmA 1.0 V 

Transition frequency (see note) 
IC =6.OmA, VCE =10V 900 - Mc/s F 

Collector capacitance 
VCB=10V, IE =Ie=O, f=140kc/s 1.7 pF 

VCB=O, IE =Ie=O, f=140kc/s 3.0 pF 

Emitter capacitance 
VEB=0.5V, IC =Ic =O, f=140kc/s 2.0 pF 

Oscillator power output 
IE =S.OmA,VCB=15V,f=500Mc/s 30 - mW 

NOTE 
J. E. D. E. C. registration of this parameter at IC =4.OmA and VCE =10V is 
600Mc/s min. 

JULY 1968 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR 

ELECTRICAL CHARACTERI3TIC3 (cont"d) 

eon o 

~I 

0 

2N918 

Min, Max, 

tNF Noise figure 
IC =1, OmA, VCE =6, OV, f =80Mc/s 

Rs =40011 6.0 dB 

tMaximum unilateralieed gain (typ. ) 

= 10 log ~ y ~ 
2 

fe 

4gie'goe 
IC =6,OmA, VCE =12V, f =200Mc/e - 36 dB 

For all measurements the shield lead is not grounded 

Basic circuit for measuring available power gain (neutralised) 
l~ bOnF 

"09~~~-1 

r~ 

~p  ~~ ~•0.1QpF 

sNa~e 

goon 

T ~~ 
10nF 

~.e-~.epF 

C RFC 

.,p~ 

~---0 eon 

tanr 

~ tOnF 

I 
L1 = 9.6 turns 1.3mm, tinned copper wire 

coil diameter 8mm, length llmm, turns ratio^,s4 to 2. 

L2 = 8 turns 1.3mm, tinned copper wire 
coil diameter 3mm, length 22mm, turns ratiox8 to 1. 

L3 = 0.4 to 0 , 86µH 
Shield lead ie ground®d, 

VO 

0 

tAvailable power gain at 

IC = BmA, Y = 200Mo/e (min,) 16 dB 

tJ, E,D, E, C, registered data, 

JULY 1968 
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SOLDERING AND WIRING RECOMMENDATIONS 

1, When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2, Transistors may be dip-soldered at a solder temperature of 245oC for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush 
on aboard having punched-throughholes, or spaced at least 1,5mm above 
a board having plated through holes. 

3. Care should be taken not to bend the leads nearer than 1, 5mm from the 
seal. 

4, If devices are stored above 100oC before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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SILICON PLANAR 
TRANSISTORS 

2N929 
2N930 

Silicon n-p-n planar transistor for use in high performance, low level, low 
noise amplifier applications both for direct current and for frequencies up 
to 100Mc/s. 

QUICK REFERENCE DATA 

2N929 2N930 

~CBO ~E 
0) 45 45 V 

CEO ~B-0) 45 45 V 

ICM max. 60 60 mA 

tPtot ~Tamb -25o) 
300 300 mW 

T, max, 175 175 °C 
J 

thFE S CE - 
5, OV , IC =10µA, 

T~ = 25oC) 40 -120 100 - 300 

~hFE 
SCE-5,OV, IC=10mA, 

T~=25° C) 100-350 200-600 

f,r typ. SCE=5.OV, IC=0.5mA, 

T,=25oC) 80 80 Mc/s 
J 

Unless otherwise shown data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforms to J. E. D, E, C, TO-18 

V. A, S, C. A. S012A/SB3-6A 

45'=3' 

~B4591 

Collector 
o connected 

to 
envelope 

Millimetres 

Min, Typ, Max, 

A 5.3 5, 55 5, 8 

B 4,52 - 4.8 

C 4.66 - 5,3 

D - 2.54 -

E 0.95 1.05 1,15 

F 12,7 - -

G - 0.43 -

H 0. 06 - 1, O1 

J 0.9 1,05 1.20 

OCTOBER 1965 
Mallard 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

SIC (see note 1) 30 mA 

ICM 
60 mA 

IE (see note 1) 35 mA 

IEM 
70 mA 

IB (see note 1) 5.0 mA 

IBM 10 mA 

~CBO ~E - 
O) 45 V 

CEO ~B - 
0) 45 V 

~EBO ~C
-0) 5,0 V 

~Ptot 
max. (T~b =25oC, see note 2) 300 mW 

Ptot 
max. (Tcase-25oC, see note 3) 600 mW 

Thermal 

1'Tstg mm. 

Tst 
max. (see note 4) 

g 

T. (operating range) 
J 

THERMAL CHARACTERISTICS 

e j-aanb 

ej-case 

-65 

200 

-65 to +175 

oC

oC

oC

0.5 deg C/mW 

0.25 deg C/mW 
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SILICON PLANAR 
TRANSISTORS 

2N424 
2N4~o 

ELECTRICAL CHARACTERISTICS (T.=25° C unless otherwise stated) 
J 

~ICBO 
Collector-base cut-off 
current 

IE =O, VCB =45V 

LICE$ 
Collector-emitter cut-off 
current (base-emitter 

short circuited) 

Min. Typ. Max. 

- - 10* nA 

VCB =45V, VBE =O - - 10 nA 

VCB =45V, VBE =O, 

T.=170oC - - 10 
J 

~ICEO 
Collector-emitter cut-off 
current 

IB =O, VCE =5.OV 

(see note 5) 

tIEBO 
Emitter cut-off current 

IC =O, VEB =5.OV 

IB Base current 

VCB =5,OV,-IE =10mA 2N929 

~VCE(sat) 
Collector-emitter 
saturation voltage 

IB = 0.5mA, IC =10mA 

VBE(sat) 
Base-emitter 
saturation voltage 

f-VEB 

IC =10mA, IB = 0.5mA 

Emitter-base voltage 

VCB=5. OV,-IE =0.5mA 

2N930 

- - 2, 0 nA 

- - 10* nA 

- - 1.00* µA 

- - 50* µA 

- - 1.0 V 

0.6 - 1.0 V 

0.6* - 0.8* V 

MAY 1966 
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thFE 
Large signal forward 
current transfer ratio 

Min. Typ. Max. 

VCE =5.OV, IC =10µA 2N929 40 - 120 

2N930 100 - 300 

VCE =5.OV, IC =10µA 

T.= -55oC 2N929 10 
J 

2N930 20 

VCE =5.OV, IC =500µA 2N929 60 

2N930 150 -

VCE =5.OV, IC =10mA 2N929 100 - 350 

f1, 

ficob 

2N930 

Transition frequency 

VCE =5.OV, IC =500µA 

Output capacitance 

200 

50 

- 

80 

600 

- Mc/s 

fiNF 

VCB=5.OV, IE =O, 

f=1.OMc/s 

Average noise figure (see nute 6) 

- - 8.0 pF 

VCE =5.OV, IC =10µA 

Rs =1Ok12, Noise bandwidth 

=10c/s to 15.7kc/s 2N929 - - 4.0 dB 

2N930 - - 3.0 dB 

h-parameters 

Common emitter 

Measured at VCE =S.OV, IC =1.OmA, f=1.Okc/s 

h, Input impedance 2N929 - 5.0 - k12 
le 

h Reverse voltage 

2N930 - 10 - kSl 

re 
transfer ratio 2N929 - 2.5 - x10 

thfe 
Small signal forward 

2N930 - 5.5 - x10 

current transfer ratio 2N929 60 200 350 

2N930 150 350 600 

h Output admittance 2N929 - 14 - µmho 
oe 

2N930 - 25 - µmho 
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SILICON PLANAR 
TRANSISTORS 

Common base 

2N929 
2N930 

Measured at VC =+5.OV, IE =1.OmA, f=1.Okc/s 

1'hib Input impedance 25 - 32 SZ 

1'hrb Reverse voltage -6 
transfer ratio - - 600 x 10 

1'hob Output admittance - - 1.0 µmho 

*These are the parameters which are recommended for acceptance testing 
purposes. 

fJ.E,D,E,C, registered characteristics. 

NOTES 

1. Averaged over any 20ms period. 

2. Derate linearly to 175oC at the rate of 2. OmW/deg C. 

3. Derate linearly to 175° C at the rate of 4. OmW/degC. 

4. If stored at +200oC precautions should be taken to ensure adequate 
solderability of the leads. 

5. Prevent illumination of the device during the measurement. 

6. Measured with an amplifier having an effective bandwidth of lOc/s 
to lOkc/s. 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245oC for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage 
temperature. These recommendations apply to a transistor mounted 
flush on a board having punched-through holes, or spaced at least 
1.5mm above a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

DECEMBER 1965 Page D5 



i 



SILICON PLANAR 
TRANSISTORS 

■~■w~■■~ 
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TYPICAL CHARACTERISTICS. COMMON EMITTER. 
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SILICON PLANAR 
TRANSISTORS 

2N929 
2N930 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 2N 1100 

Germanium p-n-p junction transistor intended for 1, f. ,high power industrial 
applications where high voltages and high currents are encountered. 

QUICK REFERENCE DATA 

V CB max. (IE = 0) 

VCE max. 

ICM 
_ o 

Ptot ~Tcase - 
25 C) 

hFE ~C 
S. OA) 

fhfe 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-37/SB3-12 
J. E.D. E.C. TO-36 

~q _ .y 

~~ 8 ~ 

E 

 MS 

Collector connected to mounting base 

-100 V 

-80 V 

11 A 

90 W 

25 - 50 

10 kc/s 

with metric thread 

Millimetres 

Min. Typ. Max. 

~A 29 - 31 

~B 24.5 - 26.5 

C - - 10.5 

~D - 17.5 -

E 6.5 - 7.9 

F 10 - 12 

G 16 - 18 

~lH 3.0 - 3.5 

FEBRUARY 1968 2N1100 Page D1 



RATINGS 

Limiting values according to the absolute maximum system. 

Electrical 

'I'VCB max. (VEB=1.5V) -100 V 

VCE max. -80 V 

11IE max. 15 A 

IEM max. 20 A 

1'IB max. 4, 0 A 

1'P max. T =25° C 90 W 
tot case 

T =71°C 30 W 
case 

Thermal 

'~Tstg min. -65 

1'Tstgmax. 95 

1'T. max. 100 
J 

THERMAL CHARACTERISTICS 

te j-case 

1'Thermal capacity for pulses 

in 1 to lOms range 

FEBRUARY 1968 

oC

oC

oC

0.5 deg C/W 

0.075 W/degC 

2N1100 Page D2 



GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N1131 
2N1132 

P-N-P silicon planar epitaxial transistors designed primarily for use in 
medium frequency amplifiers and medium speed switching applications. 

QUICK REFERENCE DATA 

2N1131 2N1132 

-VCBO 
max. 50 V 

-VCEO 
max. 35 V 

-IC max. 600 mA 

Ptot 
max' 

(l amb - 
25oC) 600 mW 

T, max. 175 
oC

7 
hFE (-IC =150mA, -VCE =10V) 20-45 30-90 

f,r  min. (-IC =50mA, f=20MHz) 50 60 MHz 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 

J.E.D.E.C. TO-5 

Collector connected to envelope 

Millimetres 

Min. Nom. hiax. 

A 8.64 8.90 9.40 

B 7.75 8.15 8.50 

C 6.10 6.35 6.60 

D - 5.08 -

E 0.71 0.79 0.86 

F 38 - -

G - 0.45 -

H - 0.4 -

J 0.74 0.85 1.0 

i 

NOVEMBER 1966 

P  
I mi
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j'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO ~~ 
50 V 

VCEO 
max. 35 V 

-VCER 
max. (RBE ~lOSt) 50 V 

-VEBO 
max. 5.0 V 

-IC max. 600 mA 

Ptot 
max. 

(Tamb
-25oC) 600 mW 

Temperature 

Tst min. -65 oC 
g 

Tstg max. 200 oC 
0 

T, xnax. 175 C 
J 

'ELECTRICAL CHARACTERISTICS (Tamb-25oC unless otherwise stated) 

Min . Max . 

-ICBO 
Collector cut-off current 
-VCB=30V, IE =O 

-VCB=30V, IE =O, Tamb-150oC 

-VCB =50V, IE =O 

-IEBO 
Emitter cut-off current 
-VEB =2.OV, IC =O 

VCER(sust) 

VCEO(sust) 

-V 
CE(sat) 

-V 
BE (sat) 

cob 

Collector -emitter sustaining 
voltage (pulsed) 
-IC =l00mA, RB X1052 

Collector -emitter sustaining 
voltage (pulsed) 
-IC =l00mA, IB =O 

Collector-emitter saturation 
voltage 
-IC =150mA, -IB =15mA 

Base~mitter saturation voltage 
-IC =150mA, -IB =15mA 

Output capacitance 
-VCB=10V, IE =O 

j'J. E.D. E. C. registered data. 

- 1.0 µA 

- 100 µA 

- 100 µA 

- 100 µA 

50 - V 

35 - V 

- 1.5 V 

- 1.3 V 

- 45 pF 

NOVEMBER 1966 l Mi\ /~~  I 
V 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N1131 
2N1132 

cib 

fT

Input capacitance 

-VEB=0.5V, IC =O 

Transition frequency 
-IC =50mA, -VCE =10V, 

Min, Max. 

80 pF 

f = 20MH z 2N1131 50 MHz 

2N1132 60 - 

hFE 
Static forward current 
transfer ratio (pulsed) 
-IC =5,OmA, -VCE =10V 2N1131 15 -

2N1132 25 

-IC =150mA, -VCE =10V 2N1131 20 45 

2N1132 30 90 

h-parameters 

-IC =1,OmA, 

hfe

-VC =5.OV 

Small signal forward 
current transfer ratio 2N1131 15 50 

2N1132 25 75 

hib Input resistance 25 35 SZ 

hrb Voltage feedback ratio 0 8.0 x10 

hob Output conductance 0 1.0 µmho 

-IC =5.OmA, -VC =10V, f=1.OkHz 

hfe Small signal-forward 
current transfer ratio 2N1131 20 

2N1132 30 

Input resistance - 10 SZ 

hrb 
Voltage feedback ratio 0 8.0 x10 

hob 
Output conductance 0 5.0 µmho 

t OLDERING RECOMMENDATION 

Max. Tle~ 1/16" from case for 10 seconds is 300oC. 

tJ.E,D.E.C. registered data. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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GERMANIUM N-P-N 
ALLOYED TRANSISTORS 

2N1302 2N1306 
2N1304 2N1308 

Germanium n-p-n alloyed junction transistors primarily inte~.ued for use in 
medium current, medium speed logic circuits in computers and other general 
industrial applications. 

QUICK REFERENCE DATA 
2N 1302 1304 1306 1308 

VCBOmax. 25 25 25 25 V 

VCEOmax. 25 20 15 15 V 

ICM max. 300 300 300 300 mA 

Ptot 
max. (l amb-  25oC ) 

150 150 150 150 mW 

T, max. 85 85 85 85 °C 
J 

hI,E min.(IC=lOmA,VCE=1.OV) 20 40 60 80 

CE(sat)max'(IC-lOmA,IB IC/hFEmin.) L00 200' 200 200 mV 

fT typ. (IC=1.OmA,VCE=5.OV) 10 15 20 30 MHz 

ton tYP . (td + tr ) 285 270 225 220 ns 

toff tYp • (ts + tf ) 865 850 815 790 ns 

Unless otherwise stated data is applicable to all types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3 9 3 4 SO - 3/SB3 - 3A 
J.E.D.E.C. TO -5 

F3 

The base is electrically connected 

to the envelope 

Millimetres 
Min. Typ Max. 

A 

B 

C 

9.10 

8.20 

- 

- 

- 

- 

9.4 

8.50 

6,60 

D - 5.08 -

E - - 0.86 

F1 - 0.51 

F2 12.7 -

F3 38.1 - 41.3 

G1 - - 1.01 

G2 0.48 

G3 0.53 

H - 0.4 -

J - - 1.0 
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RATINGS 

Limiting values of operation according to the absolute maximum system 

Electrical 

OBO 
max, 25 V 

CEO 
max. 2N1302 25 V 

2N1304 20 V 

2N1306,1308 15 V 

VEBO 
max. 25 V 

IC max. (d.c. or averaged over any 20ms period) 200 mA 

ICM max. 300 mA 

Ptot 
max . 

(Tamb- 
25° C) 150 mW 

Temperature 

Tst min. -65 
g 

Tstg max. 100 °C 

T_ max. 85 ° C 
J 

oC

THERMAL CHARACTERISTIC6 

Oj-amb 
(m free air) 0.4 deg C/mW 

O. 0.2 deg C/mW 
~-case 

ELECTRICAL CIIARACTERLSTICS (T,= 25° C unless otherwise stated) 
1 

ICBO 
Collector cut-off current 

CB 
25V,IE=O 

Min. 

- 

Typ. Max. 

3.0 6.0 µA 

IEBO 
Emitter cut-off current 

VEB= 25V, IC= 0 2.2 6.0 µA 

ICEX 
Collector-emitter cut-off current 

-VBE=0.2V,VCE=20V, 

T.=55°C 2N1302,4 - 50 µA 
J 

-VBE=0.2V, VCE= 15V, 

T.= 55°C 2N1306,8 - - 50 µA 
J 

BE(sat) Base-emitter saturation 
voltage 

IC=10mA, IB 0.5mA 2N1302 0.15 0.30 0.40 V 

2N1304 0.15 0.25 0.35 V 

2N1306 0.15 0.24 0.35 V 

2N1308 0.15 0.23 0.35 V 
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GERMANIUM N-P-N 
ALLOYED TRANSISTORS 

2N 1302 2N 1306 
2N1304 2N1308 

VCE(sat) 
Collector-emitter saturation voltage 

Min. Typ Max. 

IC=10mA, IB 0.5mA 2N1302 0.1 0.2 V 

IC=10mA, IB 0.25mA 2N1304 0.1 0.2 V 

IC=10mA, IB=0.17mA 2N1306 0.1 0.2 V 

IC=10mA, IB=0.13mA 2N1308 0.1 0.2 V 

V Punch-through voltage 2N1302 25 - V 
P t 

2N1304 20 - V 

2N1306,8 15 - - V 

hFE 
Static forward current 
transfer ratio 

IC=10mA, VCE=1.OV 2N1302 20 50 

2N1304 40 70 100 

2N1306 60 100 200 

2N1308 80 150 300 

IC=200mA, VCE=0.35V 2N1302 10 48 

2N1304 15 65 

2N1306 20 95 

2N1308 20 145 

C 
c 

Collector capacitance 

CB-S.OV,IE=Ie 0, 

f=1.OMHz - 1L 20 pF 

C 
e 

Emitter capacitance 

f 

VEB= 5.OV, IC= Ic= 0 , 

f=1.OMHz 

Transition frequency 

- 8.0 - pF 

T 
IC=1.OmA,VCE=5.OV 2N1302 3.0 10 - MHz 

2N1304 5.0 15 - MHz 

2N1306 10 20 MHz 

2N1308 15 30 MHz 
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Typical switching times (see fig.l) 

2N 

td Delay time 

t Rise time 
r 

t Storage time 
s 

tf Fall time 

Typical recovered charge (see fig.2 ) 

Q 
s 

TEST CIRCUITS AND WAVEFORMS 

V; 

+IOV 

1 kSl. 

1302 1304 1306 1308 

65 60 55 55 ns 

220 210 170 165 ns 

500 500 500 500 ns 

365 350 315 290 ns 

800 700 650 600 pC 

V; 2.5V 

to C, R. 00 0.8V# 

C;~BpF 
R;~10M,(~,  

90°b 

Vo 

Fig, l 

Adjust C from zero to 
Copt 

Qs = Coptx V 
i 

Fig. 2 

10% 

10% 

_ so°~ _ ~ _ 

1' 'I tr~l N is ~ tf'I 
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GERMANIUM N-P-N 
ALLOYED TRANSISTORS 

2N1302 2N1306 
2N1304 2N1308 
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400 

VCE 
(mV) 

300 

200 

100 

00 

VCEsat 
(mV) 

190 

180 

TIO 

1S0 

f50S

Typicoi values
T =25°C 
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.2 N1302 Series 
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250 I C (nuU300 

COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
COLLECTOR CURRENT 

N 1302 : IC = pOm4 ; Ig = 6.5 
D04:IC ~Oma;Ig =4.~ 

  Nl?US:IC ~Ooma;Ig~30  
  N1308:ZC=100rnA;Ig =15mA 

SO 80 Tj (`C1 

TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH JUNCTION TEMPERATURE 
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GERMANIUM N-P-N 
ALLOYED TRANSISTORS 

800 

VBEsot 
(mV),~ 

soo 

200 

~~~N 

■■■ 

0~ 0 

550 

VBEa 
(mV) 

500 

450 

400 

350 
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Typicai voiues 

~~ ■ 

2N 1302 2N 130b 
2N1304 2N1308 

2 N_1302 Series  1.,30mA  
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BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 
COLLECTOR CURRENT 

of ■■■•= NT302:I~=t0om4;IB=65mA 
1304: z~=~oanva;IB~.ona, 

N1306:7~=rao~,va;IB ~ oma 
13Q4:I~a0ana;IB=1.5 rM 

_40 _2p 0 20 40 60 60 Tj (°01 

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH JUNCTION TEMPERATURE 
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GERMANIUM N-P-N 
ALLOYED TRANSISTORS 

250 
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V~E=1V 
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.~N.B~ J 
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GERMANIUM P-N-P 
ALLOYED TRANSISTORS 

2N1303 2N1307 
2N1305 2N1309 

Germanium p-n-p alloyed junction transistors primarily intended for use in 
medium current, medium speed logic circuits in computers and other general 
industrial applications. 

QUICK REFERENCE DATA 

2N 1303 1305 1307 1309 

-VCBO 
max. 30 30 30 30 V 

-VCEO 
max. 25 20 15 15 V 

-ICM max. 300 300 300 300 mA 

Ptot mom ' 
(Tamb-25°C) 150 150 150 150 mW 

T, max. 85 85 85 85 ° C 
J 

hF,E min. (-IC=10mA, -VCE=1.OV) 20 40 60 80 

OE(sat)max.(-IC=lOmA,-IB IC/hFEmin.) 200 200 200 200 mV 

f r  typ. (-IC=1.OmA, -VCE=5.OV) 5 10 15 20 14IHz 

ton tYP • (td + t r ) 

toff tYp•(ts +tf) 

360 

1300 

255 

1150 

230 

1050 

200 

1050 

ns 

ns 

Unless otherwise stated data is applicable to all types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3 9 3 4 SO - 3/SB3 - 3A 

J. E. D. E. C. TO -5 

The base is electrically connected 
to the envelope 

Millimetres 
Min. Typ. Max. 

A 9.10 - 9.4 

B 8.20 - 8.50 

C - 6.60 

D - 5.08 -

E - - 0.86 

F1 - - 0.51 

F2 12.7 - -

F3 38.1 41.3 

G1 - 1.01 

G2 - - C.48 

G3 - - 0.53 

H - 0.4 -

J - 1.0 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCS  max, 30 V 

-VCEOmax, 2N1303 25 V 

2N1305 20 V 

2N1307,1309 15 V 

-VEBO 
max. 25 V 

-ICmax. (d.c..or averaged over any 20ms period) 200 mA 

-ICM max, 300 mA 

Ptot 
max. (l amb 25°C) 150 mW 

Temperature 

Tstg min. -G5 °C 

Tstg max. 100 °C 

T, max. 85 ° C 
J 

THERMAL CHARACTERISTICS 

ej-amb 
(m free air) 0.4 deg C/mW 

8, 0.2 deg C/mW 
~-case 

ELECTRICAL CHARACTERISTICS (T. = 25° C unless otherwise stated) 
J 

-ICBO 
Collector cut-off current 

Min. Typ, Max. 

-VCB 25V, IE 0 - 3.0 6.0 µA 

-lEBO 
Emitter cut-off current 

-VEB = 25V, IC=O - 1.7 6.0 µA 

-ICEX 
Collector-emitter cut-off current 

+VBE 
0.2V,-VC E 15V, T.=55° C - - 50 µA 

J 

-VBE(sat) 
Base-emitter saturation voltage 

-IC=10mA, -IB O. SmA 2N1303 0.15 0.30 0.40 V 

2N1305 0.15 0.25 0.35 V 

2N1307 0.15 0.24 0.35 V 

2N1309 0.15 0.23 0.35 V 
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GERMANIUM P-N-P 
ALLOYED TRANSISTORS 

2N1303 ZN1307 
2N 1305 2N 1309 

CE(sat) 

Pt 

hFE

Collector-emitter saturation voltage 

-IC=lOmA,-IB=0.5mA 2N1303 

-IC=10mA, -IB=0.25mA 2N1305 

-IC=10mA, -IB 0.17mA 2N1307 

-IC=lOmA,-IB 0.13mA 2N1309 

Punch-through voltage 2N1303 

2N1305 

2N1307 

2N1309 

Static forward current 
transfer ratio 

Min. 

- 

- 

- 

- 

25 

20 

15 

15 

Typ. 

0.1 

0.1 

0.1 

0.1 

- 

- 

- 

- 

Max. 

0.2 

0.2 

0.2 

0.2 

- 

- 

V 

V 

V 

V 

V 

V 

V 

V 

-IC=10mA, -VC E 1.OV 2N1303 20 50 -

2N1305 40 70 100 

2N1307 60 100 200 

2N1309 80 150 300 

-IC=200mA, -VCE=0.35V 2N1303 10 35 

2N1305 15 55 

2N1307 20 90 -

2N1309 20 130 -

C 
c Collector capacitance 

-VCB 5.OV,IE Ie 0, 

f = 1.OMHz - 10 20 pF 

C 
e 

f 
T 

Emitter capacitance 

-VEB=5.OV, IC=Ic=O, 

f = 1.OMHz - 7.0 - pF 

Transition frequency 

-IC = 1.OmA, -VCE = 5.OV 2N1303 3.0 5.0 - MHz 

2N1305 5.0 10 - MHz 

2N1307 10 15 - MHz 

2N1309 15 20 - MHz 
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Typical switching times (see fig, l ) 

2N 1303 1305 1307 1309 

td Delay time 60 55 50 45 ns 

t 
r 

t 
s 

tf

Rise time 

Storage time 

Fall time 

300 

700 

600 

200 

700 

450 

180 

700 

350 

155 

700 

350 

ns 

ns 

ns 

Typical recovered charge (see fig.2 ) 

Q s 
1000 1000 1000 1000 pC 

TEST CIRCUITS AND WAVEFORMS 

V; 

—10V o  o.avZ

1k,fl, v; —2.5v 

to C. R, O. 

C; ~BpF 
R~ ~10M,~, 

vo

Adjust C from zero to 
Co t P 

Qs -Copt Vi 
Fig.2 

10°l0 

L~ 
so°i° 

V°

- 9°ob - r - 

~_io°i°_

I

~

_

_~

J

_ 

tdl tr I f is  I tf~ 

t 
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GERMANIUM P-N-P 
ALLOYED TRANSISTORS 

2N1303 2N1307 
2N 1305 2N 1309 
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GERMANIUM P-N-P 
ALLOYED TRANSISTORS 
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2N1305 2N1309 
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GERMANIUM P-N-P 
ALLOYED TRANSISTORS 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 2N 1358 

Germaniump-n-p alloy transistor intended for general purpose l.f. power 
applications . 

QUICK REFERENCE DATA 

-VCBX 
max. (+V BE -1.5V) 80 V 

-VET  max, 60 V 

IE max. 15 A 

Ptot 
max. (Tmb=25oC) 

T, max. 
J 

150 W 

100 oC 

hFE 
(-IC =1.2A, -VCE =2.OV) 40-80 

OUTLINE AND DIMENSIONS 

Conforming to B. S, 3934 SO-37/SB3-12~ 

J. E. D. E. C. TO-36 
with metric thread 

eas. 

a 
i~sumnee 
Locator oi~ 

d4 

6B ~.{ 

Smm metric thread 

Emtt¢r 

couacior 

Collector connected to 
mounting base 

Millimetres 

Min. Typ. Max. 

~A - - 31 

R1B - - 26.5 

C - - 10.5 

D - - 5.33 

E - - 7.9 

F 10 - 12 

G 16 - 18 

H - 17.5 -

f6J - - 3.5 

NOVEMBER 1967 
(Ml~~llalJrd ~ 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCS  max. (+VBE =1,5V) 80 V `J 

-VEBO 
max. 60 V 

IE max, 15 A 

-IB max. 4,0 A 

Ptot 
max. (Tmb=25 C) 150 W 

Temperature 
0 

Tst min. -65 C 
g 

Tstg max. 100 oC 

T, max. 100 oC 
J 

THERMAL CHARACTERISTICS 

6
~-mb 

0.5 degC/W 

Thermal capacity for pulses 

in the 1 to lOms range 0.075 Ws/degC 

ELECTRICAL CHARACTERISTICS (T~=25oC unless otherwise stated) 

Min. 

Collector cut-off current 

Typ. Max. 

-IC BO 
-VCS =2.OV, IE =O 100 200 µA 

-VCBO-30V, IE =O, T =70°C - 4.0 6.0 mA 
J 

-ICBX 
-VCB-80V, +VBE -1.5V 2.0 8.0 mA 

-IE~ Emitter cut-off current 
~-VEB=60V, IC =O 1.0 8.0 mA 

-VEB=30V, IC =O, T =70 C 4.0 6.0 mA 
J 

Collector-emitter breakdown 
voltage 

V(BR)CEO 
-IC =300mA, IB=O 40 - - V 

V(BR)CES 
-IC =300mA, VBE =O 70 - - V 

-VCE(sat) 
Collector-emitter saturation 

voltage 

-IC =12A, -IB=2.OA - 0.3 0.7 V 

-VBE Base-emitter voltage 
-IC =1,2A, -VCE =2.OV - 0.35 0.5 V 

-IC =5.OA, -VCE =2,OV - 0.65 0.9 V 

~J 

NOVEMBER 1967 

~1 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

-VEB(fl) 
Emitter-base floating 
potential 
-VCB=80V, IE =O 

hFE Forward current transfer 
ratio 
-IC =1.2A, -VCE =2.OV 

-IC =5.OA, -VCE =2.OV 

f~ Cut-off frequency 
-IC = 1.OA, -VCB=12V 

t Rise time 
r -IC =12A, -IB=2.OA, 

-VCE = 12V 

tf Fall time 
+V BE-6.OV, RBE =10 St, 

IC =O 

ACCESSORIES (Code No. 56213) 

Supplied with devices: 

1 Mica washer 

1 Insulating ring 

1 Cable lug 

1 Lock washer 

1 Hexagon nut M5 

2N 1358 

Min. Typ. Max. 

0.15 1.0 V 

40 55 80 

25 35 

100 - - kHz 

15 

15 

µs 

µs 

NOVEMBER 1967 
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SILICON PLANAR 
EPITAXIAL N-P-N TRANSISTOR 2N 1420 

High gain n-p-n silicon transistor intended for use in high performance 
switching, oscillator and amplifier applications. TO-5 envelope. 

QUICK REFERENCE DATA 

VCBO `~ -0)

VCER ~E 
~lOSt) 

ICM max. 

Ptot 
max. (T~ b =25oC) 

h1,E (IC 150mA, VCE =+lOV) 

OUTLINE AND DIMENSIONS 

Conforming to J. E. D, E, C. 

60 V 

30 V 

1.0 A 

600 mW 

100 - 300 

TO-5 

Millimetres 

Min, Nom. Max, 

A 8.64 8.9 9, 4 

B 7.75 8.15 8,5 

C 6.1 6.35 6.6 

D - 5, OS 

E 0.71 0.79 0.86 

F 38 -

G 0.45 -

H 0.4 -

J 0, 74 0.85 1.01 

Collector connected to envelope 

JULY 1968 

r~ 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Eleotrioal 

tVCBO~E -0) 60 V `,j 

~CER (RBE ~ lOSl) 30 V 

~EBO ~C
-0) 5.0 V 

ACM 
1.0 A 

tPtot 
max. (T~b -25oC) 600 mW 

(T =100cC) 1,0 W 
case 

case 

Temperature 

1'Tstg min. -85 

1'Tstg max. +200 

tTj max. (operating) +175 

THERMAL CHARACTERISTICS 

~6
i-case 

75 degC/W 

1'9~-amb 250 degC/VV 

ELECTRICAL CHARACTERISTICS (T~b =26° C unless otherwise stated) 

Min. Max, 

~CBO 
Collector cut-off current 

°C 
oC

•°C 

VCB =90V, IE =O 1.0 µA 

VCB =30V, IE=O, 
Tamb

=160° C 100 µA 

~BR(CBO) 
Collector-base breakdown 
voltage 

IC =100µA, IE = 0 80 V 

~CER(sust) Colleotor emitter sustaining 
voltage 

RBE 510St, IC =100mA (pulsed) 90 V 

~CE(sat) 
Colleotor-emitter saturation 
voltage 

IC =160mA, IB =1bmA 1.5 V 

~'BE(eat) Baee-emitter saturation 
voltage 

IC =160mA, IB =16mA 1.9 V 

~FE 
Large signal forward current 
transfer ratio 

JULY 1968 

IC =i60mA, VCE =lOV 

~1 
 ~ Mallard 

100 300 
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SILICON PLANAR 
EPITAXIAL N-P-N TRANSISTOR 2N 1420 

Min. Max. 

1'hfe Sraall signal high frequency 
current gain 

IC =50mA, VC =10V, f=20Mc/s 2.6 

i'ecb Output capacitance 

VCB =10V, IE =0 35 pF 

1'J. E, D, E, C, registered data. 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the ~unetion should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Traneistorsmay be dip-soldered at a soldertemperature of 245° C fora 
maximum soldering time of 5 seconds, The case temperature during 
dip-soldering must not at any time exceed the ma~dmum storage tem-
perature. These recommendations apply to a transistor mounted flush 
on a board having punched-through holes, or spaced at least 1,5mm 

above a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 

seal. 

4. If devices are stored above 100oC before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances 

the leads should be retinned using a suitable activated flux. 

JULY 1968 

~1 
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SILICON PLANAR 
N-P-N TRANSISTOR 2N1711 

Silicon n -p-n double diffused planar transistor designed for a wide variety 
of applications including d. c. and wideband amplifiers. 

QUICK REFERENCE DATA 

vCBO 
max. (IE =O) 

~CER 
max. (RBE ~lOS2) 

ICM max. 

Ptot 
max' 

(l amb - 
25oC) 

hFE 
(ICM-150mA, VCE =+lOV) 

OUTLINE AND DIMENSIONS 

Conforming to J. E.D. E. C. TO-5 

Collector connected to envelope 

+75 V 

+50 V 

1.0 A 

800 mW 

100 - 300 

Millimetres 

Min. Nom. Max. 

A 8.64 8.9 9.4 

B 7.75 8.15 8.5 

C 6.1 6.35 6.6 

D - 5.08 

E 0.71 0.79 0.86 

F 38 - -

G - 0.45 -

H - 0.4 -

J 0.74 0.85 1.01 
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RATINGS 

Limiting values of operation according to the absolute maximum system, 

Electrical 

tVCBO mom' ~E -0)

~VCER 
meat. (RBE ~lOSt) 

1'VE~ max. (IC =O) 

VCS  max. (IB =O) 

1'ICM max. 

tI'tot 
max' T

case
-25oC 

T =100oC 
case 

Tamb - 
25oC 

Temperature 

#Tstg 
min. 

Tstg max. 

j'T, (operating range) 
J 

*See Soldering and Wiring Recommendatian No.4. 

+75 

+50 V 

+7.0 V 

+30 V 

1.0 A 

3.0 W 

1.7 W 

800 mW 

-65 oC 

200* oC 

-65 to +200 oC 

THERMAL CHARACTERISTICS 

~ej-case 
58.3 degC/W 

te j-amb 
219 degC/W 

ELECTRICAL CHARACTERISTICS 
(Tamb

-25oC unless otherwise stated) 

~ICBO 
Collector cutoff current 
VCB =60V, IE =O 

Min. Max. 

10 nA 

VCB=60V, IE =O, Tamb-150oC 10 µA 

~IEBO 

tVBR(CBO) 

Emitter cut-off current 
VEB =5.OV, IC =O 

Collector~ase breakdown 
voltage 

5.0 nA 

tVBk(EBO) 

IC =100µA, IE =O 

Emitter -base breakdown 
voltage 

+75 V 

IE =100µA, IC =O +7.0 V 

~V CER(sust) 
Collector-emitter sustaining 
voltage (See note 1) 
RBE ~lOSZ, IC=100mA +50 V 
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SILICON PLANAR 
N-P-N TRANSISTOR 2N 171 I 

tVCE(sat) 

tVBE(sat) 

~hFE 

Collector -emitter saturation 
voltage (See note 1) 
IB=15mA, IC =150mA 

Base-emitter saturation 
voltage (See note 1) 
IB =15mA, IC =150xnA 

Large signal forward 
current transfer ratio 

Min . 

- 

- 

I~1a x . 

+1.5 

+1.3 

IC =500mA, VCE =10V 40 

(See note 1) 

IC =150mA, VCE =10V 100 300 

(See note 1) 
IC =10mA, VCE =10V 75 

(See note 1) 
IC =10mA, VCE =10V, 

Tab  = -55oC 35 

IC =O.1mA, VCE =10V 35 

IC =O.O1xnA, VCE =10V 

Small Signal characteristics 

j'hfe Small signal forward 
current transfer ratio 

20 

IC =1.OmA, VCE =5.OV, 

f=1,Okc/s 50 200 

IC =5.OmA, VCE =10V, 

f =1.Okc/s 70 300 

~'hib Input impedance 
IC =1.OmA, VCB =5.OV, 

f =1.Okc/s 24 34 

IC =5.OmA, VCB=10V, 

f =1.Okc/s 4.0 8.0 

1'hrb Voltage feedback ratio 
IC =1,OmA, VCB=5.OV, 

f =1.Okc/s 5.0 

IC =5.OmA, VCB=10V, 

f =1.Okc/s 5.0 

V 

V 

SZ 

St 

x10 

x10 
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#hob 
Output admittance 
IC =1.OmA, VCB=5.OV, 

Min. Max. 

f =1.Okc/s 0.1 0.5 µmho 

thfe 

IC =5.OmA, VCB =10V, 

f =1.Okc/s 

Small signal forward 
current transfer ratio 

0.1 1.0 µmho 

tcob 

IC =50mA, VCE =10V, 

f = 20Mc/s 

Output capacitance 

3.5 

IC =O, VCB =10V - 25 pF 

1'cib Input capacitance 

j'NF 

IC =O, VEB=0.5V 

Noise figure 

80 pF 

IC =0.3mA, VCE =10V, 

f=1.Okc/s, RS=51011, 

1 cycle bandwidth - 8. 0 dB 

1'J. E, D. E, C, registered data 

NOTE 

1. Measured under pulsed conditions to prevent excessive dissipation pulse 
duration=300µs, duty cycled%. 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors maybedip-soldered at a solder temperature of 245oC for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed tha maximum storage tem-
perature. These recommendations apply to a transistor mounted flush 
on a board having punched-through holes, or spaced at least 1.5mm 
above a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4 If devices are stored above 100oC before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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N-P-N SILICON 
TRANSISTOR 

2N 1893 

High voltage silicon n-p-n transistor intended for use in high performance 
amplifier, oscillator and switching applications. 

QUICK REFERENCE DATA 

VCS  max. 120 V 

VCER 
max. (RBE ~ 1012) 100 V 

IC max. 500 mA 

Ptot man' (Tcase - 
25° C) 3.0 ~~ 

T, max. 200 ° C 
J 

hFE at IC = O.1mA, VCE = lOV >20 

IC = lOmA, VCE = lOV, T = -55° C >20 

IC = lOmA, VCE = lOV >35 

IC = 150mA, VCE = lOV 40 to 120 

OUTLINE AND DIMENSIONS 
Conforming to B.S. 3934 SO - 3/SB3 - 3A 

J.E.D. E. C. TO -5 

The collector is connected 
to the envelope 

Millimetres 

Min. Typ. Max. 

A 

B 

C 

9.10 

8.2 

6.15 

- 

- 

- 

9.4 

8.5 

6.60 

D - 5.1 

E 0.71 - 0.86 

F1 - - 0.51 

F2 12.7 -

F3 38.0 - 41.3 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.0 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 

VCEO ~' 

VCER 
max. (RBE <lOSt) 

VET  max. 

IC max . 

Pmt max. , Tamb - 
25oC 

T = 100° C 
case 

T = 25oC 
case 

120 V 

80 V 

100 V 

7.0 V 

500 mA 

0.8 W 

1.7 W 

3.0 W 

Temperature 

Tstg min. -65 

Tstg max. 200 

Tj max. 200 

oC

°C 

oC

THERMAL CHARACTERISTICS 

e j-amb 
219 degC/W 

8, 58,3 degC/W 
1-case 

ELECTRICAL CHARACTERISTICS (T~ b = 25oC unless otherwise stated) 

Min. Max. 

ICS  Collector cut-off current 
VCB = 90V, IE = 0 

VCB = 90V, IE = 0, T
amb - 

150°C 

IEBO 

V(BR) C BO 

V(BR) EBO 

Emitter cut-off current 
VEB =5.OV, IC =O 

Collector-base breakdown voltage 
IC = 100µA, IE = 0 

Emitter-base breakdown voltage 
IE = 100µA, IC = 0 

120 

7.0 

10 nA 

15 µA 

10 nA 

V 

V 

SEPTEMBER 1967 
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N-P-N SILICON 
TRANSISTOR 2N 1893 

Min. Max. 

*Collector-emitter sustaining voltage 

VCER(sust) 
IC = 100mA, RBE ~ lOSt 100 

VCEO(sust} 
I~ = 30mA, IB = 0 80 

VGE(sat) 
*Collector-emitter saturation voltage 
IC = 50mA, IB = 5.OmA 

IC = 150mA, IB = 15mA 

VBE(sat) 
*Base-emitter saturation voltage 

IC = 50mA, IB = 5.OmA 

IC = 150mA, IB = 15mA 

- V 

- V 

1.2 V 

5.0 V 

- 0.9 V 

- 1.3 V 

hFE Static forward current transfer ratio 
IC = O.1mA, VCE = lOV 20 

IC = lOmA, VCE = lOV, T =-55° C 20 

*IC = lOmA, VCE = lOV 35 

*IC = 150mA, VCE = lOV 40 120 

hfe Small signal forward current 
transfer ratio (common emitter) 
IG = 1.OmA, VGE = 5.OV, f=1.OkIIz 30 100 

IG = 5.OmA, VGE = lOV, f=1.Okliz 45 

IC = 50mA, VCE = lOV, f=20MHz 2.5 

Ctc 

Cte 

Collector capacitance 
VCB =10V, IE =Ie =0 

Emitter capacitance 
VEB =0.5V, IC =Ic =O 

- 15 pF 

- 85 pF 

*Measured under pulsed conditions to avoid excessive dissipation, pulse 
duration ~ 300µs, duty cycle < 0.02. 
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h -parameters at f = 1.OkHz (common base ) 

Min. Typ. Max. 

IC = 1,OmA, VCE = 5.OV 

hib Input impedance 20 - 30 S2 

hrb Voltage feedback ratio - 1.25 - x10-4

hob Output conductance - 0.5 - µmho 

I~ = S,OmA, VIE = lOV 

hib Input impedance 4.0 - 8.0 ffi

hrb Voltage feedback ratio - 1.50 - x10-4

hcb Output conductance - 0,5 - µmho 

SEPTEMBER 19G7 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2217 
2N2218 
2N2219 

N-P-N silicon planar expitaxial transistors designed primarily for high 

speed switching, d.c. amplifier and v.h.f. -u.h.f. communications appli-

c ations . 

QUICK REFERENCE DATA 

VC BO 
max. 60 V 

CEO 
max. 30 V 

IC max. 800 mA 

Ptot mom ' (Tamb - 
25oC ) 800 mW 

T, max. 175 °C 
J 

fT min. (IC = 20mA, VCE = 20V, f = 100MHz) 250 MHz 

2N2217 2N2218 2N2219 

hFE min. IC = O.1mA, VCE = lOV 20 35 

IC = lOmA, VCE = lOV 17 35 75 

IC = 500mA, VCE = lOV - 20 30 

Unless otherwise stated data is applicable to all types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3 9 34 SO - 3/SB3 - 3A 
J.E.D.E.C. TO-5 

Collector connected to envelope 

SEPTEMBER 1967 

Millimetres 

Min. Typ. Max. 

A 9.10 - 9.39 

B 8.2 - 8.50 

C 6.15 - 6.60 

D - 5.08 -

E 0.71 - 0.86 

F1 - - 0.51 

F2 12.7 - -

F3 38.1 - 41.3 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.01 

~1 
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tRATINGS 

Limitipg values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 60 V 

VCEO 
max. 30 V 

VET  max. 5.0 V 

IC max. 800 mA 

Ptot mom ' (Tamb - 
25° C) 800 mW 

Temperature 

Tstg min. -65 °C 

Tstg max. 200 °C 

T, max. 175 ° C 
J 

(THERMAL CHARACTERISTICS 

ej-amb 
(above 25° C) 0.19 degC/mW 

A. (above 25° C) 0.05 degC/mW 
1-case 

i'ELECTRICAL CHARACTERISTICS (Tamb - 
25°C unless otherwise stated) 

I CBO 

IEBO 

V(BR) C BO 

V(BR) C EO 

V(BR) E BO 

VC E (sat) 

Min. Max. 

Collector cut-off current 
VCB =50V, IE =O 10 nA 

VCB = 50V, IE = 0, Tamb= 
150° C 10 µA 

Emitter cut-off current 
VEB =3.OV, IC =O 10 nA 

Collector-base breakdown voltage 
IC =l0µA,IE =O 60 - V 

Collector-emitter breakdown voltage 
IC = lOmA, IB = 0 30 - V 

Emitter-base breakdown voltage 
IE = 10µA, IC = 0 5.0 - V 

*Collector-emitter saturation voltage 
IC = 150mA, IB = 15mA 0.4 V 

IC = 500mA, IB = 50mA, 2N2218, 9 1.6 V 

*Pulsed conditions, pulse width~300µs, duty cycles2%. 

1'J.E.D.E.C. registered data. 

``/ 

~~ 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2217 
2N2218 
2N2219 

V 
BE (sat) 

h1,E

*Base-emitter saturation voltage 
IC = 150mA, IB = 15mA 

IC = 500mA, IB = 50mA, 2N2218, 

Forward current transfer ratio 

Min. 

- 

9 - 

Max. 

1.3 

2.6 

V 

V 

IC =O.1mA, VCE =10V 2N2218 20 
2N2219 35 

IC =1.OmA, VCE =10V 2N2217 12 
2N2218 25 
2N2219 50 

IC =10mA, VCE =10V 2N2217 17 
2N2218 35 
2N2219 75 

*IC =150mA, VCE =1.OV 2N2217 10 
2N2218 20 
2N2219 50 

*IC =150mA, VCE =10V 2N2217 20 60 
2N2218 40 120 
2N2219 100 300 

*IC = 500mA, VCE =10V 2N2218 20 

fT

2N2219 

Transition frequency 

30 

IC =20mA, VCE =20V, f=l00MHz 250 MHz 

Cob 
Collector capacitance 
VCB=10V, IE =O - 8.0 pF 

~ d ie)
Real part of input impedance 
IC =20mA, VCE =20V, f=300MHz - 60 SZ 

*Pulsed conditions, pulse width s300µs, duty cycle <_ 2% 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2218A 
2N2219A 

N-P-N silicon planarepitaxialtransistorsdesignedprimarilyfor high speed 
saturated switching applications for industrial service 

QUICK REFERENCE DATA 

VCBO 
max. 75 V 

V CEO 
max. (IC = 0 to 500mA) 40 V 

IC max. 800 mA 

Ptot 
max. (T~ b =25oC) 800 mW 

T, max. 175 oC 
J 

hF,E (IC -150mA, VCE =10V) 2N2218A 40-120 
2N2219A 100-300 

fT min. (IC =20mA, VCE =20V, 

f =100MHz) 2N2218A 250 MHz 

2N2219A 300 MHz 

is  max. (ICS =150mA, IB = -IBM =15mA) 225 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B. S 3934 SO-3/SB3-3A 
J. E, D. E. C. TO-5 

Collector connected to envelope 

Millimetres 

Min. Typ. Max. 

A 9.10 - 9.39 

B 8, 2 - 8.50 

C 6.15 - 6.60 

D - 5.08 -

E 0. 71 - 0. 86 

Fl - - 0. 51 

F2 12.7 -

F3 38.1 - 41.3 

G1 - 1.01 

G2 0.41 - 0.48 

G3 - 0.53 

H - 0.4 

J 0.74 1.01 

SEPTEMBER 1967 
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j"RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCBO 
max' 

VCEO 
max. (IC =O to 500mA) 

VEBO 
max' 

IC max. 

Ptot 
max. (T~b = 25° C) 

75 V 

40 V 

6.0 V 

800 mA 

800 mW 

Temperature 

Tst mm. -65 oC 
g 

Tst max. 200 oC 
g 

T, max. 175 oC 
I o 

Tlead 
max. (1/16" from case for 60 seconds) 200 C 

j'THERMAL CHARACTERISTICS 

ej-amb 
(above 25oC) 0.19 degC/mW 

8. (above 25° C) 0.05 degC/mW 
~-case 

1'ELECTRICAL CHARACTERISTICS 
(lamb

-25oC unless otherwise stated) 

Min. Max. 

ICBO 

ICEX 

~EX 

BO 

V (BR)CBO 

V 
(BR)CEO 

V 
(BR)EBO 

Collector cut-off current 
VCB =60V, IE =O - 10 nA 

VCB=60V, IE =O, Tab =150oC - 10 µA 

Collector-emitter cut-off current 
VCE =60V, -VBE =3,OV - 10 nA 

Base current 
VCE =60V, -VBE =3.OV - 20 nA `,r 

Emitter cut-off current 
VEB =3.OV, IC =O - 10 nA 

Collector-base breakdown voltage 
IC =10µA, IE =O 75 - V 

Collector-emitter breakdown voltage 
IC =10mA, 

B 
= 0 40 - V 

Emitter-base breakdown voltage 
IE =10µA, IC =O 6,0 - V 

tJ. E, D. E, C, registered data i 
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N-P-N SILICON PLANAR 2N2218A 
EPITAXIAL TRANSISTORS 2N2219A 

V *Collector-emitter saturation voltage 
CE(sat) IC =150mA, T8 =15mA 

IC =500mA, IB =50mA 

VBE(sat) 
*Base-emitter saturation voltage 

IC =150mA, 
B

=15mA 

IC =500mA, IB =50mA 

hFE Forward current transfer ratio 
IC =O.1mA, VCE =10V 2N2218A 

Min. 

- 

- 

0.6 

- 

20 

Max. 

0.3 V 

1.0 V 

1.2 V 

2.0 V 

2N2219A 35 

IC =1.OmA, VCE =10V 2N2218A 25 
2N2219A 50 

IC =10mA, VCE =10V 2N2218A 35 
2N2219A 75 

IC =10mA, VCE =10V, 

Tamb=-55° C 2N2218A 
2N2219A 

15 
35 -

IC =150mA, VCE =1. OV 2N2218A 20 -
2N2219A 50 -

*IC =150mA, VCE =10V 2N2218A 40 120 
2N2219A 100 300 

*IC =500mA, VCE =10V 2N2218A 25 -
2N2219A 40 - 

Cob Output capacitance 
VCB =10V, IE =O, f=l00kHz 8.0 pF 

Cib 
Input capacitance 

f,l, 

VEB=0.5V, IC =O, f=l00kHz 

Transition frequency 
IC =20mA, VCE =20V, 

f=l00MHz 2N2218A 250 

25 

- 

pF 

MHz 

r'bCo 

2N2219A 

Collector-base time constant 

300 - MHz 

IC =20mA, VCE =20V, f=31.SMHz 150 ps 

*Pulsed conditions, pulse width~300µs, duty cycle~2~/r,. 

~1 
 11~utlara I  
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N Noise figure 

IC =100µA, VCE =10V, 

Rg =1.OkS2, f=1.OkIIz, 

Min. Max. 

bandwidth =1. OHz 2N2219A - 4.0 dB 

Re 
~hie~ 

Real part of input impedance 

IC =20mA, VCE =20V, f=300MHz - 60 S2 

h-parameters 

Measured at IC =1. OmA, VIE=10V , f =1. OkHz 

hfe 
Small signal forward 

current transfer ratio 2N2218A 30 150 

2N2219A 50 300 

h 
re 

Voltage feedback ratio 2N2218A 
2N2219A 

- 
- 

5.0 x 10
-q

8.0 x10
-4

h Input resistance 2N2218A 1. 0 3.5 k12 
ie 2N2219A 2.0 8.0 kSt 

h Output conductance 2N2218A 3. 0 15 µmho 
oe 

2N2219A 

Measured at I~=10mA, VIE =10V, f=1.OkHz 

hfe Small signal forward 

5.0 35 µmho 

current transfer ratio 2N2218A 50 300 
2N2219A 75 375 

h Voltage feedback ratio 2N2218A - 2.5 x 10
-4

re 
2N2219A - 4.0 x10

-4

h1e Input resistance 2N2218A 0.2 1.0 1cS2 

2N2219A 0.25 1.25 k32 

hOe Output conductance 2N2218A 10 100 µmho 
2N2219A 25 200 µmho 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Switching characteristics 

2N2218A 
2N22 19A 

Max. 

Turn-on (see Fig. l and 3) 

VCC =30V, ICS-150mA, IB=15mA, 
VBEof

f-0.5V 

td Turn-on delay time 10 ns 

t Rise time 25 ns 
r 

Turn-off (see Fig.2 and 3) 

VCC =30V, ICS=150mA, IB=-IBM =15mA 

t Storage time 225 na 
s 

tf Fall time 60 na 

TEST CIRCUITS 

9 9V 

0 
- 0.5V 

t o ~ 2.Ons 

pulse width ~ 200ns 

IB7750~ Fig.1 

619n 

+30V 

loon 

To oscilloscope 

Zin > 100 kfl 

Cin -`12 pF 

t~ ~ 5ns 

Equivalent test circuit for measuring delay and rise times 
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TEST CIRCUTPS (cont'd) 

30V 

+1Fr2V 

--►~ 
I ~ 100Ns 

-13.8V 
~— <5ns 

87751 

tk11 

Fig. 2 

Equivalent test circuit for measuring storage and fall times 

WAVEFORMS 

To oscilloscope 

Zin >100kR 

Cin 5 12pF 

5011 t r  —` 5ns 

~B7752 

Input 

  10•/° 

90°/° 

I 
I I 

ton —►1 I~ 
1 

Output 

I 
I 
I 
I 
I 

10•/• 

I+—toff 

I 
so°/°  t _ J I 

~ — ~T I 
I 

ts~l I~ I 
~ ~t f

Fig. 3 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2220 
2N2221 
2N2222 

N-P -N silicon planar epitaxial transistors designed primarily for high speed 
switching, d.c. amplifier and v.h.f. -u.h.f. communications applications. 

QUICK REFERENCE DATA 

VCS  max. 60 V 

VCEO 
max. 30 V 

IC max. 800 mA 

Ptot mom ' ~ Tamb - 
25°C) 500 mW 

T, max. 175 °C 
J 

fT min. {IC =20mA, VCE =20V, f=l00MHz) 250 MHz 

2N2220 2N2221 2N2222 

hE,E min. IC = O.1mA, VCE = lOV - 20 35 

IC = lOmA, VCE = lOV 17 35 75 

IC = 500mA, VCE = lOV - 20 30 

Unless otherwise stated data is applicable to all types 

OUTLINE AND DIMENSIONS 
Conforming to B.S. 3 9 34 SO - 12A/SB3 - 6A 

J. E.D. E. C. TO -18 

~A~ 

i  _ 

1 Ct

C2 

1 

D7 
D2 

Viewed from underside 

Connections: 
1. Emitter 
2. Base 

Millimetres 

Min. Typ. Max, 

A 4,53 4.8 

B 4,66 5.33 

C1 - 0,51 

C2 12.7 -

C3 12.7 15 

Dl - - 1.01 

D2 0.41 0.46 

D3 - 0.53 

E 0.84 1.17 

F 0.92 1.16 

G - 2.54 -

H 5.31 5.84 

3. Collector connected to envelope 

SEPTEMBER 1967 
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t RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

CBO 
max. 60 V 

CEO 
max, 30 V 

VEBO 
max. 5.0 V 

IC max. 800 mA 

Ptot 
max. (l amb - 25° C) 500 mW 

Temperature 

Tst min. -65 °C 
g 

Tstg max, 200 °C 

T. max. 175 ° C 
J 

1'THERMAL CHARACTERISTICS 

ej-amb 
(above 25° C) 0.30 degC/mW 

8. (above 25° C) 0.083 degC/mW 
I-case 

1 ELECTRICAL CHARACTERISTICS (l amb - 
25° C unless otherwise stated) 

Min, Max, 

ICS  Collector cut-off current 
VCB =50V, IE =O 

VCB=50V, I
E -0 ' Tamb- 

150°C 

IE~ Emitter cut-off current 
VEB=3.OV, IC =O 

V(BR)CBO 
Collector-base breakdown voltage 
IC = 10µA, IE = 0 

V Collector-emitter breakdown voltage 
(BR) C EO 

- 10 nA 

- 10 µA 

- 10 nA 

60 - V 

IC = lOmA, IB = 0 30 - V 

V(BR)EBO 
Emitter-base breakdownvoltage 
IE = 10µA, Ic  = 0 5.0 - V 

VCE(sat) 
*Collector-emitter saturation voltage 
IC = 150mA, IB = 15mA - 0.4 V 

IC =500mA, IB 50mA, 2N2221,2 1.6 V 

*Pulsed conditions, pulse width 300µs, duty cycle ~2% 

j'J.E,D,E,C. registered data. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2220 
2N2221 
2N2222 

VBE(sat) 

hFE

*Base-emitter saturation voltage 
IC=150mA, IB = 15mA 

IC = 500mA, IB 50mA, 2N2221, 2 

Forward current transfer ratio 

Min. 

- 

Max. 

1.3 

2.6 

V 

V 

IC = O.1mA, VCE = lOV 2N2221 20 
2N2222 35 

IC = 1.OmA, VCE = lOV 2N2220 12 
2N2221 25 
2N2222 50 

IC = lOmA, VCE = lOV 2N2220 17 
2N2221 35 
2N2222 75 

*IC = 150mA, VCE = 1.OV 2N2220 10 
2N2221 20 
2N2222 50 

*IC = 150mA, VCE = lOV 2N2220 20 60 
2N2221 40 120 
2N2222 100 300 

*IC = 500mA, VCE = lOV 2N2221 20 

f,I, 

2N2222 

Transition frequency 
IC = 20mA, C E = 20V, f=l00MHz 

30 

250 - MHz 

Cob Collector capacitance 
VCB= lOV, IE = 0 - 8.0 pF 

~ d ie)
Real part of input impedance 
IC =20mA, VCE =20V, f=300MHz - 60 SE 

*Pulsed conditions, pulse widths 300µs, duty cycles 2% 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2221A 
2N2222A 

N-P-N silicon planarepitaxialtransistorsdesignedprimarilyfor high speed 
saturated switching applications for industrial service 

QUICK REFERENCE DATA 

VCBO 
max. 

VCEO 
max. (IC =O to 500mA) 

IC max. 

Ptot 
max. (T~ b = 25oC) 

T, max. 
1 

75 V 

40 V 

800 mA 

500 mW 

175 oC 

hFE (IC =150mA, VCE =10V) 2N2221A 40-120 
2N2222A 100-300 

f~, min. (IC =20mA, VCE =20V, 

f=l00MHz) 2N2221A 250 MHz 
2N2222A 300 MHz 

is max. (ICS=150mA, IB=-IBM =15mA) 225 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-12A/SB3-6A 
J. E. D. E. C. TO-18 

+ 

I 
C2 

1 

~A~ 

C1 _ Dt 
-~— D2 

Viewed from underside 
Connections 

1. Emitter 

2. Base 

3. Collector connected to envelope 

Millimetres 

Min. Typ. Max. 

A 4.53 - 4.8 

B 4.66 - 5.33 

C1 - - 0.51 

C2 12.7 - -

C3 12.7 - 15 

Dl - - 1.01 

D2 0.41 - 0.48 

D3 - - 0. 53 

E 0. 84 - 1.17 

F 0.92 - 1.16 

G - 2.54 

H 5.31 - 5.84 
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1'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCBU 
max. 75 V 

VCEO 
max. (IC =O o 500mA) 40 V 

VEBO 
max. 6. 0 V 

IC max. 800 mA 

Ptot 
max. 

(Tamb
-25oC) 500 mW 

Temperature 

Tstg min. -65 oC 

Tstg max. 200 oC 

T, max. 175 oC 
J 

Tlead 
max. (1/16" from case for 60 seconds) 200 oC 

tTHERMAL CHARACTERISTICS 

ej-amb 
(above 25° C) 0.30 degC/mW 

A. (above 25oC) 0.083 degC/mW 
~-case 

1'ELECTRICAL CHARACTERISTICS (T~ b =25oC unless otherwise stated) 

Min. Max. 

ICBO 
Collector cut-off current 

VCB =60V, IE =O - 10 nA 

VCB =60V, 
E

=0, Tab =150oC - 10 µA 

ICEX 
Collector-emitter cut-off current 

VCE =60V, -VBE =3.OV - 10 nA 

~EX 
Base current 
VCE =60V, -VBE =3.OV - 20 nA `'`'~ 

IEBO 
Emitter cut-off current 

VEB =3.OV, IC =O - 10 nA 

V(BR)CBO 
Collector-base breakdown voltage -
IC =10µA, IE = 0 75 V 

V(BR)CEO 
Collector-emitter breakdown voltage 

IC =10mA, 
B

=0 40 - V 

V Emitter-base breakdown voltage 
(BR)EBO ~ =10µA, IC = 0 6. 0 - V 

tJ. E. D. E. C, registered data. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2221A 
2N2222A 

VCE (sat) 

VBE(sat) 

hFE

*Collector-emitter saturation voltage 
IC =150mA, IB =15mA 

IC = 500mA, IB = 50mA 

*Base-emitter saturation voltage 

IC =150mA, 
B

=15mA 

IC =500mA, IB =50mA 

Forward current transfer ratio 

Min, 

0.6 

Max. 

0.3 

1. 0 

1.2 

2.0 

V 

V 

V 

V 

IC = 0. 1mA, VCE =10V 2N2221A 20 
2N2222A 35 

IC =1. OmA, VCE =10V 2N2221A 25 

2N2222A 50 

IC =10mA, VCE =10V 2N2221A 35 

2N2222A 75 

IC =10mA, VCE =10V, 
0 

Tab = -55 C 2N2221A 15 
2N2222A 35 

IC =150mA, VCE =1. OV 2N2221A 20 
2N2222A 50 

*IC =150mA, VCE =10V 2N2221A 40 120 
2N2222A 100 300 

*IC =500mA, VCE =10V 2N2221A 25 

2N2222A 40 

Cob 
Output capacitance 
VCB =10V, TE =O, f=l00kIIz 8.0 pF 

C 
ib 

Input capacitance 

fT

VEB=0.5V, IC =O, f=IOOkIiz 

Transition frequency 

- 25 pF 

IC =20mA, VCE =20V, 

f=l00MHz 2N2221A 250 MHz 

2N2222A 300 MHz 

*Pulsed conditions, pulse width~300µs, duty cycle~2% 
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Min. Max. 

r 
bCc 

N 

Collector-base time constant 
IC =20mA, VCE =20V, f=31.SMHz - 150 ps 

Noise figure 
IC =100µA, VCE =10V, 

Rg=1.Ok11, f=1.OkHz, 

bandwidth =1.OHz 2N2222A - 4.0 dB 

Re(h ) Real part of input impedance 
ie 

IC =20mA, VCE =20V, f=300MHz - 60 SZ 

h-parameters 

Measured at IC =1.OmA, VCE =10V, f=1.OkHz 

hfe Small signal forward 

current transfer ratio 2N2221A 30 150 

2N2222A 50 300 

h Voltage feedback ratio 2N2221A - 5.0 x 10
-4

re 
2N2222A - 8.0 x10

-4

h. Input resistance 2N2221A 1. 0 3.5 k12 
ie 

2N2222A 2.0 8.0 1cSt 

hce Output conductance 2N2221A 3.0 15 µmho 
2N2222A 5.0 35 µmho 

Measured at IC =10mA, VCE =10V, f=1.OkHz 

hfe 
Small signal forward 
current transfer ratio 2N2221A 50 300 

2N2222A 75 375 

h Voltage feedback ratio 2N2221A - 2.5 x 10
-4

re 
2N2222A - 4.0 x 10

-4

h. Input resistance 2N2221A 0.2 1.0 kSt 
ie 

2N2222A 0.25 1.25 k12 

hOe Output conductance 2N2221A 10 100 µmho 
2N2222A 25 200 µmho 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Switching characteristics 

2N2221A 
2N2222A 

Max, 

Turn-on time (see Fig. 1 and 3) 

VCC =30V, ICS=150mA, B=15mA, 
VBEof

f-0.5V 

td Turn-on delay time 10 

t Rise time 25 
r 

ne 

na 

Turn-off time (see Fig, 2 and 3) 

VCC=30V, ICS =150mA, IB=-IBM =15mA 

t Storage time 225 ns 
s 

tf Fall time 

TEST CIRCUITS 

9 9V 

O _ 
- 0.5V 

t~ ~ 2.Ons 

pulse width ~ 200ns 

~B7750 Fig.t 

61911 

+30V 

loon 

50 ns 

To oscilloscope 

Zin ~ 100 kfl 

Cin `-12pF 

t~ 5 5ns 

Equivalent test circuit for measuring delay and rise times 
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TEST CIRCUITS (cont'd) 

30V 

+1(r2V 

~~ 
~ 100N5 

-13.8 V 

87751 

1k11 

<5ns 

To oscilloscope 

Zin >100k11 

Cin 5 12pF 

50f1 t~ ~ 5ns 

Fig. 2 

Equivalent test circuit for measuring storage and fall times 

WAVEFORMS 

~B7752~ 

90•/• 
Input 

 ~-10^/, 
I 
I I 

ton —+I 1•-
f ~1 

Output I
I 
I I 

td 
~ I~  I 

~o•i• 

Imo- tots 

I 
I 

90•/• 
+--- I - II 

ts~ ~+--

-•{ I'—t1 
-+I f"tr 

Fig. 3 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2 N 2297 

Silicon n-p-n epitaxial planar transistor intended for large signal h. f. and 
v. h, f. amplifier applications. 

QUICK REFERENCE DATA 

VCB max. (IE = 0) 

VCE max. 

IC max. 

Ptot 
max, (T~ b =25oC) 

hFE 
ACM-150mA, VCE =+lOV) 

fZ,min, (iC =50mA, VCE =+lOV, f=20Mc/s) 

OUTLINE AND DIMENSIONS 

82390 

Conforming to J. E, D, E, C. TO-5 

42°
to 
48°

Collector connected to envelope 

+g0 V 

+35 V 

1.0 A 

800 mW 

40 - 120 

60 Mc/s 

Millimetres 

Min. Nom. Max. 

Millimetres 

Min. Nom. Max, 

A 8, 64 8.9 9.4 F 38 - -

B 7.75 8.15 8.50 G - 0.45 -

C 6,10 6,35 6.60 ~H - 0.4 -

D - 5.08 - J 0.74 0,85 1.01 

E 0.71 0.79 0.86 *Thicimess of locating tab. 
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RATINGS 

Limiting values of operation according to the absolute maximum system, 

Electrical 

1'VCB max. (IE =O) +80 V 

'~VCE max. (IB =O) +35 V 

~'VEB max. (IC =O) +7,0 V 

1'IC max. 1, 0 A 

~Ptot mom' Tcase 
_ 25oC 5, 0 W 

T =100oC 2, 8 W 
case 

Tab  = 25oC 0, 8 W 

Thermal 

1'Tstg min, -65 oC 

Tstg max, L00* oC 

('T, max. (operating) 200 oC 

*see Soldering and Wiring'Recommendation No. 4. 

THERMAL CHARACTERISTICS 

0 
f berating factor at T = 25 C 

case 

Tamb - 
25oC 

28.6 mW/degC 

4.6 mW/degC 

~~ 

v✓ 

~' 
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1 

SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 

ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

Min. Max. 

tICBO 

tIEBO 

tVCEO(sust.) 

Collector cut-off current 

VCB =+60V, IE =O - 10 nA 

VCB=+60V, IE =O, 

Tab =150 - 10 µA 

Emitter cut-off current 

VEB=5.OV, IC =O - 10 nA 

Collector-emitter sustaining 
voltage 

f V 
(BR)CBO 

IC =30mA (See note 1) 

Collector-base breakdown 
voltage 

35 - V 

IC =100µA, IE =0 80 - V 

1'V 
(BR)EBO 

Emitter-base breakdown 
voltage 

tVCE(sat) 

IE =100µA, IC = 0 

Collector-emitter saturation 
voltage 

7.0 - V 

IC =150mA, IB =15mA - 0.2 V 

IC =1, OA, IB=100mA - 1.0 V 

tVBE(eat) 

(See notes 1 and 2) 

Base-emitter saturation 
voltage 

IC =1, OA, IB =100mA - 1.6 V 

(See notes 1 and 2) 

1'h~ Large signal forward 
current transfer ratio 

IC =i50mA, VCE =10V 40 120 

(See note 1) 

IC =10mA, VCE =10V 30 

(See note 1) 

IC =1.OA, VCE =10V 15 

(See note 1) 

~~ 
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Min. Max. 
1'fT

tcob 

~cib 

orb' cc 

Transition frequency 
IC =50mA, VCE =+lOV, 

f=20Mc/s 60 - Mc/s 

Output capacitance 

VCB =10V, IE =O - 12 pF 

Open-circuit input capacitance 

IC =O, VEB=0.5V - 80 pF 

Collector-base time constant 

IC =10mA, VCB =10V, 

f=4,OMc/s - 800 ps 

')J, E, D, E, C, Registered Data. 

NOTES 

1, Measured under pulsed conditions to prevent excessive dissipation, 

P, W, =300µs, duty cycle ~ 1 ~, 

2, Measured at a point on the lead ~ 12, 7mm (0. Sin) from the seating 

plane of the transistor 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245oC for 

a maximum soldering time of 5 seconds. The case temperature during 

soldering must not at any time exceed the maximum storage temperature . 

These recommendations apply to a transistor mounted flush on a board 

having punched-through holes, or spaced at least 1, 5mm above a board 

having plated-through holes. 

3, Care should be taken not to bend the leads nearer than 1.5mm from the 

seal. 

4. After storage at temperatures greater than 125° C it may be necessary 
to take precautions in order to ensure adequate solderability of the 

leads. 
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SILICON N-P-N EPITAXIAL 
PLANAR l'RANSISTOR 

Ptot 
max 
(W) 
6 O 

4 O 

2 O 

2 N 2297 

2N2297 - 83964 

~ q

~'1  
~_Y■~ 

~ ~ 
~ ~ .~ n 

 b►~..--Ott•■■~~ 
0 

O 

IC

(mA) 

t0oo 

750 

500 

250 

O 

Infinite heatsink 
■■ ■~~~ 

~■~ 

In free air 

1 

~~ 
50 t00 750 200 (`C) 

 2N2297 
J~LL1 
VCE =10V 

83965 

Tl 
T~ = 25'C 

 G 

~I 

f 

O 25 50 0 10 20 O O5 1.O t•5 
8(mA) VBE(V) VBE(V) 

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT 
TEMPERATURE, 

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 

IB(mA) 

30 

25 

20 

15 

10 

5 

O 
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hF E 

60 

50 

40 

30 

20 

10 

O 

hFE 

80 

70 

60 

50 

40 

30 

20 

2N2297 83967 

T~-25C 

~ VCE=10V 

3 5 

O.1 
] 
10 

3 5 7 

t0 
3 5 7 

100 
3 5 ] 

1000 
IC(mA 

2N 2297 

VC E ~ 10V 

0~ ■~ ~' 
~ ~ 

>•■ i~ t G , 
r■ ■ 

,~1 '~ 

r ~ I

83968 

-75 -50 -25 O 25 50 75 100 125 150 
T~ ('C ) 

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT 

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST JiINCTION TEMPERATURE 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 

III ■- - - ~ 11.. _ -_ ■-
.~~■ 1 - _ 11.. ■.~ I~~i ~■■■1 nl~i~■■ ~ ii i~l~l~'■■111:. , - III:::■■~11.:::■ 
.. ~ ~11~.■ •■111.■■.~ I 1 ■■--iil~~~~g IIIII ~Illil~■■■lilil~■■ 

111.. .~~111.■ •~I...---111..■.~ 
111 .■.~~ 1 I:.. ~; ....---11....--11.~ ---~, i ... 1.:...._ 11....---

• ~~111..\'~ ~ X111..■.~ 
~~111..■~ ~~ 111..■.~■ 
~~I11..■.~ .►~■111..■.~~ 

., ~~111..■.  --111.... . ~ ~=11111■■■
111 ~~111..■. \111.. .--
111 .~~111.■■.~ le. ~ X11..■.~~ 
111 .■.~~111..■.~~111 - il~~.■.__ 
III 11■■■IIIII~■■■III~I~ ~  '~~■■■ 
111 ■■.~~111..■.~~111.■■~ 111.■►~i~~ 

iii iii■■ii lii ■■■i■■iiiiii. ii~iii~~ 
III 11■■■Ilill~■■■IIIII~■ illy■1■
111 .■.~~111..■l~~111..■.i~~~ ..■.~~ 
111 .■.~~111.. .~~ 111..■. 1..■.~~ 

w 

m ~ 
v3 

n 
~, 

O 

O~ 
m - ~, _  ~, m 

O 

r 

O 
O 

U 

~, 

O 
O 
0 

U  O 
 Oni 
 e~ 
 m 

wD~,.~~u1 .~ i ■■ ~ 
111.■\`~~111. ~~I~i ~ ~ 11.=~.~ 
uu. ~~ m ~ u 1 1 .~ ul~~i~ii~lii~i ~■lii ~i■,~lili~~■■■
111..■.~~I ..■. 1 1 - d 111..■.~~ 

iiiiiwi~i~i ~iiii~ 1 ~ ~iiiiiii■■ 
■■Illli~■■ i~~il~ IIIiI~■■■ 
--11... •~ 111 ■■. 111..■.~~ 
--11... ~ 11. .~~l1...■---~~111..~~11.~i~s ~1N■.~~ 
~~111.. X111. ~ ~►\..■.~~ 

~i~~~111..■ ~~111.. ~~ 1 ~!i ■■ 111..■.~~111..■.~~:•~..~■~~ 111~ 
111..■.~~11l..■.~~11.~. ~~11. ~ ~~ 

iiiiiii■■iiiiii■■■iiiiii~■■iiii i~~~ 
111....~~111..■.~~ 111..■.►\ 111..■  111....■■111::=:- ■111:::== =I1"C:: iiii~i~i■■III~~~■■■III~I~■ `Ilii~~■
111:.■■■■III::::■■' ~:C=:~■III::S■== 
111..■.~~111..■ X111..■. 1111..■.~ ~~ M ~~ o r o 0 m~ ~ ~ ~ o

!'~ -r  O 

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE 

EMITTER CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE 

O~ n 

APRIL 1965 

~l 1 
~ Mallard 

V 
Page C3 



I 

(mA) 
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2N2297 

=25'C 

25 35 

'ee=

VCEfV) 

83971 

O 
3 S 7 

10 

3 5 7 

=1V 

700 

VCE = 25V 

 =10V 

= 6V 

I 
3 5 7. 

IC(mA) 

TYPICAL OUTPUT CHARACTERISTICS. T•=25° C 
TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST COLLECTOR 

CURRENT. 

COLLECTOR-EMITTER VOLTAGE AS PARAMETER 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 

~CE(sat) 
(V) 

1.5 

1.25 

1.0 

a7S 

O.5 

O.25 

O 

~BE4sat) 
cv) 

1.5 

1.25 

1.O 

0.75 

O.5 

o-25 

0 

L 
2N2297 

2 N 2297 

I~ / I B =10 and 20 

83972 

~ 1 ~'  
  sBsbOMp . 

 '--   s100~'P

I~ =roA 

IC 
1SOm A  =7.5mA  -

  =15mA 

7S -50 -2S 0 2S 50 7S 100 
I

123 150 175 
Tjc'c) 

~ ~ ~ ~ ~ ~ ~ 
I~•roA 

2N2297 83973 

~ 4  

I~,150mA 

i i i i i
IC / IB =10 and 20 

Ig=t00mA 

I

=50mA 

■1SmA 

I l l a l

=7•SmA 

0 2S 50 75 100 123 150 17$ 
Tjrc~ 

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST JUNCTION TEMPERATURE. COLLECTOR AND BASE 

CURRENTS A5 PARAMETERS 
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

JUNCTION TEMPERATURE. COLLECTOR AND BASE CURRENTS 
AS FARAMETERS 

-75 -50 -25 
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V~(sat) 

(V) 

1.O 

O.73 

0.5 

O.25 

O 

VBE(sat) 

2.O 

7.5 

Y~O 

0~5 

0 

2N2297 83974 

O 70 

~ ~ 
!C /IB=10 

2N2297 

1C /1B 10 

T~ ~ 150'C 

700'C 

100 I C(mA ) 

B 3975' 

T~ ~- 40'C 

 =25'C 

 =100'C 

 =1500 

O 10 700 IC(mA ) 

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE 

AS PARAMETER. IC/IB=10. 
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS 
PARAMETER. IC/IB =10. 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 

^. 

i 

VCE(sat) 
(VJ 

10 

0.75 

05 

O.25 

O 

~BE(saU 
(V) 

15 

1.25 

1.O 

0.75 

0.5 

100 IC (mA 

2N2297 

I C / I B = 20 T~ = 150' C~ 

-100°C 

= 25 ° C 

= 40°C.̀  

83976 

10 

— T•= -40'C 
_ 1 

= 2 5' C 

10 100 I C (mA 

TYPICAL COLLECTUR-ENIITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE 

AS PARAMETER. IC/IB =20. 
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS 
PARAMETER. IC/IB = 20. 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 

2N2297 

250 

200 

150 

100 

50 

2N2297 83979 

I =10mA 
C 

T. = 25°C 

hOe%~mho 

O 5.O 10 15 
111 111 

VCE(V) 

TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR-EMITTER 
VOLTAGE 
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SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 2N2297 
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TYPICAL VARIATION OF STORAGE TIME WITH JUNCTION TEMPERATURE 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

2N2303 

P-N-P silicon planar epitaxial transistor primarily for use in medium 
frequency amplifier applications. 

QUICK REFERENCE DATA 

-VCS  max. 

-VCEO 
max. 

-IC max. 

Ptot 
max. (T~ b~25 C) 

hFE (-IC = 150mA, -VCE = lOV ) 

fZ, min. (-IC =50rnA, -VCE =10V, f=20MHz) 

50 V 

35 V 

500 mA 

600 mW 

75 - 200 

60 MHz 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-3/SB3-3A 
J. E.D. E.C. TO-5 

Collector connected to can 

Millimetres 

A 

B 

C 

iVlin. 

9.10 

8.20 

6.10 

Nom. 

- 

- 

- 

Max. 

9.40 

8.50 

6.60 

D - 5.08 -

E 0.71 - 0.86 

F1 - - 0.51 

F2 1`2.7 - -

F3 38.1 - 41.3 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.0 

AUGUST 1968 
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RATINGS 

'Limiting values of operation according to the absolute maximum system. 

Electrical 

-VC8() max. 50 V ~~ 

-VCER 
max. (RBE ~lOSI) 50 V 

-VCEO 
max, 35 V 

-VE8O 
max. 5.0 V 

-IC max. 500 mA 

Ptot 
max. (TambC

25oC) 600 mW 

Temperature 

Tstg -65 to +200 oC 

T, max. 200 oC 
J 

THERMAL CHARACTERISTIC 

Rth(j-amb) 
292 degC/W 

ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

Min. Max. 

-IC8O 
Collector cut-off current 
-VC8=30V, IE =O - 1.0 µA 

-VC8=30V. IE =O, 

Tamb-150°C 100 µA 

-IEBO 
Emitter cut-off current 
-VE8=2.OV, IC =O - 100 µA 

~/ 

-V(BR)CBO 
Collector-base breakdown 
voltage 
IC = IOOµA, I E = 0 50 - V ~✓ 

Collector-emitter sustaining 
voltage 

-VCER(sust) 
*-IC-l00mA, RBE ~lOS2 50 - V 

-VCEO(suat) 
*-IC =l00mA, I8 =0 35 - V 

-V(BR)EBO 
Emitter-base breakdown 
voltage 
I E =100µA, IC =O 5.0 - V 

*Pulse measurement, pulse width = 300µs, duty cycle=l%. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

ELECTRICAL CHARACTERI3TIC9 (cont'd) 

-VCE(sat) 

-VBE(eat) 
Bae®-emitter saturation 
voltage 
-IC =150mA, -IB= 15mA 1.3 V 

2N2303 

Min. Max. 

hFE 

Cob 

Cib 

f 
T 

Collector-emitter saturation 
voltage 
-IC =150mA, -IB =15mA 1.5 V 

Static Forward current 
transfer ratio 

*-IC =5.OmA, -VCE =10V 75 

*-IC =150mA, -VCE =10V 75 200 

Output capacitance 
-VCB=10V; IE =O,f=140kHz 45 pF 

Input capacitance 
-VEB=0.5V, IC =O, f=1401cIIz - 80 pF 

Transition frequency 
-IC =50mA, -VCE =10V, 

f=20MHz 60 - MHz 

h-parameters 

hfe Forward current transfer 
ratio 
-IC =1.OmA, -VCE =5.OV, 

f=1,OkHz 

-IC =5.OmA, -VCE =IOV, 

f=1,Okliz 

75 300 

75 

-I~=I.OmA, -VCH =5,OV, f=1.OkHz 

bib Input rosistance 25 35 St 

hr~ Voltage feedback ratio - 8.0 x10
-4

hob Output conductance - 1.0 µmho 

*Pulse measurement, pulse width = 300µs, duty cycle = 1"Io. 
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ELECTRICAL CHARACTERISTICS (cont'd) 

h-parameters (cont'd) 

Min. Max. 

-IC =5.OmA, -VCB=10V, f=1.OkHz 

hib 
Input resistance - 10 S2 

hrb 
Voltage feedback ratio - 8.0 x10

-4

hob Output conductance - 5.0 µmho 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR ZN2410 

N-P-N silicon planar epitaxial transistor designed primarily for high speed, 
medium power, saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

VCS  max. 60 V 

VCEO 
max. 30 V 

IC max. 800 mA 

Ptot 
max. (T~ b~25oC) 800 mW 

hFE (IC -150mA, VCE =10V) 30 to 120 

f5, min. (IC =50mA, VCE =10V, f=l00MHz) 200 MHz 

t max. 65 ns 
on 

toff 
max. 65 ns 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-3/SB3-3A 
J.E.D.E.C. TO-5 

Collector connected to can 

Millimetres 

A 

B 

C 

Min. 

9.10 

8.20 

6.10 

Nom. Max . 

9.40 

8.50 

6.60 

D - 5.08 

E 0.71 0.86 

F1 - 0.51 

F2 12.7 

F3 38.1 41.3 

G1 - 1.01 

G2 0.41 0.48 

G3 0.53 

H 0.4 

J 0.74 1.0 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 60 V ~~.~' 

VCER 
max, (RBE 510STj 40 V 

VCEO 
max. 30 V 

VEBO 
max. 5.0 V 

IC max. 800 mA 

Ptot 
max. 

(Tamb
~25° C) 800 mW 

Temperature 

Tstg min. -65 °C 

Tsig max. 200 °C 

T. 200 °C 
J 

THERMAL CHARACTERISTIC `~ 

Rth(j-amb) 220 degC/W 

ELECTRICAL CHARACTERISTICS 
(Tamb - 

25° C unless otherwise stated) 

Min. Max. 

IC BO 
Collector-base cut-off current 
VCB=30V, I E =O - 0.3 µA 

ICES 
Collector-emitter cut-off current 

VCE =30V, VBE =O - 0.3 µA 

VCE=30V, V
BE =O ' 

Tamb-150° C - 350 µA 

IEBO 
Emitter-base cut-off current 
V EB =4.OV, IC =O - 0.3 µA ~~ 

V(BR)CBO 
Collector-base breakdown voltage 
IC =100µA, IE =O 60 - V 

Collector-emitter breakdown voltage 

V(BR)CER 
*IC =30mA, RBE =1052 ~t0 - V 

V(BR)CEO 
*IC 30mA, IB=O 30 - V 

V(BR)EBO 
Emitter-base breakdo~~m voltage 
I E =100µA, I C =O 5.0 - V 

*Pulse measurement, pulse width = 300µs, duty cycle = 290. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 

ELECTRICAL CHARACTERISTICS (Continued) 

2N2410 

Min. Max. 

VCE(eat) 
Collector-emitter saturation voltage 

*IC = 150mA, IB = 15mA 0.45 V 

*IC = 500mA, IB = 50mA 1.3 V 

VBE Base-emitter voltage 

*IC = 150mA, IB = 15mA 1.2 V 

*IC = 500mA, IB = 50mA 1.6 V 

hFE Static forward current transfer ratio 

*IC = lOmA, VCE = lOV 30 

*IC = 150mA, VCE = lOV 30 

*IC = 500mA, VCE = lOV 25 

*IC = 150mA, VCE = 1.OV 15 

120 

120 

100 

Cob Otttput capacitance 

IE = 0, VCB = lOV, f = 1.OMHz 11 pF 

Cib 
Input capacitance 

IC = 0, VEB = 0.5V, f = 1.OMIlz 50 pF 

f T Transition frequency 

IC = 50mA, VCE = lOV, f ~ 100MHz 200 MHz 

Switching characteristice 
( See test circuit and waveforms on page 4 ) 

ICM - 500mA, 1Bon - 
-IBofC-50mA 

t Turn-on time 05 n~ 
on 

toff 
Turn-off time 65 ns 

•balsa measurement, pulse width = 300µe, duty cycle = 2"/u 
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Switching characteristics 

Test circuit 

+21 V 

+6.50V ' 

~t p

—3.50 V 

t~ 5 12ns 

tp = 1. 5±0. 5µs 

Waveforms 

Input 

Output 

1 OOSl 

_10 °/° 

4 011 

to oscilloscope 

t 5 4ns r 

Rin ~ 100k11 

Ci n ~< 12pF 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2411 
2N2412 

P-N-P silicon planar epitaxial transistors designed primarily for very high 
speed, medium power saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

2N2411 2N2412 

-VCBO 
max. 25 V 

-VCEO 
max. 20 V 

-IC max. 100 mA 

Ptot 
max. 

(lamb
-25oC) 300 mW 

hFE (-IC =10mA, -VCE =0.5V) 20-60 40-120 

fT min. (-IC =10mA, f=l00MHz) 140 MHz 

i s  max. 90 ns 

Unless otherwise stated, data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-12A/SB3-6A 

J. E. D. E. C. TO-18 

Viewed from underside 

Connections 1. Emitter 

2. Base 

Millimetres 

Min. Typ, Max. 

A 4.53 - 4.8 

B 4.66 - 5.33 

C1 - - 0.51 

C2 12.7 - -

C3 12.7 - 15 

Dl - - 1.01 

D2 0,41 - 0.48 

D3 - - 0.53 

E 0.84 - 1.17 

F 0.92 - 1.16 

G - 2.54 -

H 5.31 - 5.84 

3. Collector connected to envelope 
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1'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO 
max. 25 

-V 
CEO 

max. 20 

-VEBO 
max. 5.0 

-IC max. (d.c.) 100 

Ptot 
max. (lamb-25oC) 300 

Temperature 

Tstg min. 

Tstg max. 

V 

V 

V 

mA 

mW 

-65 oC 

200 oC 

T, max. 200 oC 

Tlead 
max. (1/16" from case, for 10 seconds) 300 oC 

1THERMAL DEBATING FACTOR 

Junction to ambient 
(lamb

-25oC) 1.72 mW/degC 

tELECTRICAL CHARACTERISTICS (Tamb-25 C unless otherwise stated) 

Min. Max. 

-ICBO 
Collector cut-off current 
-VCB=25V, IE =O 10 nA 

-ICES 
Collector cut-off current 

-IEBO 

-VCE =25V, VBE =O - 10 nA 

-VCE =25V, VBE =O, 

Tamb 
-150oC - 10 µA 

~~ 

Emitter cut-off current 
-VEB=5.OV, IC =O - 10 nA `~ 

-V(BR)CEO 
Collector-emitter breakdown 
voltage 
-IC =lOmA*, IB =O 20 - V 

fJ .E. D. E. C. registered data 

* Pulse condition, pulse width = 300µs, duty cycle ~2%. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

-VCE(sat) 

-VBE

hFE

fT

2N2411 
2N2412 

Collector-emitter saturation 
voltage 

Min. Max. 

-IC =10mA, -IB=1.OmA - 0.20 V 

Base-emitter voltage 
-IC =10mA, -IB=1.OmA 0.70 0.90 V 

Static forward current 
transfer ratio 
-IC =50µA, -VCE =0.5V 2N2411 10 

2N2412 20 

-IC =10mA, -VCE =0.5V ZN2411 20 60 
2N2412 40 120 

-IC =10mA, -VCE =0.5V, 

Tamb 
-55° C 2N2411 10 

2N2412 LO 

-IC =50mA*,-VCE =1.OV 2N2411 10 
2N2412 20 

Transition frequency 
-IC =10mA, -VCE =10V, 

f =100MHz 140 - MHz 

Cob Common base, open circuit 
output capacitance 
-VCB=5.OV, IE =O, 

f=1.OMHz - 5.0 pF 

Cib Common base, open circuit 
input capacitance 
-VEB=0.5V, IC =O, 

f =1.OMHz - 8.0 pF 

Switching characteristics (see test circuit on page D4) 

td Turn-on delay time - 10 ns 

t Rise time - 20 ns 
r 

t Turn-on time (t +t ) - L5 ns 
on d r 

t Storage time - 90 ns 
s 

tf Fall time - 20 ns 

toff 
Turn-off time (ts +tf) - 100 ns 

*Pulse condition, pulse width=300µs, duty cycle ~2%. 

JUNE 1967 
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SWITCHING TIMES 

TEST CIRCUIT 

-3.1V 

300n 

Input 
+1.2V 

-3.3V —I
—►I 4---- 200 n s 

1kII 

i~ ~ 

Output 
to C.R.O. 

t r <1~Ons 
Rin~100kII 
Cin <3.OpF 

tr <1.Ons ~Cs<6.OpF==total coll¢ctor shunt capacitanc¢ 

WAVEFORMS 

Input 

ton ~I 

Output 

- -90°/. 

_I
I I 

"'f ~ tott 
I 

i ~ I 
~ I I 
~ L  — 10°/° I i ~ 

i s -al 1•~ j 
i ~ ~ 

I ~i I'~ t f 

Jes~oal 

~' 
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SILICON N-P-N 
PLANAR TRANSISTORS 

2N2483 
2N2484 

Siliconn-p-n planar transistors primarily intended for use in highperform-
ance, low level, lo~v noise amplifier applications both for direct current and 
frequencies up to 100Mc/s. TO-18 construction with collector connected 
to envelope. 

QUICK REFERENCE DATA 

VCBO 
max. (IE =O) 

VCEO 
max. (IB =O) 

ICM max, 

2N2483 

60 

60 

50 

2N2484 

V 

V 

mA 

Ptot 
max. (T~ b ~ 25oC) 360 mW 

T, max. 200 ° C 
J 

hFE (IC =10µA, VCE =5.OV) min. 40 100 

max. 120 500 

hFE 
~C-1.OmA, VCE =5.OV) min. 175 250 

f,r typ. (IC =0.5mA, VCE =5,OV) 80 Mc/s 

NF max. (IC =10µA, VCE =5.OV, 

B=15.7kc/s, R =101dt) 4. 0 3.0 dB 
s 

Unless otherwise stated data is applicable to both types 
OUTLINE AND DIDIENSIONS 

Conforming to J. E. D. E. C. TO-18 
V.A.S,C.A. SO-12A/SB3-6A 
^—A —~ 

I 

t 

H G 
i 

i 

Millimetres 

ndin. Mom. Max. 

A - - ~}. 8 

B - - 5.3 

C - 12.7 -

D - 0.43 

E 1.0 

I' 1. Ou 

G - 2.54 -
y_~F 

45 11 :5.3 •i.:i:5 b.8 

Connections 1. Emitter Collector 
°. Base Collector connected to metal envelope 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Eleotrloel 

~CBO 
max. (IE = 0) 80 V 

CEO 
max. (IB = 0) 80 V 

~EBO mom ' (IC = 
0) 8.0 V 

tICM 
max. 50 mA 

tPtot 
max. (T~ b ~ 25° C) 380 mW 

Temperature 

1'Tstg min. -65 ° C 

1'Tstg max. 200 oC 

1'Tj max. (operating) 200 oC 

THERMAL CHARACTERISTICS 

t9
~-amb 

0.48 degC/mW 

t9'-case 
0.15 degC/mW 

ELECTRICAL CHARACTERISTICS (T' =25° C unless otherwise stated) 

Min, Typ. Max. 

tICBO 

tIEBG 

Collector cut-off current 

VCB =45V, IE =O 

VCB =45V, IE =0, Ti =150oC 

Emitter cut-off current 

VEB=6.OV, I C =0 

~CE(sat) 
Collector-emitter saturation 
voltage 

tVBE 

IC =1.OmA, IB =0.1mA 

Base-emitter voltage 

IC =O.imA, VCE =5.OV 

10 nA 

10 µA 

10 nA 

350 mV 

0.5 0.7 V 
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SILICON N-P-N 
PLANAR TRANSISTORS 

2N2483 
2N2484 

thFE 
Static forward current 
transfer ratio 

Min, Typ. Max. 

IC=1.0µA, 
VCE 

=5.OV 2N2484 30 - -

IC=10µA, VCE=5.OV 2N2483 40 - 120 

2N2484 100 - 500 

IC l0µ?'' VCE =5.OV, 

T._-55oC 2N2483 10 -
I 

2N2484 20 - -

IC=100µA, VCE=5.OV 2N2483 75 - -

2N2484 175 - -

IC=500µA, VCE =5.OV 2N2483 100 - -

2N2484 200 - -

IC =1.OmA, VCE = 5, OV• 2N2483 175 - -

2N2484 250 - -

*IC =10mA, VCE =5.OV 2N2483 - - 500 

f,I, Transition frequency 

IC = 50µA, VCE = 5. OV 

2N2484 

2N2483 

- 

12 

- 

- 

800 

- Mc/s 

2N2484 15 - Mc/s 

IC=0.5mA, VCE=5.OV 2N2483 60 80 - Mc/s 

2N2484 60 80 - Mc/s 

*Measured under pulsed conditions to avoid excessive dissipation, pulse 
width=300µs, duty cycle<0.01, 

tetc Collector capacitance 

VCB=5.OV, IE=Ie=O, 

f =1. OMc/s 

tcte Emitter capacitance 

VEB=0.5V, IC=Ic=O, 

f=i.OMc/s 

- - 6. 0 pF 

- 6. 0 pF 
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Min, Typ, NTax. 

Small signal h-parameters 

Measured at IC =1.OmA, VCE =5.OV, f=1, Okc/s 

1'h1e Input impedance 2N2483 1.5 - 13 ]dt 

2N2484 3.5 - 24 ]d2 

1'hre Reverse voltage transfer 
ratio - - 8. 0 

4 x 10 

1'hfe Forward current transfer 
ratio 2N2483 80 - 450 

2N2484 150 - 900 

1'hOe Output admittance 2N2483 - - 30 µmho 

2N2484 - - 40 µmho 

1'NF Noise figure 

IC =10µA, VCE =5,OV, Rs =lOkSt, 

f =100c/s, B = 20c/s 2N2483 - - 15 dB 

2N2484 ~ - - 10 dB 

f=1,Okc/s, B=200c/s 2N2483 - - 4,0 dB 

2N2484 - - 3.0 dB 

f=lOkc/s, B=2,Okc/s 2N2483 - - 3,0 dB 

fNF 

2N2484 

Wideband noise figure 

- - 2,0 dB 

IC =10µA, VCE =5.OV, 

B=15.7kc/s, Rs =10k12 2N2483 4.0 dB 

2N2484 3.0 dB 

fJ, E, D, E, C, registered data 
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SILICON N-P-N 
PLANAR TRANSISTORS 

SOLDERING AND WIRING RECOMMENDATIONS 

2N2483 
2N2484 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245oC for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush 

on a board having punched-through holes , or spaced at least 1.5mm above 
a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored above 100 C before incorporation into equipment 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinried using a suitable activated flux. 

AUGUST 1968 

1 
(M``~llaJJrd 

V 
Page D5 



i 



P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2904 
2N2904A 

P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 

service. 

QUICK REFERENCE DATA 

2N2904 2N2904A 

-VCBO 
max. 60 V 

-V 
CEO 

max.(-IC <100mA) 40 60 V 

-IC max, 600 mA 

Ptot 
max. 

(lamb 
25oC) 600 mW 

T, max, 200 oC 
J 

hFE (-IC =150mA,-VCE =10V) 40-120 

fT min. (-IC =50mA, f=l00MHz) 200 MHz 

i s max. (-ICS =150mA, 

-IB =+IBM 
-15mA) 80 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 

J. E. D. E, C, TO-5 

Collector connected to envelope 

Millimetres 

Min. Nom. Max. 

A 8.64 8.90 9.40 

B 7.75 8,15 8.50 

C 6.10 6.35 6.60 

D 5.08 -

E 0.71 0.79 0.86 

F 38 - -

G 0.45 

H 0.4 

J 0.74 0.85 1.0 

NOVEMBER 1966 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

~-VCBO 
max. 60 V 

f-VCEO max. (-IC =O to 100mA) 2N2904 40 V 
2N2904A 60 V 

~ VEBO 
max. 5.0 V 

j"-IC max. 600 mA 

Ptot mom ' 
(Tamb-25oC) 600 mW 

j'Temperature 

Tstg min. -65 oC 

Tst max. 200 oC 
g 

T, max. 200 oC 
J 

THERMAL CHARACTERISTIC 

Oj-amb 
292 degC/W 

j'ELECTRICAL CHARACTERLSTICS 
(Tamb 

25oC unless otherwise stated) 

Min. Max. 

-ICBO 
Collector cut-off current 
-VCB=50V, IE =O 2N2904 20 nA 

2N2904A 10 nA 

-VCB =50V > IE =O, 

Tamb-150oC 2N2904 - 20 µA 
2N2904A 10 µA 

-ICEX 
Collector -emitter cut-off 
current 
-VCE=30V, 

+VBE
=0.5V - 50 nA 

IBEX 
Base current 
-VCE =30V, +VBE =0.5V - 50 nA 

V(BR)CBO 
Collector -base breakdown 
voltage 
-IC =10µA, IE =O 60 - V 

-V(BR)CEO 
*Collector-emitter breakdown 
voltage 
-IC =10mA, IB=O 2N2904 40 - V 

2N2904A 60 - V 

*Pulse condition, pulse width 300µs, duty cycle ~2%. 

1'J. E. D. E. C. registered data. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

-V(BR)EBO 
Emitter -base breakdown voltage 
-IE =10µA, IC RO 

-VCE(sat) *Collector-emitter saturation voltage 
-IC =150mA, -IB=15mA 

-IC =500mA, -IB=50mA 

-VBE(sat) 
*Base-emitter saturation voltage 
-IC =150mA, -IB =15mA 

-IC =500mA, -IB=50mA 

hF,E Static forward current transfer 
ratio 

2N2904 
2N2904A 

Min. Max. 

5.0 - V 

- 0.4 V 

- 1.6 V 

- 1.3 V 

- 2.6 V 

-IC =O.1mA, -VCE =10V 2N2904 20 
2N2904A 40 

-IC =1.OmA, -VCE =10V 2N2904 25 
2N2904A 40 

-IC =10mA, -VCE =10V 2N2904 35 
2N2904A 40 

*-IC =150mA, -VCE =10V 40 120 

*-IC =500mA, -VCE =10V 2N2904 20 

cob

2N2904A 

Common base, open circuit 
output capacitance 

40 

cib

-VCB=10V, IE =O, f=l00kHz 

Common base, open circuit 
input capacitance 

- 8.0 pF 

f,l, 

VBE =2.OV, IC =O, f=l00kHz 

Transition frequency 
-VCE =20V, -IC =50mA, 

f =100MHz 

- 

200 

30 

- 

pF 

MHz 

*Pulse condition, pulse width 300µs, duty cycle ~2%. 
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Switching chaxacteristics 

Max . 

Turn~n (see Fig. l) 

-VCC =30V, -I~=150mA, -IB=15mA 

td Turn-on delay time 10 na 

t 
r 

Rise time 40 ns 

ton Turn-on time (td + tr) 45 na 

Turn-off (see Fig.2) 

-VCC =6V, -I~=150mA, -IB +IBM-15mA 

t Storage time 
s 

80 na 

tf Fall time 30 ns 

toff 
Turn-off time (ts +tf) 100 ns 

TEST CIRCUITS 

-3OV 

2OOn 

zo son 
pr.f=75Op.p.s. 

Input tr ~ 2 
~ 

0 

-16V 

~20Ons 

1kI1 

son 

To ascilloscapa 
tr y 5ns 

Z in =1OMl1 

Fig.l 

Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Input 
zo=son 
p.rf.=tsop.p.s 
t r < 2ns 

O30V 

-+~ ~200ns son 

lkfl 

2N2904 
2N2904A 

+~sv _ .-6v 

ikn sin 

1N916 

To oscilloscop¢ 

try sns 
Zin =10Mf1 

B665~ 

Fig.2 

Test circuit for determining storage, fall and turn-off time 

WAVEFORMS 

Input 

t on
I 

—toff --'.! --~I 
I ' 

-- 90°/° 90°/°~ I I
I I I 

I I j 
Output 

_1 O °/° I I I 110°/o- -

I I I I 
t S—~I ~ I 

~~ si r -y! ~ +— t f

Fig. 3 
B6655~ 
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P-N-P SILICON PLANAR 
EPITAXlAL TRANSISTORS 

2N2904 
2N2904A 

H E O  
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O 
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Z 
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Ua 
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O O O 
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ua 
ri E 

g 
cn 

0 
v N 

0 

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERLSTICS 
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0 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2904 
2N2904A 
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Collector connected to envelope 

P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2905 
2N2905A 

P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 

service. 

QUICK REFERENCE DATA 

-VCBO ~' 

-VCEO 
max. 

-IC max. 

Ptot 
max. 

(lamb
-25oC) 

T, max. 
J 

hFE (-IC =150mA, -VCE =10V) 

fT min. (-IC =50mA, f=l00MHz) 

i s max. (-I~=150mA, 

2N2905 2N2905A 

60 V 

40 60 V 

600 mA 

600 mW 

200 oC 

100-300 

200 MHz 

-IB = +IBM 
-15mA) 80 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 
J. E. D. E. C. TO-5 

Millimetres 

Min. Typ. Max. 

A 9.10 - 9.39 

B 8.2 - 8.50 

C 6.15 - 6.60 

D 5.08 -

F3 E 0.71 - 0.86 

F1 - 0.51 

F2 12.7 - -

F3 38.1 - 41.3 

G1 - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 

J 0.74 - 1.01 
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fRATINC.S 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO 
max. 60 V 

-VCEO 
max, (-IC =O to 100mA) 2N2905 40 V 

2N2905A 60 V 

-VEBO 
max. 5.0 V 

-IC max. 600 mA 

Ptot 
max. (lamb--25oC) 600 mW 

Temperature 

Tst min. -65 oC 
g 

Tstg max. 200 oC 

T, max. 200 oC 
J 

(THERMAL CHARACTERISTIC 

e j-amb 
290 degC/W 

j~ELECTRICAL CHARACTERISTICS (lamb-25oC unless otherwise stated) 

Min. Max. 

-ICBO 
Collector cut-off current 
-VCB =50V, IE =O 2N2905 - 20 nA 

2N2905A - 10 nA 

-VCB =50V, IE =O, 

Tamb 
-150oC 2N2905 - 20 µA 

2N2905A - 10 µA 

-ICEX 
Collector-emitter cut-off 
current 

-VCE=30V, 
+VBE

=0.5V - 50 nA 

IBEX 
Base current 
-VCE =30V, +VBE =0.5V - 50 nA 

-V(BR)CBO 
Collector-base breakdown 
voltage 
-IC =10µA, IE =O 60 - V 

-V(BR)CEO 
*Collector-emitter breakdown 
voltage 
-IC =10mA, IB=O 2N2905 40 - V 

2N2905A 60 - V 

tJ. E. D. E. C. registered data 

*Pulse condition, pulse width s300µs, duty cycle ~2%. 

~./ 

V 

~/ 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

-V 
(BR) EBO 

-VCE(sat) 

Emitter-base breakdown voltage 
-IE =10µA, IC =O 

*Collector-emi..:,r sa,uration voltage 
-IC =150mA, -IB =15mA 

-IC =500mA, -IB=50mA 

VBE(sat) 
*Base-emitter saturation voltage 
-IC =150mA, -IB =15mA 

-IC =500mA, -IB =50mA 

hFE 
Static forward current transfer 
ratio 

2N2905 
2N2905A 

Min. nlax. 

5.0 - V 

- 0.4 V 

- 1.6 V 

- 1.3 V 

- 2.6 V 

-IC =O.1mA, -VCE =10V 2N2905 35 
2N2905A 75 

-IC =1.OmA, -VCE =10V 2N2905 50 
2N2905A 100 

-IC =10mA, -VCE =10V 2N2905 75 
2N2905A 100 

*-IC =150mA, -VCE =10V 100 300 

*-IC =500mA,-VCE =10V 2N2905 30 
2N2905A 50 

Cob 
Common base, open circuit 

output capacitance 
-VCB =10V, IE =O,f=l00kHz - 8.0 pF 

Cib 
Common base, open circuit 
input capacitance 

fT

+VBE-2.OV, IC =O, f=l00kHz 

Transition frequency 

- 30 pF 

-VCE =20V, -IC =50mA, f=l00MHz 200 - MHz 

*Pulse conditions, pulse width=300µA, duty cycle s2%. 

MAY 1967 
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2008 

Switching characteristics 

Max . 

Turn-on (see fig.l) 

-VCC =30V, -ICS =150mA, -IB =15mA 

td Turn-on delay time 10 

t Rise time 40 
r 

ton Turn-on time (td +tr) 45 

Turn-off (see fig.2) 

-VCC =6.OV, -ICS =150mA, -IB =+IBM =15mA 

t Storage time 80 
s 

30 tf Fall time 

toff 
Turn-off time (ts +tf) 

TEST CIRCUITS 

Zo SOR 

p r. f.=150 p. p.s. 
t r y 2ns 

1k12 

100 

ns 

ns 

ns 

ns 

ns 

ns 

To oscilloscop¢ 
t r y Sns 

Zin=1OMf1 

~B6694 ~ 

Fig.l 

Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Input 
zo=son 
prf.=tsOp.p.s 
t~< 2ns 

O30V 

~200ns 

1 kR 

son 

+1sv . .-6v 

2N2905 
2N2905A 

1k11 3751 

1N916 

To oscilloscop¢ 
t~ ~ sns 
Zi n =10MR 

~B6651 

Fig. 2 

Test circuit for determining storage, fall and turn-off time 

WAVEFORMS 

Ihput 

ton ~ r-- ~I ~--~ 
I 

J
I
B 

~ toff 

~ /! 90°!° 90'/°~ I

I ~~ 

Output ~ 

~__~ .10°/° ~ t0i /o- 

( I I t --~ I I s ~ 

-,J ~- t f

td —~i F-- i 
~ I 

Fig.3 

I I 
I I 
I I 

(86655( 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2906 
2N2906A 

P-N-F silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 

service. 

QUICK REFERENCE DATA 

-VCBO 
max. 

-VCEO 
max' (-IC<100mA) 

-IC max, 
_ o 

Ptot 
max' 

(lamb
-25 C) 

T. max. 
J 

hFE (-IC =150mA, -VCE =10V) 

fT min, (-IC =50mA, f =100MHz) 

is max. (-ICS=150mA, 

-IB 
+IBM-15mA) 

2N2906 2N2906A 

60 V 

40 60 V 

600 mA 

400 mW 

200 oC 

40-120 

200 NII-Iz 

80 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforms to 7. E. D.E.C, TO-18 

B,S, 3934 SO-12A/SB3-6A 

Millimetres 

Min. Typ. Max. 

A 4,53 - 4,8 

B 4,66 - 5.33 

C1 - - 0,51 

C2 12.7 -

C3 12.7 - 15 

Dl - - 1.01 

D2 0.41 - 0,48 

D3 - - 0.53 

E 0.84 - 1,17 

F 0.92 - 1,16 

G - 2,54 

Viewed from underside H 5.31 -
Connections 1, Emitter 3. Collector connected to envelope 

2. Base 

5.84 

JANUARY 1968 
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tRATINGS 

Limiting values of operation according to the absolute maximum system, 

Electrical 

-VCBO 
max, 60 V ~ 

-VCEO 
max. (-IC =O to 100mA) 2N2906 40 V 

2N2906A 60 V 

-VET  max, 5,0 V 

-IC max, 600 mA 

Ptot mom ' 
(Tamb-25oC) 400 mW 

Temperature 

Tstg min. 

Tstg max. 

T, max. 
J 

tTHERMAL CHARACTERISTIC 

Oj-amb 

-65 

200 

200 

oC

oC

oC

0.44 degC/mW 

j'ELECTRICAL CHARACTERISTICS (Tamb-25oC unless otherwise stated) 

Min, Max. 

-ICS  Collector cut-off current 
-VCB=50V, IE =O 2N2906 20 nA 

2N2906A 10 nA 

-VCB=50V, IE =O, 

Tamb-150° C 2N2906 20 µA 
2N2906A 10 µA 

-ICEX 
Collector-emitter cut-off 
current 
-VCE =30V, +V BE =0.5V 50 nA 

IBEX 
Base current 
-VCE =30V, +V BE =0,5V 50 nA 

V(BR)CBO 
Collector-base breakdown 
voltage 

-IC =10µA, IE = 0 60 - V 

-V(BR)CEO 
*Collector-emitter breakdown 
voltage 
-IC =10mA, IB= 0 2N2906 40 - V 

2N2906A 60 - V 

*Pulse condition, pulse width~300µs, duty cycle~2%. 

')J,E,D,E,C, registered data, 

V 

V 

`/ 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

-V 
(BR) E BO 

-VCE (sat) 

-V 
BE (sat) 

2N2906 
2N2906A 

Min. Max. 

Emitter -base breakdown voltage 
-IE =10µA, IC =O 5.0 - V 

*Collector -emitter saturation voltage 
-IC =150mA, -IB =15mA - 0.4 V 

-IC =500mA, -IB=50mA - 1.6 V 

*Base-emitter saturation voltage 
-IC =150mA, -IB =15mA - 1.3 V 

-IC =500mA, -IB =50mA - 2.6 V 

hFE Static forward current transfer 
ratio 
-IC =0.1mA, -VCE =10V 2N2906 20 

2N2906A 40 

-IC =1.OmA, -VCE =10V 2N2906 25 
2N2906A 40 

-IC =10mA, -VCE =10V 2N2906 35 
2N2906A 40 

*-IC =150mA, -VCE =10V 40 120 

*-IC =500mA, -VCE =10V 2N2906 20 
2N2906A 40 

Cob 
Common base, open circuit 
output capacitance 
-VCB=10V, IE =O, f=l00kHz - 8.0 pF 

Cib 
Common base, open circuit 
input capacitance 

fT

VBE =2.OV, IC =O, f=l00kHz 

Transition frequency 

- 30 pF 

-VCE =20V, -IC =50mA, 

f =100MHz 200 - MHz 

*Pulse condition, pulse width s300µs, duty cycle ~2%. 
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Switching characteristics 

Max , 

Turn-on (see Fig. l) 

-VCC =30V, -I~=150mA, -IB=15mA 

td Turn-on delay time 10 

t Rise time 40 
r 

ton Turn-on time (td + tr ) 45 

Turn-off (see Fig.2) 

-VCC =6V, -I~=150mA, -IB=+IB~2 =15mA 

t Storage time 80 
s 

tf Fall time 30 

toff 
Turn-off time (ts +tf) 100 

TEST CIRCUITS 

zo son 
pr.f.=150 P.P.s. 

Input 
tr 

~ 
2 

~ 
0 

-16V 

.~ ,~.200ns

tk11 

son 

200n 

-30V 

ns 

ns 

ns 

ns 

ns 

ns 

To oscilloscop¢ 
t r y Sns 

Z in =10MR 

~B6694 

Fig.l 

Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Input 
zo=son 
prf.=lsOp.p.s 
t r < 2ns 

O30V 

~200ns 

1 kR 

son 

2N2906 
2N2906A 

+1sv . .-6v 

i kn sin 

1N916 

To oscilloscop¢ 

try Sns 
Zin =10Mf1 

86651 

Fig.2 

Test circuit for determining storage, fall and turn-off time 

WAVEFORMS 

Input 

ton --~ 

Output 

I 
("~—t of f —~I 

I ~ 

-- 90°/° 90°/°~ -' -- ~ 

I ~ I 

I ~ i i ~ I 
_1 O °/° 

i 
I ~ i 

td -~-I IF ~ 
~+ qt r

I 
I 

~--

j ,~, Fig.3 

~ 10°/ 
I ~ I 

t s—•~ I"" 
I 
I 

-y1 ~+- t f

(3665s1 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2907 
~N2907A 

P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service. 

QUICK REFERENCE DATA 

2N2907 2N2907A 

-VCS  max. 60 

-VCEO 
max. (-IC<100mA) 40 60 

-IC max. 600 

Ptot 
max' 

(lamb
-25oC) 400 

T. max, 200 

hF,E (-IC -150mA, -VCE = lOV) 

f r  min, (-IC = 50mA, f =100MHz) 

is  max. (-ICS=150mA, 

V 

V 

mA 

mW 

oC 

100-300 

200 IdHz 

-IB 
+IBM-15mA) 80 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforms to J. E. D. E. C. TO-18 
B.S. 3934 SO-12A/SB3-6A 

Millimetres 

Min. Typ. Max. 

Viewed from underside 
Connections 1. Emitter 3. Collector connected to envelope 

2. Base 

A 4.53 - 4.8 

B 4.66 - 5.33 

C1 - - 0.51 

C2 12.7 - -

C3 12.7 - 15 

Dl - - 1.01 

D2 0.41 - 0.48 

D3 - - 0.53 

E 0.84 - 1.17 

F 0.92 - 1.16 

G - 2.54 -

H 5.31 - 5.84 
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f RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO 
max. 60 V 

-VCEO 
max. (-IC =O to 100mA) 2N2907 40 V 

2N2907A 60 V 

-VEBO 
5.0 V 

-IC max. 600 mA 

Ptot mom ' 
(Tamb-25oC 400 mW 

Temperature 

Tst min. -65 
g 

Tstg max. 200 

T, max. 200 
J 

j'THERMAL CHARACTERISTIC 

Oj-amb 

•ELECTRICAL CHARACTERISTICS (Tamb-25oC unless otherwise stated) 

Min. Max. 

oC

0 
C 
oC

0.44 degC/mW 

-ICBO 
Collector cut-off current 
-VCB=50V, IE =O 2N2907 20 nA 

2N2907A 10 nA 

-VCB=50V, IE =O, 

Tamb-150oC 2N2907 20 µA 
2N2907A 10 µA 

-ICEX 
Collector-emitter cut-off 
current 

-VCE=30V, 
+VBE

-0.5V 50 nA 

IBEX 
Base current 
-VCE =30V, +VBE =0.5V 50 nA 

-V(BR)CBO 
Collector-base breakdown 
voltage 
-IC =10µA, IE = 0 60 - V 

-V(BR)CEO 
*Collector-emitter breakdown 
voltage 

-IC =10mA, IB=O 2N2907 40 - V 
2N2907A 60 - V 

*Pulse condition, pulse widths300µs, duty cycle~2%. 

fiJ,E,D,E,C. registered data 

~~ 

~' 

`r 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N2907 
2N2907A 

V(BR)EBO 

Min . 

Emitter-base breakdown voltage 
-IE =10µA, IC =O 5.0 

Max . 

- V 

-VCE(sat) 
*Collector-emitter saturation voltage 

-IC =150mA, -IB =15mA - 0.4 V 

-IC =500mA, -IB =50mA - 1.6 V 

VBE(sat) 
*Base-emitter saturation voltage 
-IC =150mA, -IB =15mA - 1.3 V 

hI, E

-IC =500mA, -IB =50mA - 

Static forward current transfer 

2.6 V 

ratio 
-IC =O.1mA, -VCE =10V 2N2907 35 

2N2907A 75 

-IC =1.OmA, -VCE =10V 2N2907 50 
2N2907A 100 

-IC =10mA, -VCE =10V 2N2907 75 
2N2907A 100 

*-IC =150mA, -VCE =10V 100 300 

*-IC =500mA,-VCE =10V 2N2907 30 
2N2907A 50 

Cob 
Common base, open circuit 
output capacitance 

-VCB =10V, IE =O,f=l00kHz - 8.0 pF 

Cib 
Common base, open circuit 
input capacitance 

fT

+VBE-2.OV, IC =O, f=l00kHz 

Transition frequency 

- 30 pF 

-VCE =20V, -IC =50mA, f=l00MHz 200 - MHz 

*Pulse conditions, pulse width=300µA, duty cycle ~2%. 

JANUARY 1968 
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2OOn 

Switching characteristics 

Max . 

Turn-on (see fig.l) 

-VCC =30V, -ICS =150mA, -IB =15mA 

td Turn-on delay time 10 

t Rise time 40 
r 

ton Turn-on time (td +tr) 45 

Turn-off (see fig.2) 

-VCC =6.OV, -ICS =150mA, -IB =+IBM =15mA 

t Storage time 
s 
tf Fall time 

toff 
Turn-off time (ts +tf) 

TEST CIRCUITS 

za son 
p r. f.=150 p. p.s. 
t r y 2ns 

1k11 

80 

30 

100 

ns 

ns 

ns 

ns 

ns 

ns 

To oscilloscop¢ 
t r y Sns 

Z i n=1OMR 

X86694 

Fig.l 

Test circuit for determining delay, rise and turn-on time 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

Input 
zo=son 
p.cf=lsOp.p.s 
t~< 2ns 

O30V 

~200ns 

2N2907 
2N2907A 

To oscilloscop¢ 
t~ ~ sns 
Zi n =10MR 

86651 

Fig. 2 

Test circuit for determining storage, fall and turn-off time 

WAVEFORMS 

Input 

ton ~ 

-- 90°/° 

~ i 
Output ~ 

i 
I I ~ 

td ~I  ~ 

~~ st n

90°/°~ -
f 

~ ~ 

l i 
I I
~ 10°/o- 
I II 

ts~a ~ 

Fig.3 

~.--
~ toff 

I 
I 

I+— t  f 

866ss 
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N-P-N SILICON 
PLANAR TRANSISTOR 2N3053 

N-P-N silicon planar transistor designed for medium speed, saturated and 
nonsaturated switching applications for industrial service. 

QUICK REFERENCE DATA 

VCS  max. 

VCEO 
max' 

IC max. 
_ o 

Ptot 
max' (Toase-25 C) 

T, max, 
J 

h FE (IC =150mA, VCE =10V) 

f,r min. (IC =50mA, VCE =10V, f=20MHz) 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 
J. E. D. E. C. TO-5 

Collector connected to case 

60 V 

40 V 

700 mA 

5.0 W 

200 oC 

50-250 

100 MHz 

Millimetres 

A 

B 

C 

Min. 

9. 10 

8.20 

6.15 

Nom. 

- 

- 

- 

NIax. 

9.39 

8.50 

G.60 

D - 5.08 -

E 0.71 - 0.8G 

F1 - - 0.51 

F'2 12.7 - -

I'3 38.1 - 41.3 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - 0.53 

H - 0.4 -

J 0.74 - 1.01 

OCTOBER 196 7 
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i'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 60 V 

*VCEO 
max. 40 V 

VET  max. 5.0 V 

IC max. 700 mA 

Ptot mom' 
(Tcase-25oC) 5.0 W 

Temperature 
0 

Tst min. -65 C 
g 

Tst max. 200 oC 
g 

T, max. 200 oC 
J 

*For IC =O to 100mA (pulsed), pulse duration=300µs, duty factor = 1.8/0; 

0 to 700mA for shorter pulses. 

tTHERMAL CHARACTERISTIC 

O, (above 25 C) 35 degC/W 
~-case 

j~ELECTRICAL CHARACTERISTICS (Tamb-25 C) 

Min. Max. 

ICEX 
Collector-emitter cut-off 
current 
VCE =60V, -VBE =1.5V 

-IBEX Base current 
VCE =60V, -VBE-1.5V 

V(BR)CBO 
Collector-base breakdown 
voltage 
IC =100µA, IE =O 

V(BR)EBO 
Emitter-base breakdown voltage 
IE =100µA, IC =O 

**Collector-emitter breakdown 
voltage 

V(BR)CEO 
IC =100µA, IB=O 

V(BR)CER 
IC =l00mA, RBE =1012 

**Pulse test, pulse width=300µs, duty factor= 1.Si&. 
jJ.E,D,E,C. registered data. 

60 

5.0 

40 

50 

0.25 µA 

0.25 µA 

- V 

- V 

- V 

- V 
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N-P-N SILICON 
PLANAR TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

VCE(sat) 
Collector-emitter saturation 

voltage 
IC =150mA, IB= 15mA 

VBE(sat) 
Base-emitter saturation voltage 

IC =150mA, IB= 15mA 

VBE Base-emitter voltage 
IC =150mA, VCE =2.5V 

2N3053 

Min. Max. 

hFE Static forward current 
transfer ratio 

IC =150mA, VCE =2.5V 25 

**IC =150mA, VCE =10V 50 250 

1.4 V 

1.7 V 

1.7 V 

Transition frequency 

IC =50mA, VCE =10V, f=20MHz 100 - MHz 

Cob Output capacitance 
VCB=10V, IC =O, f=1401tHz - 15 pF 

Cib 
Input capacitance 

VEB=0.5V, IE =O, f=1401cIIz - 80 pF 

**Pulse test, pulse width=300µs, duty factor= 1.8~Io. 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 2N 3055 

N-P-N silicon diffused power transistor, intended for high quality amp-
lifiers, power supplies, inverters and similar industrial applications. 

QUICK REFERENCE DATA 

VCS  max. 

VCER 
max. (RBE =10051) 

IC max. 

Ptot 
max. (Tmb~25 C) 

T, max. 
J 

hFE (IC =4.OA, VCE =4.OV) 

f r min. (IC =1.OA, VCE =4.OV, f=1.OMHz) 

100 V 

70 V 

15 A 

115 W 

200 ° C 

20-70 

0.8 MHz 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-5A/SB2-2 
J.E.D.E.C. TO-3 

G 
t 

H

1 J 

L I--

 K 

1 

Collector electrically connected 
to the envelope 

MAY 1968 

Millimetres 

Min. Typ. Max. 

A - 16.9 

B - - 26.6 

C - 10.9 -

D - 30.1 -

E 4.0 - 4.2 

F - - 20.3 

G - 0.9 -

H - - 9.5 

J 11 - 13 

K - - 39.5 

L - 1.0 

2N3055 Page 1 



RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCB(~ max. 100 V `~ 

VC ER 
max. (RBE =100SZ) 70 V 

VEBO max. 7.0 V 

IC max. 15 A 

IB max. 

Ptot 
max' (Tmb<_25 C) 

7.0 A 

115 W 

-65 to +200 oC 

T, max. 200 ° C 
J 

THERMAL CHARACTERISTIC 

Temperature 

Tstg range 

IZth(j-mb) 
1.5 degC/W 

ELECTRICAL CHARACTERISTICS (T.=25 C unless otherwise stated) 
1 

Min. Max. 

Collector cut-off current 

ICED 
VCE-30V, IB=O 

ICEX VCE 
100V, -VBE =1.5V 

ICEX 
VCE-100V, -VBE=1.5V, 

T. =150° C 
J 

IEBO 
Emitter cut-off current 
VEB=7.OV, IC =O 

Collector-emitter sustaining 
voltage 

VCEO(sust) 
IC =0.2A, IB=O 

VCEft(sust) 
IC = 0.2A, RBE =10052 

VBE Base-emitter voltage 

IC =4.OA, VCE =4.OV 

VCE(sat) 
Collector-emitter saturation 
voltage 
IC =4.OA, IB=0.4A 

IC =10A, IB=3.3A 

60 

70 

0.7 mA 

5.0 mA 

10 mA 

5.0 mA 

- V 

- V 

1.8 V 

1.1 V 

4.0 V 

\~ 

I MAY 1968 

~1 
Mallard 

V 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

2N3O55 

Min. Max. 

hFE Static forward current 
transfer ratio 

IC =4.OA, VCE =4.OV 20 70 

f,I, Transition frequency 
IC =1.OA, VCE =4.OV, 

f=1.OMHz 0.8 - MHz 

hfe Small signal forward 
current transfer ratio 
IC =1.OA, VCE =4.OV, 

f =1.O1cHz 15 

MAY 1968 2N3055 Page 3 





N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 

2N3108 

N-P-N silicon planar epitaxial transistor designed primarily for medium 
speed saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

VCBO 
max. 100 V 

VCEO 
max, (IC =1. 0 to 50mA) 60 V 

IC max, 1.0 A 

Ptot 
max. (T~ b =25oC) 800 mW 

T, max, 200 ° C 
J 

hFE (IC =150mA) 40-120 

fT min. (IC =50mA, f=20MHz) 60 MHz 

t max. 200 ns 
on 

toff 
max. 600 ns 

OUTLINE AND DIMENSIONS 

Conforms to B, S, 3934 SO-3/SB3-3A 

J, E, D, E, C, TO-5 

The collector is connected 
to the envelope 

Millimetres 

A 

B 

C 

Min. 

9.10 

8,2 

6.15 

Nom, 

- 

- 

- 

Max, 

9.39 

8,50 

6.60 

D - 5, 08 

E 0.71 - 0.86 

Fl - - 0.51 

F2 12.7 - -

F3 38,1 - 41,3 

G1 - - 1,01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 

J 0.74 - 1,01 

SEPTEMBER 1967 
(M`~ulla/Jtd 
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1'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCBO max. 100 V 

VCEO 
max. (IC =1, 0 to 50mA) 60 V 

~ EBO 
max. 7. 0 V 

IC max. 1. 0 A 

Ptot 
max. 

(Tamb 
- 25° C) 800 mW 

Temperature 

Tst min. -65 oC 
g 

Tstg max. 200 °C 

T, max. 200 ° C 
J 

Tlead 
max. (1/16" from case for 60 seconds) 300 oC 

1'THERMAL CHARACTERISTIC 

e j-amb 
220 degC/W 

1'ELECTRIGAL CHARACTERISTICS (Tamb =25° C unless otherwise stated) 

Min. Max. 

ICES 
Collector-emitter 
cut-off current 
VCE =60V, VEB =O 

I Collector cut-off current 
CBO VCB-60V, IE =O, Tamb-150°C 

IEBO 
Emitter cut-off current 
VEB =5.OV, IC =O 

V(BR)CBO 
Collector-base breakdown 
voltage 
IC =100µA, IE = 0 

V (BR)CEO 
*Collector-emitter breakdown 
voltage 
IC =30mA, IB=O 

100 

60 

V 
(BR)EBO 

Emitter-base breakdown 
voltage 
IE =100µA, IC =O 7.0 

1'J, E, D, E, C. registered data 

*Pulse condition, pulse width=300µs, duty cycle= 1~. 

10 nA 

10 µA 

10 nA 

- V 

- V 

- V 

SEPTEMBER 1967 

l  
M,`~llalJrd

V 
2N3108 Page D2 



N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 

2N3108 

Min. Max. 

VCE(sat) 
*Collector-emitter saturation 
voltage 
IC =150mA, IB =15mA - 0.25 V 

IC =1000mA, IB =100mA - 1.0 V 

VBE(sat) 
*Base-emitter saturation 

voltage 
IC =150mA, IB =15mA - 1.1 V 

IC =1000mA, IB =100mA - 2.0 V 

hI,E Static forward current 
transfer ratio 
IC =100µA, VCE =10V 20 

*IC =150mA, VCE =1.OV 40 

*IC =150mA, VCE =10V, 

Tamb=-55° C 15 

*IC =500mA, VCE =10V 25 

hfe Small signal forward 
current transfer ratio 
IC =50mA, VCE =10V, 

f = 20MHz 3. 0 

120 

Cob Output capacitance 

VCB =10V, IE =O, f=140kHz - 20 pF 

Cib 
Input capacitance 
VEB =0. 5V, IC =O, f=140kIIz - 80 pF 

N Noise figure 
IC =30µA, VCE =10V, f=1.OkHz, 

R =1. OkSt, power bandwidth = 200Hz - 7. 0 dB 
s 

Switching characteristics (see Fig. l) 

Measured at IC=150mA, 
IBon 

-IBoff-7.5mA, VCE =20V 

ton 

toff 

Turn-on time 

Turn-off time 

*Pulse conditions, pulse width=300µs, duty cycle=l%. 

200 ns 

600 ns 

SEPTEMBER 1967 2N3108 Page D3 



TEST CIRCUIT 

--105 
+16V 

J ~ 
t~< 15ns 

tf < 15ns 

Waveforms 

Input 

Output 

-7.5V + 20V 

1kn 130n 

1 kn 

SOn 1N3600 

—~ 

SEPTEMBER 1967 

Fig 1. 

'~ - ton ~i 

i 

To oscilloscope 

t~ < 15ns 

zip lookn 

I'~— toff 

2N3108 Page D4 



P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 2N3133 

P-N-P silicon planar epitaxial medium power transistor designed primarily 

for high speed saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

-VCBO 
max. 50 V 

VCEO 
max. 35 V 

-IC max. 600 mA 

Ptot 
max. (lamb-25oC) 600 mW 

200 oC 

40-120 

f,r  min, (-IC =50mA, f=l00MHz) 200 MHz 

t max. 75 ns 

150 ns 

T, max. 
J 

hFE (-IC =150mA) 

on 

toff 
max' 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 
J. E. D. E. C. TO-5 

Collector connected to envelope 

Millimetres 

Min . Nom . Max . 

A 8.64 8.90 9.40 

B 7.75 8.15 8.50 

C 6.10 6.35 6.60 

D - 5.08 

E 0.71 0.79 0.86 

F 38 -

G - 0.45 

H - 0.4 

J 0.74 0.85 1:0 

NOVEMBER 1966 
Mallard 

V 
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j'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO 
max. 50 V `~ 

-VCEO 
max. (-IC =O to 600mA) 35 V 

-VEBO 
max. 4.0 V 

-IC max. 600 mA 

Ptot mom ' (Tamb - 
25oC) 600 mW 

Temperature 

Tst min. -65 oC 
g 

Tstg max. 200 oC 

T, max. 200 oC 
I 

tTHERMAL CHARACTERISTIC 

e j -amb 
292 degC/W ~,/~ 

tELECTRICAL CHARACTERISTICS 
(Tamb 

-25oC unless otherwise stated) 

-ICBO 

Min. 

Collector cut-off current 

Max. 

-VCB=30V, IE =O - 50 nA 

-VCB=30V, IE=O, T
amb

-150° C - 30 µA 

-ICEX 
Collector-emitter cut-off current 
-VCE =30V, +V BE -0.5V - 0.1 µA 

IBEX 
Base current 

-VCE=30V, 
+VBE

=0.5V - 0.1 µA 

-V Collector -base breakdown voltage 
(BR)CBO 

_IC =10µA, IE =O 50 - V 

-V(BR)CEO 
*Collector -emitter breakdown 

voltage 
-IC =10mA, IB=O 35 - V 

-V(BR)EBO 
Emitter~ase breakdown 
voltage 
-IE =10µA, IC =O 4.0 - V 

tJ.E,D.E,C. registered data 

*Pulse condition, pulse width 300µs, duty cycle s2°~. 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

-VCE(sat) 

-VBE(sat) 
*Base~mitter saturation 
voltage 

hFE 

c~ 

cib 

fT

2N 3 133 

Min. Max. 

*Collector -emitter saturation 
voltage 

-IC =150mA, I B=15mA - 0.6 V 

-IC =150mA, -IB=15mA - 1.5 V 

*Static forward current transfer 
ratio 

-IC =1.OmA, -VCE =10V 25 - 

-IC =150mA, -VCE =1.OV 10 

-IC =150mA, -VCE =10V 40 120 

Common base, open circuit 
output capacitance 
-VCB=10V, IE =O, f=l00kHz - 10 pF 

Common base, open circuit 
input capacitance 
+VBE-2.OV, IC =O, f=l00KAz - 40 pF 

Transition frequency 
-IC =50mA, -VCE =20V, 

f =100MHz 200 - MHz 

*Pulse conditions, pulse width ~300µs,duty cycles2%. 

Switching characteristics 

t Turn-on time (see fig.l) 
on 

-VCC
-30V, 

VBE(off)-0' 
-ICS =150mA, -IB=15mA - 75 ne 

toff 
Turn-off time (see fig.2) 
-VCC =6.OV, -ICS =150mA, 

-IB 
+IBM-15mA 150 ns 

NOVEMBER 1966 
Mn11a~ 
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Teat circuits 

Cnput 

zo son 
Input pr.f.=150p.ps. 

t r <2ns 
1k11 

Fig.l 

Test circuit for determining turn-on time 

zo=son 
pr f =150 p.p.s 
t r < 2ns 

O30V 

-.I ~.~-200ns 

Test circuit for determining turn-off time 

To oscilloscope 
t r y Sns 
Zin=10MI1 

Qc .-~. e~ 

To oscilloscope 
t r  < sns 
zin=10Mf1 

~B6651 ~ 

NOVEMBER 1966 

~1 

I~``~IJ~I 
V 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

Waveforms 

Ihput 

ton ~J 

Output 
__ _10°/0 

i 
I ~ 
Fes- ~ 
I 1 

td ---~-I 

-- 90°/0 

--~ 1~—toff 
I 

90°/°~ 
I 

l i 
I 
~ to°/e-
I ~ I 

t s—+~ r -

Fig. 3 

2N3133 

NOVEMBER 1966 

~~ 
~ Mallard I 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

2N3133 

m Q M 
H 

0 
N 
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-- O O 
UQ O O 
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 2N3 134 

P-N-P silicon planarepitaxialmediumpower transistor designed primarily 
for high speed saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

-VCBO 
max. 50 V 

-VCEO 
max. 35 V 

-IC max. ~ 600 mA 

Ptot max ' 
iamb-25 oC) 600 mW 

T. max. 200 oC 
J 

hFE (-IC =150mA, -VCE =10V) 100-300 

fT min, (-IC =50mA, f=l00MHz) 200 MHz 

t max. 
on 

toH max. 

OUTLINE AND DIMENSIONS 

Conforming to B.S. 3934 SO-3/SB3-3A 
J.E,D.E.C. TO-5 

A 

~B~ 

i
1 t F~1 G1 

F
I
2 

i
G3 

45°~3~ 

F3 

1 i 

Collector connected to envelope 

75 ns 

150 ns 

Millimetres 

A 

B 

C 

Min. 

9.10 

8.2 

6.15 

Typ. 

- 

- 

- 

Max. 

9.39 

8.50 

6.60 

D - 5.08 

E 0.71 0.86 

F1 0.51 

F2 12.7 

F3 38.1 41.3 

G1 1.01 

G2 0.41 0.48 

G3 0.53 

H 0.4 

J 0.74 1.01 

MAY 1967 

~1 

I~~~l 
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1'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO ~' 
50 V 

-VCEO 
max. {-IC =O to 600mA) 35 V 

-VEBO ~' 
4.0 V 

-IC max. 600 mA 

Ptot 
max' (T~ b =25oC) 600 mW 

Temperature 

Tstg min. -65 

Tstg max. 200 

T, max. 200 
7 

1THERMAL CHARACTERLSTIC 

9
)-amb 

290 degC/W 

1'ELECTRICAL CHARACTERISTICS (T~ b =25° C unless otherwise stated) 

Min. Max. 

-ICBO 

-ICEX 

IBEX 

Collector cut-off current 
-VCB=30V, IE =O 

-VCB=30V, IE =O, 

Tab  =150oC 

Collector cut-off current 
-VCE=30V, 

+VBE
-0.5V 

Base current 
-VCE=30V+ +VBE-0.5V 

-V(BR)CBO 
Collector-base breakdown 
voltage 
-IC =10µA, IE =O 

-V *Collector-emitter breakdown 
(BR) CEO voltage 

-IC =10mA, IB=O 

-V(BR)EBO 
Emitter-base breakdown 
voltage 
-IE =10µA, IC =O 

tJ. E. D. E. C, registered data 

*Pulse condition, pulse width 300µs, duty cycle <_2%. 

oC

oC

oC

- 0,05 µA 

- 30 µA 

0.1 µA 

0.1 µA 

50 - V 

35 - V 

4.0 - V 

~~~ 

~/ 

`te r 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

-VCE(sat) 

-VBE(sat) 
*Base-emitter saturation 
voltage 

2N3 134 

Min. Max. 

*Collector-emitter saturation 
voltage 
-IC =150mA, I B=15mA - 0.6 V 

-IC=150mA, -IB=15mA 1.5 V 

hFE *Static forward current transfer 
ratio 
-IC=1,OxnA, -VCE =10V 50 

-IC =150mA, -VCE =1.OV 25 

-IC =150xnA, -VCE =10V 100 300 

Cob Common base, open circuit 
output capacitance 
-VCB=10V, IE =O, 

f =10014-Iz 10 pF 

Cib 
Common base, open circuit 
input capacitance 

fT, 

f =1001cII z 

Transition frequency 
-IC =50mA, -VCE =20V, 

f =100MHz 

- 

200 

40 

- 

pF 

MHz 

Switching characteristics 

t Turn-on time (see fig. l) 
on 

toff 

-VCC-30V, -ICS =150mA, 

-IB=15mA, 
VBE(off)

-0

Turn-off time (see fig.2) 
-VCC =6.OV, -ICS=150mA, 

- 75 ns 

-IB 
+IBM-15mA - 150 ns 

*Pulse conditions, pulse width 5300µs, duty cycle ~2%. 

MAY 1967 

l l 
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TEST CIRCUITS 

200(1 

Input 

O 

—30V 

zo son 
pr.f.=150 p.p.s. 
tr <2ns 

1kl1 

Fig. 1 

Test circuit for determining turn-on time 

zo=son 
p.rf.=150p.p.s 
t r < 2ns 

f..- 200 ns 

1 kn 

son 

Fig. 2 

To oscilloscap¢ 
tr y 5ns 

Z in 10MR 

X86694 I 

+15V ~ . - 6V 

ikll 37n 

1N916 

Test circuit for determining turn-off time 

To oscilloscopc 

tr < Sns 
Zin 10Mn 

86651 

~~ 

~/ 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 

WAVEFORMS 

Input 

t on —J 

Output 
_10 °!° 

i 
i ~ i 

td --1 r=- ~ 
~ i 

2N3 134 

~ - tof f 

~ ~ 

( I 

~ I 
110•/°- -
I ~ ~ 

t 5--~ ~ I 
--J i,..._ tt

Fig. 3 lessssl 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N3135 
2N3136 

P-N-P silicon planar epitaxial transistors designed primarily for high speed 
saturated switching applications for industrial service. 

QUICK REFERENCE DATA 

LN3135 2N3136 

-VCS  max, 50 V 

-VCEO max, 35 V 

-IC max. 600 mA 

htot 
max, 400 mW 

T, max, 200 oC 
J 

h1,E ( IC -150mA, -VCE =10V) 40-120 100-300 

fT, min, (-IC = 50mA, f= 100MHz) 200 MHz 

t max, 
on 

toff 
max, 

75 

150 

ns 

ns 

Unless otherwise stated data is applicable to both types, 

OUTLINE AND DIMENSIONS 

Conforms to B,S, 3934 SO-12A/SB3-6A 
J. E, D,E,C. TO-18 

Viewed from underside 

Connections 
1, Emitter 3. Collector connected to envelope 
2, Base 

Millimetres 

Min. Nom, Max, 

A 4,53 - 4,8 

B 4,66 - 5.33 

C1 - - 0,51 

C2 12.7 - -

C3 12,7 - 15 

D1 - - 1.01 

D2 0.41 - 0.48 

D3 - - 0.53 

E 0.84 - 1,17 

F 0.92 - 1,16 

G - 2.54 -

H 5,31 - 5.84 

FEBRUARY 1968 2N3135-Page D1 



1RATING3 

Limiting values of operation according to the absolute maximum system. 

Electrical 

-VCBO 
max. 50 V 

VCEO 
max. (-IC =O to 600mA) 35 V 

-VEBO 
max. 4.0 V 

-IC max. 600 mA 

Ptot 
max. (T~ b =25° C) 400 mW 

Temperature 

T min. -65 oC 
stg o

Tst max. 200 C 
g 

T, max. 200 oC 
J 

')THERMAL CHARACTERISTIC 

e j-amb 
0.44 degC/mW 

_ o 
1'ELECTRICAL CHARACTERISTICS 

(lamb
-25 C unless otherwise stated) 

Min. Max. 

-ICBO 
Collector cut-off current 
-VCB=30V, IE =O - 0.05 µA 

-VCB=30V, IE =O, 

Tamb-150° C - 30 µA 

-ICEX 
Collector cut-off current 
-VCE =30V, +VBE =0.5V - 0.1 µA 

IBEX 
Base current 
-VCE = 30V, +VBE =0.5V - 0.1 µA 

-V(BR)CBO 
Collector-base breakdown 
voltage 
-IC =10µA, I E =O 50 V 

V(BR)CEO *Collector-emitter breakdown 
voltage 
-IC =10mA, IB=O 35 V 

-V(BR)EBO 
Emitter-base breakdown 
voltage 
-IE =10µA, IC = 0 4.0 - V 

~ J. E. D. E. C. registered data 

*Pulse condition, pulse width~300µs, duty cycle~2%• 

FEBRUARY 1968 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

ELECTRICAL CHARACTERISTICS (cont'd) 

-VCE(sat) 

-VBE(sat) 
*Base-emitter saturation 
voltage 

2N3135 
2N3136 

\Iin. AID. 

*Collector-emitter saturation 
voltage 
-IC =150mA, -IB=15mA - 0.6 V 

-IC = 150mA, -IB=15mA - 1.5 V 

hFE *Static forward current 
transfer ratio 
-IC = 1.OmA, -VCE =10V 2N3135 25 

2N3136 50 

-IC = 150mA, -VCE =1.OV 2N3135 10 
2N3136 25 

-IC =150mA, -VCE =10V 2N3135 40 
2N3136 100 

Cob Common base, open circuit 
output capacitance 
-VCB=10V, IE =O, 

f =100kIIz 

Cib Common base, open circuit 
input capacitance 

f =1001cIIz 

Transition frequency 
-IC =50mA, -VCE =20V, 

f =100MHz 

120 
300 

10 pF 

- 40 pF 

200 - MHz 

Switching characteristics 

t Turn-on time (see fig. l) 
on 

-VCC-30V, -ICS=150mA, 

-IB=15mA, V
BEoff

-0 - 75 ns 

toff 
Turn-off time (see fig. 2) 
-VCC =6.OV, -ICS=150mA, 

-IB 
+IBM-15mA - 150 ns 

*pulse condition, pulse width~300µs, duty cycles2%. 
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TEST CIRCUITS 

Input 

Zo 50R 

pr.f =150 P.P.s. 
t r <2ns 

Test circuit for determining turn-on time 

zo=son 
p.r f.=150 p.p.s 
t r < 2ns 

o30V 

~200ns 

WAVEFORMS 

Input 

t kR 

son 

+15V 

To oscilloscop¢ 
t r y sns 

Zi n=10MR 

-6V 

t k11 37R 

1N916 

Fig.2 _ 

Test circuit for determining turn-off time 

ton —►I 
I 

-- 90°/° 90°/°~ I

I I 

I I 
Output 

I I_10 °/° 110°/o- 

I j ~ 
td ~I  F~ i 

I I 

~ toff 

~ 
~ 

I I I 
ts~ ~ I 

Fig.3 -~ ~-t f

To oscilloscop¢ 

try sns 
Zin=10MR 

FEBRUARY 1968 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N3250 
2N3250A 

P - N - P silicon planar epitaxial, medium power transistors designed 
primarily for high speed saturated switching applications for industrial 
service. 

QUICK REFERENCE DATA 

2N3250 2N3250A 

-VCBO 
max. 50 60 V 

-VCEO 
max, 

sr 
40 60 V 

-IC max. 200 mA 

Ptotmax.(T~b =25oC) 360 mW 

hFE 
(-VCE-1.OV, -IC =10mA) 50-150 

f,r  min. (-IC =10mA, f =100MHz) 250 MHz 

is  max. (-ICS =10mA, 

-IB 
+IBM=1.OmAj 175 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B, S, 3934 SO-12A/SB3-6A 
J, E. D. E, C. 

Viewed from underside 

TO-18 

Min. 
Millimetres 

Typ. Max. 

A 4.53 - 4.8 

B 4.66 - 5.33 

C1 - - 0.51 

C2 12.7 

C3 12.7 - 15 

D1 - - 1.01 

D2 0.41 - 0.48 

D3 - - 0.53 

E 0.84 - 1.17 

F 0. 92 - 1.16 

G - 2.54 -

H 5.31 - 5.84 

Connections 1. Emitter 3. Collector connected to envelope 
2. Base 

JUNE 1967 
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1'RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

2N3250 2N3250A 

-VCBO 
max. 50 60 V 

-VCEO 
max. (-IC =O to 200mA) 40 60 V 

-VEBO 
max. 5.0 V 

-IC max. (d.c.) 200 mA 

Ptot mom ' 
(Tamb-25° C) 360 mW 

Temperature 

Tstg min. -65 °C 

Tstg max. 200 °C 

T, max. 200 °C 

Tlead 
max. (1/ 16" from case 

for 60 seconds) 300 °C 

tTHERMAL DEBATING FACTOR 

Junction to ambient(T~b =25oC) 2.06 mW/degC 

1ELECTRICAL CHARACTERISTICS (Tamb-25oC unless otherwise stated) 

Min. Max. 

-ICEX 

IBEX 

-V(BR)CBO 

Collector-emitter cut-off current 
-VCE =40V, +VBE =3.OV 

Base current 
-VCE =40V, +VBE =3.OV 

Collector-base breakdown voltage 
-IC =10µA , IE = 0 2N3250 

2N3250A 

V(BR)CEO 
*Collector-emitter breakdown voltage 

-IC = lOmA, IB = 0 2N3250 
2N3250A 

V(BR)EBO 
Emitter-base breakdown voltage 
-IE =10µA, IC =O 

*Pulse condition, pulse width=300µs, duty cycle=2% 

1J. E. D. E. C. registered data 

- 20 nA 

- 50 nA 

50 V 
60 V 

40 - V 
60 - V 

5. 0 V 

`/ 

JiINE 1967 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N3250 
2N3250A 

-V
CE (sat) 

-V 
BE (sat} 

hFE

*Collector-emitter saturation voltage 
-IC =10mA, -IB =1.OmA 

-IC = 50mA, -IB = 5.OmA 

*Base-emitter saturation voltage 
-IC =10mA, -IB =1.OmA 

-IC =50mA, -IB=S.OmA 

*Static forward current transfer 
ratio 

Min. 

- 

- 

0.6 

- 

Max. 

0.25 

0.5 

0.9 

1.2 

V 

V 

V 

V 

-IC =O.1mA, -VCE =1.OV 40 

-IC =1.OmA, -VCE =1.OV 45 

-IC =10mA, -VCE =1.OV 50 150 

-IC =50mA, -VCE =1.OV 15 

Cob Common base, open circuit 
output capacitance 
-VCB=10V, IE =O, f=l00kHz - 6.0 pF 

Cib Common base, open circuit 
input capacitance 

fT

+VBE-1.OV, IC =O, f=l00kHz 

Transition frequency 

- 8.0 pF 

-IC =10mA, -VCE =20V 

r'bCc

f = 100DIIlz 

Collector-base time constant 

250 - MHz 

-IC =10mA, -VCE =20V, 

f = 31. SMHz - 250 Ps 

N Noise figure 
-IC =100µA, -VCE =5.OV, 

Rg =1.Ok12, f = 100Hz - 6.0 dB 

*Pulse condition, pulse width = 300µs, duty, cycle = 2% 

JUNE 1967 2N3250 -Page D3 



h-parameters 

Measured at -IC =1.OmA, -VCE =10V, f=1.OkHz 

hfe 

h 
re 

h. 
ie 

h 
oe 

Min. Max. 
Small signal forward 
current transfer ratio 50 200 

Voltage feedback ratio 

Input impedance 

Output admittance 

10 x10 

1,0 6,0 kSZ 

4.0 40 µmho 

Switching characteristics 

Turn-on (see Fig.l and 3) 

-VCC=3.OV, +VBE
-0.5V, -ICS=10mA, -IB =1.OmA 

td Turn-on delay time 35 ns 

t Rise time 35 ns 
r 

Turn-off (see Fig.2 and 3) 

-VCC =3.OV, -ICS=10mA, -IB=+IBM =1.OmA 

t Storage time 
s 

tf Fall time 

TEST CIRCUITS 

Cs=Total shunt capacitanc¢ 
of t¢st jig and conn¢ctors 

~— 3O0ns 

Duty cycle= 2 °/. 

Fig.l 

Test circuit for determining delay and rise time 

175 ns 

Z~Z~I~3 

JUNE 1967 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

CS=Total shunt capacitanc¢ 
of t¢st jig and conn¢ctors 

<1 ns 
~+9.1V 

-10.9V 

10 < t o<500 Ns 
Duty cycl¢ =2°/° 

1Oki2 

1 N916 

Fig'. 2 

Test circuit for determining storage and fall time 

WAVEFORMS 

Input 

Output 

ton 

-90°,L 

I i 
~ — 1 10°/° 
~ ~ I 

t d ~ i~l 
i i 

~ ~-tr 

Fig. 3 

2N3250 
2N3250A 

-3V 

27512 

T 
Cg 

~ 
4pF 

i 

J 

i ~I I'~ t f 

X86704 ~ 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

2N3251 
2N325 I A 

P -N - P silicon planar epitaxial, medium power transistors designed 
primarily for high speed saturated switching applications for industrial 
service. 

QUICK REFERENCE DATA 

2N3251 2N3251A 

-VCBO 
max. 50 60 V 

-VCEO 
max. 40 60 V 

-IC max. 200 mA 

Ptotmax.(T~b =25oC) 360 mW 

hFE 
(-VCE-1,OV, -IC =10mA) 100-300 

f,r min. (-IC =10mA, f =100MHz) 300 MHz 

is max. (-ICS =10mA, 

-IB 
+IBM=1.OmA) 200 ns 

Unless otherwise stated data is applicable to both types 

OUTLINE AND DIMENSIONS 

Conforming to B, S. 3934 SO-12A/SB3-6A 
J, E, D, E, C, TO-18 

H 

l 

Viewed from underside 

Millimetres 
Min. Typ. Max. 

A 4.53 - 4.8 

B 4.66 - 5:33 

C1 - - 0.51 

C2 12.7 - -

C3 12.7 - 15 

Dl - - 1, O1 

D2 0.41 - 0.48 

D3 - - 0. 53 

E 0.84 - 1.17 

F o. s2 - i, is 

G - 2.54 -

H 5.31 - 5.84 

Connections 1. Emitter 3. Collector connected to envelope 
2. Base 

JUNE 1967 

1 
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f RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

2N3251 2N3251A 

-VCBO 
max. 50 60 V 

-VCEO 
max. (-IC =O to 200mA) 40 60 V 

-VEBO 
max. 5.0 V 

-IC max. (d. c.) 200 mA 

Ptot 
max. (T~ b =25oC) 360 mW 

Temperature 

Tst min. -65 oC 
g 

Tstg max. 200 oC 

T. max. 200 oC 
J 

Tlead 
max. (1 /lg" from case 

for 60 seconds) 300 °C 

f THERMAL DEBATING FACTOR 

Junction to ambient (Tamb = 
25° C) 2.06 mW/deg C 

f ELECTRICAL CHARACTERISTICS (Tamb-25°C unless otherwise stated) 

Min. Max. 

-ICEX 

IBEX 

-V 
(BR)CBO 

Collector-emitter cut-off current 
-VCE =40V, +VBE =3.OV 20 nA 

Base current 

-VCE=40V, 
+VBE 

=3.OV 50 nA 

Collector-base breakdown voltage 

-IC =10µA, IE = 0 2N3251 50 - V 

2N3251A 60 - V 

-V *Collector-emitter breakdown voltage 
(BR)CEO 

_IC = l OmA, IB = 0 2N3251 40 - V 
2N3251A 60 - V 

-V Emitter-base breakdown voltage 
(BR)EBO 

_IE =10µA, IC =O 5.0 - V 

*Pulse condition, pulse width = 300µs, duty cycle = 2% 

~J. E. D. E. C. registered data 

JUNE 1967 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

-V
CE (sat) 

-V 
BE (sat) 

2N3251 
2N325 I A 

Min. Max. 

*Collector-emitter saturation voltage 
-IC =10mA, -IB 1.OmA - 0.25 V 

-IC =50mA, -IB=5.OmA - 0.5 V 

*Base-emitter saturation voltage 

-IC =10mA, -IB=1.OmA 0.6 0.9 V 

-IC =50mA, -IB=S.OmA - 1.2 V 

hFE *Static forward current transfer 
ratio 
-IC =O.1mA, -VCE =1.OV 80 

-IC =1.OmA, -VCE __=1.OV 90 

-IC =10mA, -VCE =1.OV 100 300 

Cob 

C ib 

fT

r bCc

-IC =50mA, -VCE =1.OV 30 

Common base, open circuit 

output capacitance 
-VCB =10V, IE =O, f=l00kHz 

Common base, open circuit 
input capacitance 
+VBE-1.OV, IC =O, f=l00kHz 

Transition frequency 
-IC =10mA, -VCE =20V 

f = 100MHz 

Collector-base time constant 

-IC =10mA, -VCE =20V, 

f = 31.8MHz 

N Noise figure 
-IC =100µA, -VCE =5.OV, 

Rg 1.OkSl, f = 100Hz 

*Pulse condition, pulse width = 300µs, duty cycle = 2% 

- 6.0 pF 

- 8.0 pF 

300 - MHz 

- 250 ps 

- 6.0 dB 
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h-parameters 

Measured at -IC =1.OmA, -VCE =10V, f=1.OkHz 

hfe 

Min. Max. 
Small signal forward 
current transfer ratio 100 400 

h Voltage feedback ratio - 20 x10 
re 

h. Input impedance 2.0 12 kSt 
ie 

h Output admittance 10 60 µmho 
oe 

Switching characteristics 

Turn-on (see Fig.l and 3) 

-VCC=3.OV, 
+VBE

-0.5V, -ICS=10mA, -I B=1.OmA 

td Turn-on delay time - 35 ns 

t Rise time - 35 ns 
r 

Turn-off (see Fig.2 and `s) 

-VCC =3.OV, -ICS=10mA, -IB=+IBM =1.OmA 

t Storage time - 200 ns 
s 

tf Fall time - 50 ns 

TEST CIRCUITS 

CS Total shunt capacitance 
of t¢st jig and conn¢ctors 

*O~SV I 10kf1 

~.--- 300ns 

Duty cycle= 2 °/. 

Fig.l 

Test circuit for determining delay and rise time 

-3V 

(~~ 

JUNE 1967 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 

CS=Total shunt capacitanc¢ 
of t¢st jig and conn¢ctors 

<1ns 
_+9.1V 

II   -10.9V 
tp~l ~--

10 <tp<SOONS 
Duty cycl¢ =2°/° 

10kn 

1 N916 

Fig. 2 

Test circuit for determining storage and fall time 

WAVEFORMS 

Input 

Output 

ton ~I ~ 

I 
I 

110°/. i 
t  d -~ ~ I 

~ qt r

Fig. 3 

2N3251 
2N3251A 

_~, 

27sn 

T CS < 4pF 

i 
.J 

~8670DJ 

JB6704 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

The 2N3553, 2N3375, and 2N3632 are silicon power transistors. The 
2N3553 and 2N3375 are designed for v.h.f.~u.h.f. application and the 
2N3632 for v.h.f. application in industrial and military transmitting 
equipment. 

AUICK REFERENCE DATA 

2N3553 2N3375 2N3632 

Vcno max. 65 65 65 V 

Vcso max. 40 40 40 V 
IcM max. 1.0 1.5 3.0 A 
P;o; max. (Tmb 5 25°C) 7.0 11.6 23 W 
T, max. (operating) 200 200 200 °C 
fT typ. 500 500 400 MHz 

Output power 
at VcE = 28V, common emitter 
Po„; min. (P;n = 0.25W, f = 175MHz) 2.5 — — W 
P~„; min. (P;n = 1.OW, f = 100MHz) — 7.5 — W 
Pouc min. (P;,, = 1.OW, f = 400MHz) — 3.0 — W 
Po„; min. (P;,, = 3.5W, f = 175MHz) — — 13.5 W 

OUTLINE AND DIMENSIONS 
For details see page D4. 

2N3553 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/583-36 
2N3375 and 2N3632 Conform to J.E.D.E.C. TO-60 

OCTOBER 1967 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 
2N3553 2N3375 2N3632 

Vc~o max. 65 65 65 
VcEo max. 40 40 40 

VEno max. 4.0 4.0 4.0 
Ic max. 0.35 0.5 1.0 
Icnt max. 1.0 1.5 3.0 

*Pt„t max.( T,,,b g 25°C) 7.0 11.6 23 

Temperature 
Trig min. 
Tstg max. 
Tj max. (operating) 

*See safe operation area curves on pages C1 and C2 

V 
V 
V 
A 
A 

W 

-65 °C 
+200 °C 
+200 °C 

THERMAL CHARACTERISTICS 
Oj—mb 25 
©mb—h — 
emb-h (mounted with top clamping 

washer of accessory 56218) 1.0 
Omb-h (mounted with top clamping 

washer of accessory 56218 and 
a Boron nitride washer for 
electrical insulation) 1.2 

15 
0.6 

— 

7.5 degC/W 
0.6 degC/W 

— degC/ W 

— degC/W 

ELECTRICAL CHARACTERISTICS (Tj = 25°C) 

Vi iie~cno min. Collector-base breakdown 
voltage 
Ic = 250µA, IE = 0 65 65 65 V 
Collector-emitter breakdown 
voltage 

VinxicEx min.** Ic = 0 to 200mA, 
VEs = 1.5V, RB = 3352 65 65 65 V 

VI~R)CEO min.** Ic = 0 to 200mA, I~; = 0 40 40 40 V 

V~fax>Eso min. Emitter-base breakdown 
voltage 
IE = 250µA, Ic = 0 4.0 4.0 4.0 V 

IcEo max. Collector cut-off current 
VcE = 30V, 1$ = 0 100 

hsE Large signal forward 
current transfer ratio 

100 250 µA 

Ic = 125mA, VcE = S.OV 
min. 15 15 —
max. 200 200 —

Ic = 250mA, VcE = S.OV 
min. 10 10 10 
max. 100 100 150 

Ic = 1000mA, VcE = S.OV 
min. — 5 
max. — 110 

**Pulsed through an inductor (25mH); S = 0.5; f = 50Hz. 

r 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

ELECTRICAL CHARACTERISTICS (T; = 25'C) 

2N3553 2N3375 2N3632 
Vnr; 

VCE(Ral) 

fT typ. 

Ctc 

C~ 

Re(hie) 

Base-Emitter Voltage (max.) 

I~ = 250mA, V~•~:, = 5V 1.5 — — V 
I~ = 500mA, V~•~; = 5V — 1.5 — V 
I~~ = 1000mA, V~~E = 5V — 1.5 V 

Collector-emitter saturation voltage 
(max.) 

Ic = 250mA, I„ = 50mA 1.0 — — V 
I~ = 500mA, lis = 100mA — 1.0 — V 
I~ = 1000mA, li, = 200mA — — 1.0 V 

Transition frequency 
V~k; = 28V, Ic = 125mA 500 500 — MHz 

= 500mA — — 400 MHz 

Collector capacitance 

V~~=28V, Ih; =I,,=O,f=1MHz 
(max.) 10 10 20 pF 

Collector-case capacitance (max.) — 6.0 6.0 pF 

Real part of input impedance 

f = 200MHz, I~ = 125mA, 
VCE = 28V (max.) 20 20 — S2 
f = 200MHz, Ic = 250mA, 
VcE = 28V (max.) — 20 f2 

R.F. Performance 
in un-neutralised common emitter amplifier 

VCE = 28V 
Power Power 

Type Freq. out in Ic rl Circuit 
No, 

2N3553 175MHz 2.5W <0.25W <180mA >50% fig 2 
2N3375 100MHz 7.5W <1.OW <410mA >65% fig 1 
2N3375 400MHz >3.OW 1.OW 270mA >40% fig 3 
2N3632 175MHz >13.SW 3.SW 690mA >70% fig 2 

The transistors can withstand an output V.S. W.R. of 3 : 1 varied through 
all phases for the conditions mentioned i n the above table. 
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OUTLINE AND DIMENSIONS FOR 2N3553 
Conforms to 1.E.D.E.C. TO-39 

B.S.3934 SO-3/SB3-3B 
Millimetres 

Min. Nom. Max. 
A 8.64 8.9 9.4 
B 7.75 8.15 8.5 
C 6.1 6.36 6.6 
D — 5.08 —
E 0.71 0.79 0.86 
F 13 — —
H — 0.4 —
J 0.74 0.85 1.0 

Collector connected to case 

OUTLINE AND DIMENSIONS FOR 2N3375, 2N3632 
Conforms to TO-60 

Millimetres 
Nom. 

A 11.10 
B 3.18 
C 6.86 

¢D 8.38 
¢Dl 10.92 
¢D2 5.08 

L 3.81 
¢T 0.97 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

SOLDERING AND WIRING RECOMMENDATIONS (2N3553) 
1. When using a soldering iron, transistors may be soldered directly into 

the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated, flux. 

NOTES (2N3375, 2N3632) 
1. A heatsink thermal resistance of 3degC/W is recommended for operation 

in ambient temperature up to 65°C. 

CAUTION 
This device incorporates Beryllium Oxide, the dust of which is toxic. 
The device is entirely safe provided that it is not dismantled. 
Care should be taken to ensure that all those who may handle, use or 
dispose of this device are aware of its nature and of the necessary safety 
precautions. In particular, it should never be thrown out with general 
industrial or domestic waste. 

DISPOSAL SERVICE 
Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If 
any are damaged or broken they MUST NOT be sent through the post. 
In this case advice is available from the Service Department. 

Service Department, 
Mullard Limited, 

New Road, 
Mitcham, 
Surrey. 
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COMMON EMITTER TEST CIRCUIT 100MHz 2N3375 

C1 2N3375 

Ci = 3,5-61,SpF air trimmer. 
Cz = 3,5-61,5pF air trimmer. 

Cs = 10nF polyester. 

Ca = 429pF air trimmer. 

Cs = 429pF air trimmer. 

Cs = 330pF ceramic. 
C; = 10riF polyester. 

C4 
L4 

Ll = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 10mm, 
leads: 2 x 10mm. 

Lz = Ferroxcube choke coil, Z (at 100MHz) = 70052±20%. 

La = 23 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 6mm. 

Lq = 5 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm, 
leads: 2 x 10mm. 

Ri = 1.3552 carbon. 
Rz = 1052 carbon. 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

COMMON EMITTER TEST CIRCUIT 175MHz 2N3553, 2N3632 

C1 
2N3553 

Fig. 2 

C3 

C, 
C2 = 4-29pF air trimmer. 
C~ 
Ca 

C,-, = 10nF polyester. 
Cfi = 100pF ceramic. 

L~ = 1 turn of 1mm Cu wire, int. diam. 10mm; Leads: 2x10mm. 
Lz = Ferroxcube choke coil. Z (at 175MHz) = 55052±20%. 
L:z = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam 4mm. 

L~ = 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam 12mm, 
Leads: 2 x 20mm. 

R = 0-252 for 2N3632 and R = OS2 for 2N3553. 

*Emitter of the 2N3632 is connected to case as short as possible. The length of the 
external emitter wire of the 2N3553 is 1.6mm. 
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COMMON EMITTER TEST CIRCUIT 400MHz 2N3375 

C1 
2N3375 

Fig. 3 

C4 L4 

C1 = 0.7--6.7pF ceramic trimmer. 

C2 = 0.7-6.7pF ceramic trimmer. 

Cs = 0.5-3.SpF ceramic trimmer. 

Ca = 3-19pF air trimmer. 

C; = 3-19pF air trimmer. 

Cs = 15pF ceramic. 

C~ = 15pF ceramic. 

Cb = 4700pF ceramic. 

Ll = 20mm straight Cu wire diam. 1.5mm, spaced 8mm from chassis. 

LZ = 17 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm. 

L3 = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm. 

La = 1 turn of 1.5mm Cu wire, int. diam. 10mm, leads: 2x5mm. 

R = 0-552. 

*Emitter connected to case as short as possible. 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

FREQUENCY DOUBLER TEST CIRCUIT 87.5MHz-175MHz 2N3553 

C1 2N3553 C3 L4 

Fig. 4 

C1
Cz = 4-29pF air trimmer. 
C3

C4 = 3.5-61.5pF air trimmer. 
CS = 56pF ceramic. 
C6 = 680pF ceramic. 
C~ = 150pF ceramic. 
C8 = 100pF ceramic. 
C9 = 10nF polyester. 

Ll  = 5 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 
Leads: 2 x 12mm. 

Lz = Ferroxcube choke coil, Z (at 87.5MHz) = 75052±20%. 
L3 = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm. 
LQ = 6 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 

leads: 2 x 12mm. 
Rl  = 0-5052. 
RZ = 1052 carbon. 

OCTOBER 1967 
Mul~larld 
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PARAMETRIC FREQUENCY TREBLER TEST CIRCUIT 156.7MHz-470MH 
2N3553 

C~ 2N3553 

RL4 
°~`~°`~-1~-

L2 ~L3 
RS= 5011 

~~ T~3 
1 

Tc„ R1 
C10 

0 ~~ 

_ VCC. 

*Tuned to second harmonic frequency. 

Fig. 5 

J 
L7 C8 C6 C9 

a000 ~•-~ ~ ~-o 

gL5 $L6 

~C4 ~C5 ~C7 

Tciz R2 
M 

4L8 

R~ = 5011 

O 

Ctl CB = 1pF ceramic. 
Cz 14-29pF air trimmer. Cy = 12pF ceramic lfeed through. 
Ca ( Cio = 100pF ceramic. f 
Ca Cll = 1000pF ceramic. 

C5 C12 = 15nF polyester. 
Cs 4-10.4pF air trimmer. R1 = 2.252 carbon. 
C7 RZ = 1052 carbon. 

LI = 35mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis. 

LZ = Ferroxcube choke coil, Z (at 156,7MHz) = 60052±20%. 

L3 = 18mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis. 

La = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3.5mm. 

LS = 3 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 8.5mm, 
leads: 2 x 10mm. 

Ls = 2 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 7mm, 
leads: 2 x 10mm. 

L~ = 40mm straight Cu wire, diam. 1.5mm spaced 5.5mm from chassis. 

L$ = 1 turn of 1mm Cu wire, int. diam. 7mm, leads: 2x5mm. 

Performance 
Typical performance at a supply voltage of 28V. 

Po P~ G Ic ~ 

(W) (w) (d 8) (mA) (%) 
1.5 0.27 7.5 125 43 
2.0 0.39 7.1 156 46 

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 

~' 

'~.✓ 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

dot 
(W) 

10 

5 

0 

15 

Ptot 
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vows mounting base eTnp.  

see also  
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30 

Ptot 
(W) 

maximum allowableto-
ta power dissipation 
versus mounting basetemp 

2N3632 
3 

2N3632 
IC

(A)  see also 
adjacent seealsoL 

graph—ad)acent 

20 2 

II

10 1 

~ Ptot'Pd.c'P -Po 

I 

0 0 
0 100 Tmb (°C) 200 0 `~ SCE (V) 100 

EXPLANATION OF AREAS OF SAFE OPERATION 

Region I Operation is allowed under all base-emitter conditions, provided no 
limiting values are exceeded (d.c. and a.c. operation). 

Region II Operating is allowed under all base-emitter conditions with fre-
quencies 3 1MHz, provided no limiting values are exceeded. 
Care must be taken to reduce the d.c. adjustment to region I before 
removing the a.c. signal. 
This may be achieved by an appropriate bias in class A, B or C. 

Region III Operating during switching-off in this region is allowed, provided the 
transistor is cut-off with —VBB 5 1.5V and RBF ~ 3352, I~ 5 400mA 
and the transient energy does not exceed 2m Ws. 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

Pa
(W) 

10 

typical values 
vCE=28V 
Tmb=25 °C 

...... 2N3553 ■~t t!t•~ 

■~~~~~~~~~lt 

typical values 
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n~~~~~~~~~~~~~~~~~~ 
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10 ■

~~~~~~~~~~~~w~ 
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■~~~~~~1•~~~ 

t!t!t•~l1 
tl~~~~~~~~~ ~~~t•~~~~~~ 
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(mV) 
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200 

100 

0 
0 200 400IC(mA) 600 

VCEsat 
(mV) 

300 

200 

100 

0 
25 75 125 T) (°C) 175 

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE 

800 

IC

(mA) 

600 

600 

200 

0 
0 0.5 1 V~ (V) 

TYPICAL COLLECTOR CURRENT PLOTTED AGAINST BASE-
EMITTER VOLTAGE 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

loon 

IC 

(mA) 

100 

10 

1000 

IC 

(mA) 

2N3375 
2N3553 
2N3632 

base current versus 
cdlector current 
VCE.5V  
T) = 25 °C 

2N3553 
2N3375 
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f 
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P 
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10 
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i ~~~
2N3632 
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base current 
versus 
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I 
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r I 
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO PLOTTED AGAINST COLLECTOR CURRENT 
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COLLECTOR CURRENT PLOTTED AGAINST COLLECTOR-
EMITTER VOLTAGE WITH BASE CURRENT AS A PARA-

METER 
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SILICON V.H.F. N-P-N 
POWER TRANSISTORS 

2N3375 
2N3553 
2N3632 

600 

fT

(MHz) 

400 

200 

0 

typical values 
T _25°C 

2N3553 
600 

fT
typical 
T .25 °C 

values 2N3632 
2N3375 

(MHz) 

— E=~V 

VL i00 
~' i4V - YCEc28V 

4V' 
7V_ 

200 

0 
0 100 200 300 400 0 

IC (mA) 
100 200 300 400 

I~ (mA 

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT WITH COLLECTOR-EMITTER VOLT-

AGE AS A PARAMETER 

0 50 100 T (°C) 150 

TYPICAL TRANSITION FRE-
QUENCY PLOTTED AGAINST 

JUNCTION TEMPERATURE 

s 

Po 
(W) 

2 

typical values 
f=175MHz  

2N3553 

 y~~ 
 q'~ 
Q` 

00 20 VCE (V) 4 

OUTPUT POWER PLOTTED 
AGAINST COLLECTOR-EMITTER 
VOLTAGE WITH INPUT POWER 

AS A PARAA~ETER 
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Po

(W) 

1 

as 

typical volues 
f=175MHz 
class B operati 

OUTPUT POWER PLOTTED AGAINST COLLECTOR-EMITTER 
VOLTAGE WITH INPUT POWER AS A PARAMETER 

—VBE=750mV adjusted with R1 
v~~ = 2ev  

Po

R 

R 
(°/o) 

100 

50 

~0 50 P• (mV) 100 
0 

250 

Po =0.5W 
v~~ = 2ev 

Gp  

12 

Gp 
(dB) 

10 

e 

s 
750 —VgE(mV).1250 

POWER GAIN, POWER OUTPUT, AND EFFICIENCY CURVES 
PLOTTED AGAINST INPUT POWER AND BASE-EMITTER 
VOLTAGE FOR DOUBLER CIRCUIT ON PAGE D9 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 2N3823 

N-channel, depletion-type, silicon planar epitaxial field-effect transistor 
intended for v.h.f. amplifier and mixer applications in industrial service. 

QUICK REFERENCE DATA 

VDS max. 30 V 

-VGSS 
max. 30 V 

IDSS ADS
-15V, VGS=O) 4.0 - 20 mA 

Ptot 
max. (T~ b~25oC) 300 mW 

Crss mom ' ADS
-15V, VGS=O, f=1.OMHz) 2.0 pF 

Iyfs~ 
min. (VDS= 15V, VGS=O, f=200MHz) 3.2 mmho 

N max. (VDS-15V, VGS=O, 

f=l00MHz, RG =1.OkSZ~ 2.5 dB 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-12A/SB4-3 
J. E.D. E.C. TO-72 

Di 
D2 

D3 

Viewed from underside 

All electrodes are electrically 
insulated from the case 

JUNE 1968 

Millimetres 

Min. Nom. Max. 

A 4.53 4.8 
B 4.66 5.33 
C1 - 0.51 
C2 12.7 -
C3 12.7 15 
D1 - - 1.01 
D2 0.41 - 0.48 
D3 - - 0.53 
E 0.84 - 1.17 
F 0.92 - 1.16 
G 2.54 - 

H 5.31 - 5.84 

Connections 

1. Source 
3. Gate 

2. Drain 
4. Case 

2N3823 Page 1 



RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VDS max. 30 V 

VDG max. 30 V 

-VGSSmax. (-IG =1.0µA, VDS =O) 30 V 

IG max. 10 mA 

Ptot 
max. (T~ b~25 C) 300 mW 

Temperature 

Tst range -65 to +200 oC 
g 

T, max. 200 oC 

THERMAL CHARACTERISTICS 

Rth(j-amb) 
0.59 degC/mW 

ELECTRICAL CHARACTERISTICS 
(lamb

-25  C unless otherwise stated) 

The fourth lead (case) is connected to the source for all measurements. 

Static 

-IGSS 

IDSS 

Gate cut-off current 
-VGS=20V, VDS=O 

-VGS=20V, VDS=O, Tab =150oC 

Zero-gate-voltage drain current 
*VDS-15V, VGS=O 

Min. 

- 

- 

4.0 

Max. 

0.5 

0.5 

20 

nA 

µA 

mA 

- 
V 

(BR) GSS 
Gate-source breakdown voltage 
-IG =1.0µA, VDS =O 30 - V 

-VGS 
Gate-source voltage 
VDS=15V, ID=400µA 1.0 7.5 V 

-VGS(off) 
Gate-source cut-off voltage 
VDS=15V, ID=0.5nA - 8.0 V 

*Pulse measurements, pulse width=l00ms, duty cycle<_10%. 

~1 
I Mallard 
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N-CHANNEL SILICON 
FIELD-EFFECT TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

Small signal y-parameters 
Common source, VDS=15V, 

VGS
=O

*f =1.OkHz 

Iyfsl 
Transfer admittance 

ly I Output admittance 
0 

f=1.OMHz 

~ Crss 
Feedback capacitance 

Ciss Input capacitance 

f = 200MHz 

I yfsl 
Transfer admittance 

gis 
Input conductance 

gos 
Output conductance 

Noise 

N Spot noise figure 
f=l00MHz, RG =1.OkS2~ 

VDS=15V, VGS=O 

*Pulse measurements, pulse width=l00ms, duty cyc1es10%. 

2N3823 

Min. Max. 

3.5 6.5 mmho 

- 35 µmho 

- 2.0 pF 

- 6.0 pF 

3.2 - mmho 

800 µmho 

200 µmho 

- 2.5 dB 

JUNE 1968 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 

2N3866 

N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre-driver stages of class A, B or C amplifiers, frequency 
multipliers and oscillators of v.h.f. and u.h.f. equipment. 
Encapsulated in a metal TO-39 envelope with the collector connected to the 
case. 

QUICK REFERENCE DATA 

VCER 
max. 55 V 

VCEO 
max. 30 V 

IC max. 400 mA 

Ptot 
max. (Tc~ e~25 C) 5.0 W 

0 
T. max. 200 C 

f r typ. (IC =25mA, VCE =15V, f=100 MHz) 700 MHz 

P typ. (P.<100mW, V =28V, f=400MHz) 1.0 W 
o i CE 

~1 min. (Po=1.OW, VCE =28V, f=400MHz) 45 ~'o 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-3/SB3-3B 
J. E. D. E. C. TO-39 

Collector connected to case 

Millimetres 

Min. Typ. Max. 

A 

B 

C 

9.10 

8.2 

6.15 

- 

- 

9.40 

8.5 

6.60 

D - 5.08 -

E 0.71 - 0.86 

F1 - - 0.51 

F2 12.7 - -

F3 12.7 15 

G1 - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.01 

APRIL 1968 

~1 
Mallard ~ 
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CM 

Ptot mom' 
(Tcase~25 C) 

Temperature 

RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 

VCER 
max. (RBE =10SZ) 

VCEO 
max' 

VET  max. 

55 V 

55 V 

30 V 

3.5 V 

IC max. 400 mA 

I max. 400 mA 

5.0 W 

Tstg min. -65 oC 

Tstg max. 200 oC 

T, max. 200 oC 
7 

THERMAL CHARACTERISTICS 

Rth(j-amb) 

Ilth(j-case) 

Rth(case-h) 

Rth(case-h) 

In free air 

Mounted with a top clamping 
washer of accessory 56218 

Mounted with a top clampling 
washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 1.2 degC/W 

200 degC/W 

35 degC/W 

1.0 degC/W 

ELECTRICAL CHARACTERISTICS (T.=25oC unless otherwise stated) 
J 

Min. Typ. Max. 

ICED 
Collector cut-off current 
VCE =28V, IB=O - 20 

V(BR)CBO 
Collector-base breakdown 
voltage 

µA 

IC = 100µA, IE = 0 55 - - V 

Collector-emitter breakdown 
voltages 

V(BR)CER 
IC =5.OmA, RBE =1052 55 - - V 

V(BR)CEO 
IC =5.OmA, IB=O 30 - - V 

V(BR)EBO 
Collector-base breakdown 
voltage 
IE =100µA, IC =O 3.5 - V 
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N-P-N SILICON PLANAR 2N3866 EPITAXIAL tJ.H.F. TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

Min. Typ. Max. 

VCE(sat) 
Collector-emitter saturation 
voltage 
IC =l00mA, IB=20mA - - 1.0 V 

hFE Static forward current 
transfer ratio 
IC =50mA, VCE = 5.OV 10 200 

IC =360mA, VCE =5.OV 5 - - 

Ctc 

Transition frequency 
IC =25mA, VCE =15V, 

f = 100MHz 

Collector capacitance 
VCB=28V, IE =Ie=O, 

f=1,OMHz 

Typical r.f. performance 

- 700 - MHz 

- - 3.0 pF 

V =28V, T 
CE case 

0 
=25 C 

f Frequency 100 250 400* MHz 

P, 
i 

Input power 50 100 < 100 mW 

IC Collector current < 107 < 107 < 79 mA 

P Output power 1.8 1.5 1.0 W 
0 

~1 Efficiency > 60 > 50 > 45 % 

*The transistor can withstand a load mismatch having a v.s.w.r. of 3, 

varied through all phases for conditions as given above (see also test circuit) 
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Common emitter teat oirouit (f=400MHz) 

Components 

C1, C2 , C5 = 4 to 29pF air trimmers 

C3 = 12pF 

C6 = 4 to 14pF air trimmer 

C7 = 12nF 

Rl  = 5.612 

R2 = 1012 

Ll  = 2 turns of lmm Cu wire, int. dia. 6mm, winding pitch 3mm 

L2 = ferroxcube choke coil (Z = 45011 at 250MIIz) 

L3, L4 = 6 turns of O.Smm en. Cu wire, int. dia. 3.5mm (100nH) 

L5 = 2 turns of lmm Cu wire, int. dia. 7mm, winding pitch 2.5mm, leads 
2 x 15mm 

APRIL 1968 

1 
(M``alla~Jrd I 

V 
2N3866 Page 4 



N-P-N SILICON PLANAR 2N3$bb EPITAXIAL U.H.F. TRANSISTOR 

Pto t 
(W) 

60 

4.O 

20 

IC

(mA) 

400 

200 

O 

X491~ 2N3866 

IIIII~Ie1Nl1 Pto•' Pdc ' Pi - Po 

"' ""'ii 'uiiiiiii~n ■~ R ~ ■■iiillll► 
Rfh 

■~~. hb~ 
° 

■lam 3 
■ ■■■ ■■■ ■■■■~■■■ 

■■■■■■■■ 
On intin'ta 
boron nitrida 

haats 
washer 

nk with a  

.. ~i,°
fib) 

~ i sea ■i~■ii n,■■ T 
~~~\~ ■ e9 ■■■■■~I■■N■ 
■■■■■\ ' SO ~ C, ■■■/~■■■■■■ ■■■■■~~. 
~~~~~~=~~~ 

a ty 
9C~~ 

■■~~■■_ 
~~ ■_■ On a 50 cmz haatsink ^ 

■■■■■~■ ■■~. ■■ (¢.g. chassis) with a _ 
"":~'=~"q~: :' 1~ boron nitrlda washer 

■■■■■~■~■■■■■■B■■ ~ ~k 

 Permissible areas of ope~ra~tion '~ 

~ ~ ~ ~ I I I 

O 50 100 150 200 Tamp (`C) 

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 

2N3866 1 4 ~ eeagz 

i ,~ ~ 
Operation is allowed und¢rall bas¢-""~' 
¢mitter conditions with f > 1 MHz 

I provid¢d no limiting values are 
exceeded. 

~III1N11~■■1 1tl■~ 
~~~~~N~~~S~~~ Operation •s al owed during switching 

ff 

~~~,~~'the h t 
■■©N ~ ~~~ 

asBiant an¢rgY <IO•t25m Wsd 

■q ~ ~=■ r ` ~ ~ 
~ T , 
a i 

Operation is allowed under ~ ~ 
~ ■ - 

all base-¢mltt¢r conditions ~ ~ 
11"' provided no imiting values ~~ 

are exceeded. ~~~~~ 

i ~ . 
20 4 O 

AREAS OF SAFE OPERATION 

60 VCE(V) 

*II Care must be taken to reduce the steady state current to region I before 
removing the a. c. signal. This may be achieved by appropriate bias in 

class A, B or C. i APRIL 1968 
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Po

(W) 

2.O 

1.5 

1.O 

O.5 

2N3866 
88493 

CtC 
(pF) 

=10mW 

VCE =28V 

Tcase = 25'C 

A 

=30mW 

Pi =200mW 

  lTfl  l i i 

  =100mW 

=50mW 

0 

10 

50 

O 

200 400 600 800 

TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER 

2N3866 

T~ = 25 C 

IE' Ia =0
f =1.0 MHz 

typ. 

fT
(MHz) 

800 

800 

f (MHz) 

2 N 3866 ~ 
LC-~~_ 

VCE =15V  
f =100MHz 
T~ = 25'C 

88494 

~~ 
typ 

O 10 20 VCB(V) 
400 

O 50 100 150 I C(mA) 

Collector capacitance versus Transition frequency versus 
collector-base voltage collector current 
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SILICON VHF N-P-N 
POWER TRANSISTOR 

2N3553 

For ratings, characteristics and mechanical details see 2N3375 Data Sheet 
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SILICON VHF N-P-N 
POWER TRANSISTOR 

2N3632 

For ratings, characteristics and mechanical details see 2N3375 Data Sheet 
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SILICON PLANAR 
EPITAXIAL N-P-N TRANSISTORS 

2N2569 
2N2570 

Silicon planar epitaxialn-p-ntransistors with low leakage currents and low 
offset voltages, for use as choppers in d. c. amplifiers and sampling circuits. 

QUICK REFERENCE DATA 

Voffset 
max, (IB = 150µA) 2N2569 250 µV 

2N2570 500 µV 

IC max. 100 mA 

Ptot mom ' 
~Tamb-25oC) 300 mW 

hFE min. (IC =100µA, VCE =+lOV) 50 

fZ, (IC =10mA, VCE =+lOV, f=l00MHz) 100 ~IHz 

OUTLINE AND DIMENSIONS 

Conforms to J. E.D. E. C. TO-18 
B.S. 3934 SO-12A/SB3-6A 

~A~ 

ne 

1 ! ~ C

T~TI  l i 
V--D 

t T-- CE
H G 

Connections 1. Emitter 

2. Base 

3. Collector 

Millimetres 

A 

B 

Min. Nom. 

- 

- 

Max. 

4.8 

5.3 

C 12.7 

D - 0.43 

E 1.0 

F 1.05 

G 2.54 

H 5.3 5.55 5.8 

Collector connected to metal envelope 

DECEMBER 1966 
M~~alla/~rd 
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')RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCBO 
max. (IE =O) 20 V 

VCEO 
max. (IB=O) 5.0 V 

VEBO 
max. (IC =O) 5.0 V 

IC max. 100 mA 

Ptot 
max, 

(Tamb 
s25oC) 300 mW 

Temperature 

Tst min. -65 oC 
g 

Tst max. 200 oC 
g o 

T, max, (operating) 175 C 
J 

j'THERMAL CHARACTERISTIC 

e j-amb 
0.50 degC/mW 

j'ELECTRICAL CHARACTERISTICS (Tamb-25°C unless otherwise stated) 

Min. Max. 

ICBO 

IEBO 

Collector cut-off current 
VCB =15V, IE =O 

Emitter cut-off current 
VEB=5.OV, IC =O 

V(BR)CBO 
Collector -base breakdown 
voltage 
IE =O, IC =100µA 

Voffset 
Offset voltage 
IB =150µA, IE =O 2N2569 

2N2570 

IB=1.OmA, I E =O 2N2569 

VEC 

hF,E Static forward current 
transfer ratio 
IC =100µA, VCE =10V 

f0, Transition frequency 
IC =10mA, VCE =10V, 

f =100MHz 

2N2570 

Emitter -collector voltage 
IB =1,OmA, IE =100µA 

j'J. E. D, E. C. Registered data 

10 nA 

2.0 nA 

20 - V 

- 250 µV 
- 500 µV 

- 500 µV 
- 1.0 mV 

3.0 mV 

50 

100 - MHz 

~~ 
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SILICON PLANAR 
EPITAXIAL N-P-N TRANSISTORS 

oob 

cib 

Output capacitance 

IE -0 ' 
VCB-O.5V 

f=1.OMHz 

Input capacitance 

IC-0 ' 
VEB-0.5V, 

f=1.OMHz 

SOLDERING AND WIRING RECOMMENDATIONS 

2N2569 
2N2570 

Min. ~Ili~. 

- 10 pF 

- 10 pF 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245oC for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush 
onaboardhavingpunched-throughholes, or spaced at least 1.5mm above 
a board having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored above 100oC before incorporation into equipment 
some deterioration of the external surface is likely to occur which may 
make solderinginto the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTORS 

2N3570 
2N3571 
2N3572 

Silicon planar epitaxial n-p-n transistor intended for use in low power r. f. 
oscillator and amplifier applications in the v. h. f, and u. h, f, ranges for 
industrial service. TO-72 construction. 

QUICK REFERENCE DATA 

VCBO 
max. (IE =O) 

VCEOmax. (IB =O) 

IC max. 

Ptot 
max. (T~ b ~25oC) 

fT min. (IC =5.OmA, VCE =6.OV) 

fT max. (IC =5.OmA, VCE =6,OV) 

cremax. (IE -0' 
VCB=6.OV, 

f=1.OMc/s) 

NFinax. (-IE =2.OmA, VCB =6,OV, 

f=1,OGc/s, Rs =5052) 

NF max. (-IE =2.OmA, VCB =6,OV, 

f =450hfc/s, RR =10052) 

2N3570 

30 

15 

2N3571 

25 

15 

2N3572 

25 

13 

50 

V 

V 

mA 

200 mW 

1.5 1.2 1.0 Gc/s 

2.4 Gc/s 

0.75 0.85 0.85 pF 

7,0 - - dB 

- 4.0 6.0 dB 

Unless otherwise stated data is applicable to all types in the aeries 

OUTLINE AND DIMENSIONS 

Conforms to J, E, D, E, C, TO-72 

~A~ 

~ I D 

Connections 

1, Emitter 

2, Base 

3, Collector 

Millimetres 

Min. Nom. Max. 

A - - 4. 8 

B - - 5.3 

C 12.7 - -

D - - 0.48 

E - - 1.21 

F - - 1.16 

G - 2.54 -

H - - 5.83 

4, Shield connected 

Viewed from underside to envelope 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

~EBO 
max, (IC =O) 3.0 V 

~CBOmax. (IE =O) 2N3570 30 V 

2N3571 25 V 

2N3572 25 V 

CEO 
max. (1B =0) 2N3570 15 V 

2N3571 15 V 

2N3572 13 V 

1'IC max. (D. C. collector current) 50 mA 

tPtot mom' (Tamb 
~25oC) 200 mW 

(Tcase 
~25oG) 350 mW 

Temperature 

fTstg min. -65 
oC

tTstg max. 200 
oC

1'T, max. operating 200 
oC

THERMAL CHARACTERISTICS 

1'6)-amb 
0.88 degC/mW 

fe. 0.50 degC/mW 
~-case 

ELECTRICAL CHARACTERISTICS (T~ b = 25° C unless otherwise stated) 

Min. Max. 

hCBO 

thFE 

Collector cut-off current 

VCB =6.OV, IE =O - 10 nA 

VCB =6.OV > IE =O, 

Tab  =150° C 

Large signal forward 
current transfer ratio 
IC =5.OmA, VCE =6.OV 2N3570 20 150 

2N3571 20 200 
2N3572 20 300 

~(BR)CBO 
Collector-base breakdown 
voltage 
IE =O, IC =1.0µA 2N3570 30 - V 

2N3571 25 - V 
2N3572 25 - V 

1.0 µA 

JULY 1968 
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SILICON P~ ANAR EPITAXIAL 
N-P-N TR~.NSISTORS 

tV 
(BR)EBO 

1V 
(BR)CEO 

fhfe

2N3570 
2N3571 
2N3572 

Emitter-base breakdown 
voltage 
IC =O, -IE =10µA 

Collector-emitter breakdown 
voltage 

Min. 

3.0 

AIax, 

~' 

IB = 0, IC =2.OmA 2N3570 15 V 
2N3571 15 V 
2N3572 13 V 

Small signal forward 
current transfer ratio 
IC =5,OmA, VCE =6.OV, 

f=1.Okc/s 2N3570 20 200 

2N3571 20 250 
2N3572 20 350 

1'c Reverse transfer capacitance 
re 

(see note 1) 

IE -0 ' VCB 
=6.OV, 

f =1, OMc/s 2N3570 
2N3571 
2N3572 

lr
bb'cb'c 

tlhfe l

j'NF 

Reverse transfer time constant 
-IE =S.OmA, VCB =6.OV, 

f=10.7Mc/s 2N3570 
2N3571 
2N3572 

Small signal forward 
current transfer ratio 
VCE =6,OV, IC =5.OmA, 

f =400Mc/s 2N3570 
2N3571 
2N3572 

Noise figure 
-IE =2.OmA, VCB =S.OV 

f=1.OGc/s, Rs =5052 2N3570 

-IE =2.OmA, VCB =6.OV 

f =450Mc/s, Rs  =10052 2N3571 
2N3572 

- 
- 
- 

0.75 
0.85 
0.85 

pF 
pF 
pF 

1.0 8.0 ps 
1,0 10 ps 

1.0 13 ps 

3.75 6.0 
3.0 6.0 
2.5 6.0 

- 7.0 dB 

4. 0 dB 
6.0 dB 

NOTE 
1. The shield lead is grounded for all measurements except 

cre' 

1'J.E,D,E,C. registered data. 
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SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-solderedat a solder temperature of 245° C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature . 
These recommendations apply to a transistor mountedflush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored at temperatures above 100oC before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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SILICON V.H.F. 
POWER TRANSISTORS 

2N3924 
2N3926 
2N3927 

The 2N3924, 2N3926, 2N3927 are silicon v.h.f. power transistors 
specifically intended for large signal v.h.f. applications in industrial and 
military transmitting equipment. 

QUICK REFERENCE DATA 

2 N 3924 2 N 3926 2 N 3927 
VCBo max. 36 36 36 V 

VcEo max. 18 18 18 V 
ISM max. 1.5 3.0 4.5 A 
Pt°~ max. (Tmb S 25°C) 7.0 11.6 23 W 
T1 max. (operating) 200 200 200 °C 
fT min. 250 250 200 MHz 

Output power 

at VIE = 13.5V, f = 175MHz, common emitter 
P°ut min. (Pm = 1.OW, ~ = 70%) 4.0 — - W 

Po„t min. (P;n = 2.OW, r, = 70%) — 7.0 — W 
Po„t min. (P;,, = 4.OW, ri = 80%) — — 12 W 

OUTLINE AND DIMENSIONS 

For details see page D4 

2N3924 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/563-3B 

2N3926 and 2N3927 Conform to J.E.D.E.C. TO-60 
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RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 

2N3924 2N3926 2N3927 
VcBo max. 36 36 36 V 
Vc~;o max. 18 18 18 V 
VEso max. 4.0 4.0 4.0 V 
Ic max. 0.5 1.0 1.5 A 
Icm max. 1.5 3.0 4.5 A 
Pt°t max. (Tmb < 25°C) 7.0 11.6 23 W 

Temperature 
Tytg min. —65 °C 
T;tR max. +200 °C 
Tj max. (operating) +200 °C 

THERMAL CHARACTERISTICS \./ 

dj- mb 

emb-h (contact thermal resistance} 

~mb-h (if mounted with top mtg 
washer of accessory 56218} 

Omb _h (if mounted with top mtg 
washer of 56218 and a 
Boron nitride washer) 

25 15 7.5 degC/W 

— 0.6 0.6 degC/W 

1.0 — — degC/W 

1.2 — — degC/W 

ELECTRICAL CHARACTERISTICS (Tj = 25°C) 

YtBx~cso min. Collector-base breakdown 
voltage 
Ic = 250µA, IE = 0 36 36 36 V 
Collector-emitter breakdown 
voltage 

V~sx>cEx min.** IC = 0 to 400mA, 
VEB = 1.5V, R~ = 3352 36 36 36 V 

Y~sxjcEo min.** Ic = 0 to 400mA, IB = 0 18 18 18 V 

V~sa>Eso min. Emitter-base breakdown 
voltage 
IE = 250µA, Ic = 0 4.0 4.0 4.0 V 

IcEo max. Collector cut-off current 
YcE = 15V. Is = 0, 
Tj = 25°C 100 100 250 µA 
Tj = 150°C 5 5 5 mA 

**Pulsed through an inductor (25mH); S = 0.5, f = 50Hz. 

~~ 

October 1967 

~~ 
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SILICON V.H.F. 
POWER TRANSISTORS 

hFE 

V BE 

2N 3924 
2N3926 
2 N 3927 

2N3924 2N3926 2N3927 
Static forward current transfer ratio. 
Ic = 250mA; VcE = S.OV min. 10 — —

max. 150 — —
IC = 500mA; VCE = S.OV min. — 5.0 —

max. — 150 —
IC = 1000mA; VCE = S.OV min. — — 5.0 

max. — — 150 
Base-emitter voltage 
IC = 250mA; IB = 50mA max. 1.5 — — V 
IC = 500mA; IB = 100mA max. — 1.5 — V 
IC = 1000mA; IB = 200mA max. — — 1.5 V 

VcEcsai~ Collector-emitter saturation 
voltage 
IC = 250mA; IB = 50mA max. 0.75 — — V 
IC = 500mA; IB = 100mA max. — 0.75 — V 
IC = 1000mA; IB = 200mA max. — — 1.0 V 

fT min. Transition frequency 
VCE = 13.5V, IC = 100mA 250 250 — MHz 
VCE = 13.5V; IC = 200mA — — 200 MHz 

Cis max. Collector output capacitance 
VCs = 13.SV; f = 1.OMHz; 
IE = le = 0 20 20 45 pF 
Col lector-case 
capacitance max. — 5.0 5.0 pF 

Re~n~e> Real part of input impedance max. 
f = 200MHz; IC = 100mA; 
VcE = 13.5V 20 20 — SZ 
f = 200MHz; IC = 200mA; 
VcE = 13.5V — — 20 S2 

R.F. power output 

in un-neutralised common emitter amplifier 
VCE = 13.5V; f = 175MHz 

Po„i min. Output power 
Ic < 420mA; Pin < 1.OW; ~ > 70°~ 4.0 — — W 
Ic G 740mA; Pin < 2.OW; ri > 70% — 7.0 — W 
Ic < 1100mA; Pin < 4.OW; ~ > 80% — — 12 W 
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OPERATING NOTE 
The transistors can withstand an output V.S.W.R. of 3 : 1 varied through 
all phases for the conditions in the above (power output) data. 

OUTLINE AND DIMENSIONS FOR 2N3924 

Conforms to J.E.D.E.C. TO-39 

B.S.3934 SO-3/SB3-36 

Millimetres 
Min. Nom. Max. 

A 8.64 8.9 9.4 
B 7.75 8.15 8.5 
C 6.1 6.35 6.6 
D — 5.08 —
E 0.71 0.79 0.86 
F 13 — —
G — — 0.48 

H — 0.4 —

J 0.74 0.85 1.0 

Collector connected to case 

OUTLINE AND DIMENSIONS FOR 2N3926. 2N3927 
Conform to TO-60 

Millimetres 
Nom. 

A 11.10 
B 3.18 
C 6.86 

¢D 8.38 
¢Dl 10.92 
ADZ 5.08 

L 3.81 
¢T 0.97 
Envelope insulated 
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SILICON V.H.F. 
POWER TRANSISTORS 

2N3924 
2N3926 
2N3927 

SOLDERING AND WIRING RECOMMENDATIONS (2N3924) 

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 

2. Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 

3. Care should be taken not to bend the leads nearer than 1.Smm from the 
seal. 

4. If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated flux. 

NOTES (2N3926, 2N3927) 
1. A heatsink thermal resistance cf 3degC/W is recommended for operation 

in ambient temperature up to 65°C. 

CAUTI O N 

This device incorporates Beryllium Oxide, the dust of which is toxic. 
The device is entirely safe provided that it is not dismantled. 
Care should be taken to ensure that all those who may handle, use or 
dispose of this device are aware of its nature and of the necessary safety 
precautions. In particular, it should never be thrown out with general 
industrial or domestic waste. 

DISPOSAL SERVICE 

Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If 
any are damaged or bro!<en they MUST NOT be sent through the post. 
In this case advice is available from the Service Department. 

Service Department, 
Mullard Limited, 

New Road, 
Mitcham, 
Surrey. 

f 
E 
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2N3924 C3 L4 

Common emitter test circuit 175MHz (2N3924) 

C1 
L1 

C~1 
Ca = 4-29pF air trimmer. 
Cs 

~4J 
C5 = 10nF polyester. 

Ll  = 1 turn of 1mm Cu wire, int. diam. 10mm; Leads: 2x 10mm. 

L2 = Ferroxcube choke coil. Z (at 175MHz) = 55052±20%. 
(number 4312 020 36641) 

L3 = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm. 

La = 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm, 
Leads: 2x 20mm. 

*The length of the external emitter wire of the 2N3924 is 1.6mm. 
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2N3926 
2N3927 

SILICON V.H.F. 
POWER TRANSISTORS 

2N 3924 
2N3926 
2N 3927 

Common emitter test circuit 175MHz (2N3926 -2N3927) 

C1 
L1 

X11 
C21=4-29pF air trimmer. Ca 
Cq

C3 
L4 

C5 = 100pF ceramic. 
Cs = 10nF polyester. 

Ll = 1 turn of 1 mm Cu wire, int. diam. 10mm; Leads: 2 x 10mm. 

L2 = Ferroxcube choke coil. Z (at 175MHz) = 55052±20%. 
(number 4312 020 36641). 

La = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm. 

L4 = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 8.5mm. 
Leads: 2 x 20mm. 

Ri = 1052. 

*Emitters of the 2N3926 and 2N3927 are connected to case as short as possible. 

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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SILICON V.H.F. 
POWER TRANSISTORS 
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6 

IC 
(A) 

4 

2 

PO 

30 

Ptot 
(W) 

0• 

10 

0 

2N3927 maximum allowablet0-
tat power dissipation 
versus mounting base 

2N3927 
l 

temp 

see also 
adjacent graph 

see alsd 
adjacen gap h-

II

dot=Pd.c.' P -po 

I 

~`--
20 VCE (V) 40 0 100 Tmb {~C) 200 

EXPLANATION OF AREAS OF SAFE OPERATION 

Region I Operation is allowed under all base-emitter conditions, provided no 
limiting values are exceeded (d.c. and a.c. operation). 

Region II Operating is allowed under all base-emitter conditions with fre-
quencies ~ 1MHz, provided no limiting values are exceeded. 
Care must be taken to reduce the d.c. adjustment to region I before 
removing the a.c. signal. 
This may be achieved by an appropriate bias in class A, B or C. 

Region III Operating during switching-off in this region is allowed, provided the 
transistor is cut-off with —VBB 5 1.5V and RBF ~ 3352, I~ 5 400mA 
and the transient energy does not exceed 2mWs. 

October 1967 2N3924 Page C2 



SILICON V.hI.F. 
POWER TRANSISTORS 
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SILICON V.H.F. 
POWER TRANSISTORS 
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N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 2N4427 

N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre-driver stages of class A, B or C amplifiers, frequency 
multipliers and oscillators of v.h.f. and u.h.f. equipment. 
Encapsulated in a metal TO-39 envelope with the collector connected to the 
case. 

QUICK REFERENCE DATA 

VCER 
max' 40 

VCEO mom' 20 

IC max. 400 

V 

V 

mA 

Ptot mom' 
(Tcase~25oC) 3.5 W 

T, max. 200 oC 
J 

f r  typ. (IC =25mA, VCE =10V, f=l00MHz) 700 MHz 

Po typ.(Pi<100mW, VCE =12V, f=175MHz) 1.0 W 

p min. (Pe=1.OW, VCE =12V, f=175MHz) 50 % 

OUTLINE AND DIMENSIONS 

Conforms to B.S. 3934 SO-3/SB3-3B 
J. E.D. E. C. TO-39 

Collector connected to case 

Millimetres 

Min. Typ. Max. 

A 9.10 - 9.40 

B 8.2 - 8.5 

C 6.15 - 6.60 

D - 5.08 -

E 0.71 - 0.86 

F1 - - 0.51 

F2 12.7 - -

F3 12.7 - 15 

G1 - - 1.01 

G2 0.41 - 0.48 

G3 - - 0.53 

H - 0.4 -

J 0.74 - 1.01 
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RATINGS 

Limiting values of operation according to the absolute maximum system. 

Electrical 

VCS  max. 

VCER 
max. (RBE =10111 

VCEO 
max' 

VET  max. 

IC max. 

ICM max' 

Ptot mom' 
(Tcase~25 C) 

Temperature 

Tstg min. 

Tstg max. 

Tj max. 

THERMAL CHARACTERISTICS 

Rth(j-amb) 
In free air 

Rth(j-case) 

Rth(case-h) 
Mounted with a top clamping 
washer of accessory 56218 

Rth(case-h) 
Mounted with a top clamping 
washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 

40 V `~ 

40 V 

20 V 

2.0 V 

400 mA 

400 mA 

3.5 W 

-65 °C 

200 °C 

200 °C ~~ 

200 degC/W 

35 degC/W 

1.0 degC/W 

1.2 degC/W 

ELECTRICAL CHARACTERISTICS (T,=25° C unless otherwise stated) 
1 

Min. Typ. Max. 

ICEO 
Collector cut-off current 
VCE =12V, IB=O - - 20 

V(BR)CBO 
Collector-base breakdown 
voltage 

~'✓ 

µA 

IC =100µA, IE =O 40 - - V 

Collector-emitter breakdown 
voltages 

V(BR)CER 
IC =5.OmA, RBE =1012 40 - - V 

V(BR)CEO 
IC =5.OmA, IB=O 20 - - V 

V(BR)EBO 
Collector-base breakdown 
voltage 
IE =100µA, IC = 0 2.0 - V 

ARIL 1968 2N4 27 Page 2 



N-P-N SILICON PLANAR 
EPITAXIAL U.H.F. TRANSISTOR 

ELECTRICAL CHARACTERISTICS (cont'd) 

2N4427 

Min. Typ. Max. 

VCE(sat) 
Collector-emitter saturation 
voltage 
IC =l00mA, IB=20mA - 0.5 V 

hFE Static forward current 
transfer ratio 

f 
T 

C 
tc 

IC =l00mA, VCE =5.OV 10 - 200 

IC =360mA, VCE =5.OV 5 

Transition frequency 
IC =25mA, VCE =10V, 

f =100MHz 

Collector capacitance 
VCB=12V, IE =Ie=O, 

f=1.OMHz 

Typical r.f. performance 

- 700 - MHz 

- - 4.0 pF 

VCE=12V, 
Tcase

25oC 

f Frequency 175* 470 MHz 

P. 
i 

Input power < 100 100 mW 

IC Collector current <167 67 mA 

P Output power 1.0 0.4 W 
0 

~ Efficiency > 50 50 % 

*The transistor can withstand a load mismatch having a v.s.w.r. of 3, 
varied through all phases for conditions as given above (see also test circuit} 
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Common emitter test circuit (f =175MHz ) 

88403 

0 

RS = 
5011 

L 1 

t ~b~~` 

2 N4427~ 

t 
L2

I 

1nF 

12nF 

L4

~'--~ 1~~MM~ 

O 
VCC= +12 V 

 O 
R L= 
5 OIL 

C4

 0 

Components 

C1 , C2, C3, C4 = 4 to 29pF air trimmers 

Ll  = 2 turns of lmm Cu wire, int. dia. 6mm, winding pitch 2mm, leads 

L 
2 
L3

2 x lOmm 

= ferroxcube choke coil (Z = 55012 at 175MIIz) 

= 2 turns of lmm Cu wire, int. dia. 5mm, winding pitch 2mm, leads 
2 x lOmm 

L4 = 3 turns of 1.5mm Cu wire, int. dia. lOmm, winding pitch 2;nm, leads 
2 x 15mm 

The length of the external emitter wire of the 2N4427 is 1.6mm 
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N-P-N SILICON PLANAR 2N4427 EPITAXIAL U.H.F. TRANSISTOR 

Ptot 
(W) 
6 O 

4.O 

20 

O 

IC 
(mA) 

400 

200 

2N4427'_ 
~ i f~T~TI 

68496 

Ptot=Pdc'Pi - Po 

Rth(j-amb)~50 deg C!W 
(¢•g. chassis) with a boron nitride washer 

Permissible area of operation 

O 50 
I I I I 

100 

On a 50cm2 h¢atsink 

150 200 Tamb('C) 

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 

2N4427 88496 

* II
Operation is allowed under all bass 
emitter conditions with t ~ iMHz, 

II provided no limiting values arc 
excsedcd. 

I ~ Operation s allowed tluring switching 
off, provided the transistor is cut-off 
with -VBB 5 1 5V, RBE a 32II and the 

Operation is al owed 
under all bas¢-emitter 
conditions provided 
no I'm'ting- values 
are exceeded. 

transient energy S 0~125mWs 

~ 

IQ 

20 40 

AREAS OF SAFE OPERATION 

60 VCE (V) 

*II Care must be taken to reduce the steady state current to region I before 
removing the a. c. signal. This may be achieved by appropriate bias in 
class A, B or C. 
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TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER 
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