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HIGH FREQUENCY
POWER TRANSISTOR
High frequency power transistor for use in high speed

industrial switching applications, digital computers and
high quality audio amplifiers.

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

tVee(pk) Max. : =32 \'
*Vce(av) Max. -24 \'
Tvce(d,c,) max. -24 \'
Veb(pk) Max. -47 A
*Veb(av) Max. -36 \'
Ven(d.c.) Max. -36 \'%
1This voltage is limited to small currents as shown on page C3.
Reverse emitter-base voltage
Veb(pk) Max. -15 \"
*Veb(:v) max. -12 1"
vab(d.c.) max. -12 \"
Collector current
ie(pk) Max. 2.0 A
*le max. 1.0 A
Emitter current
ie(pk) Max. 2. A
*le max. 1.2 A
Base current
ih(pk) max. 200 mA
*Ip max. 200 mA

Total dissipation See page C5
Ptot Max. = B%-"Tmbiem

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

Temperature ratings

Storage temperature =-55to +75 °c
Maximum junction temperature 90 c
Junction temperature rise above

mounting base temperature  6m 3.0 °C/W

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

CHARACTERISTICS at Tjunction = 25°C
Typical production spreads

Grounded base Min. Av. Max.
Collector leakage current
(Ve = =10V, le = OmA) leo —_ 30 100 uA

Emitter leakage current
(Ve = =10V, I = OmA) leo — 20 100 pA

Grounded emitter

Collector knee voltage

le = 400mA (see fig. 1) Ve(kneey —  —400 -600 mVY
Collector bottoming voltage
(le = 1A, Ip = 30mA) Vee — =600 — mV
*Base input voltage Vbe
(Ve = =2V, lc = 100mA) — =260 =350 mV
(Ve = =2V, lc = 1A) — -1.0 -2.0 Y

*See page C1 for values at other collector currents.

7 X £ le=1
Current amplification factor & = ~——=

= ’b+|co
(Vo = =2V, I = 100mA) — 200 —
(Ve = -2V, I = 1A) 50 150 -
el
[Mullard |
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HIGH FREQUENCY Oczz
POWER TRANSISTOR
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I, adjusted such that T.=440mA
with Ve=-IV
BASIC PARAMETERS
Measured at Ve = -2V, lc = 400mA, Tmounting base = 25°C
*rg 0.06 Q
' = 100 Q
cc (depletion capacitance) 170 pF
fx 2.0 Mc/s
gm 16 AV
o’ at low frequencies 180
*The value of re given here is I—(ql . -'1- ~ -Zl—sﬂ,fwhere leisinmAand Tis in °K.,
e e
"
fes =)
Page D3

FEBRUARY 1960 (1) \'/



oczz HIGH FREQUENCY
POWER TRANSISTOR

OPERATING NOTES
1. Dissipation and heat sink considerations

The maximum total dissipation piot max. = (Vee X lc)+ (Vbe X In), is given
by the relationship
Tjunction max. — Tambient

em+ 61+eh

Where 6m+0;+6n is equal to the junction temperature rise per watt
above ambient (see page C5).

Ptot Max. =

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

Junction temperature

0m = 3.0°C/W
Mounting base temperature
6; = 0.5°C/W
(with mica
insulation)
= 0.2°C/W
(on chassis) Chassis (heat sink) temperature
On
Ambient temperature

Fig. 2

fn 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 6, = 4°C/W.

6n can be determined for a given collector dissipation and ambient tem-
perature by measuring the mounting base temperature
eh = Tmounting base — Tnmbient = 91°C /W
Pe
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HIGH FREQUENCY 0C22
POWER TRANSISTOR

The following example illustrates the temperatures which occur at various
points on the transistor at pc = 4W, Tjunction = 90°C, 0n = 4.0°C/W
with mica insulation.

Junction temperature = 90°C
Mounting base

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 line of the graph on page C6, which results in
Tjunction <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 o
Dimensions - see page Dé.

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 56201b 10 or 100 transistors.
Set of 2 bushes, 56201 Obtainable as a complete
1 washer set for one transistor.
s
[Mullard]
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Oczz HIGH FREQUENCY
POWER TRANSISTOR
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HIGH FREQUENCY OCZZ

POWER TRANSISTORS
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HIGH FREQUENCY
POWER TRANSISTOR
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HIGH FREQUENCY
POWER TRANSISTOR
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o 22 HIGH FREQUENCY
c POWER TRANSISTOR
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0C22

HIGH FREQUENCY
POWER TRANSISTORS
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HIGH FREQUENCY
POWER TRANSISTORS

0C22
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0C22
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HIGH FREQUENCY
POWER TRANSISTOR

Page C7

MAXIMUM PEAK AND AVERAGE COLLECTOR VOLTAGE PLOTTED
AGAINST EXTERNAL BASE-EMITTER IMPEDANCE OR RESISTANCE
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HIGH FREQUENCY
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.

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

TVce(pk) max. -40 v
*Vee(av) Max. =24 v
Tvce(d_c.) max. -24 Vv
Veb(pk) Max. =55 A
*Vcb(a,v) max. -36 A"
Veb(d.c.) Max. -36 v
1This 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
Veb(d.c.) max. —12 v
Collector current
le(pk) Max. 2.0 A
*lo max. - 1.0 A
Emitter current
ie(pk) max. 2.2 A
*[. max. 1.2 A
Base current
in(pk) Max. 200 mA
¥, max. 200 mA

Total dissipation S rade €5
i =T
Ptot Max. =_122"“Lm;§__.“_"“l'!."

*Averaged over any 20ms period.

Mullard |
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0C23

HIGH FREQUENCY
POWER TRANSISTOR

Temperature ratings

Storage temperature

Maximum junction temperature

Junction temperature rise above
mounting base temperature O

-55 to 475 e
90 °c
3.0 °C/W

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

operating notes, page D5.

CHARACTERISTICS at Tjunction = 25°C

Grounded base
Collector leakage current
(Yo = =10V, le = OmA) leo
Emitter leakage current
(Ve = =10V, I = OmA) lsa
Grounded emitter

Collector current with reversed bias
on base

(ve = -4°v1 vbe =% +500mv) l/coo

Collector knee voltage

le = 400mA (see fig. 1) Vexnee)
Collector bottoming voltage

(le = 1A, Ip = 30mA) Vee
*Base input voltage Vie

(Ve = -2V, lo = 100mA)
(Ve = =2V, | = 1A)

*See page C1 for values at other collector currents.

o le=1
Current amplification factor &’ = =——=

" Ihtleo
(Ve = =2V, I = 100mA)
(Vo = =2V, Io = 1A)

(S
FEBRUARY 1960 (1) SUA

Typical production spreads

Min. Av. Max.
— 30 100 uA
—_ 20 100 uA
— —_ 20 mA
—_ -350 -600 mV
— 400 - mV
— ~250 -350 mV
—_— -0.8 -2.0 v
= 200 =
50 150 —
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HIGH FREQUENCY 0C23
POWER TRANSISTOR :
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with Ve=-IV

BASIC PARAMETERS
Measured at V, = -2V, I = 400mA, Tmounting base = 25°C

*re 0.06 Q

Trov 80 8
¢ (depletion capacitance) 170 pF
fx 25 Mc/s
8m 16 AlV
«” at low frequencies 180

*The value of re given here is I-(ET- . ::z Igeig' whereleisin mA and Tisin °K.

TWhen the transistor is used under pulse conditions the base resistance is
considerably reduced.
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0C23 HIGH FREQUENCY
POWER TRANSISTOR

OPERATING CONDITIONS FOR TYPICAL PULSE AMPLIFIER
DRIVING A FERRITE STORE
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Drive A& '—l__] l_l
Drive B == l_r

Output
current

Rise time
<O-5ps

.........

Output Transformer

Three windings each of 30 turns wound together for minimum leakage
inductance on a standard former, enclosed. in 2 pair of Ferroxcube cores
FX1561.
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[Mullard]|
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HIGH FREQUENCY oc23
POWER TRANSISTOR

OPERATING NOTES
1. Dissipation and heat sink considerations

The maximum total dissipation, pit max. = (Vee X lc)+ (Vbe X In), is given
by the relationship
Tjunction MaX. = Tambient

Om+0;+6n

Where 0n+0i+6n is equal to the junction temperature rise per watt
above ambient (see page C5).

Ptot MaxX. ==

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

Junction temperature

Om = 3.0°C/W
Mounting base temperature
6 = 0.5°C/W
(with mica
insulation)
= 0.2°C/W
(on chassis) Chassis (heat sink) temperature
By
Ambient temperature

Fig. 4

6, 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 6 = 4°C/W.

6n can be determined for a given collector dissipation and ambient tem-
perature by measuring the mounting base temperature

5 = Tmounting b;ae = Tambtent _ 8°C/W
(J

G
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0C23 HIGH FREQUENCY
POWER TRANSISTOR

2.

3.

The following example illustrates the temperatures which occur at various
points on the transistor at pe = 4W, Tjuncuon = 90°C, 0y = 4.0°C/W

with mica insulation.
Junction temperature = 90°C

Mounting base

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 line on the graph on page Cé6 which results in
Tjunction =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.

Transistors may be scldered 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,

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 28’7 o;

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 beited 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.
Accesscry Ccde No. Notes
2 insulating bushes 56201a Obtainable in packs for
1 mica washer 56201b 10 or 100 transistors.
Set of 2 bushes, 56201 Obtainable as a complete
1 washer set for one transistor.
)
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HIGH FREQUENCY Oc23
POWER TRANSISTOR
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0C23

HIGH FREQUENCY
POWER TRANSISTOR
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OC23 HIGH FREQUENCY
POWER TRANSISTOR

Ic ocz23 63ra
(A) BE
& Grounded emitter
EEETEEER]
Ve=-2V
Tambient -25°C
o g 7
- O R
e £ g’? .('\\\“o
_:1 of < N
L | 1< / 4
i
]
05 7 7
Vi
/
J ¥
y
]
I
: Z
’)
06 /
Y /
@ ] n
ra
4
4
J
H /
S 1 y
04 T 4
l v 1
I 4
Zl
V.
1 /
/
4
o2 ,
7
/i Z
y
Vi
'8
4 |
0 {
0 S =10 15 T IymA)
SPREAD OF TRANSFER CHARACTERISTIC
]
| Mullard]

FEBRUARY 1960 (1) N Page C2

( )



HIGH FREQUENCY OC23
POWER TRANSISTOR
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HIGH FREQUENCY
POWER TRANSISTOR
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0C23

HIGH FREQUENCY
POWER TRANSISTOR
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oc23 HIGH FREQUENCY
POWER TRANSISTOR
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0C23

HIGH FREQUENCY
POWER TRANSISTOR
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HIGH FREQUENCY

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.

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

TVee(pk) Max. -40 A4
*Vee(av) Max. -24 v
tVee(d.c.) max. 24 v
Veb(pk) Max. -47 A
*Vcb(g,v) max. -36 v
Veb(d.c.) max. -36 v
1This voltage is limited to small currents as shown on page C3.
Reverse emitter base-voltage
Veb(pk) Max. -15 \"
*Veb(ay) Max. -12 v
Veb(d.c.) max. -12 v
Collector current
ie(px) Max. 2.0 A
*|, max. 1.0 A
Emitter current
ie(pk) Max. 2.2 A
*|e max. 1.2 A
Base current
ib(pk) max. 200 mA
*l, max. 200 mA
Total dissipation See page C5

Tjunction max. — Tambient

Ptot MaX. = )

*Averaged over any 20ms period.
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0C24

HIGH FREQUENCY
POWER TRANSISTOR

Temperature ratings
Storage temperature
Maximum junction temperature
Junction temperature rise above

mounting base temperature  fOp

For full
operating notes, page D6.

CHARACTERISTICS at Tjuuction = 25°C

Grounded base

Collector leakage current
(Ve = -10V, I = OmA) leo

Emitter leakage current
(Ve = =10V, I = OmA) leo

Grounded emitter

Collector current with reversed bias
on base

(Ve = —40V, Vpe = +500mV)
Collector knee voltage

le = 400mA (see fig. 1)

Collector bottoming voltage
(le = 1A, Iy = 30mA) Vee

Veoo

*Base input voltage Vie
(Ve = =2V, I = 100mA)
(Ve = -2V, I = 1A)

Vce(knee)

-55to +75 C
90 °C

3.0 °C/W

information on calculating junction temperature see fig.4 and

Typical production spreads
Min. Av. Max.

= 30 100 pA

s 20 100  uA

— -350 -600 mV
— —400 -— mVY

-350 mV
-2.0 \

— -250
— -0.8

*See page C1 for values at other collector currents.

C_|CO

= 'b+ 'on

Current amplification factor &’

(Ve = =2V, | = 100mA)
(Ve = =2V, I = 1A)

@
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HIGH FREQUENCY 0c24
POWER TRANSISTOR

(mA)
440

400

A

Fig.!
Iy adjusted such that Tc=440mA
with Ve==iV

BASIC PARAMETERS
Measured at Ve = -2V, lo = 400mA, Tmounting base = 25°C

*re 006 Q
Tbb’ 70 Q
cc (depletion capacitance) 170 pF
fa 2.5 Mc/s
gm 16 AV
«’ at low frequencies 180

25Q

0 " where leisin mAand T is in °K.
e

*The value of re given here is k—: . -:—z
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OC24 HIGH FREQUENCY
POWER TRANSISTOR

OPERATING CONDITIONS OF SINGLE TRANSISTOR ©C24 AS
CLASS ‘B’ R.F. AMPLIFIER

0
-i2v
s
RL
é ocz24
+
g e -0
(6697
Fig. 2
Typical values at Tampient = 25°C
Supply voltage Vee -12 \'
Signal frequency f 500 ke/s
Power delivered to load Pioaa 500 mW
Load Ry, 12 Q
Output transformer turns ratio n 33321
D.C. collector current le 90 mA

Drive conditions
The following drive will give 500mW output from an average transistor.
Peak drive voltage Vin(pk) 2.1 \

Drive power (r.m.s.) Pin 25 mW
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HIGH FREQUENCY 0c24
POWER TRANSISTOR

OPERATING CONDITIONS OF MATCHED PAIR 2-OC24 AS CLASS
‘B’ R.F. AMPLIFIER

— —
o én ?RL
+
5056)
Fig. 3

Typical values at Tambient = 25°C*
Supply voltage Vee -12 v
Signal frequency f 500 ke/s
Emitter resistor Re 1.0 Q
Battery current | 550 mA
Power delivered to load P1oaa 3.0 w
Load Ry 90 Q
Rioaa (collector to collector) Re-c 90 Q
Ricaa (per transistor)

R
(Re = =+ Ro) Re 235 0

Output transformer turns ratio n 1+1:2

At Pjoaq of 3W
Peak collector current ic(pk) 865 mA
Collector current (per transistor) le 275 mA

Drive conditions

The following drive will give 3W output from an average pair of

transistors
Peak drive voltage Vin(pk) 5.4 \'
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 =4.5°C/W.

fe=20
[Mullard|
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HIGH FREQUENCY
Oc24 POWER TRANSISTOR

OPERATING NOTES
1. Dissipation and heat sink considerations
The maximum total dissipation piot max. = (Vee X le)+ (Vpe X Iv), is given
by the relationship

T junction MaX. = Tambient

em+ei+eh

Where 011+0;+0n is equal to the junction temperature rise per watt

Ptot Max. =

above ambient (see page C5).

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

Junction temperature

Om = 3.0°C/W
Mounting base temperature
6; = 0.5°C/W
(with mica
insulation)
= 0.2°C/W
(on chassis)
Chassis (heat sink) temperature
On
Ambient temperature

Fig. 4

On 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 0y = 4°C/W.

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

Tmounun base — Tambiont
- - 6,°C/W

h =
h Pe
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HIGH FREQUENCY c24
POWER TRANSISTOR 0

The following example illustrates the temperatures which occur at various
points on the transistor at pc = 4W, Tjunction = 90°C, 6p = 4.0°C/W
with mica insulation.

Junction temperature = 90°C
Mounting base

temperature = 90-(4x3.0) = 78°C
Chassis (heat sink)

temperature = 78-(4x0.5) = 76°C

Ambinet 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 on the graph on page C86which results in
Tjunction <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 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 562012 Obtainable in packs for
1 mica washer 56201b 10 or 100 transistors.
Set of 2 bushes, 56201 Obtainable as a complete
1 washer set for one transistor.
S
[Mullard|
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0C24 HIGH FREQUENCY
POWER TRANSISTOR

x

g !
s D3
0y : : i OFf

H 'r‘ 1 : E' ] \

5 et
T— -DJ 4 L— —p || gg
2 SRt |

re—16901£0-2-»

109:02

le——— 301+ 01 ———»

005

21| 1

28

-4$>—-
-~ 5
L—"———— G e e e

)
&

e ¢ z 39005
Mica washer 314005
0
1 M 2

75—l i

Insulating bush

All dimensions in mm

()
[Mullard]
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HIGH FREQUENCY
POWER TRANSISTOR

0C24

Page C1

= oc24 6086
Grounded emitter
EREREEEE
Ve=-2V
Tambient=25C
1-0 A
5 of sﬁ
£ of e
S 3
/4
] I
i
0-8 i
Vi
U
]
| /
06 1 5
4
/
J y)
! i
1 I Vi
1 @
' |
A 04 i 1 :
I
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I
/
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1
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0-2 1
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HIGH FREQUENCY

0c24 POWER TRANSISTOR

3 oc24 6374
(a) HE
Grounded emitter
ERENEEES)
Vc = -2V =
Tambient =25°C
-0 o
2 57 S
1 .Ef ié .@f’
R < pid
3] / 1
/
/
s / 7
i
/
/ b4
4
i / /
! £
i / /
06 ‘l. B 7
Z
J/ ||
! / 2
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2 / /
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SPREAD OF TRANSFER CHARACTERISTIC
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[Mullard|
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HIGH FREQUENCY
POWER TRANSISTOR Ocz

Ic oc24 e
(mA)
I
Transistor cut-off
400
300
200
\
100 \
A\
N
(0]
Q =20 ~40 =60 Vee max(V))

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE

=)
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oc24 HIGH FREQUENCY
POWER TRANSISTOR

Ico 0c24 st
(mA) HESE
Vep= — 10V
V]
s V.
30 v
4
WV
R
A b
O Je
v N
S J
(&)
// «QQ\
U
03 - >4
A ]
% )2
/' 4
” V]
Ol gd ,/
4
7
1/
B /]
0-03 //
%4
00l
20 40 60 80 Tluncnon(oC)

VARIATION OF I, WITH JUNCTION TEMPERATURE
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0C24

HIGH FREQUENCY
POWER TRANSISTOR
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oc 4 HIGH FREQUENCY
4 : POWER TRANSISTOR

(°C)

g base
ature

tempenr

85 Mountin

75

T
I

65

3-0°C/w
o

5 1

I
|
! -
. TlunctionMax -Tmounting base
m
o

2 N L O

Sm

85

Ptot Max

45

38

‘25

20
15
10
5
O

Ptot max
(w)

MAXIMUM DISSIPATION PLOTTED AGAINST MOUNTING BASE TEMPERATURE

[
[Mullard]
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JUNCTION TRANSISTOR oczs
Power Junction transistor of the p-n-p alloy type for general

purpose industrial applications.

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

Vep max. (le=0A) -40 A
Vee max. (Ic=0.5A) -40 Vi
Vee max. (Ie=3.0A) -40 Vi
Collector current
ic(pk) Max. 4.0 A
*|. max. 4.0 A
Emitter current
fe(pk) Max. 4.0 A
*l. max. 4.0 A
Reverse emitter-base voltage
Veb(pk) Max. -10 v
*Vep Max. -10 v
Base current
ib{pk) max. 500 mA
*lp max. 500 mA
*Averaged over any 20ms period.
Total dissipation at Thounting base <45°C 225 w
Temperature ratings
Storage temperature -55to +75 °c
Maximum junction temperature
Continuous operation 90 e
FIntermittent operation
(total duration=200 hours max.) 100 °c
Junction temperature rise above
mounting base, 0j-mp 2.0 °C/W

iLikelihood 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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0c25 JUNCTION TRANSISTOR

CHARACTERISTICS at Tounting pase=25°C
Typical production spread
Min. Typ. Max.
Grounded base

Collector leakage current lax
(Ver=-500mV, l.=0mA) — — 100 uA
Grounded emitter
Base input voltage Ve
(Vep=0V, lc=1A) — — -750 mV
(Ver=0V, Ic.=4A) — — -1.5 \'%

LARGE SIGNAL CHARACTERISTICS

IC = lL‘O

Current amplification factor  a'=
|b+|co
(Vee=-1V, lc=1A) 15 — 80
(Vee=-1V, lc.=4A) 12 — 50

OPERATING NOTES
1. Dissipation and heat sink considerations,
The maximum total dissipation (ptot max.=(Vcex lc)+ (Vue X Ip) is given by
the relationship:
Tjunctirm max. — Tambient
Om+ 0i+ On
Where 01, + 05+ 0y 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:

Ptot MaxX. =

Junction temperature

6m = 2.0°C/W
Mounting base temperature
6; = 0.5°C/W*
0; = 0.2°C/Wt
Chassis (heat sink) temperature
A
On
Ambient temperature

*With mica insulation.
tMounted directly on to a chassis with thin film of silicone grease between
contacting surfaces.

| AT

[Mullard |
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JUNCTION TRANSISTOR 0c25

On 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 6,=2.2°C/W.

(7inx 7in x 1/16in blackened aluminium).

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

Tmounting base = Tamhient
Oh = -04
Ptot

The following example illustrates the temperatures which occur at various
points on the transistor at piot=8W, Tjunction=90°C 0,=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-(8 x 0.5) = 70°C
Ambient temperature = 70—(8x2.2) = 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 Tjunction
<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 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.

-3
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oczs JUNCTION TRANSISTOR

Transistor
16:9+0-25=

20-3 max 7:-0
315 max.
T 10-25
|
10°9  26-2 5o W )BTRS &
025 max. = - .

!
e
e
39'5max

Mica washer

0-05
c A )
E 3
0-127
F ey,
==
Insulating bush
35 4.5
N
e c T
I‘ 75 .1
b
390005
3102005

All dimensions in mm
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JUNCTION TRANSISTOR Oczs
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0c25 JUNCTION TRANSISTOR
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VARIATION OF LEAKAGE CURRENT WITH JUNCTION TEMPERATURE
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P-N-P GERMANIUM
JUNCTION TRANSISTOR OCZ6

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

/

QUICK REFERENCE DATA
-VCB max. (Z BE< 2009) s NS 32 v
Vg max. (Zp,<2009) '\.;\ 16 v
—VEB max. Lr \/ 10 v
—Icmax. e Wy 3.5 A
-IB max. N (—-T_‘ 0.5 A
P, max. (T =75 C) Y/ 12.5 0W
T, max. - 90 (6]
j { \\

Bioy (Ve =149, 1, —30mA) 4 20.- 80

= 1OV, <Ly =L QA) = 20 ~ 60

P : - = i :
e 14v 1,~7 0 .5a; \H 299 3.2 A

7 K’ Py
OUTLINE AND DIMENSIONS\ ~ /

Conforms to B.S. 39/54/50 5A7Sﬁ2 2 i
J.E. D C} TO-3 o

& /T, Millimetres

G oy /
%\— ;" "7A 16.9 typ.
! 17 (»G/B / "\\B 26.6 max.
¢ Ny S S 10.9 typ.
(N D 30.1 typ.
<\
E 4.0to4.2
R ; F 20.3 max.
< ~ G
iy G 3.15 typ.
\J, P J H 10.4 max.
) i ) 9.5 typ.
K 39.5 max,
L 1.0 typ.

Collector electrically connected
to the envelope
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JUNCTION TRANSISTORS

0C28 0OC29
OC35 OC36

QUICK REFERENCE DATA

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

each type are available under the type number 2-OC

O0C28 0OC29

VCB max. (IE = OA) -80
Vce max. (lg = 0.5A) -60
VCE max. ('E == 6.0A) -60
hrg (Ic = 1.0A)

OC35 OC36
-60 -60 -80
-48 -48 -60
-32 -32 -32

20-55 45-130 25-75 30-110

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 also be

taken into account.

Collector voltage

0C28
VCB max. (IE = OA) -80
VCE max. (IE = OSA) -60
VCE max. (IE = 60A) -60
Collector current
'CM max.
tleav) max.
Emitter current
IE)[ max.
TIE(AV) max.
Reverse emitter-base
voltage
VEB max. (lc = OA) -40

Base current
[nj\{ max.
'HIHA\') max.

Total Dissipation at Tease < 45°C

Tenss 457

tAveraged over any 20ms period.

[===)
DECEMBER 1963 N,

0C29 OC35 OC36
-60 -60 -80
-48 -48 -60
-32 -32 -32

12
2.0

-20 -20 -40

Pt IE%: &

2.0
1.0

30

T; max—Tcace

0j - case

> > < <<

> >

> >
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0c28 JUNCTION TRANSISTORS

L3
Series
Temperature ratings
Tstg max. 75 °c
Tstg min. -55 °Cc
T; max. (Continuous operation) 90 °C
iT; max. (Intermittent operation total duration 200 hours) 100 °C
0j—case Max. 1.5 °C/W
Ocase—neat 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 lcBo
(Ve = =-500mV, Ig = 0mA) _— — 100 A
(Ve = =14V, Ig = OmA,
Tcase = 10°°C) C ] s 20 mA
(Ves = -60V, Ig = OmA,
Tease = 100°C) 0C29,0C35 — 8.5 30 mA<—
(Ve = -80V, Iz = OmA
Tease = 100°C) 0C28,0C36 — 12 30 mA<—

Emitter cut-off voltage
(Ve = 48V, Ig = OmA,
Tease = 100°C) VEB — e -500 mV<—
Common emitter
Collector knee voltage at

|c = 6A (see Fig. 1) VCE(knee) —_ -0.5 -1.0 v
Ic
(A)

B = w==a
|
l
I
|
|
|
T Ve (V)
Vce (knee)
Fig.1
(R
[Mullard|
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JUNCTION TRANSISTORS

0C28

.
Series
ocas oc29 0OC3s OC36
Base current Is min. max. min. max. min. max. min. max.
(Ves = 0V, Iz = 1A) 17.5 50 72 215 13 38 9 33 mA
(Ves = 0V, Ig = 6A) 190 375 73 165 130 285 90 285 mA
Base input voltage VeE
(Ve = OV, Ig = 1A) = 800 mV
(Ven = 0V, Iz = 6A) -06 -16 — 1.6 04 -14 — 16 V
Current amplification
factor hrg
(Veg = =14V, Ic =30mA) 20 — —_ —_ —
Vee = =1V, lc = 1A) 20 55 45 130 25 75 30 110
(Ve = -1V, Ic = 6A) 15 30 35 80 20 45 20 65
BASIC PARAMETERS
Cut-off frequency
(VCB = —6V, IE = 300mA) fhtb — 250 —_— kc/s
Collector depletion capacitance
(Ves = =12V, Ig = OmA) ¢ — 160 — pF
Emitter depletion capacitance
(Ve = -6V, lg = 0mA) Cte — 165 — pF
Time constant, current feed _31
(2]
(Vee = -4V, lox = 1A) — 45 70 us
(Ver = -4V, leyn = 6A) —_ 30 50 us
Desaturation time constant
(VCE = OV, IB)[ = SOmA) Ts —_— 30 50 us
(S
[Mullard|
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0C28

Series

JUNCTION TRANSISTORS

Typical operation in on-off power switching circuit

Is

[6336)

|
|
I
|
Te :
a Pere——
S T
| | | |
| | T )
90% | | | | Tem
| | | 1
‘ 1 ! g ! [
b bl )
- t
I ! ] | ) |
| ! 10% | I |
— tp—— — g bty
Fig. 2
D.C. supply
voltage Vee 14 28 v
— —
Load resistance Rr, 14 2.3 28 4.7 Q
peak collector
current lea 1.0 6.0 1o 6.0 A
i B et ety iy
OC29 OC35 OC29 OC35 OC28 OC36 OC28 OC36
‘Turn On’
base current Iy 35 55 260 400 70 50 480 400 mA
‘Reverse’
base current Ipr 87 137 65 100 175 125 120 100 mA
g S—p— e Sy
Switching times
Rise time tr 20 20 20 20 us
Storage time ts 15 15 15 15 us
Fall time tp 40 35 40 35 us
e 3 hre | I |
Rise time t, = © Iogeh—ﬁ
o1 ¥E | I8 | = lom |
: 8 |1
Fall time  t; = — Iogp[1 - — ox | ]
w1 hre | Isr |
N Is| + | Isr |
Storage time ts = tslogerT—7————
[ lem | + |1 |
—_— BR
hrr
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JUNCTION TRANSISTORS OC28

Series

CHARACTERISTICS OF MATCHED PAIR
(measured at Tcase = 25°C)

Ratio of the current amplification factors of the two transistors

at Ve = 0V, Ic = 300mA 1.2 :1
Ve = OV, Ic = 6A 1221

Difference between the base-emitter voltages of the two transistors

at Veg = =14V, Ic = 30mA <35 mV
Ves = 0V, lc = 6A <300 mVY

OPERATING NOTES

1. Dissipation and heat sink considerations
The maximum total dissipation P,y max. = (Vcg X Ic)+ (Ve x Ip), is given
by the relationship:—
Tj max.—Tamp
Om+ 0i+ 6n

Where 6m+ 0i+ 0y is equal to 6;_amn.
The various components of 0; amy are illustrated below:

Piot max. =

Junction temperature

0j—case = 1.5°C/W

y Case temperature

.

0,
10;

I

0.5°C/W i
0.2°C/W 1

i Chassis (heat sink) temperature

6h T

y Ambient temperature

Fig. 3

*When mounted with a metal washer 0.127mm thick and a mica washer, or
with a mica washer only and silicone grease, ); = 0.5°C/W. 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, ; = 0.2°C/W. This value applies when

the transistor is bolted down evenly on a flat heat sink.

i 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 (7in.x 7in.x 1/16in. blackened aluminium) will have a
value of 6, = 2.2°C/W.

()
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Oc28 JUNCTION TRANSISTORS

Series

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

T(-as(‘_Ta mb

Oh - Plot

0;°C/W

The following example illustrates the temperatures which occur at various
points on the transistor at pc = 10W, T; = 90°C, 0y = 2.2°C/W.

T = 90°C

Tease = 90-(10x 1.5) = 75°C
Tihoan i = 75-(10x 0.5) = 70°C
Tasis = 70-(10x 2.2) = 48°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-
fined 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 heat. 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.

’ J 0.66 oz

Average weight 1186 g
ACCESSORIES
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.
(R
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JUNCTION TRANSISTORS OC28

Series
Transistor
1691025 =
20-3 max 7-0
315 max.
i T 1025 ‘
F J
10-9  26-2
+0-25 max. “ . I . 1
1-:00
005 L_
. 39-5max
Mica washer
35 0-05
i - 1
[‘ !
5-0
Metal washer
4:2
to-2
| ¥ 0127
¥ o9 ¥
: )
i L}
6-0 Insulating bush
20:2

35 4.5
e C

3-90x0:05
3101005
All dimensions in mm
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JUNCTION TRANSISTORS 0c28

Series
TTTTTTT T 533
T [TTTTTT oczs {
(a) L 1g=240mA [ 11 [
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[ ] | [TTTT
;’ w —a5°
EEm==— 22OmIA T,=45°C
| | [ I I
5 HH—H | 200mA ERE |
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i T I | {
- 180mA ! 1:
—T"] I [ ]
A L]
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4 g J T JI' )i
I | ] T
T HEN
‘ ‘ 1 140ma
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11 [T |
! ] 1T [ ‘
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3 : - - ‘ ! [ { -
i 100mA |
o
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2 | w ‘ | 1]
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1] T EREEEE | [T
t ; 40mA
| I
! 1 [
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1
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|
‘ ‘
ol [T ! ! ‘
0 -10 -20 -30 Veg (V)

OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER

[Mullard]|
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OC28 JUNCTION TRANSISTORS

L3
Series
9390
T ocz9 T
(A) [TT1 |
— I =100mA Common emitter ]‘
9 N 0
Tj =45%C
SO0OmA
5 - |
[ [
[ [
== 80mA !
4P = - 70mA
—— = 60mA
———— 50mA
3
B 40mA
1 30mA
2
20mA
|
IOmA
ol )]
0 =10 -20 -.30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER

(@
[Mullard]
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JUNCTION TRANSISTORS OC28

Ll
Series
1 TTIITIIT]] 'Tocas 3388
< — I_= 200mA || ]
(A) 2 v [T1T111
; i . Common emitter
I 1 O A
o= 180mA I Tj=45°C
] T
5 ] l%‘ ‘ | 15
in | 160mA l = [l
| ]
R
\ 1 1
| |
|40mAJ [
| | |
4 I ; \ [ 5
|120mA |
| | | |
| [ I 117 |
I ] - ‘
L] I00mA
T
| |
3 | :
— —{ 80mMA !
=TT T 111 I I
[ [ 11 11 I 11
| | [ [ | |
| ‘L' | ‘ |
60mA !
2 i
i |
‘—{ 40mA
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[ ! I | 11
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- 1
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OUTPUT CHARACTERISTIC FOR OC35. COMMON EMITTER
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Oc28 JUNCTION TRANSISTORS

L]
Series
T T ] T
e e e
| H I, = I50mA 0 %
} T T I [ Common emitter
T T iaoma [ T TTITTTITT]
- I — T Tj=45C +
T rsoma PO )
5 T T T
T[T ‘
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Il P I ]
| ] 110mA I
‘ [ T] T T 11 1A‘T‘
Y 100mA M
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I 1 S0mA T %‘
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I 1 = I
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OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER

JUNE 1962 N Page C4



Series

0C28

JUNCTION TRANSISTORS
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0c28 JUNCTION TRANSISTORS ‘

o
Series |
W/
Ves ocz28 1 H B4246| <—
max [T 5
(mv) Vg = -60V [
500 1
T
il
=
400 ()
P
300 {
o 25 50 75 Ti(°C)
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o [TTTT1
V.. =- 48V
C
500 =
G
e
!
400
300
o 25 50 75 TH°C)
VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE WITH J
JUNCTION TEMPERATURE
(@
[Mullard |
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JUNCTION TRANSISTORS OC28

Series

ﬁ

— I ocas

B3672

(A

Permissible area of

operation under all

conditions of base

drive.

] o e i

T 1]

| (. . il ‘ol [l U
I
I

| For operation in this

| of providing reverse
current bias.

| the circuit must be capable

region

~—

i

~—]

I i : : T

1

-20 -40 -60 -80

Vee(V)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM

COLLECTOR-EMITTER VOLTAGE. OC28

Y
[Mullard]

DECEMBER 1964 \V/

Page C7



0c28 JUNCTION TRANSISTORS

L3
Series
W
I. 0oCc29 B3673| <«
(A 0oC35
e 1111 1Permissible area of
operation under all
- conditions of base
drive.
H
: TTT I
80 5
For operation in this region - NS
the circuit must be capable
of providing reverse H
| current bies.
L T1Z] —
- . A,
i 4
'], X
o] -20 -40 -60 -80 VCE(V)
W

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC29, OC35

(@
[Mullard | =
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JUNCTION TRANSISTORS

0C28

Series
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0C36 |
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i drive.
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T[T the circuit must be capable |
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COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC36

(I

DECEMBER 1964

N

Page C?9



0C28 JUNCTION TRANSISTORS

Series

9937
Tease (°C)

OC28 series

3 2 ° °

Ptot
max
(w)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST CASE TEMPERATURE

()
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JUNCTION TRANSISTORS OC28

Series
Iego 11 0C28,0C36 9936
(mA)| |
10 H
- :
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VARIATION OF lcgo WITH JUNCTION TEMPERATURE. OC28, OC36
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[Mullard |
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Oc28 JUNCTION TRANSISTORS

Series
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JUNCTION TRANSISTORS 0c28

L ]
Series
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0c28 JUNCTION TRANSISTORS

Series
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P-N-P GERMANIUM
JUNCTION TRANSISTOR OC30

™
Medium power junction transistor of the p-n-p allg e intended for use
in output stages and switching circuits. { /7
QUICK REFERENCE DA?7 i |
- =
VCB max. (ZBE 5009) v
- =
VCE max. (ZBE 5009) 6 v
_VEB max. 10 v
—IC max. 1.4 A
—IB max. . 0.25 A
A Ptot max. (Tmb=25 C) 6.7 0W
- Tj max. 75 C
h . (= = -1.=1
FE typ. ( VCE 14V, IC OmA) 32
G P )
CE C “
= =
(Vg g=1V, -1, = 8gommsy
f = -1 = 5
hfe typ. ( VCE v, IC 100
/7 Iy

——30

|
143 —>
i
™ :
T =
d
yal
@
@ All dimensions in millimetres
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JUNCTION TRANSISTOR

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

0C4i

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

Ven max. (le = OmA) -16 Y
Vee max. (+ Vpe = 300mV) -15 \4
Collector current
ic(pk) Max. 150 mA
*. max. 50 mA
Emitter current
ie(pk) Max. 150 mA
*le max. 50 mA
Reverse emitter-base voltage
Ven max. (I = O0mA) =19 vV
Base current
in(pk) Max. 125 mA
*ly, max. 15 mA
Total dissipation See page C4
(Pml S Tjuuctiau maex- - Tambiem‘)
Temperature ratings
Storage temperature limits -55to +75 &
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 3.5cmx 3.5cm 16s.w.g.
aluminium 0.45 °C/mW
*Averaged over any 20ms period.
()
[Mullard] =
age D1
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0c4 I JUNCTION TRANSISTOR

CHARACTERISTICS at Tampient = 25°C
Typical production spreads
Grounded base Min. Typ. Max.

Collector leakage current
(Ven = -15VY, le = OmA,

Tambient = 60°C) leo — 10 30 wA
Emitter leakage current
(Ven = =12V, I = 0mA) leo — 2.0 10 uA

Grounded emitter
Collector leakage current with

reversed bias on base love
(Vee = =15V, Vpe = +500mV) — 2.0 10 uA
(Vee = =15V, Vpe = +500mV,
Tambient = 60°C) — 10 30 uA
Collector knee voltage at
le = 50mA (see fig. 1) Ve(knee) — -200 — mV
Collector bottoming voltage Ve
(le = 10mA, I = 600uA) -40 -70 -140 mV
(le = 50mA, I, = 3mA) —60 -100 -200 mV
(le = 125mA, I, = 14mA) -60 -120 -280 mV
Current amplification factor @’ = %’
b co
(Veb = OV, o = 10mA) 20 40 90
(Vep = 0V, Ic = 50mA) 20 35 80
(Ven = OV, icpr) = 125mA) 10 25 60
Ie
(mA)
Ip
50/ |-
I
I
|
|
|
|
|
|
!
} Ve(V)
Ve(knee)
Fig. |
(O
[Mullard]
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JUNCTION TRANSISTOR 0c4 I

BASIC PARAMETERS
Typical productions spreads

Min. Typ.  Max.
Collector depletion capacitance
(Vch = _6V) Ce(dep) — 9.0 14
Typical parameters for pulse operation
Large signal cut-off frequency
(see fig. 2) fi 3.0 4.0 —
On demand current gain Bs
(ic(pk) = SmA, Yee(pk) = —SV,
Vee(pk) = —200mV) 10 25 ==
(i(‘(pk) = 10mA, Vee(pk) = —10V,
Vee(pk) = —200mV) 15 30 —
Desaturation time constant
(Ic = 50mA) Ts 0.4 1.0 1.7
Current drive time constant Te
Te = X
w1
(ic(pk) = 10mA, Vce(pk) = —750mV) 0.5 1.5 3.0
(ic(pky = 125mA, Vee(pr) = ~750mV) 0.3 1.3 2.8
Voltage drive time constant
(ic(pk) = 1mA, VYee(pk) = —1.5V) Tv 50 100 150
*Figure of merit i 0.4 <106
Fbb’

pF

Mc/s

us

us
us

ns

rad/Q

o :
*The value of r——l is the reciprocal of the product of re and the voltage
hh’

drive time constant, Ty

MEASUREMENT OF f

= T -av

’ l i5(pK) ic(pk)=I0mA‘\ I

[R|

|
= =g re OC4l or OC42
]_}_L under test

ic(pk) = {

i o \ sov

- _ ic(pk)

= 2nap where Qp=charge into base
=ip(pk) x duration of base current

ulse.
Fig. 2 B

(am—"

OCTOBER 1964 m\v@
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0C4 I 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.

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 ona board
having punched-through holes, or spaced at least 1.5mm away from a board
having plated-through holes.

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

COOLING CLIPS

Type ‘@’

Intended fer operaticn 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 Z Page D4



JUNCTION TRANSISTOR 0c4 I
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m Extended clip
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JUNCTION TRANSISTOR

0C41

CURRENT

I
[Mullard]

JUNE 1960 (1)
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR oc4 I

Ico ocal 6890
Teoo [TTT]
(HA) Ico at Vep =-15V
Izo000t Vee =-15V
Vpe =+500mV
100
Vv
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COLLECTOR LEAKAGE CURRENT AND COLLECTOR LEAKAGE CURRENT
WITH REVERSED BIAS ON THE BASE PLOTTED AGAINST AMBIENT
TEMPERATURE
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JUNCTION TRANSISTOR

0C41
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0C41

JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR

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

0C42

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

Ve max. (le = OmA) -16 \
Vie max. (4 Vi = 300mV) -15 \%
Collector current
ic(pk) Max. 150 mA
*l. max. 50 mA
Emitter current
ie(pk) Max. 150 mA
*lo max. 50 mA
Reverse emitter-base voltage
Ve max. (I = OmA) -12 \
Base current
in(pk) Max. 125 mA
*l, max. 15 mA
Total dissipation See page C4
T,inuvtinn max. — Tambient
Pot Max. =
O
Temperature ratings
Storage temperature limits -55to +75 °C
Maximum junction temperature
Continuous operation 75
Intermittent operation
(total duration = 200 hours max.) 90
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 3.5cm x 3.5cm 16s.w.g.
aluminium 0.45 °C/mW
*Averaged over any 20ms period.
([
[Mullard]
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oc42 JUNCTION TRANSISTOR

CHARACTERISTICS at Tambient = 25°C
Typical production spreads
Grounded base Min. Typ. Max.

Collector leakage current
(Ve = =15V, le = OmA,

Tambient = 60°C) lm. = 10 30 LLA
Emitter leakage current
(Ven = =12V, I = OmA) leo — 2.0 10 A

Grounded emitter
Collector leakage current with

reversed bias on base lsss
(Vee = =15V, Vpe = +500mV) — 2.0 10 A
(Vee = =15V, Vpe = +500mV,
Tambient = 600C) = 10 30 y.A
Collector knee voltage at
le = 50mA (see fig. 1) Vekneey  — -200 — mV
Collector bottoming voltage Vs
(le = 10mA, I;, = 300p.A) -40 -70 -140 mV
(le = 50mA, I, = 1.5mA) -60 -100 -200 mV
(I = 125mA, I, = 7mA) -60 -120 -280 mV
Current amplification factor &' = le = leo
|b+ Ico
(Veb = OV, Ic = 10mA) 40 80
(Ven = OV, I, = 50mA) 40 70 —
(Vcb = 0V, i(»{pk) = 125mA) 20 50
Ic
(mA)
Ip
50F-——
I
I
|
|
|
|
|
|
[
i V(W)
Ve(knee)
Flg. |
()
[Mullard|
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JUNCTION TRANSISTOR 0c42

V. Y
BASIC PARAMETERS
Typical production spreads
Min. Typ. Max.
Collector depletion capacitance
(Ve = -6V) Ce(dep) — 9.0 14 pF
Typical parameters for pulse operation
Large signal cut-off frequency .
(see fig. 2) f1 5.5 7.0 — Mc/s
On demand current gain Bs
(ic(ox) = SMA, Vee(pk) = =5V,
Yee(pk) = —200mV) 10 30 .
(icpr) = 10mMA, veepr) = -10V,
—~ Vee(pk) = —200mV) 15 40 -
Desaturation time constant
(I = 50mA) Ts 0.2 0.7 1.7 us
Current drive time constant Te
Te = O-t_
@1
(ic(p)y = 10mMA, Vee(px) = -=750mV) 0.3 1.2 2.5 us
(ic(px) = 125mMA, Vee(px) = =750mV) 0.3 1.0 2.0 us
Voltage drive time constant
(ic(px) = TMA, Veepx) = -1.5V) 1y 20 70 130 ns
*Figure of merit :’—1 0.57 x 106 rad/Q
bb’
*The value of % is the reciprocal of the product of re and the voltage
drive time constant, Ty
P _
MEASUREMENT OF f
T —0 -4V
i_bI;k) ic(pk)=iomA |\
]
i =-Olps 0C4l or OC42
T—Jl—i : under test
. W o(pk)
I I o o OV
F'=;LT(IE(:_) where Qp=charge into base
o =ip(pk) x duration of base current
ise.
™\ Fig. 2 puise
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Oc42 JUNCTION TRANSISTOR

4
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 ona 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.
A 4
COOLING CLIPS
Type ‘@’
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.
\ - 4
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.
A g
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JUNCTION TRANSISTOR 0c42
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ypea Typical cooling clips Type 'b'

Material: O-5mm copper strip commercial half-hard BS899
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JUNCTION TRANSISTOR

0C42

[

1 0C42 6061
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Grounded emitter
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0C42

JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR 0c42

I/CO 0C42 6820
Teoo [TTTT
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JUNCTION TRANSISTOR

0C42
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR 0c43

Junction 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 conditions, variations in supply
voltages, component tolerances and ambient temperatures must also be
taken into account.

Collector voltage
Ven max. (le=0mA) -15 \"
Ve max. (+ Vie>500mV) -15 \

Collector current
ic(pk) Max. 150 mA
*1. max. 50 mA

Emitter current
ie(pk) Max. 150 mA
*|, max. 50 mA

Reverse emitter-base voltage
Ven max. (le=0mA) -12 \

Base current
ih(p]:) max. 125 ﬂ'IA

*1;, max. 15 mA

Temperature ratings

Storage temperature limits -55to +75 °C
Maximum junction temperature
Continuous operation 75 °Cc
Intermittent operation
(total duration=200 hours max.) 90 °C

Junction temperature rise above
ambient with transistor in free air, ()

Without cooling clip 0.6 °C/mW
VWith 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 3.5cm x 3.5cm 16 s.w.g.
aluminium 0.45 °C/mW

*Averaged over any 20ms period

(@
[Mullard]|
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CHARACTERISTICS at Tambient=25°C
Typical production spreads
Min. Typ. Max.
Grounded base

Collector leakage current leo
(Veb=-15Y, le=0mA) e 2.0 10 pA
(Ver=-15Y, le=0mA,
T&mblent= 60°C) — 10 30
Emitter leakage current
(Ver=-12V, lc=0mA,
Tjunction=25°C) leo — 1.5 10
Grounded emitter
Collector current with
reversed bias on base
(Vee=-15V, Vpe=+500mV)  lcoo — 2.0 10 wA
Collector bottoming voltage
(ic(pk)=125mA, lpb=7mA) Vee -60 -120 -280 mV
Base input voitage
(Ver=0V, 1.=50mA) Vpe = -360 — mv
Current amplification factor &’=l:’i_-r!|°-:;
(Ver=0V, l.=50mA) 50 100 200
(Veb=0V, i¢(pk)=150mA) 30 60 120
BASIC PARAMETERS
Measured at Vo=-6V, l.=1mA,
Tjuncﬁon =125°C
*re — 25 e Q
rub — 120 — Q
Ce(dep) (le=0mA) - 9.0 14 pF

*The value of re given here is %—r-ll = %—5 ,» where l¢ is in mA and T is in.°K.
e e
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JUNCTION TRANSISTOR OC43

Typical parameters for pulse operation
Typical production spreads
Min. Typ. Max.
Current amplification
cut-off frequency at

Vee==6V, l.=1mA ( |x'| =1) f; 12 18 — Mc/s
On demand current gain Bs
(i ( k)=5mA. v(.(.(pk,:-SV,
Vretpiy=-200mV) 20 60 -
(i(>(pk)=10mA- ch(pk):—10V,
Vee(pk)==-200mV) 25 75 —
Desaturation time constant
(le=50mA) T - 1.0 1.7 1S
Current drive time constant
Y
o
(ic(pk)=10MA, Vee(pr)=-750mV) - 1.2 2.5 us
(ic¢pk)=125mA. Vpp(,)k;=—750mV) —_ 0.75 1.5 s
tFigure of merit o1 0.7 x 106 rad/Q
hb’

1The value ome—ly is the reciprocal of the product of re and the voltage drive

bb

time constant, T..

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 ona 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 ‘@’ 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.

OCTOBER 1964 P, Page D3



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 Ltd.

+

15—
- 75 (e

o |5 —e

=
I
I
|
|
|
I
)

I Bz
!
|
\

foa—— ZOH‘J
Standard clip
e 15— p- 30

5-7'¢:05 57t 08

! o — Y g
Extended clip

Typical cooling clips Type 'b!

Type 'a'

Material: O-5mm copper strip commercial half-hard BS899
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0C43

JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR

0C43
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R.F. JUNCTION TRANSISTOR oc44
R.F. junction transistor of the p-n-p alloy type in all-glass

construction intended for use in converters and mixer-
oscillator circuits.

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

Veh(pk) Max. -15 \%

*Vep(ay) max. -10 M

V(-y,m_4._; max. —10 \%
Grounded emitter

Vee(pk) Max. -15 v

*Vee(av) Max. -10 \%

Vee(d.c.) Max. -10 \%

These figures apply with an external base-ground circuit impedance
of less than 1k(), or providing -+ Vpe>>300mV (i.e. transistor
cut-off).

For other values of impedance see curve on page C4.

Collector current
icpk) Max. 10 mA
*l. max. 5.0 mA

Emitter current
fe(pk) Max. 10 mA
*le max. 5.0 mA

Reverse emitter-base voltage

Veb(pk) Max. 12 \%
*Vep(ay) max. 8.0 \%
Ven(d.c.) Max. 8.0 \%
Base current
ih(pk) Max. 1.0 mA
I, max. 1.0 mA
Total dissipation See page C5
Tjunction Max. — Tampient)
Piot Max. = 0 )
Temperature ratings
Storage temperature limits -55to +75 (@
Maximum junction temperature
Continuous operation 75 °C
fIntermittent operation
(total duration = 200 hours max.) 90 °C
Junction temperature rise above ambient, 0 0.7°C/mW

*Averaged over any 20ms period.

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

(@
[Mullard]
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oc44 R.F. JUNCTION TRANSISTOR

CHARACTERISTICS at Tjunction = 25°C

Grounded base Typical production spreads
Collector leakage current leo Min. Typ. Max.
(Ven = =2V, lo. = OmA) — 0.5 2.0 uA
(Ven = =15V, | = 0mA) — — 10 uA
Emitter leakage current leo
(Ven = -2V, l. = OmA) — 0.4 2.0 uA
(Ven = =12V, | = OmA) — — 40 uA

Grounded emitter
Collector leakage current
(Vee = -2V, Iy = OmA) "co —— 25 75 uA
Collector current with
reversed bias on base

(Vee = =15V, Vye = +500mV)  I'. — 1.0 50 uA
Collector knee voltage at

¢« = 5mA (see fig. 1) Veekneey =80 ~140 -200 mV
Collector bottoming voltage

(I = 8mA, I, = 500uA) Vee -20 —-45  -150 mV
*Base input voltage

(Vee = =6V, l. = 1mA) Vie -125  -150 -185 mVY

ma) Ip

|
|
|
[
|
|
|
|
1 -VeelV)
Vee(knee) Fig!

Ip adjusted such that Ic=6mA with Vce=-IV

For information on changes in characteristics with change in temperature,
see page Cé6.

*The base input voltage Ve changes by approx. -2mV/°C change in junction
temperature.

(@
[Mullard]|
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R.F. JUNCTION TRANSISTOR

0C44

SMALL SIGNAL CHARACTERISTICS at Tjunciion = 25°C

Basic parameters
Measured at V. = -6V, . = 1mA

Typical production spreads

Min.  Typ.  Max.

*re - 25 - Q
oy’ 40 110 250 Q
Ce(dep) 6.5 10 13.5 pF
w — 10x104% —

(o 7.5 15 30 Mc/s
gm — 39 — mA/V
o’ (at 1kefs) 40 100 225
) kT 1 25
*The value of re given here is _q S where l. is in mA and T is in °K.
e e
Equivalent circuit parameters (hybrid = network)
€b'c
bl
b rob' - : ¢
Tble
|
Vbe e cte  ImVbe 8 l fee
2]
[3
b indicates the internal base connection
Measured at Vee = -6V, le = TmA

Collector-to-base capacitance Cb'e 7.0 10.5 14 pF
Base-to-emitter capacitance Cve — 410 — pF
Collector-to-emitter conductance gee — 40 100 pmhos
Collector-to-emitter resistance e 10 25 —— kQ
Collector-to-base conductance gv'e — — 0.5 pmhos
Collector-to-base resistance e 2.0 — —_ MQ
Base-to-emitter conductance gve — 390 — umhos
Base-to-emitter resistance be — 2.5 —_ kQ
Internal base resistance bb’ 40 110 250 Q
Internal transconductance gm — 39 — mA/vV

) . fa ke/s

Figure of merit e 50 137 286 per O

()
[Mullard]
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0C44 R.F. JUNCTION TRANSISTOR

OPERATING CONDITIONS AS A FREQUENCY CHANGER

2 5
Primary
250k

56kN s pF -[ 49 transformer
Aerial
(El.drncejt . ocad [ be 3 ?;{%a‘mv
il L
2
m_[ 10S 001 3-9%
pF k0> pF k0
175577
7
Vee -7.0 \%
le 03 mA
Conversion gain (at f = 1Mc/s) 27 dB
Rin At f = 1Mc/s 5 k()
At f = 200kc/s 10 kQ

— SOLDERING AND WIRING RECOMMENDATIONS

%

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.

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 ona board
having punched-through holes, or spaced at least 1.5mm away from a board
having plated-through holes.

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

OCTOBER 1964 \v/ Page D4
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R.F. JUNCTION TRANSISTOR OC44

— OUTLINE AND DIMENSIONS
Conforming to V.A.S.C.A. SO-2/SB3-2

Dot
'3 c
e b ¢
I.‘Hnbm—ox}
b Diameter of l Il

ISmm max

2 E c
€ nE
leads O-43mm = 0
O~85mm ""l
] B b
mm
()
Page D5
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R.F. JUNCTION TRANSISTOR 0c44
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0C44

R.F. JUNCTION TRANSISTOR
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R.F. JUNCTION TRANSISTOR Oc44
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R.F. JUNCTION TRANSISTOR
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R.F. JUNCTION TRANSISTOR 0c44
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R.F. JUNCTION TRANSISTOR
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R.F. JUNCTION TRANSISTOR Oc45

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

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

Veb(pk: Max. -15 \'%

*Vebay) Max. -10 3

v(-htrl.(‘,‘ max. -10 \Y
Grounded emitter

Vee(pk) Max. -15 \

*VL’F‘l‘d\) max. —10 \

Vee(d.c.) Mmax. -10 \

These figures apply with an external base-ground circuit impedance
of less than 1k, or providing 4 Vp.>3C0mV (i.e. transistor
cut-off).

For other values of impedance see curve on page C4.
Collector current

ic(pk) Max. 10 mA
*le max. 50 mA

Emitter current
io(pk) Max. 10 mA
*]. max. 50 mA

Reverse emitter-base voltage

Ven(pk) max. 12 \
*Veb(ay) Max. 8.0 \4
Veb(d.c.) max. 8.0 v
Base current
ih(pk) Max. 1.0 mA
l;, max. 1.0 mA
Total dissipation See page C5
N Tiunction Max. — Tumhir\m)
Ptot max. = 5
Temperature ratings
Storage temperature limits -55to 75 °C
Maximum junction temperature
Continuous operation 75 RC
FIntermittent operation
(total duration = 200 hours max.) 90 °c
Junction temperature rise above ambient, 0 0.7°C/mW

*Averaged over any 20ms period.

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

()
[Mullard]
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Oc45 R.F. JUNCTION TRANSISTOR

CHARACTERISTICS at Tjunciion = 25°C
Grounded base Typical production spreads

Collector leakage current I Min. Typ. Max.
(Ven = =2V, l. = CmA) - 0.5 2.0 A
(Ven = =15V, |, = 0mA) — — 10 uA

Emitter leakage current les
(Ven = =2V, Il = OmA) — 0.4 2.0 uA
(Ven = =12V, I = 0mA) — — 40 uA

Grounded emitter
Collector leakage current
(Vee = =2V, I, = OmA) Vo — 12 40 uA

Collector current with
reversed bias on base

(Vee = =15V, Vpe = +500mV) Ie — 1.0 50 A
Collector knee voltage at
lc = 5mA (see fig. 1) Veerkneey —-80 =140 =200 mV
Collector bottoming voltage
(I = 8mA, I, = 500uA) Vee -20 -60 150 mV
Base input voltage
(Vee = =6V, lc = 1TmA) Ve -145 170 -195 mVY
Ic
(ma) Ip

1
u
|
|
|
[
|
n
|
3

Vce(knee) Fig

Ip adjusted such that Ic=6mA with Vce=-IV
(7872

For information on changes in characteristics with change in temperature
see page Cé6.

*The base input voltage V), changes by approx. -2mV/°C change in junction
temperature.
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R.F. JUNCTION TRANSISTOR 0c45

SMALL SIGNAL CHARACTERISTICS at Tjunciion = 25°C
Basic parameters
Measured at V. = -6V, Il = TmA Typical production spreads
Min.  Typ.  Max.

*ro — 25 —— Q
Fob’ 35 75 200 Q
Ce(dep) 6.5 10 13.5 pF
w — 3.8x104 —
fx 3 6 12 Mc/s
gm - 39 —  mAvY
o’ (at 1ke/s) 25 50 125

*The value of re given here is k_;l'l = 2T5
e e

Equivalent circuit parameters (hybrid = network)

Cb'c
bl
rbb'
b AAAA, b AAAA— °
fble ‘
Vbe e § che  ImVbe 8 i fee
e

b indicates the internal base connection

, where I¢ is in mA and T is in °K.

Measured at Vo = -6V, le = 1mA Typical production spreads
Min.  Typ. Max.
Collector-to-base capacitance Cir'e: 7.0 105 14 pF
Base-to-emitter capacitance Che — 1000 — pF
Collector-to-emitter conductance gcc — 15 40 umhos
Collector-to-emitter resistance Fée 25 66.7 — kQ
Collector-to-base conductance gne — — 0.5 umhos
Collector-to-base resistance e 20 — — MQ
Base-to-emitter conductance ghe — 760 — pmhos
Base-to-emitter resistance rye — 13 — kQ
Internal base resistance oy’ 35 75 200 Q
Internal transconductance g€m — 39 —  mA/V
Figure of merit e 33 80 200 pe"rcg
()
[Mullard]
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oc45 R.F. JUNCTION TRANSISTOR

OPERATING CONDITIONS AS AN I.F. AMPLIFIER

18pF = 2% a8as

| To detector

!

P
f 470 ke/s
Vee -7.0 v
le 1.0 mA
Typical power gain per stage 30 dB
I.F. transformer winding data
Tt T2 T3
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 ona 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 OC45

— OUTLINE AND DIMENSIONS
Conforming to V.A.S.C.A. SO-2 SB3-2

Dot 5
¢ c o
13
E
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OO0 O -
e b €
3 &
b Diameter of = z £
leads O-43mm i
0O-85 L
o8smp |,
2 e
()
[Mullard | g
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R.F. JUNCTION TRANSISTOR 0c45
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R.F. JUNCTION TRANSISTOR

0C45
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R.F. JUNCTION TRANSISTOR 0c45
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R.F. JUNCTION TRANSISTOR

0C45
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R.F. JUNCTION TRANSISTOR oc45
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OC45 R.F. JUNCTION TRANSISTOR
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GERMANIUM P-N-P OC57
ALLOY JUNCTION TRANSISTORS OC58
OC59
0C60

Germanium junction transistors of the p-n-p alloy QZ-,Z etal construc-

tion, suitable for use in hearing aids and special low f fp})hcatlons
QUICK REFERENCE DATA
OC57
—VCBO max 7.0 v
CEQ Max 3.0 \%
—IC max 5.0 mA
-ICM max. 10 mA
hfe typ. —IC=0.25mA 35
—Ic =0.5mA i = :_\7 = 60
P, max. (T, =45°C) 20 20 </ 20 20 n:)W
T, max. 7§\75 \J 75 75 c

OUTLINE AND DIMENSIONS C {7
i
.0 \\y

4-0
t max
37
min

All dimensions |
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JUNCTION TRANSISTOR OC70

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

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

Vepk) Max. -30 \

*V ey, Max. -20 \

V¢ max. (d.c.) -20 A
Grounded emitter

Vepk) Max. -30 \

*VY eav.) Max. -20 \

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

These figures apply with an external base-ground circuit impedance
of less than 5000, or providing +Vpe> 500mV (i.e. transistor
cut-off). For other values of impedance see curve on page 14.

Collector current

i epx) Max. 50 mA

* . max. 10 mA
Emitter current

**jopk) Max. 55 mA

#l, max. 12 mA

Reverse base emitter voltage

Vbepk) MaxX. 10 \
Vype max. 10 \%
Base current
ibpk, Max. 5.0 mA
*|;, max. 2.0 mA
Total dissipation See page 15
Ptot = Tjunction Max. -Tambiant)
¢ 0
Temperature ratings
Storage temperature -55 to 475 °C
Maximum junction temperature (Tjunction Max.)
Continuous operation 75 Cc
fIntermittent operation (total duration ==
200 hrs. max.) 90 °C
Junction temperature rise above ambient (Y) 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.

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

(@
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oc70 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 Tjunction = 25°C

Grounded base Min. Av.  Max.
Collector leakage current
(Ve = —4.5V, I, = 0mA) leo — 50 413 uA
Emitter leakage current
(Ve = 4.5V, |, = 0mA) leo — 3.0 13 A

CGrounded emitter
Collector leakage current

(Ve = —4.5V, I, = 0mA) Vieo — 110 225 uA
Collector bottoming voltage

(Ie = 9mA, I, = 0.5mA) Vee — -100 -330 mV
Base input voltage

(Ve = -4.5V, I, = 1TmA) Vie -120 -145 -170 mV
Noise figure

(f = 1ke/s, Rsource = 5009,

Ve = =2V, |, = 0.5mA) — 10 16 dB

For information on changes in characteristics with change in
temperature see page 16.

SMALL SIGNAL CHARACTERISTICS

Equivalent circuit parameters (T-network)

Measured at: f = 1kc/s, V. = -2V, l. = 0.5 mA, Tampient = 25°C
[@sis] we
J—@D‘ﬁ
e o—— & ¢ ¥; . c

re 39 Q
p 10 k&)
re 1.43 MQ
o 0.968
Grounded base cut-off frequency Min. Av.  Max.
(Ve = -6V, I = 1mA) fx 200 500 1000 ke/s
Grounded emitter cut-off frequency
(Ve = =6V, 1. — 1mA) fy 5 15 26 ke/s
()

[Mullard]
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JUNCTION TRANSISTOR 0c70
Junction transistor of the p-n-p alloy type in all glass

construction especially suitable for use in low con-
sumption audio amplifier circuits.

SMALL SIGNAL CHARACTERISTICS measured at V¢ = -2V, |, = 0.5mA
Grounded base

Hybrid matrix Typical production spreads
Min Av. Max.
Input impedance (with output
short circuited to a.c.) hy 58 71 88 Q
Current amplification (with out-
put short circuited to a.c.) —~hg; 0.952 0.968 0.976

Output admittance (with input

open circuited to a.c.) hay — 0.7 1.3 umhos
Voltage feedback ratio (with in-
put open circuited to a.c.) hys — 7x10*¢ —

Mullard system

Current amplification (with out-

put short circuited to a.c.) « 0.952 0.968 0.976
Input resistance (with output

short circuited to a.c.) in 58 Al 88 Q
Input resistance (with output

open circuited to a.c.) rn — 1.0 — kQ
Output resistance (with input

short circuited to a.c.) Fout — 100 —_— kQ
Output resistance (with input

open circuited to a.c.) e 0.77 1.4 —_ MQ

Grounded emitter

Hybrid matrix.
Input impedance (with output

short circuited to a.c.) h'11 1.2 2.2 3.6 kQ
Currentamplification (with out-

put short circuited to a.c.) h's; 20 30 40
Output admittance (with input

open circuited to a.c.) h'ss — 22 53 umhos
Voltage feedback ratio (with

input open circuited toa.c.) h';s — 9%x10-4 27 x10-¢

Mullard system

Current amplification (with out-

put short circuited to a.c.) o’ 20 30 40
Input resistance (with output
short circuited to a.c.) r'in 12 2.2 3.6 kQ
Input resistance (with output
open circuited to a.c.) r'n — 1.0 — kQ
Output resistance (with input
short circuited to a.c.) rout — 100 - kQ
Output resistance (with input
open circuited to a.c.) r's; 188 45 — kQ
(I
[Mullard]
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Oc70 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

>~ 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 ona 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
Conforming to V.A.S.C.A. SO-2/SB3-2
e 52mm
max
Dot
e c 5
E
E
E
OO0 O n
e b [ 4
£ ﬂ
T E
. c EES
b Diameter ot II E = E
leads O-43mm
|
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JUNCTION TRANSISTOR oc7o

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
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 0c70

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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0c70 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 0c70

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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0c70 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 Oc70
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
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 0c70

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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Oc7o 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 Oc70

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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oc7o 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 0C70

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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JUN

CTION TRANSISTOR 0c7 i

Junction transistor of the p-n-p alloy type in all glass

constru

ction, especially suitable for use in low-

consumption audio amplifier circuits.

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

Vepk) Max. -30 \'%

*V eav.) Max. -20 vV

V¢ max. (d.c.) -20 \%
Grounded emitter

Vepk) Max. -30 \

*V oav.) Max. -20 \"

V¢ max. (d.c.) -20 \%

These figures apply with an external base-ground circuit impedance
of less than 50002, or providing +Vpe>500mV.
For other values of impedance see curve on page 17.

Collector current

**i o pk) Max. 50 mA

*le max. 10 mA
Emitter current

*¥io pk) MAX. 55 mA

*le max. 12 mA

Reverse base emitter voltage

Vhe(pk) Max. 10 \
Ve max. 10 \%
Base current
ibpk) Max. 5.0 mA
*1p max. 20 mA
Total dissipation See page 18
( o Tiunction MaxX. — Tambient
Ptot = ) )
Temperature ratings
Storage temperature -55to +75 °c
Maximum junction temperature (Tjunction Max.)
Continuous operation 75 C
fIntermittent operation (total duration -
200hrs. max.) 90 c
Junction temperature rise above ambient (%) 0.4 "C/mWwW
*Averaged over any 20ms period
**Qwing to linearity considerations it is inadvisable to design for
peak currents greater than 25mA where low distortion is required.
tLikelihood of full performance of a circuit at this temperature is
also dependent on the type of application.
Mullard
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0c7 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 Tjunction = 25°C

Grounded base Min. Av.  Max.
Collector leakage current
(Ve = 4.5V, l. = 0mA) leo — 45 13 uA
Emitter leakage current
(Ve = -4.5V, |, = OmA) leo — 35 13

Grounded emitter
Collector leakage current

(Ve = -4.5V, I, = 0mA) I”co — 150 325 uA
Collector bottoming voltage

(Ie = 9mA, I, = 0.5mA) Vee — -80 -210 mV
Base input voltage

(Ve = =-4.5V, I = 1mA) Vpe -115 135 155 mV

Noise figure
(f = 1ke/s, Rsource = 5002,
Ve = -2V, lc = 0.5mA) — 10 16 dB
For information on changes in characteristics with change in
temperature see page 19.

SMALL SIGNAL CHARACTERISTICS
Equivalent circuit parameters (Tnetwork)

Measured at: f=1kc/s, V.=-2V, l.=23mA, Tampient = 25C
[4616] xXle
:E |
e »—4\25\/\ 1 . % J <
S
N %
e b
1 -
c . o
le 6.5 Q
ry 500 Q
re 625 kQ
% 0.979
Grounded base cut-off frequency Min. Av.  Max.
(Ve = -6V, |, = 1TmA) fx 300 600 1000 ke/s

Grounded emitter cut-off frequency
(Ve = -6V, I = 1mA) fy’ 5 11 26 ke/s

Typical parameters for the full equivalent circuit
Collector to base capacitance

(Ve = -6V) e — 40 == pF
Internal base resistance
(Ve = -6V, I, = 1mA) ryb’ — 300 - Q
(R
[Mullard]
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JUNCTION TRANSISTOR Oc7 I

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, | = 1mA
Grounded base
Hybrid matrix

Input impedance (with output

short circuited to a.c.) hi1 35 Q
Current amplification (with output

short circuited to a.c.) ~hay 0.576
Output admittance (with input open

circuited to a.c.) has 1.0 umbhos
Voltage feedback ratio (with input

open circuited to a.c.) hia 7x10*

Mullard system
Current amplification (with output

short circuited to a.c.) o 0.976
Input resistance (with output short

circuited to a.c.) Tin 35 Q
Input resistance (with output open

circuited to a.c.) ri 720 Q
Output resistance (with input short

circuited to a.c.) Fout 50 kQ
Output resistance (with input open

circuited to a.c.) ros 1.0 MQ

Grounded emitter
Hybrid matrix
Input impedance (with output short

circuited to a.c.) h'11 1.45 k€2
Current amplification (with output

short circuited to a.c.) h's; 4
Output admittance (with input open

circuited to a.c.) h'os 42 uwmhos
Voltage feedback ratio (with input

open circuited to a.c.) h'ie 7.6 x101

Mullard system
Current amplification (with output

short circuited to a.c.) a’ M
Input resistance (with output short

circuited to a.c. r'in 1.45 k(2
Input resistance (with output open

circuited to a.c.) r'n 720 Q
Output resistance (with input short

circuited to a.c.) rout 50 kQ
Qutput resistance (with input open

circuited to a.c.) r'as 25 k€2

———
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0C71

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.

Grounded base

Hybrid matrix

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

put short circuited toa.c.) —

Qutput admittance (with input
open circuited to a.c.)
Voltage feedback ratio (with in-

put open circuited to a.c.)

Mullard System

Current amplification (with out-
put short circuited to a.c.)
Input resistance (with output
short circuited to a.c.)
Input resistance (with output
open circuited to a.c.)
OQutput resistance (with input
short circuited to a.c.)
Qutput resistance (with input
open circuited to a.c.)

Grounded emitter

Hybrid matrix

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

hiy
ha;
hao
hi2

h'11

Current amplification (with out-

put short circuited to a.c.)
Qutput admittance (with input
open circuited to a.c.)
Voltage feedback ratio (with

h's
h,22

input open circuited toa.c.) h'y»

Mullard system

Current amplification (with out-

put short circuited to a.c.)
Input resistance (with output
short circuited to a.c.)
Input resistance (with output
open circuited to a.c.)
Output resistance (with input
short circuited to a.c.)
Qutput resistance (with input
open circuited to a.c.)

ISSUE 2

’
o

Iin

,
Lo |

’
rout

= =2V, lc = 3mA

Typical production spreads
Min. Av. Max.
10 7 25 Q
0.968 0.979 0.987
- 1.6 2.7 pumbhos
— 8x10~+ —
0.968 0.979 0.987
10 17 25 Q
— 500 — Q
— 21 — kQ
370 625 — kQ
0.4 0.8 1.5 kQ
30 47 75
— 80 200 wmhos
— 54x10~* 17 x10¢
30 47 75
0.4 0.8 1.5 kQ
— 500 — Q
— 21 — kQ
5.0 12.5 -— k()
OC71 158-4



JUNCTION TRANSISTOR oc7 I

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

OPERATING CONDITIONS AS R.C. COUPLED AMPLIFIER

T \d 9 -0 Vee

' Ri
i{’Rsourcc 8uF
i Tout |
i 8uF |
' |
——-'-—}—I |
Iin L
Ry
> 5
- kO
R2 100uF !
10 !
kQ I
. * ° —4
¥
Vcc Ic R1 Re Io_ug |gm for Dmg =5°/°
v) (mA) (kQ) (kQ) Iis (vA r.m.s.)
6 1.0 39 22 23 200
6 1.5 22 1.5 18.5 290
9 1.0 62 3.9 28 260
9 1.5 39 27 24 430
12 1.0 82 5.6 31 270
12 1.5 56 47 30 535

The source impedance Rgource is equal to Re, and the resistance Ry, 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.

OCTOBER 1964
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0c7 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.

>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.

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 ona board
having punched-through holes, or spaced at least 1.2mm away from a board
having plated-through holes.

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

OUTLINE AND DIMENSIONS

Dot
P c
/

OO0 O

¢ b ¢
I'5mm max
E
E.
b P

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

—y52mm
max
Dot

ISmm max

min

Tinned

Diameter of Il l
leads O'43mm '
[ |
-85
o8smmy |
] 24 L
mm
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JUNCTION TRANSISTOR Oc7 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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0c7 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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0C71
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Junction transistor of the p-n-p alloy type in all glass

construction, especially suitable for use in

consumption audio amplifier circuits.
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Oc7 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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JUNCTION TRANSISTOR 0C7 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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Oc7 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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JUNCTION TRANSISTOR 0c7 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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0C7 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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JUNCTION TRANSISTOR

Junction transistor of the p-n-p alloy type in all glass C7 I

construction, especially suitable for use in low-
consumption audio amplifier circuits.
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0c7 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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JUNCTION TRANSISTOR 0c7 I

Junction transistor of the p-n-p alloy type in all glass
construction, especially suitable for use in low-
consumption audic amplifier circuits.
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0C7 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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JUNCTION TRANSISTOR OC7 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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0C7 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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JUNCTION TRANSISTOR OC72

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 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
S

Wi ith acooling fininfreeair ona heat sink of 3.5x3.5cm or equivalent

Supply voltage \4 -60 90 -12 \%
D.C. collector current le 16.3 10.6 8.2 mA
Bias resistors R, 33 82 18 kQ
R, 1.0 2.2 4.7 kQ
*Emitter resistor Re 62 140 280 Q
Emitter capacitor c 250 250 250 uF
Power delivered to transformer
primary Pout 38 38 38 mW
Load impedance Rioad 300 680 1150 Q
Source impedance Risures =30 30 >3.0 kQ
At Pout max.
Base current in 160 110 90 uwA
*Input current iin 220 130 90 uA
Distortion Diot 3.6 3.8 3.6 %

*In order to take into account the spread of transistors an increase in input
current of 509, should be allowed for in the design.

ISSUE 1 \v/ 0C72/2-0C72 157-3



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 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.

— —o0-V
RI
T2
TI
i
‘ 2-0C72
£R2 Re
] - it
3370
Wi ithout cooling fin
Supply voltage 4 -4.5 -6.0 \%
Quiescent current ley+les 3.0 3.0 mA
Bias resistors R, 2.7 33 kQ
R, 100 100 Q
*Emitter resistor Re 5.0 10 Q
Power delivered to transformer
primary Pout 220 275 mW
Ricaa (collector to collector) Réue 115 140 Q
Rioaa (per transistor)
Re_ R L 45 Q
1 - 4c S0 c 34
At Pyyt max.
Collector current (peak) ek 125 125 mA
Collector current (per transistor) I 40 40 mA
Distortion Dot 9.0 9.5 A

*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.

(@
[Mullard]
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JUNCTION TRANSISTOR oc72

Junction transistor of the p-n-p alloy type for use in

class ‘B’ output stages, oscillator and switching
circuits and d.c. converters. -

Drive conditions

The foliowing 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 500).

Peak drive current 4.9 49 mA

Peak drive voltage 1.9 2.6 \

Parive(r.m.s.) 4.6 64 mWwW

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

Supply voltage \ -6.0 -6.0 -9.0 -9.0 -12 \

Quiescent current leg+les 3.0 3.0 3.0 2.5 3.0 mA

Bias resistors R, 3.3 %43 47 51 47 kQ

R, 100 + 100 100 100 Q

*Emitter resistor Re 5.0 0 14 10 30 Q

Power delivered to
transformer primary Pout 310 240 355 220 390 mWwW

Rioaa (collector to

collector) Re_e 160 280 305 600 430 Q
Riocaa (per transistor)
- EZ;%RQ) Re 45 70 90 160 138 0

At Poy¢ max.
Collector current

(peak) ic(pk) 125 85 100 56 85 mA
Collector current

(per transistor) le 40 27 32 18 27 mA
Distortion Diot 95 85 85 85 85 %

*|f 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 500.

Peak drive current 4.9 2.8 3.2 1l 2.8 mA
Peak drive voltage 1.9 0.6 23 1.1 3.3 \
P(lriveir.m.s.\ 4.6 0.84 37 0.95 4.6 mW

TR, = 1 to 3 kQ variable.

R, — 85() resistor in parallel with a Varite resistor type VA1040 (1300 at
25°C, B = 4500°K).
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0c72 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)

"
) 5 OA95
'
‘ c
?cu L |
’ c3 Vout
oc72 T j
A I{ ‘

OA5 =\
Sl ==
/ O>O—
S PP Y —— _/

Note: S, and S, are mechanically coupled, so that S, opens after S, has been
closed.

Transformer tappings: A = 129, B = 32%, C = 6%, D = 50%,

Supply voltage \" 6.0 \
Battery current | 28 mA
Input power Pin 168 mW
Qutput voltage Vout 45 \
Output current lout 30 mA
Output power Pout 135 mW
Efficiency 7 81 %
Total transistor dissipation 11.7 mW
Total diode losses 6.1 mWwW
Total transformer losses 143 mW
Total resistor losses 09 mw
Qutput resistance 2.0 kQ
Component values:

R, 1.0 kQ

R, 2.7 kQ

&3 0.03 uF

Gy 100 wF

C,; 3.2 uF

()
[Mullard]
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JUNCTION TRANSISTOR

Junction transistor of the p-n-p alloy type for use in

class ‘B’ output stages, oscillator

circuits and d.c. converters.

and switching

0C72
2-0C72

Two transistors in push-pull d.c. converter

IS

an

=

—

Supply voltage

Battery current

Input power

Output voltage

Qutput 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=1:27

OPERATING NOTES

Pln
Vout
Io ut
Po ut

E:C=

120437

Vout
|
1.

6.0 \'

154 mA

924 mW
755 \"

9.4 mA

710 mW
7%

86 mW

39 mW

54 mW

35 mW
<1.4 kQ

270 Q

270 Q

820 Q
0.047 uF

16 uF
0.047 uF

8.0 uF

8.0 wF

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.

ISSUE 1
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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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0C72
2-0C72

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

circuits and d.c. converters.

JUNCTION TRANSISTOR
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0C72 JUNCTION TRANSISTOR

Junction transistor of the p-n-p alloy type for use in

class ‘B’ output stages, oscillator and switching
L circuits and d.c. converters.
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JUNCTION TRANSISTOR 0c72

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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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.

0C72
2-0C72
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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 0c72

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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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 0C72

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.

0C72
2-0C72

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

Grounded base Min. Av.  Max.
Collector leakage current
(Ve = -10V) legoy 45 10 uA
Emitter leakage current
(Ve = =10V) lecoy 45 15 uA
Current amplification cut-off
frequency (Ve = -6V, I = 10mA) fa 350 ke/s
Grounded emitter
Collector leakage current
(Ve =-6V) I e0y 50 125 300 uA
Collector current
(Ve = =30V, Vp_e>+0.1V) le 7.5 15 uA
Collector knee voltage at
¢ = 125mA (see fig. 1) V ¢ (knee) -400 mV
IC
(ma)
-1,
~135f -~~~
i
=125-- :
N
.
Y = -Ve(V)
Ve (knee) Fig!
I adjusted such that I.= —I35mA
with Ve= -1V P10
Static characteristics
Current amplification factor &’ = Lﬁ%bc““
at Vo = -5.4V, |, = 10mA a’ 45 70 120
Ve=-07V, 1. = 80mA a 30 50 90
Ve=-07V, |, = 125mA a 25
Ve =-1.0V, |, = 250mA a 15
Base input voltage
at Ve = 6.0V, I, = 1.5mA Vi_e 130 170 mV
Ve=-07V, 1, = 80 mA Vi_e 450 mVY
¢ ==0.7V, I, =125 mA Vi_e 700 mV
Noise figure (f = 1kc/s,
P\source == SOOQ| Vc = —2V|
le = 0.5mA) 15 dB
()
(Mullatd 0C72/2-0C72  157-1
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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.

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

Ratio of the current amplification factors of the two transistors
both at I, = 80mA and at I, = 10mA <1351

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

Vepk) Max. -32 \
V¢ max. (average or d.c.) -16 Vv
Grounded emitter
Vepk) Max. -32V See fig. 7
V. max. (average or d.c.) -16V See fig. 7
Collector current
Ticmr) max. +250 mA
*l o max. 125 mA
Reverse emitter voltage
Ve(pk) Max -10 \%
Ve max. -10 \%
Emitter current
tiek, Max. 4250 mA
*le max. 125 mA
Base current
ibpk, Max. +125 mA
*[, max. 20 mA
Collector dissipation See fig. 3

*Averaged over any 20ms period.

tOwing to linearity considerations it is inadvisable to design for peak
currents greater than 125mA where low distortion is required.

TEMPERATURE RATINGS

Storage temperature -55to +75 °C
Max. junction temperature 75 G
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 % 3.5cm or equivalent) 0.3 °C/mW

(R
[Mullard]
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JUNCTION TRANSISTOR oc75
Junction transistor of the p-n-p alloy type in all-

glass construction especially suitable for use in

high gain amplifiers.

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 \%

c(av.) Max. -20 \Y

V. max. (d.c.) =20 Y
Grounded emitter

FVe(pk., Max. -30 \

*Veav.) Max. -20 Vv

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

tThese figures apply with an external base-ground circuit impedance
of less than 5000, or providing -+ Vpe>500mV. (i.e., transistor
cut-off). For other values of impedance see curve on page C9.

Collector Current

**ie(px) Max. 50 mA

#|. max. 10 mA
Emitter Current

**ie(pk) Max. 55 mA

*la max. 12 mA

Reverse emitter base voltage

Veb(pk) Max. -10 v
Ve max. (d.c.) -10 v
Base current
in(pk) Max. 5-0 mA
*1y, max. 20 mA
Total dissipation
(’Ptm _ Tj\metiuu maﬁx- —Ta‘ml)iom) See page C10.
Temperature ratings
Storage temperature -55to +75 °C
Maximum junction temperature (Tjunction Max.)
Continuous operation 75 A
fIntermittent operation (total duration —
200 hours max.) 90 #C
Junction temperature rise above ambient 6 <04 °C/mW

*Averaged over any 20ms period
**Qwing to linearity considerations it is inadvisable to design for
peak currents greater than 25mA where low distortion is required.

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

—
[Mullard]
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0c75 JUNCTION TRANSISTOR

CHARACTERISTICS AT Tjunction — 25 °C
Grounded base Typical production spreads
Min. Av. Max.
Collector leakage current
(Ve= —4.5Y, | = OmA) leo — 45 14 uA
Emitter leakage current
(Ve = 4.5V, | = 0mA) leo —_— 35 13 uA
Grounded emitter
Collector bottoming voltage
(le = 9mA, I, = 0.5mA) Vee — -90 -210 mV
Base input voltage
(Ve = —4.5V, I = 3mA) Vpe =100 -140 -210 mV
Noise figure
(f = 1ke/s, Rsource = 5002,
Ve = =2V, I, = 0.5mA) — 10 16 dB
SMALL SIGNAL CHARACTERISTICS AT Tjunction = 25°C
Equivalent circuit parameters (T-network)
Measured at: f 1 ke/s
Ve -2 v
le 3 mA
4616 X le
re 6.4 Q
o 720 Q
re 715 k)
o 0.989
Typical parameters for the full equivalent circuit
(Measured at: Ve = -2V, . = 3mA)
Typical production spreads
Min. Av. Max.
o (at low frequencies) 60 90 130
for — 8 —_ ke/s
fx (measured at V. — -6V,
le = 1TmA) — 900 — ke/s
(——
[Mullard ]
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JUNCTION TRANSISTOR 0c75

Grounded base
Measured at Vo = =2V, |, = 3mA, f = 1kc/s

Hybrid matrix Typical production spreads
Min. Av. Max.
Input impedance (with output
short circuited to a.c.) hig  — 14 —_ Q
Current amplification (with out-
put short circuited to a.c.) —-ha; — 0.989 —
Output admittance (with input
open circuited to a.c.) hee  — 14 — umhos
Voltage feedback ratio (with
input open circuited to a.c.) hje — 10x104 —

Mullard system
Current amplification (with out-

put short circuited to a.c.) « — 0989 —
Input resistance (with output

short circuited to a.c.) Fin —_ 14 —_ Q
Input resistance (with output

open circuited to a.c.) rig - 720 —_ Q
Output resistance (with input

short circuited to a.c.) Fout — 14 — kQ
Output resistance (with input

open circuited to a.c.) rog — 715 — kQ

Grounded emitter
Measured at Ve = =2V, | = 3mA, f = 1kc/s
Hybrid matrix
Input impedance (with output

short circuited to a.c.) h'n — 13 — kQ
Current amplification (with out-

put short circuited to a.c.) h’; 60 90 130
Output admittance (with input

open circuited to a.c.) h’ss — 125 — umhos
Voltage feedback ratio (with in-

put open circuited to a.c.) h’;s — 8x104 —

Mullard system
Current amplification (with out-

put short circuited to a.c.) o’ 60 90 130
Input resistance (with output

short circuited to a.c.) r'in  — 1.3 —_ kQ
Input resistance (with output

open circuited to a.c.) r'y — 720 —_ Q
Output resistance (with input )

short circuited to a.c.) r'out — 14 —_ kQ
Output resistance (with input

open circuited to a.c.) r'ss — 78 — kQ

(R
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oc75 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 ona 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. A

OUTLINE AND DIMENSIONS =
Conforming to V.A.S.C.A. SO-2/SB3-2

)
Ik

Dot Dot

ISmm max
(

LYo
o0
nO

“1'5mm max

. bl ] E &
mm
€ads '
O'BSmm| L_;
-l 20 b w

Tinned
37mm
min

[Mullard |
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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0C75

JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR
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oc75 JUNCTION TRANSISTOR
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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.

CHARACTERISTICS (measured at Tumpyient = 25°C)

Min. Av. Max.
Grounded base
Collector leakage current
(Ve = =10V) lego) — 4.5 10 uA
Emitter leakage current
(Ve = =10V) Feruy — 4.5 10 A
Current amplification cut-off frequency
(Ve = =6V, I, = 10mA) f 350 — = ke/s
Grounded emitter
Collector leakage current
(Ve = -6V) lco) — 200 600 uA
Collector current
(Ve = =30V, Vi, > +0.5V) I = 7.5 15 uA
Collector knee voltage at
le = 125mA (see fig. 1) Vikneey — — — 400 mV
IC
(mA)
_Ib
-135F — — —
|
-125F - |
b
L
I
;|
| |
| |
| |
! |
! |
] ’
p v =wi=VelV)
Ve (Knee) Figl.
I, adjusted such that I.=-I135mA with V.=-IV
(R
[Mullard]
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Static characteristics

Min. Max.
-1’
Current amplification factor &= Icl—cm)
b
at Vo = =54V, | = 10mA a 45 —_
Ve = =07V, I = 80mA a’ 30 —
Ve = =07V, I = 125mA &’ 25 —
Ve = -1.0V, I = 250mA &’ 15 —
Base input voltage
at Vo = -0.7V, I = 80mA Vp-e —_ 450 mY
Ve = =07V, Ic = 125mA Vi-e — 700 mV
Noise figure
(f = 1ke/s, Rsource = 5000,
Ve = -2V, I = 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

Ye(pk) Max. -32 v
V¢ max. (average or d.c.) =32 Vv
Grounded emitter
Ve(pk) Max. See page C7
V. max. (average or d.c.) See page C7
Collector current
ic(pk) max. + 250 mA
*|, max. 125 mA
Reverse emitter voltage
Ye(pk) Max. -10 v
Ve max. -10 v
Emitter current
ie(pk) Max. +250 mA
*le max. 125 mA
Base current
ib(pk) Max. +125 mA
*[, max. 20 mA
Collector dissipation See page C3

*Averaged over any 20ms period.
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JUNCTION TRANSISTOR OC76

TEMPERATURE RATINGS

Storage temperature -55to +75
Max. junction temperature for continuous operation 75
tMax. junction temperature for intermittent operation
(total duration = 200 hours max.) 90
Max. junction temperature rise above ambient (without
cooling fin, in.free air) 0.4

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

"C
c

§ &

°C/mW

°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)

OAB85

—O+

-L’. O—-

3840

Note: S1and S2 are mechanically coupled, so that S2 opens after S1 has been closed.

DECEMBER 1964 v
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Transformer tappings:
Supply voltage
Battery Current
Input power
Output voltage
Output current
Output power
Efficiency
Total transistor dissipation
Total diode losses
Total transformer losses
Total resistor losses
Output resistance
Component values:

A=12%, B=132%,C
v

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

= 6%, D = 50%.

DECEMBER 1964

6.0 \'
| 28 mA
Pin 168 mW
Vout 45 \4
|out 3.0 mA
Pout 135 mW
7 81 %
1.7 mW
61 mW
143 mW
09 mW
2.0 kQ
R1 1.0 kQ
R2 2.7 kQ
Ci 0.03 uF
c2 100 uF
C3 3.2 uF
—O+
OAB85
C4 cs Vout
E oass
o—
Fig. 3
(R
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JUNCTION TRANSISTOR Oc76

Supply voltage v 6.0 b4
Battery current I 154 mA
Input power Pin 924 mW
OQutput voltage Yout 75.5 \"
Output current lout 94 mA
Output power Psut 710 mW
Efficiency 77 %
Total transistor dissipation 86 mW
Total diode losses 39 mW
Total resistor losses 54 mW
Total transformer losses 35 mW
Output resistance <14 kQ
Component values:
Rus 270 Q
Riz 270 Q
R, 820 Q
C 0.047 uF
C, 16 uF
Cs 0.047 uF
Cy4 8.0 uF
Cs 8.0 uF

Transformer ratio
A:C=B:D=1:27 E:C=1:;0137

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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0C76

JUNCTION TRANSISTOR
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0C76

JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR oc76
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JUNCTION TRANSISTOR
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JUNCTION TRANSISTOR oc77

TEMPERATURE RATINGS

Storage temperature -55to +75 €
Max. junction temperature for continuous operation 75 c
tMax. junction temperature for intermittent operation
(total duration = 200 hours max.) 90 G
Max. junction temperature rise above ambient (without
cooling fin, in free air) g 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 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 oc77
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JUNCTION TRANSISTORS 0C83
0C84

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
0Cs83 0Cs84
VCB max. (IE=0) -32 A\
Vg Max. (:Vpo>1.0V) -32 v
oM max. . 1,0 A
Sk max. (Tamb=25 C) 600 mW
hFE (IC=3OOmA) 40 to 200 50 to 160
fT typ. 0.85 1.0 MHz
Unless otherwise shown data is applicable to both types
OUTLINE AND DIMENSIONS
Conforming to J.E.D.E.C. TO-1
B.S. 3934 SO-21/SB3-10
Millimetres
—A— Min. Typ. Max.
B
T A - - 6.5
[ B - - 6.1
c
2 C - - 9.4
é:* T D - 1.8 -
g E - - 1.5
g F
< F 38 - -
=
G - 0.43 -
(D
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RATINGS

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

Electrical
0Cs83 0C84
Vg max. (;=0) -32 -32 v
Vg max. (+Vpo>1V) -32 -32 v
VCE max. (IC—300mA) -20 -32 v
I oM max. 1.0 A
*IC (AV) max. 500 mA
]‘EM max. 1.05 A
*
IE Av) max. 520 mA
Vpp max. I,=0) -3.0 ~-10 v
IBM max. 50 mA
*I.B Av) max. . 20 mA
Ptot max., (Tamb =25 C) 600 mW
See page C13
T, - T
P, ,max., = _]j amb
tot o
*Averaged over any 20ms period.
Thermal
T, max. 85 °
T ., max. 85 °a
stg
min, -55 °a
stg
THERMAL CHARACTERISTICS
e, without cooling clip in free air 0.25 degC/mW
j-amb
ej_mb with type (a) or extended type
(b) cooling clip see page D6 0.15 degC/mwW
ej—a.mb with standard clip type (b) on a
heatsink 7Tcm x 7Tecm
16 s.w.g. aluminium 0.1 degC/mwW
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JUNCTION TRANSISTORS 0C83
0C84

MAJOR CHARACTERISTICS T, = 25°C )
j Min, Max.

Collector-base breakdown voltage v (BR)CBO
IC-‘-IOOIJ.A, IE=0 32 - v
Collector cut-off current 1 CBO
==1 = -
v CB ov, IE 0 10 A
Collector-emitter saturation v CE (sat)
voltage
IC=300mA, IB=9m.A - =500 mV
Base voltage VBE
VCB=0, IE=300mA - -750 mvV
Base current LB
VCB=0, IE=300mA ocCs83 1.5 75 mA
0Cs4 1.8 6.0 mA
TYPICAL CHARACTERISTIC SPREADS Tamb = 2500 unless otherwise stated.
Typ. Range
Collector cut-off current I CBO
IE=0, VCB=—10V 4.5 - to 10 pA
VCB=-—32V - - to 100 pA
= =850 - &
VCB lov’Tamb 850C 300 to 500 pA
Emitter cut-off current IEB o
= == - - to 100
1 c 0, VEB 10V 0 pA
Collector-emitter saturation voltage v CE (sat)
IC=3OOmA, IB=9mA -300 - to-500mvV
Base voltage VBE
= = - to =750 mV
VCB 0, IE 300mA -475
Noise figure
= =-2
R_=5000,V v,
IC=0, 5mA 0C83 8.0 - to 33dB <«
(R
[Mullard]
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Large signal forward current hFEL

transfer ratio Typ.  Range
VCE=—1V, IC=50111A 0OC83 - 50 to 280
0C84 - 60 to 200
V =1V, 1,=300mA 0Cs3 - 40to0 200
0C84 - 50 to 160

Typical basic parameters. V__=-6V, I =1mA

CE (o)
*r 25
e
rbb' 60 Q
Lo 40 pF
hfe 90
Typ. Range
fT 0Css3 0.65 -to1.0 Mec/s
0Cs4 850 - ke/s
kT 1
*The value of r given here is —— = —where IE is in mAand Tis in K.
q IE g

CHARACTERISTICS OF MATCHED PAIR 2-0C83 (T, = 25°C)
2-0C84

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

IC= 50mA <1,23 1

IC=300mA <l.2:1

SOLDERING AND WIRING RECOMMENDATIONS

1. Transistors may be soldereddirectly intothe 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 solder temperature 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 115 C. 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 takennot to bend the leads nearer than 1.5mm from the
seal.
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JUNCTION TRANSISTORS 0C83
0C84

OUTLINE AND DIMENSIONS OF COOLING CLIPS

0-3 0-3
A—I -—s-ss—l ( | 565+

14 28
1k 1l
il £ | 33 |
I _C ‘ .
iz N I o] 17
I | I
[l | ot il ) es
|
] | !
6 T — :
Nominal dimensions in mm
Type a. Type b.
Part No. 56227 Part No. 56226

NOTE - Fitting of cooling clip

Toensure 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.
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JUNCTION TRANSISTORS
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JUNCTION TRANSISTORS 0C83
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GERMANIUM P-N-P 0CI22
ALLOY JUNCTION TRANSISTORS 0C123

Germanium junction transistors of the p-n-p allo{ﬁe intended for use in
er's

industrial switching applications and digital compi /S
QUICK REFERENCE DATA v
0C122 0Gg123
_VCBO max. 32 v
- Xy (TN >0.5 3
VCE max. (+V BE ). 5V) 2 0 A%
-1 oy A . 2.0 2.0 A
P max. (T =25 C) 29, 295 mwW
tot amb 6
Tj max. 90 90 C
L 4 hFE typ. (—IC =100mA) 160
fT typ. 1.5 MHz

g?
N
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO—QQ
J.E.D.E.C, TO-
l»*A — Z/Z/\ i etre
Min Nom. Max.
B

» 9.1
B -g\: . 9.5
C - -
N\ D = 0.45 =
F aa 1.22 -
G - 4.88 -

SEPTEMBER 1968 N,






JUNCTION TRANSISTORS OC| 39

0Cl140
0Ci4l1

N
QUICK REFERENCE DATA
Symmetrical germanium n-p-n junction transistors designed for high current,
high speed computer switching applications.
OC139 0C140 OC141
Ve max. (Ic = 3mA) -+20 -+20 -+20 \
lcm max. 250 400 400 mA
f1 >3.5 =45 > 9.0 Mc/s
hre (Ie = 15mA) 20to 84 50 to 150 80 to 200
Oj-amb == 0.350C/m w e
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 temperatures must be taken
into account.
Collector voltage
Ve max. (IE = OmA) +20 v
Vcg max. ("VBE 200mV) +20 \%
Collector current OC139
lea max. 250 400 mA<—
P *lo(av) max. 250 400 mA
Emitter current
lgm max. 250 400 mA<—
*IE(AV) max. 250 400 mA
Reverse emitter-base voltage
VgB max. +20 \
Base current
Igm max. 250 400 mA .
*|B(Av) mMax. 40 40 mA
Total dissipation See page 12
= (Ptm max. = T—’ maX*.)—T_amh}

*Averaged over any 20ms period.
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Oc I 39 JUNCTION TRANSISTORS

Series

Temperature ratings

Tstg min. -55 °c
Tstg Max. +75 °C
T; max. (continuous operation) 75 g
$T; max. (intermittent operation)
(total duration = 200 hours max.) 90 i@
ej—amb 0.35 °C/mWe
0)—case 0.2 °C/mW

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

CHARACTERISTICS at Tamp = 25°C (unless otherwise specified)

Common base

Collector leakage current leBo Typ. Max.
(Ve = +5Y, lg = 0mA) 0.3 3.0 A
(Ve = +5V, lg = OmA, T; = 60°C) 6.0 35 A
(Ve = +20V, lg = OmA, T; = 60°C) 7.0 100 uA

Emitter leakage current leBO Typ. Max.
(VEB = -I-SV, IC = OmA) 0.3 3.0 {LA
(Vep = +5Y, lc = OmA, T; = 60°C) 6.0 35 uA
(Ve = +20V, Ic = OmA, T; = 60°C) 7.0 100 uA

Maximum emitter input voltage VB

(Ves = 0OV, Ic = 200mA) Typ. Max.
0OC139 -350 -750 mVY
0OC140 -320 -600 mVY
OoC141 -320 -450 mVY

Noise figure Typ. Max.
(Vep = 5Y, Ig = 1mA, f = 1ke/s) 5.0 18 dB

(R
[Mullard] *

age D2
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JUNCTION TRANSISTORS

0Ci39

Ll
Series
Common emitter
Collector
saturation Base input
voltage voltage
VcEsat) VBE
Typ.  Max. Typ. Max.
lc = 7.5mA, Ig = 380uA OC139 +50 +175 +200 +300 mV
1650A OC140 +60 +175 +200 +250 mV
94uA OCI41 +60 +175 +180 +250 mV
lc = 50mA, Ig = 3.1mA OC139 +60 +220 +300 +500 mV
1.25mA OC140 +70 +220 +250 +380 mVY
750uA OC141 +70 +220 +230 +340 mV
Current amplification factor
hre
Min. Typ. Max.
Ves = 0V, Ig = 15mA OC139 20 43 84
0OC140 50 75 150
OoC141 80 150 200
Min. Typ.
Ve = 0V, Ig = 200mA OC139 15 33
OC140 36 67
OC141 50 134
Bidirectional operation (collector as emitter) hrE
Min. Typ.
0OC140
Ves = OV, Ic = 200mA o141 21 40
(O
[Mullard]
OCTOBER 1964 N, Page D3



Oc I 39 JUNCTION TRANSISTORS

Series

BASIC PARAMETERS

Collector-to-base capacitance Typ. Max.
(Vce = +5V, Ic = 3mA) Che 20 30 pF
Frequency at which |h¢e| = 1 Min. Typ.
(Ve = +5Y, Ic = 3mA) fi 0OC139 3.5 6.0 Mc/s
0OC140 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.
(Vece = +750mV, lcn = 200mA) B/ewy 1.3 175 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.

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 ona board
having punched-through holes, or spaced at least 1.5mm away from a board
having plated-through holes.

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

MECHANICAL DATA

Average weight 82%3 o;

OCTOBER 1964 \v/ Page D4



JUNCTION TRANSISTORS OCI 39

Series

OUTLINE AND DIMENSIONS <«

Conforming to V.A.S.C.A. SO-2/SB3-2
50t
O-2mm

o
[ c €
£
{c) (e) £
00 O a2
e b ¢ + }
1’5 mm mox+
3 €
b4 E'E
Diameter of £ ~
b leads O-43mm i “
H
O-85mm “"l
—ef 21 lar
mm

The preferred collector connection is adjacent to the coloured dot.
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JUNCTION TRANSISTORS

0CI39

Series
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JUNCTION TRANSISTORS
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0CI39
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0CI39

JUNCTION TRANSISTORS
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oc | 39 JUNCTION TRANSISTORS

L]
Series
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0CI39

JUNCTION TRANSISTORS
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oc I 39 JUNCTION TRANSISTORS
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R.F. TRANSISTORS oc ' 70
0CI71

QUICK REFERENCE DATA

Germanium junction transistors of the p-n-p alloy diffused type in TO-7
construction. Intended for use in r.f. and mixer oscillator circuits in f.m.

receivers.
Vce max. (le=0mA) -20 "
VceE max. -20 "
lcn max. 10 mA
Piot max. (Tamb = 45°C) 50 mW
TYPICAL f
POWER GAIN (Mcls)
(dB)
OC170 25 10
ocC17 14 100

Unless otherwise shown data is applicable to both types.

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

Vcg max. (lg = OmA) -20 \'%
TVCE max. -20 v
1This value applies when % <100 and Reg>20002
E
Collector current
lcm max. 10 mA
*lc(av) max 10 mA
Emitter current
lgm max. 1 mA
*lgm (AV) max. 1 mA
Base current
'BM max. 1.0 mA
*IB(av) max. 1.0 mA
tReverse emitter current
Ig max. 1.0 mA
*IE(AV) max. 1.0 mA

tWhen the reverse emitter current is not limited -Vggm must not
exceed 0.5V.

*Averaged over any 50ms period.

OCTOBER 1964 \v/ Page D1



0CI70
OCI71

R.F. TRANSISTORS

Total dissipation (at Tamp = 45°C)

(ng max. =

Temperature ratings
Tstg max.
ngg min.

6

T; max. (continuous operation)
$T; max. (intermittent operation, total duration

200 hrs)
e]—-amh

T; max. = Tamp

50 mWwW
(see curve on page C3)

)

+75 °C
-55 °C
75 °C
90 °C
<0.6 °C/mW

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

CHARACTERISTICS (at Tamp = 25°C)

Common base
Collector leakage current
(VCB = —6V, IE = OmA)
Emitter leakage current
(VEB = 500mV, IC = OmA)
Common emitter
Base current
(VCB = -6V, IE = 1mA)
Base voltage
(Ves = =6V, Iz = 1mA)
Small signal characteristics
Frequency at which |he| = 1
(Ve = =6V, lg = 1mA)
Current amplification factor

(Vce = -6V, Iz = 1mA, f = 1kc/s)

Intrinsic Base Impedance

(Vce = -6V, I = 1mA, f = 2Mc/s)

Noise figure
(VCE = —6V. IE = 1mA)

Rs 2000, f= 500kc/s
Rs 150Q, f = 10Mc/s
Rs 68Q, f = 100Mc/s
(VcB = -6V, Il = 1mA)
Rs = 5000, f = 1Kc/s
Dynamic Performance

. (Yout\? 4Rs
Power Gain (Vm) Ry

OCTOBER 1964

Typical production spread

Min. Typ.  Max.
leBo
—_— 1.2 8 uA
leBO
— - 50 nA
Is
— 7.0 25 A
VBE
-210 -260 -330 mVY
f1
— 75 — Mc/s
h!e
40 150 —_—
|zen|
- 25 45 Q
OCi171 OC170
Typ. — 3.0 dB
Max. f— 8.0 dB
Typ. 40 40 dB
Max. 8.0 8.0 dB
Typ. 8.0 —— dB
Max. 9.5 — dB
Typ. 15 18 dB
Max. 40 33 dB
at fe= 100 10 Mc/s <
Min. 125 19.0 dB
Typ. 14.0 25.0 dB
(I
[Mullard | -
age D2



R.F. TRANSISTORS OC I 70
OCI71

Typical y-parameters
The y-parameters are measured with an effective lead length of 5mm.
Measured at V¢ = -6V, Ig = 1mA
Common Base Common Emitter
OoC171 OC170
f= 100 05 10 Mc/s

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

Input capacitance
(with output short
circuited to a.c.) Cib -6 Cie 80 65 pF

Transfer admittance
(with output short
circuited to a.c.) lym| 14 lyre] 37 32 mA/vY

Phase angle of transfer
admittance
(with output short
circuited to a.c.) bt 90 dre 0 335 deg

Output conductance
(with input short
circuited to a.c.) gon 350 Loe 1.0 60 pmhos

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

Feedback admittance
(with input short
circuited to a.c.) lyrnl 600 |yre| 40 100 pmhos

Phase angle of
feedback admittance
(with input short
circuited to a.c.) érp 275 dre 270 260 deg

Measured at Vcg = -6V, Ig = 1mA
Feedback capacitance
(with input short circuited to a.c.) Cre -1.8 -1.8 pF
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oc I 70 R.F. TRANSISTORS
0CI71

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.

O-l
r—mcxﬂ

Interiead shield
and metal case ‘

g e o F
" _-Shield
- =
~E
122 =
b 1:22 u _A_{
4-88 — a—Heo-43

All dimensions inmm
(TO-7 construction)

[
[Mullard |
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R.F. TRANSISTORS
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R.F. TRANSISTORS
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R.F. TRANSISTORS Oc I 70
0C171

s
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VARIATION OF lcpo WITH JUNCTION TEMPERATURE
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R.F. TRANSISTORS
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R.F. TRANSISTORS oc I 70
0oCI71
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oc | 70 | R.F. TRANSISTORS
0CI71

B454

OCI170.0C17I

Peot
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(mw)
50
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT
TEMPERATURE
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R.F. JUNCTION TRANSISTOR
R.F. junction transistor of the p-n-p alloy-diffused type I

intended for use in r.f. and mixer oscillator circuits in
f-m. receivers.

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 A
Vep max. =20 Vv
*Vce(pk) max. -20 v
*V ce Max. =20 \'
*These values apply when %’ <100 and Re >200Q.
e
Collector current
ic(pk) Max. 10 mA
le max. 10 mA
Emitter current
ie(pk) Max. 10 mA
lemax. 10 mA
Reverse emitter-base voltage
Veb(pk) MaX. -500 mV
Vep max. -500 mV
Reverse emitter current
ie(pk) Max. 1.0 mA
le max. 1.0 mA
Total dissipation See page C5
Tjunction max. — Tambient
Ptot max. = )
Temperature ratings
Storage temperature =55to +75 °c
Maximum junction temperature
Continuous operation 75 °c
tintermittent operation
(total duration = 200hrs max.) 90 °C
Maximum junction temperature rise above ambient, 6 0.6°C/mW

tLikelihood of full performance of a circuit at this temperature is also

dependent on the type of application.

ra—

[Mullard |

JULY 1960 (1) NA Page D1



OCI7I R.F. JUNCTION TRANSISTOR

CHARACTERISTICS at Tampient = 25°C

Typical production spreads

Min. Typ. Max.
Collector leakage current leo
(Vep ==6V, le = O0mA) — 1.5 13 nA
(Vep ==20V, le = OmA) - 50 uA
Emitter leakage current
(Ven=-500mV, lc=0mA) leo — — 50 uA
Base current
(Veo=-6V, le=1mA) In — 15 50 uA
Base input voltage
(Ver=-6V, le=1mA) Vpe =210 -260 -330 mV
Current amplification cut-off
frequency at Vep=-6V,
le=1mA (|a’| =1) fi - 70 — Mc/s
Current amplification factor
(Vee==6V, le=1mA,
f=1kc/s) a’ 20 100 —
Intrinsic base impedance
(Vee==6V, le=1mA,
f=2Mc/s) |Z12] = 25 45 Q
Noise figure
(Vee==6V, le=1mA)
Rgource= 1502, f=10.7Mc/s — 4.0 8.0 dB
Rsource=68Q, f=100Mc/s — 9.0 11 dB
(Veb==6V, le=1mA)
Rsource=500Q, f=1kc/s — 15 40 dB
y-parameters
Grounded base
iout
©C
VinXy2|
y22
Voutx Y12 (922+jwe22) |Yout
o b
Fig. 1
.
[Mullard]|
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R.F. JUNCTION TRANSISTOR OCI7I

Measured at Vp=-6V, le=1mA, f=100Mc/s

Typical production spreads
Min. Typ. Max.
Input conductance
(with output short
circuited to a.c.) g11 — 23 45 mmhos

Input capacitance
(with output short
circuited to a.c.) ci1 — -6.0 -18 pF

Transfer admittance
(with output short
circuited to a.c.) |ya1] 9.0 14 - mA/V

Phase angle of transfer admittance
(with output short
circuited to a.c.) a1 70 90 110 deg

Output conductance
(with input short
circuited to a.c.) go2 — 350 600 wmhos

Output capacitance
(with input short
circuited to a.c.) Ca2 — 2.6 4.0 pF

Feedback admittance
(with input short
circuited to a.c.) ly1z| — 0.6 1.0 mmhos

Phase angle of feedback admittance
(with input short
circuited to a.c.) P12 — -85 — deg

Grounded emitter

iin iout

e -—
b ¢ O €
y Y ) Vinxy'21 : y'o2 ! vout
n N+jw jwe2

(g'11+jweir) oty (922+jwe22)
(lle o -0 e
Fig. 2
[Mullard |
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OCI7I R.F. JUNCTION TRANSISTOR

Measured at Vee=-6V, lc=1mA, f=450kc/s
Feedback capacitance  c’1o — -1.8 -2.4 pF

Measured at Vee=-6V, lc=1mA, f=10.7Mc/s
Output conductance g'22 e 20 65 wmhos

DYNAMIC CHARACTERISTICS in measuring circuit at f=100Mc/s

*Power gain (_V_OEE)Z 4 Rsource >10 dB
Vin Rload

*The insertion losses of both tuned circuits are inclusive.

=6V
Rsource R
600 1500pF
5-23
Vi : 0-18 Vout
in uH

O
10k +10-3v

Fig. 3

R is chosen so that the total impedance of the output tuned circuit is 3:3 kQ

JULY 1960 (1) N Page D4



R.F. JUNCTION TRANSISTOR OCI7I

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.

Interiead shield
and metal case

Gl
EZan

o 3 R ({
b 1:22 " —**—i
4-88 -—]Lo-‘ts

All dimensions inmm

JULY 1960 (1) N, Page D5






R.F. JUNCTION TRANSISTOR

OCI71

6680

15 oCI171
(pA [T11
Grounded emitter
CEEEEEE
Vee=-3V
Tambient = 25°C
200
150
100
/
/
50 I' }
sl
i 1
7
R
o) [ i = EEE ! 1
[} —100 - 200 — 300 Vpe(mV)
INPUT CHARACTERISTIC. GROUNDED EMITTER
i)
[Mullard]
JULY 1960 (1) S Page Ci



OCI7I R.F. JUNCTION TRANSISTOR

b ocI71 /
(mA) Y /

Grounded emitter

|

Vee =—3V

Tambient = 25°C
5 /

/
/
/
/
6
/
/
/

Vi

/

/
4

/
/V
/
/
2 /
o
y 4
oy
50 100 150 Ip (pA)

TRANSFER CHARACTERISTIC. GROUNDED EMITTER

Mullard
JULY 1960 (1) @] Page C2




R.F. JUNCTION TRANSISTOR

0Ci7i

. THH e il
A) L EEET LRI
(m Grounded emitter
1 ) S Y I
Tambient=25°C
12
| (== lb=ISOpA
10 y =
J
125uA
&
100uA
Vi
V.
6 L
75uA
Lt
£
g |
!
i
Il S0pA [T
1 J
]
11
2
25uA
(0]
0 -2 == ~0 =3 Vee (V)
OUTPUT CHARACTERISTIC. GROUNDED EMITTER
T
[Mullard |
Page C3
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OCI7I R.F. JUNCTION TRANSISTOR

4
ocCl171 il
BE5E
Ratio of Ico at T°E: J.unctiAon temperature
Ico at 25°C junction temperature
1000
g
300
/
7/
100 L
/
30 /
7é
/
// p—
10
A
974
4
30
!‘,
/
o]/
20 40 60 ° 80 100
Tjunction ('C)
VARIATION OF I, WITH JUNCTION TEMPERATURE —
TRy
[Mullard|
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R.F. JUNCTION TRANSISTOR OC|7I

6822
-

Tambient (c)

oci7! |+
™~

45

max

(mw)
150
100

Ptot

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT
TEMPERATURE

[C )

[Mullard
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SILICON P-N-P 0C200 OC20I
JUNCTION TRANSISTORS BCZII
0C202 0OC203

Silicon p-n-p junction transistors intended for general purpose industrial

applications.
QUICK REFERENCE DATA
0C200 0OC201 BCZ11 0C202 0C203
_VCBO max, 30 25 30 15 60 v
~V ®R)CEO M-
(-IC =100mA) 25 20 25 10 50 A%
—ICM max. 100 mA
Ptot max. .
(Tamb =25 "C) 250 mwW
T, max. 150 °c
hfe typ.
(-IC=1.0mA) 15-60 20-80 25-60 40-120 10-60
fT typ.
(-IC=1.0mA) 1.2 3.2 1.5 3.2 1.2Mc/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

I——A—- Min., Nom. Max.
1 A 5.75 5.8 5.85
B B - - 15.7
. D ¢ 37 - -
— D - - 1.5
! ‘ g c E = 2.1 =
G

myd T

All dimensions in mm.

JULY 1966 N, Page D1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

_VCEX max.

W >
(+V p >500mY)

~V(BR)CEO M-

(-1,=100m4)

-V max.

0C200 0OC201 BCZ11

30

30

25
20

25 30 15
25 30 15
20 25 10
20 20 10

For other values see

*Averaged over any 20ms period.

Thermal
TS te max.

min.
stg

T, max.
]

T, min.
]

0C202 0C203

60

60

50
30
100
50
100

140
250

v
A
mA
mA

mA
mA
mA
mA
mwW

mwW

mW

curve on pageC19

THERMAL CHARACTERISTICS

ej -case 0.35 degC/mwW
ej —amb 0.5 degC/mwW
e )
Mullard
- Mullard] e



SILICON P-N-P

JUNCTION TRANSISTORS

0C200

0C200 OC20I

BCZII

0C202 0OC203

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Tepo

EBO

VeE

'VCE(sat)

_\"
BE(sat)

fe

FE

tr

Collector cut-off current
CB
Cc

=V
=V
T

=6.0V, 1_=0
B=6.0V(; =t
=100°C

amb

=¥
-V

Emitter cut-off current
_VE

.
T

Base-emitter voltage
=4,5V, —IC=20mA

-V

Collector -emitter saturation

C

CB E
T
a

CE

B=30V, IE=0
=30V, I_=0,
o
=100
mb -

=6.0V, I _=0
560V, I

£p=6-0V, 1,0,

=100°c

amb

voltage

-1 _=20mA, -I
C

!

c
Base-emitter saturation

B

=7.0mA, -1,=1.0mA

voltage

-IC

Small signal forward current

=20mA, -I_=3.
> B

2]

transfer ratio

-V

Large signal forward
current transfer ratio

—Vc =4,5V, -I1_=20mA

-V

Transition frequency
=6.0V, —IC=1.0mA

-~

C
f=

C

CE

1.0ke/s

E C

=3.0mA

p=6:0V, -1,=1.0mA,

E=4.5V, -IC=501nA

Min.

0.55

15%

7.0

0.45%

Typ. Max.
1.0 100%*
0.1 2.5
10 500
0.5 10
1.0 100*
0.1 2.5
0.8 1.25

170 550*

130 320
0.9 1.25

- 60*

20 50

15 50

HA

HA

mV
mV

1.2 3.5% Mc/s

*These are the characteristics whichare recommended for acceptance testing

purposes.

JULY 1966
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Min., Typ. Max.

€ Collector depletion capacitance

te _ .
—VCB—G.OV, IE—Ie 0,

f=500ke/s - 30 60 pF

Emitter depletion capacitance

Vo =6.0V, 1,=1 =0,

f=500ke/s - 15 30 pF

Cte

NF Noise figure

V(g =2:0V, I

f=1.0ke/s, Rs=5009 - 8.0 17 dB

=0.5mA,

N s - ow -
CE =’ c
") Voltage feedback factor -4
—VCE=6.0V, —Ic=100uA = 2.0 - X10
I1_ - 25 where IEis'mmAandTisin k.

TThe value of r, givenhereiskT.
T e

EQUIVALENT CIRCUIT PARAMETERS - COMMON EMITTER Tamb=250c

Hybrid 7 network (See also page D13)

Measured at —VCE=6.OV, —IC=1.0mA, w=104 rad/s

Min. Typ. Max.

rbb' (£=500kc/s) 15 180 350 Q
g - 39 -mA/V
r;‘f = 0.7 - ke
o - 125 - kR
B - 3.5 - MQ
cb'c - 36 - pF
cb'e - 10 - nF
Hybrid matrix
- 0.35 0.9 2.5 kQ
h, 15 28 60
fe o
hfe (Tamb =-50 C) 10 - -
h - 24 55 pupmho
ho® = 3 7 x104
re
JULY 1966 Page D4




SILICON P-N-P 0C200 OC201
JUNCTION TRANSISTORS BCZ11
0C202 0OC203

0C201
ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Min. Typ. Max.

-1 CBO Collector cut-off current
—VCB=6.0V, IE=0 - 1.0 100* nA
-V __=6.,0V, I =0,
TCB =100°cE - 0.1 2.5 pA
amb ' :
-VCB=25V, IE=0 - 10 500 nA
—VCB=25V, IE=O,
= 0 -
Tamb 100°C 0.5 10 LA
-IEB 0 Emitter cut-off current
- = [ - *
VEB 6.0V, IC 0 1.0 100 nA
—VEB=6.0V(; IC=0,
T =1 - . .
— 00°C 0.1 2.5 HA
—VBE Base-emitter voltage
—VCE=4.5V, -IC=20mA 0.55 0.8 1.25 v
-V Collector -emitter saturation
CE{sak) voltage
—IC=20mA, —IB=3.0mA 50 140 550* mV
—IC=7.0mA, —IB=1.0mA - 105 320 mV
V. Base-emitter saturation
BE8L voltage
-Ic=20mA, —IB=3.0mA 0.6 0.9 1.25 v
hf Small signal forward
© current transfer ratio
-VCE=6.0V, —IC=1.OmA,
f=1.0ke/s 20% - 80%
hF‘E Large signal forward
current transfer ratio
- =4, -1 =20mA 10 40 70
Vv CE 4,5V, -I c
_VCE =4.,5V, —Ic=50mA 10 30 62
—VCE=6.0V, —IC=10uA 4 15 55
& =6. q = 60
VCE 6.0V, IC 100pA 8 20
*These are the characteristics whichare recommended for acceptance testing
purposes.
()
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Min. Typ. Max.

fT -’granii;i%r;lfr??uinfyom 2,0* 3.2 11* Mc/s
cg~6-0V, 1.=1. . X
%o _\(;olle:t;oz(') 3epllet=ic1m :gpacitance
CB " E e ’
f=500ke/s - 30 60 pF
Ce _f),mitt:eé' g;a,plcitic;nl ci%acitance
EB ~’°C e ’
f=500ke/s - 15 30 pF
NF Noise figure
—VCB=2.0V, IE=0.5mA
f=1.0ke/s, RS=5009 - 8.0 17 dB
e -inmitieer gslSis-tIanzi 0mA - 25 . Q
CE """ ¢
" Voltage feedback factor 4
—VCE=6.0V, —Ic=100uA - 6.5 - X10
iThe value ofre givenhereiskT. 1 _ 25 where IEis in mAand Tisin %K.
@ g I
*These are the characteristics whichare recommended for acceptance testing

purposes.

EQUIVALENT CIRCUIT PARAMETERS - COMMON EMITTER Tamb=250C

Hybrid 7 network (See also page D13)
Measured at —VCE=6.0V, —IC=1.0mA, w=10-4 rad/s

Min. Typ. Max.

T (f=500ke/s) 90 230 350 Q
gm - 39 -mA/V
T o - 1.2 - kQ
- 40 - kQ
ce
F o o - L7 - M@
e, = 31.5 = pF

¢
e o - 2.0 - pF

Hybrid matrix

je 0,7 - 2.5 k@
fo 20 40 80
hoe - - 80 pmho
h - - 7 x107%
re




SILICON P-N-P
JUNCTION TRANSISTORS

0C200 OcC20I
BCZII
0C202 0OC203

BCZ11
ELECTRICAL CHARACTERISTICS (Tamb =2500 unless otherwise stated)
Min. Typ. Max.
-ICBO _‘(}Tollezczor;)‘c;ut;ot:f:urrent i Lo 100 A
CB " ’E .
_VCBZS'OV(; IE=O,
i = - 2.
- 100 C 0.1 5 HA
=V__ =30V, I =0 - 1
CB g 0 500 nA
-V = =0
CB 30V,OIE 3
T - -
— 100°C 0ls 10 HA
1 Emitter cut-off current
EBO % = *
—VEB—O.OV, Ic 0 1.0 100 nA
—VEB=6.0V0, IC=0,
= - 2.5
Tamb 100 C 0. 2.5 MA
—VBE Base-emitter voltage
-V _..=4.5 -1.=2 .5 . .
CE 5V, IC 0mA 0.55 0 1.25 A%
3 1 . :
vV CE(sat) Collector -emitter saturation
voltage
-IC=20mA, —IB=3.0mA 50 150 550* mV
—Ic=7.0mA, —IB=1.0mA - 110 20 mV
—VBE(SBI.) Base—.emltter saturation
voltage
T =29 . =8 25
Ic 20mA, IB 3.0mA 0.6 0.9 1.25 v
hfe Small signal forward
current transfer ratio
- =60V, =1 _ =k,
V CE v g 1.0mA,
f=1.0ke/s 25% 60*
hFE Large signal forward
current transfer ratio
- = - =9 5
VCE 4.5V, IC 20mA 15 30 50
—VCE=-}..‘.)V, —ICZSOmA 10 23 50
= =6 = = 5 2
Vg =60V, -I,=10uA 5 10 25
=V =6:0V; -IC=100;1A 10 15 30

CE

*These arethe characteristics whichare recommended for acceptance testing

purposes.
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Min., Typ. Max.

fT Transition frequency
- = ) = * *
VCE 6.0V, Ic 1.0mA 0:9 1.5 3.0* Mc/s
o Collector depletion capacitance
W iy =8O, LT =0,
f=500ke/s - 30 60 pF
Ce Emitter depletion capacitance
—VEB=6.OV, IC=IC=0,
£=500ke/s = 15 30 pF
NF Noise figure
-VCB=2.0V, IE=0.5mA,
f=1.0ke/s, R_=5009 = 8.0 17 dB
Tre Emitter resistance
—VCE=6.0V, -IC=1.OmA = 25 = Q
W Voltage feedback factor 4
= = - = - - M
Vg =60V, 1,=1004A 4.0 10
{The value of r, givenhereiskT. 1 25 where Ipisin mA and Tisin K.
q IE IE
*These are the characteristics which are recommended for acceptance testing
purposes.
EQUIVALENT CIRCUIT PARAMETERS - COMMON EMITTER Ta.mb = 2500
Hybrid 7 network (See also page D13)
Measured at .VCE =6.0V, -IC =1,0mA, w = 104 rad/s
Min, Typ. Max.
T (f=500ke/s) 100 200 350 Q
g - 39 -mA/V
Thie - 0.9 - kQ
r - - 65 - kQ
r - 2.6 - MQ
c 'c - 31.5 = pF
c
e - 4.0 - nF
Hybrid matrix
- 0.8 I 3.0 k@
hfe o 25 35 60
h, (T =-50 C) 18 - -
fe '“amb
hoe - 23 40 pmho
o - 3 10 x107%

JULY 1966 Page D8




SILICON P-N-P
JUNCTION TRANSISTORS

0C202

ELECTRICAL CHARACTERISTICS (Ta

TeBo

EBO

Vi

-VCE(sat)

'VBE(sat)

hfe

mb

Collector cut-off current

—VCB=6.0V, IE=O

V oy =8.0V, 1,=0,

PN
Tamb =100 "C

-VCB= 15V, IE=O

V oy =18, L =

00
Tamb—100 C

Emitter cut-off current
-V__=6,0V,1 =0

EB C
_VEB=6'0VC: IC=0,
Tamb=100 C

Base-emitter voltage

Vg =45V, 1,=20mA

Collector -emitter saturation

voltage
-IC=20mA, —IB=3.0mA
—IC=7.0mA, —IB=1.0mA

Base-emitter saturation
voltage
—IC =20mA, —IB =3.0mA
Small signal forward
current transfer ratio
e, - = - =
V CE 6.0V, IC 1.0mA,
f=1.0ke/s
—VCE=6.OV, -1
f=1,0ke/s
—VCE =6.0V, -Ic=100[J.A,
f=1,0ke/s

C=1OuA,

45%

25

0C200 OC20I

BCZI |

0C202 0OC203

=25°C unless otherwise stated)

Min.

Typ. Max,
1.0 100%* nA
0.1 2.5 LA
10 500 nA
0.5 10 A

1.0 100%* nA

130 550* mV
105 320 mV

0.9 1.25 v

- 120%*
26 40
42 85

*These arethe characteristics whichare recommended for acceptance testing

purposes.

JUNE 1968
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Min. Typ. Max.
h Large signal forward
FE :
current transfer ratio
—VCE =4,5V, —IC=20mA 24 50 125
_VCE =4,5V, —IC =50mA 20 40 100
£ Transition frequency
= = - = * *
VCE 6.0V, IC 1.0mA 1.4 3.2 11 Mc/s
Collector depletion capacitance

V5 =6.0V, I,=I =0,

f=500ke/s - 30 60 pF

ctc

c Emitter depletion capacitance

te _ T s
—VEB—G.OV, IC IC 0,

£=500ke/s = 15 30 pF

NF Noise figure

V p=2.0V, I,=0.5mA

f=1.0ke/s, Rs=5009 = 8.0 17 dB

Tre Emitter resistance
—VCE=6.0V, IC=1.0mA = 25 - Q
W Voltage feedback factor

£ = E = = X
VCE 6.0V, IC 100pA 7.5 10

4

7The value of re givenhereiskT. 1 _, 25 where IEis inmA and Tisin 0K.

q I 71
E E
*These arethe characteristics whichare recommended for acceptance testing
purposes.
EQUIVALENT CIRCUIT PARAMETERS - COMMON EMITTER Tamb=25°C
Hybrid mnetwork (See also page D13)
Measured at -V __=6,0V, -I_=1.0mA, <,u=10—4 rad/s
CE C
Min. Typ. Max.,
r e (E=500ke/s) 100 250 550 Q
gm - 39 -mA/V
Thie = 1.8 - kQ
rce - 35 & kQ
rb'c - 2.1 - MQ
e - 29.5 = pF
hie - 2.0 - nF
Hybrid matrix
hie 1.5 2.1 3.3 k@
hfe 5 45 70 120
h,” (T =-50 C) 30 - -
fe *“amb
hOe - 42 80 umho
h = 6 -x107%
re
JUNE 1968 Page D10




SILICON P-N-P
JUNCTION TRANSISTORS

0C203

ELECTRICAL CHARACTERISTICS (Tamb

-1 CBO _‘C,olle;:‘;oz;) sutl—oii 0current
cCB T E
—VCB=6.OV0, IE=O,
T =100 C
amb

W o 00, L=

W =0V, 1 =0, T

_ .0
Tamb~100 C

=1 Emitter cut-off current

EBO - c
Vg =6-0V, 1,=0

-V_. =86, =
=0 0%, 14=0,

o
4y =
S5 100°C
-V Base-emitter voltage

BE
-V __=4.5V, -I _=20mA
CE ¥ IC

-V
CE{sat) voltage
-IC=20mA, —IB=3.0mA

1 =7.0mA, -I_=1.0mA
c M B

<V Base-emitter saturation voltage

BE(sat) voltage

-IC=20mA, —IB=3.0mA
h Small signal forward
current transfer ratio

=6.0V, -I ,=1.0mA,

“Ver 6

f=1.,0ke/s

h Large signal forward
FE .
current transfer ratio
—VCE =4,5V, —Ic=20mA
-V = q =
CE 4.5V, IC S50mA
f Transition frequency

T _ _
Vi =6.0V, I,=1.0mA

Collector -emitter saturation

0C200 OcC20I
BCZII
0C202 0OC203

o
=25 C unless otherwise stated)

Min. Typ. Max.

= 1.0 100* nA
- 0.1 2.5 pA
- 10 1500 nA
= 0.5 20 iy
= 1.0 100% nA

= 130 320 mV

0.6 0.9 1.25 v

10* - 60*
10 20 50
10 15 50
0.3% 1.2 3.5% Mc/s

*These arethe characteristics which are recommended for acceptance testing

purposes.

JULY 1966 S
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Min. Typ. Max.

Collector depletion capacitance

—VCB=6.OV, IE=Ie=O,

£=500ke/s - 30 60 pF

th

Emitter depletion capacitance

-VEB=6.0V, IC=Ic=O’

£=500ke/s - 15 30 pF

th

NF Noise figure

—VCB=2.0V, IE=0.5m.A

f=1.0ke/s, Rs=50052 = 8.0 1% dB

ir Emitter resistance
—VCE=6.OV, —Ic=1.0mA - 25 - Q
M Voltage feedback factor

= = - = - - R
VCE 6.0V, IC 100pA 2.0 10

4

25 where I_isin mA and T isinoK.

FThe value of re givenhereiskT. E

KT.1
qIE

= IE
EQUIVALENT CIRCUIT PARAMETERS - COMMON EMITTER Tamb=2500.
Hybrid m network (See also page D13)
Measured at -V ___ =6.0V, -I =1.0mA, w=104 rad/s

CE c
Min. Typ. Max.
r,,, (=500ke/s) 50 125 350 Q
g s 39 -mA/V
o - 0.5 - ke
r° - 125 B
e - 2.5 - Me
c ,z - 415 - pF
Core - 7.5 - nF
Hybrid matrix
10 20 60

hfe

JULY 1966 \v/ Page D12



SILICON P-N-P 0C200 OC20I

JUNCTION TRANSISTORS BCZI1
0C202 0OC203

Hybrid 7 Network

B6046 Cb'c

rbb'

Ve Mb'e

b' indicates the internal base connection

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 mustnot 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 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

565 F-
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Nominal dimensions in mm
Type a. Type b.

Part No. 56:

o
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0
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Part No. 56226
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SILICON P-N-P OC200 OC20lI
JUNCTION TRANSISTORS BCZII
0C202 0OC203

B5939

30 -Vae(V)

|
20

]

3.0

IB(mA)

20 Vge(V)

C 20GC
LTI LTL

Tgmb=25°C

Ncg=45V

|
|
1
1Yy
I
10

7'5 [g(mA) O

4
50

25

0 o o o o
— E 10 < ™ & o =

TRANSFER, MUTUAL AND INPUT CHARACTERISTICS.
COMMON EMITTER
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[Mullard|
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B5938
2:0-Vge(V)

10

(mA)

|

]
25°C

oC 201[
I
-Vcg=4-5V

Tamb
"4
2:0 ~vgg(V)

I

]
10

4
40 Ig(mA) O

2:0

Ic
(m

[} o o
0 < ™ 8 o o

TRANSFER, MUTUAL AND INPUT CHARACTERISTICS
COMMON EMITTER

JULY 1966 \v/ Page C6



SILICON

P-N-P

JUNCTION TRANSISTORS

0C200 OC201
BCZII
0C202 0OC203

- T TTT | [ T =
b T \ I 2z
2 ERENERER T Y
a ‘ [ ] T L] T
T [ [ oy I | o
1] — 1 [ EEEER
\ ™~ T ;
| 11 |
i ‘ ~
fT T | o
|| 11 ———— ! &
I
11 (UL O O O O 5 = N
A 1)
2, o o
S g & &
Ll o
1 —
i ] 1+ +—%
TR & B o s e —t— w
| L 3% o SN SN SO O, N8 . O N B, S5 S B o
« B i( INERNANERNE Tz
N TN o
O yh EEEEE." EEREEENEENEE &
| © >U Er L \ —em oy
I T I s -
T — o
SStasssEnsasnsee: 9
" <
L] ¢ i B
b L [is]
8
il 0 W T [
Ne | [ L] L0
\\ A BRI IR
: \ S e TR 0
+ e 4 ! | = i + ~
EEERERE
I l T
< o o
et E IS < 2 a e o
TRANSFER, MUTUAL AND INPUT CHARACTERISTICS.
COMMON EMITTER
(R
JULY 1966 EE Page CT7



© .
o >
2 4
@ | >
o
N
B
~~~
- o
N\
- (o]
< o 0
E - o
[}
o
:
= O N w
S0 o 0
ey o
Ol | wao aq
O O E
s
Py
™~ o
~ -
)
|
(@)
<
N [ =
~ ] o
TN o
NG N
o |
| | |
: 1
- o
~ N
——— P, P~
| ) LA P11 o
<
O o
g o g @ 5 e o

TRANSFER, MUTUAL AND INPUT CHARACTERISTICS.
COMMON EMITTER

JULY 1966 N~ Page C8



SILICON P-N-P 0C200 OC201I
JUNCTION TRANSISTORS BCZII
0C202 0OC203

B5940
2.0-VRg(V)

1.0

Jiviv 4

4.0
3o}
20
1-0

Ip
p(mA)

2.0 V()0

/
|
|/
1.0

0C203
I

-VCE=4'5V
amb=25°C

(o)

7
5.0 IB(mA)

4

\“T‘lT T

Ic
(mA
50

O (@]
4 a a o o

TRANSFER,MUTUAL AND INPUT CHARACTERISTICS.
COMMON EMITTER
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SILICON P-N-P 0C200 OC20I
JUNCTION TRANSISTORS BCZII
0C202 0OC203
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SILICON P-N-P 0C200 OC20lI
JUNCTION TRANSISTORS BCZII
0C202 0OC203
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SILICON P-N-P 0C200 OC20lI
JUNCTION TRANSISTORS BCZI |
0C202 0OC203
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SILICON P-N-P 0C200 OC201
JUNCTION TRANSISTORS BCZI1
0C202 0OC203
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ABSOLUTE MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED
AGAINST COLLECTOR CURRENT
P Region 1. Permissible area of operation under all conditions of base drive

Region 2. For operation in this region the circuit must be capable of providing
reverse current bias.
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SILICON P-N-P 0C200 OC20I
JUNCTION TRANSISTORS BCZI 1
0C202 0C203

Ptot | 0C200 series | - B5948
max 4| |
(mw) ! .
© j-case =0-35deg C/mW
%/ej-umb =0-42deg C/mW with cooling clip
300 lej-qmb =05 deg C/mW in free air
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
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0C204
SILICON JUNCTION TRANSISTORS 0C205

0C206

QUICK REFERENCE DATA

Silicon p-n-p alloy junction medium power transistors intended for general
purpose industrial applications.

0C204 OC205 OC206

Ve max. (Il = OmA)

Vce max. (+Vae >500mV)} o e - ¥
Ve max. (Ic = 0mA) -12 \'
lcm max. <«— {500 }— mA
Piot max. (Tamb = 100°C) 125 mW
hre (lc= 150mA) 10-30 10-50 16-120

f1 >0.45 >045 >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.
OC204 OC205 O©OC206
Collector voltage

Vcp max. (Ig = OmA)
Vcg max. (4 Vee>500mV) -32 60 -32 v
Vcg max. (Ic = 200mA) -24 -60 -24 v
Reverse emitter-base voltage
Vgg max. (Ic = OmA) -12 v
Collector current
lCM max. 500 mA
*|C(AV) max. 250 mA

Emitter current

lgm max. 500 mA
*IE(AV) max. 250 mA

Base current
Ism max. 125 mA
*|B(AV) max. 125 mA

*Averaged over any 20ms period.
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0c204 SILICON JUNCTION TRANSISTORS

L
Series
Total dissipation " see curve on page C14
('p"_(_ max, = M‘E)
0
Temperature ratings
Titg max. +150 °€C
Tstg min. -55 °C
T; max. 150 %€
Oj—a.mb
Without cooling clip in free air 0.4 °C/mW
With cooling clip (type 56210) on a heat sink
7x7cm 16 s.w.g. aluminium 0.3 °C/mW
0;-case 0.25 °C/mW

BASIC PARAMETERS (measured at Vog = -6V, Ic = 1mA)

*re bb’ Cte hee fi
(Iz = OmA) (Ic = 10mA)
@ | @ | GF [Tom»=25°C Tamp = -55°C | (Mcjs)
Min. —_ 20 50 15 10 0.45
OC204 Typ. 25 60 80 30 20 1.0
Max. — 120 120 45 35 —
Min. — 30 50 15 10 0.45
0c205 Typ. | 25 90 65 45 30 1.0
Max. —_ 250 100 100 70 —_—
Min. — 50 50 30 20 0.85
0C206 Typ. | 25 | 110 75 60 4 2.0
Max. —_— 250 110 160 115 —

*The value of r. given here islg . %z Tz—z-where g 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.

(@
[Mullard]
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0C204

SILICON JUNCTION TRANSISTORS

Series
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0c204 SILICON JUNCTION TRANSISTORS

Series

33
l —5 le—75
l 9
~
je—20—
5.7 *0-05
+7
Cooling clip

Materia:O-5mm copper strip commercial half-hard BS899

A»lS-Bio-os
(_ﬁ

e c

il
157max

Dot
00O
eb ¢

o]
-+

Diameter of
b leads 0-4

All dimensions in mm I I
0-85 :I «L
2

S
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SILICON JUNCTION TRANSISTORS Oc204

Series

215 Vge(V)

0C206
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TYPICAL INPUT CHARACTERISTICS
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0c204 SILICON JUNCTION TRANSISTORS

Series
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SILICON JUNCTION TRANSISTORS 0c204

Series
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0c204 SILICON JUNCTION TRANSISTORS

Series
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SILICON JUNCTION TRANSISTORS OC204

Series
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SILICON JUNCTION TRANSISTORS

Series

0C204
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0C204

SILICON JUNCTION TRANSISTORS

Series
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SILICON JUNCTION TRANSISTORS

0C204

Series

(M)A (ALY N
9- v- 2- o) 009—- 00S- O0Ov¥- O00E- 002- OOl-
I 6]
-
= vwe = 0S
=T \\
s s ™ ] 7
] - vuwity ] Lt \\\
— g
il w ™ \uQ\
\ vwo - s fole]
i - et
XU g >
- vwg - \1\\\u
T el-vwo L A oS
’ vwzi— L \.\\ L |
‘\1‘\ \4 I m—— -
A et VWi e ma .
ZIB L vwol 581 =
0se
S
2,62=""
[TTT1 1
23}1W2 UOWIWOD
[T1] (Yw)
1s9a #0220 5;

OUTPUT CHARACTERISTICS AT HIGH CURRENTS
0OC204

Page Cé

(@
A

MARCH 1963



JUNCTION TRANSISTORS 0c204

SILICON
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SILICON JUNCTION TRANSISTORS

Series

0C204
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SILICON JUNCTION TRANSISTORS 0c204

Series
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oc204 SILICON JUNCTION TRANSISTORS

o
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0C204

SILICON JUNCTION TRANSISTORS

Series
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SILICON JUNCTION TRANSISTORS

0C204

Series
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SILICON JUNCTION
TRANSISTOR 0C207

TENTATIVE DATA

Silicon p-n-p alloy junction medium power transistor intended for general
purpose industrial applications.S0O-2/SB3-2 construction.

QUICK REFERENCE DATA

VCB max., (IE = 0mA)
V ... max, (cut-off) i i
CE ¥

Vg max. ([ =500mA) -50 v
ICM max., : 500 mA
P, max. (T, . =250C) 310 mW
hFE (Ic =150mA) 12-70

£ (typ) 2.0 Mc/s

RATINGS

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

Electrical
5 = 0mA
Vep e )
v max. (cut-off) =50 .
CE . (cut-o
VCE max. (IC = 500mA) =50 v
= -12
VEB max. (IC OmA) 1 v
ICM max. 500 mA
* . 250 A
IC(AV) max m
IEM max, 500 mA
* 25 A
IE (AV) max. 0 m
125 mA
IBM max.
125 mA

*
IB(AV) max.

*Averaged over any 20ms period.
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P . max, See curve on page C2

tot
T.max, - T
A e amb
tot : <]
Thermal
max., +150 %
stg 3
min, - 55 C
stg .
Tj max. 150 (6]
THERMAL CHARACTERISTICS
ej—a.mb
Without cooling clip in free air 0.4 °c/mw
With cooling clip (type 56210) on a o
heatsink 7 x 7cm 16 s.w.g. aluminium 0.3 C/mwW
(S]
j-case 0.25 °c/mw
BASIC PARAMETERS VCE = -6V, IC =1mA
Min, Typ. Max.
*r - 25 - Q
e
st B 0.5Mc/s) 50 130 250
=-6V,I_=0 45 60 100 F
e Ve » 15 =0) 5
=1 120
hfe 1 c OmA) 20 50
fs 0.45 2.0 - Mec/s
*The value ofr given here is = : —l'xé where I is in mA and T is in °K.
e gL I E
E E
TYPICAL CHARACTERISTICS Tamb = 25°C unless otherwise shown
Min, Typ. Max.
Collector cut-off I CBO
current
I.=0,V = -6V - 1 100 nA
& L =32V - 10 500 nA
Vo= 6V, T, = 10020 - 0.1 2.5 pA
-32V, T; =100°C = 0.5 10 pA
(R
Mullard
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SILICON JUNCTION
TRANSISTOR 0€207

Forward current transfer h

ratio e
v =-2V, I _ = 30mA 20 50 100
o -1V, b 150mA 12 25 70
-6V, 300mA = 15 ~
Base voltage VBE
VCB:OV’ Ic:150mA =0.8 -1.2 ~-1.6 v
Collector saturation VCE(sat)
voltage
IC = 150mA, IB = 17TmA = -280 -560 mV
Noise figure
VCE =-2V, IE = 500pA
f = 1ke/s, Rs =500Q - 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. Thesetransistors maybe 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. This recommendation applies 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
seals.
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OUTLINE AND DIMENSIONS

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

N.A.T.0. D5A/D5B
33

l r— p

- |5 |
== o=
(+)——:

5-7%0-5

Cooling clip

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

5-8%05

Dot
coo ¢
eb ¢

157max —J

Diameter of
leads 0O-4

Lo 3

All dimensions in mm l
o- 85~‘ L
- 2:]
7729

Dot l
|
l5moxT
°

«
= E
= ~

m

L
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SILICON JUNCTION
TRANSISTOR 0€207

B2436
Veg (V)

=16

=5

-
2

|

1

Common emitter

0C207
Tambp=25°C

sl

14

I
I
(mA)

-6
-—5
-—2

-2

et =— | O

-0-8

Veg(V)

P &

22,
Z,

-0-2

Ic
(mA)
250
200
150
100

50—

0,

TYPICAL OUTPUT CHARACTERISTIC

MARCH 1964 N, Page C1



(D)0 Svl Sael SOl S8 <9 Sy So
I
o
N
ONG
~ < (e]e]]
b [
$ 3 1
. N
dio Buijoos 3noyiim o
| =
e N
N N { Ea] 002
NG N
e
N
N
wniurwn|o 2 ™
‘B'm's 9| ‘wo/ x woy B =
MUls D2y D UO pajunowl N
dijo Buijood yum N a0e
~
N i =5
= 00o¥
N
(Muw)
Xpw
OELL 102200 vOuQ

Page C2

TOTAL DISSIPATION PLOTTED AGAINST AMBIENT TEMPERATURE

MARCH 1964



SILICON JUNCTION

TRANSISTOR

0C207
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GERMANIUM P-N-P 2NI173
L.F. POWER TRANSISTORS INI74

2NI74A

Germanium p-n-p alloy transistors intended for general purpose 1.f. power

applications.
QUICK REFERENCE DATA
2N173 2N174 2N174A
= + =
VCBX max. ( VBE 1.5V) 60 80 80 v
-VEBO max. 40 60 60 v
ax. 15 A
IE max .
=95
Ptot max, (Tmb 5 C) 150 W
Tj max. 100 ©C
hFE at —IC= 1.2A, —VCE—'- 2V - - 40-80
—IC= 5A, —VCE= 2V 35-170 25-50 >25
Unless otherwise stated data is applicable to all types
OUTLINE AND DIMENSIONS
Conforming to  B.S. 3934 SO-37/SB3-12 ) . .
h
J.E.D.E.C. TO-36 ) with metric thread
. Millimetres
e Min. Typ. Max.
§ I oA - - 31
I i I B - - 26.5
B B g
Bl () - - 10.5
P —
p D - - 5.33
5mm metric thread
Euslj E _ _ 7 . 9
N
F 10 - 12
G 16 - 18
H - 17.5 -
8 Collector
Insulated I3 N - 3.5
locator pin Emitter
Collector connected to mounting base
(R
Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

-v max. (+V__=1.5V) 2N173
e B 2N174, 2N174A

-V max. 2N173
EBO 2N174,2N174A
IE max.

» X.
IB ma

= 950,
Ptot max. (Tmb 25°C)

Temperature
T min.
stg

T max.
stg

T, max.
J

THERMAL CHARACTERISTICS

0.

j-mb
Thermal capacity for pulses in the
1 to 10ms range

60 \'%
80 v
40 v
60 v
15 A
4.0 A
150 W
-65 o
100 %¢
100 ocC

0.5 degC/W

0.075 Ws/degC

ELECTRICAL CHARACTERISTICS (Tj = 259C unless otherwise stated)

Min.
2] 1 -
1 CBO Collector cut-off current
-V, . =2.,0V,1I_=0 2N173,2N174 -
. E 2N174A -
—VCB= 60V, IE= 0 2N173 -
—VCB= 80V, IE= 0 2N174,2N174A -
< = = =700 =
VCB 60V, IE 0, Tj 70°C 2N173
= = = =700 _
VCB 80V, IE 0, Tj 70%C 2N174
Ve T3V IgT 00 Tiong0c  aN174A =

Typ. Max.
100 = A
100 200 HA
2.0 8.0 mA
2.0 8.0 mA
- 15 mA
- 15 mA
4.0 6.0 mA

NOVEMBER 1967 N,

2N173- Page D2



GERMANIUM P-N-P
L.F. POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont'd) Min,

Tepo

—V(BR)CEO

—V(BR)CEO
-V
(BR)CES

—VC E(sat)

BE

—VEB(fl)

Emitter cut-off current

- =4 =0
VEB oV, IC
_VEB: 60V, IC: 0

EB

2N173 -
2N174,2N174A -

-V__ =30V, IC=0, Tj: 709C 2N174A -

Collector-emitter breakdown voltage

-1 =1.0A, I_=
Io =0

-1_,=0.34A, =0
C IB

~1,=0.34, Vp.=0

2N173 45
2N174 55
2N174A =
2N1173 50

2N174,2N174A 70

Collector-emitter saturation voltage

-1 =12A, -I_=2.0A
C ' B

Base-emitter voltage

—IC= 1.24, —VCE—_-Z.OV

—Ic= 5.0A, —VCE

= 2.0V

2N173 =
2N174 -
2N174A -

2N174A -

2N173 -
2N174,2N174A

Emitter-base floating potential

- =60V, =
VCB 60V, IE 0
—VCB=80V, IE= 0

NOVEMBER 1967

2N1173 -

2N174,2N174A

2NI73
2N174
2NI174A

Typ. Max.

1.0 8.0 mA
1.0 8.0 mA
4.0 6.0 mA

- THE

- - v
60 -V

- - v

- - v
0.3 1.0 V
0.3 0.9 V
0.3 0.7 V
0.35 0.5 V
0.65 - V

2N173- Page D3



ELECTRICAL CHARACTERISTICS (cont'd)

Min.

hFE Forward current transfer ratio

—IC=1.2, —VCE=2.OV 2N174A 40

—IC—S.OA, -VCE—Z.OV ;Eizz 2:

2N174A 25

—IC=12A, —VCE=2.0V ggﬂz :

Cut-off frequency
fhfe —IC=5.0A, —VCE=6.0V 2N173,2N174 -
fhfb -IC =104, —VCB= 12V 2N174A 100
tr Rise time

-Ic=12A, —IB=2.0A, -VCE=12V -
tf Fall time

+VBE=6.OV, RBE: 109, Ic=0 -

ACCESSORIES (Code No.56213)

Supplied with devices
1 mica washer
1 insulating ring
1 cable lug
1 lock washer

1 hexagon nut M5

Typ. Max.
55 .80
- 70
- 50
35 -
25 -
20 -
10 - kHz
- - kHz
15 - us
15 - us

NOVEMBER 1967 N,
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-P-N SILICON

N-P-N
A.F. OUTPUT TRANSISTOR

BDIIS

p‘\
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
VCBO max. 220 \'
VCEO max. 180 \'%
ICM max. . 150 mA
Ptot max. (TambSSO C, mounted onoheatsink) 6.0 W
= hFE (IC 50mA, VCE 100V, Tj 25 C) gl/;n 2(2)
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
Millimetres
Min. Nom. 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 2.9 = =
F3 12.7 - 15
G1 = = 1.01
G2 0.41 - 0.48
G3 = = 0.53
H - 0.4 =
Collector connected to case J 0.74 = 1.01
P
(R
Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
Voltage
VCBO max. 220 v
VCEO max. (see page 0) 180 A%
<
VCER max. (RBE_l.OkQ) 220 v
\% . .
EBO max 5.0 v
Current
IC max. (d.c.) 150 mA
5 1
ICM max. (peak) 50 mA
Power
Pt ¢ max. TambSSOOC, mounted on a 1.5mm
° blackened aluminium heatsink of at
least 30cm?2 (see page 6) 6.0 w
Temperature
T g TANEC -55 to +200 °
T, max. 200 g
THERMAL CHARACTERISTICS
Rth(j—amb) From junction to ambient in free air 200 degC/W
Rth e From junction to ambient mounted
{j-amb) on a 1.5mm blackened aluminium
heatsink of at least 30cm?2 25 degC/W
j i i 12.
Rth (j-mb) From junction to mounting base 2.5 degC/W
o
ELECTRICAL CHARACTERISTICS (TJ,=25 C unless otherwise stated)
Min. Typ. Max.
ICBO I(Jolzlgctzr cu:—ztz)fé‘;:urrent
E ’ 'CB =
Tj =200°C - 550 - pA
 § Emitter cut-off current
EBO b
IC=0’ VEB—S.OV 100 HA
VBE *Base-emitter voltage
IC=50mA, VCE=1OOV - - 1.0 v

*VBE decreases by about 2.0mV/degC with increasing temperature.
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GERMANIUM P-N-P 2N441
L.F. POWER TRANSISTORS IN442

2N443

Germanium p-n-p alloy transistors intended for general purpose 1.f. power

applications.
QUICK REFERENCE DATA
2N441 2N442 2N443
o + =
VCBX max. ( VBE 1.5V) 40 50 60 v
_VEBO max. 20 30 40 v
IE max. 15 A
= 950
Ptot max. (Trnb 25°C) 150 W
T], max. 100 ©cC
= = - =3 20~
hFE( IC 5A, VCE 2V) 0-40
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
Millimetres
Min. Typ. Max.
j—— B gA = - 31
1 i 2B - - 26.5
i
(o] - - 10.5
i ORI
_1 D - - 5.33
D—l E = = 7.9
5mm metric thread
e F 10 - 12
G 16 - 18
H - 17.5 =
§22) - - 3.5
Collector
oJ
Insuloted
locator pin Emitter
Collector connected to mounting base
()
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RATINGS
Limiting values of operation according to the absolute
Electrical
2N441 2N442  2N443
—VC px Max. (+VBE= 1.5V) 40 50 60
-V max. 20 30 40

EBO

I_ max.
E

-1_ max.
B

=950
Ptot max.(Tn’lb 25°C)

Temperature
T min.
stg

Tstg max.,

T. max.
]
THERMAL CHARACTERISTICS
ej—mb

Thermal capacity for pulses in the
1 to 10ms range

ELECTRICAL CHARACTERISTICS (T], = 2500)

maximum system.

v
v
15 A
4.0 A
150 w
-65 °c
100 9
100 %

0.5 degC/W

0.075Ws/degC

Typ. Max.

100 - HA
2.0 8.0 mA
2.0 8.0 mA
2.0 8.0 mA
1.0 8.0 mA

1.0 8.0 mA
1.0 8.0 mA

Min.
—ICBO Collector cut-off current
—VCB=2.OV, IE=0 =
" =4 = -
VCB oV, IE 0 2N441
= = = < 2 =
VCB 50V, IE 0 2N44
= =60 =i V4 =
VCB v, IE 2N443
—IEBO Emitter cut-off current
- = = 2 -
VEB 20V, IC 0 N441
- = = & 2 =
VEB 30V, IC 0 2N442
" =4 = ) -
VEB oV, Ic 0 2N443
(M
Mullard
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GERMANIUM P-N-P
L.F. POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont'd)

Collector-emitter breakdown voltage
-V -1 _=300mA, I_=0 2N441
(BR)CEO C B el
2N443
-V -1 ,=300mA, =0 2N441
(BR)CES (o] BE IN442
2N443
_VCE i) Collector-emitter saturation voltage
-IC=12A, -IB=2.0A 2N441,2N442
2N443
—VBE Base-emitter voltage
-1 =5.0A, -V__=2,0V 2N441,2N442
¥ CE 2N443
_VEB @) Emitter-base floating potential
—VCB=4OV, IE=O 2N441
- = = N
VCB 50V, IE 0 2N442
—VCB= 60V, IE =0 2N443
hFE Forward current transfer ratio
—IC=5.0A, —VCE=2.0V
-1 _=12A, - = 2.0
Tg™ i Ngg ™Y
fhfe Cut-off frequency
== = 5. - = 6'0
IC 5.0A, VCE \'4
tr Rise time
1= 124, -15=2.0A, -V =12V
1:f Fall time
+ = = =
VBE 6.0V, RBE 109, IC 0
(@

Min.

40
45
50

20

Typ.

40
45
55

20

10

15

15

2N441
2N442
2N443

Max.
- v
- v
- N
- v
- v
- v
- \'A
1.0 v
- v
0.9 v
1:0 v
1.0 A%
1.0 v
40
- kHz
- us
- us

NOVEMBER 1967 P
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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 2N696
PLANAR TRANSISTORS IN697

Silicon n-p-n planar transistors for general industrial applications.

QUICK REFERENCE DATA

Vpo max. (;=0) 60 v
Vopg Mmax. (Ryp =109) 40 v
VEBO max. (IC=O) 5.0 v
I oM max, 500 mA
B (T, = 25°C) 2.0 w
L. 2N696 20 - 60
o, 2N697 40 - 120

j=case 75 degC/W

OUTLINE AND DIMENSIONS
Conforms to J,E,D.E.C., TO-5

A Millimetres
—B— Min. Nom. Max.,

] A 8.64 8.9 9.4
(=
B 7.75 8.15 8.5
L_ v;* ¢! 6.1 6.35 6.6
: VEF D = 5.08 -
4 % B
G*Lf l 1 E 0.71 0.79 0.86
45°3 b, F 38 - -
G - 0.45 =
s D
i H - 0.4 =
E
J— J 0,74 0.85 1.01
Collector connected to envelope
¢
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v v =
T cBO ™ =0 60 v
=
iv CER Max- (RBE 109) 40 v
TVEBO max, (I,=0) 5.0 v
ICM max. 500 mA
TP, max. T _ =25°C 2.0 w
tot case =
T =100 C 1.0 w
case o
T =25 C 0.6 W
amb
Temperature
fT _ min. -65 2
stg 5
iT , max. 200 C
stg 5
TT], max. (operating) 175
THERMAL CHARACTERISTICS
. 75 deg C/W
j-case
Derating factor 13.3 mW/deg C
ELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise stated)
Min. Typ. Max.
v CE(sat) Collector-emitter saturation
voltage
= =18 - 5
IC 150mA, IB 15mA 0.7 1.5 A%
TVBE (sat) Base-emitter saturation
voltage
Ic=laOn1A, IB=15mA - 1.0 1.3 v
I CBO Collector current-off current
= =3 = . .
I O . 0.01 1.0 LA
IE=0, VCB=30V, Tamb:150 C - 0.7 100 LA
Tcob Output capacitance
L=, W gy =10V = 17 35 pF
Thib Input impedance
= =5 P Q
Ic 1.0mA, VCB 5.0V 24 27 34 Q
IC=‘0.0m.A, VCB=10V 4.0 6.3 8.0 Q
(@R
[Mullard]
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SILICON N-P-N 2N696
PLANAR TRANSISTORS IN697

Thrb

Thfe

Thob

Th,
ie

h

re

Th
oe

*
ThFE

Thfe

Min., Typ. Max.
Voltage feedback ratio
= = e
Ic—l.OmA, VCB—5.0V ~ 0.7 3.0 ><104

=5,0mA, = - . L0 X10
IC VCB 10V 0.8 3.0 X10

Small signal forward current
transfer ratio

IC=1.0mA, VCE=5.0V 30 55 100

Ic=5.0mA. VCE=1OV 35 70 150
Output admittance

IC=1.0mA, VCB=5.0V 0.1 0.16 0.5 pmho

IC=5.OmA, VCB=10V 0.1 0.19 1.0 pmho
Input impedance

IC=1.OmA, VCE=5.0V - 2.2 - kQ
Voltage feedback ratio

-4
= = - - X

IC 1.0mA, VCE 5,0V 3.6 10
Output admittance

IC=1.0mA, VCE=5.0V - 12.5 - pmho

Large signal forward current
transfer ratio

IC=150mA, VCE=10V 2N696 20 40 60
2N697 40 75 120

High frequency current

gain
IC=50m.A, LAt
f=20Mc/s 2N696 2.0 3.0 -

2N697 2.5 4.0 =

*Measured under pulse conditions to prevent excessive dissipation, pulse
width=300us, duty cycle=0.01.

tJ.E.D.E,C. registered characteristics.

MARCH 1966
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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.

»

Transistors may be dip-solderedat a solder temperature of 245°C fora
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.

w
.

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 1000C 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 2N9 18

A
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
v CBO max. (IE =0) 30 v
Vogo max. @5=0) 15 v
IC max. 50 mA
= 5R0
P, max. (T, . =250C) 200 n:)W
T, max. 200 (0]
A\ J
fT min. 900 Mc/s <
Max. unilateralised gain typ.
- 2
=10 log [yfel
4gie'goe
1,=6.0mA, VCE=12V,f=200Mc/s 36 dB
NF max. (Ic=1.0mA, VCE=6.OV,
f=60Mc/s, Rs=4009) 6.0 dB
OUTLINE AND DIMENSIONS
Conforming to J,E.D.E.C. TO-72
A A
r Millimetres
£ L Min. Nom. Max.
4 A - - 4.80
i B - - 5.33
‘ C 12,17 = =
n % D - - 0.48
g E© E . = 1.21
F - - 1.16
G - 2.54 -
| H - 5 5.83
Viewed from underside
Py Connections 1. Emitter 3. Collector
2. Base 4, Shield connected to envelope

[Mullard |
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
TVCBO max. (IE=0) 30 v
1V po max. A5=0) 15 v e
1V ppo max. 1,=0) 3.0 v
fI o max. 50 mA
tP,  max. (T, . = 25°C) 200 mw
Temperature
1T -65 to +200 Z
T Tj max. 200
THERMAL CHARACTERISTICS
T ej_amb 0.88 degC/mW
ej—case 0.58 degC/mW w
ELECTRICAL CHARACTERISTICS (Tj=250C unless otherwise stated)
fI CBO solle:tlcg;, cuIt—c—):ff) current i ” N
CB ’E 5
V=18V, 15=0, T,=150°C 3 1.0 pA
ThFE IStafi; f)(;anar:/i cux:'fn; ‘;ra.nsfer ratio " )
C : ks ol I
Nonpuy Colitoremttes soraion wtage
"VBr(say f;l iio(:ln:,t?; ialt.u(fra:;on voltage - 1.0 v O
T ambmoraw T ma - Ms<
C : * TCE
e gl
g™ TV =L~ E=ltlkals B 1 il
Vop=0 I5=1,=0, £=140ke/s = 3.0 pF
e \Ezmitt—e(; g?/pa; itixlme— 0, f=140k
gp~0:5V, 1,=1 =0, f= c/s - 2.0 pF
T ey e i R C mw
E : ’'CB ’
NOTE W

J.E.D.E.C. registration of this parameter at Ic=4.0mA and Vo =10V is
600Mc/s min.
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR 2N918

ELECTRICAL CHARACTERISTICS (cont'd)

Min, Max.
INF Noise figure
1,=1.0mA, V . =6.0V, £=60Mc/s
Rs =4009 - 6.0 dB
tMaximum unilateralised gain (typ.)
2
=10 log |yfe|
4gie' €oe
IC=6.0mA,VCE=12V,f=200Mc/s - 36 - dB

For all measurements the shield lead is not grounded

Basic circuit for measuring available power gain (neutralised)

I.3 10nF
I_
s0n
son
18-78pF Hom:
v L 4 Yo
e
RFC 1onF
Teonr E T
e ’ : —0
[B5784) /v]w l-mv LY
L, =3.56 turns 1,3mm, tinned copper wire
coil diameter 8mm, length 11lmm, turns ratiox=4 to 2.
L2 = § turns 1.3mm, tinned copper wire
coil diameter 3mm, length 22mm, turns ratioRs8 to 1.
La =0,4 to 0.65uH
Shield lead is grounded.
tAvailable power gain at
I ,=6mA, f=200Mc/s (min.) 16 dB

C
tJ.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.

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 aboard having punched-through holes, or spacedat least 1. 5mm above
a board having plated through holes.

. Care should be taken not to bend the leads nearer than 1,5mm from the

seal.

. 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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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
WVepo g =0) <
= 45
Vego G=0
ICM max. 1 60
=25 300
R TS )
T, max. 175
j
- S WCE=i.ov, 1,=1044,
T,=25°C) 40-120
e (VCE=i' 0V, 1,=10mA,
T,=25°C) 100-350
£, 1¥P. (V(p=5.0V, 1,=0.5mA,
T =25°C) 80
i

2N930
45 v
45 v
60 mA
300 mwW
175 °¢c
100-300
200-600
80 Mc/s

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. SO12A/SB3-6A
A B4591

Millimetres
Min, Typ. Max.
5.3 5.55 5.8
4,52 - 4.8
4.66 - 5,3
- 2.54 -
0.95 1.05 1.15
12,7 = -
>4 0_43 =
0.06 - 1,01
0.9 1.05 1.20

I T A
¢ B
| C
| D
H v
Er E
=
F
o --/‘ e b,/ G
3 Collector
T D connected H
_J to
J
J- T
envelope
(@

OCTOBER 1965 I
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RATINGS

Limiting values of operation according to the absolute maximum system.,

Electrical

TIC (see note 1)

ICM
IE (see note 1)

IEM

LB (see note 1)

IBM

1-v
Vego =9

WEBO =0

cso T&=9

C=

‘r1>tct max. (T . =25°C, see note 2)

amb

P . max. (T =25°C, see note 3)
tot case

Thermal
T , min.
stg

Tstg max. (see note 4)

Tj (operating range)

THERMAL CHARACTERISTICS
ej -amb

j-case

OCTOBER 1965 >

30 mA
60 mA
35 mA
70 mA
5.0 mA
10 mA
45 v
45 v
5.0 v
300 mwW
600 mw
-65 °c
200 °c
-65 to +175 °c
0.5 degC/mW
0.25 degC/mW
Page D2



D

SILICON PLANAR 2N929
TRANSISTORS IN930

ELECTRICAL CHARACTERISTICS (Tj=2500 unless otherwise stated)

TICBO

TICES

TICEO

TIEBO

+
'VCE(sat)

VBE(sat)

EB

Min. Typ. Max.

Collector-base cut-off
current

= =45V - - *
IE 0,V CB 10 nA
Collector-emitter cut-off
current (base-emitter
short circuited)
VCB=45V, VBE=O

=45V, V__ =

A% CB 40V, BE 0,
Tj =170 C - - 10 uA
Collector-emitter cut-off
current

= J =
IB 0, V CE 5.0V
(see note 5) - - 2.0 nA
Emitter cut-off current

= = - - %
IC 0, VEB 5.0V 10 nA
Base current

= J = J = = *
VCB 5.0V, lE 10mA 2N929 100 BA

2N930 - = 50% HA

Collector-emitter
saturation voltage

IB=0.5mA, IC=10mA - - 1.0V

Base-emitter
saturation voltage
IC=10mA, IB=0.5mA 0.6 - 1,0V
Emitter-base voltage

v =5,0V,-I_=0.5mA 0.6* - 0.8 V
CB iy TR

MAY 1966
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Teg

Tcob

TNF

h-parameters

Common emitter

ie

re

Thfe

oe

Min Typ. Max
Large signal forward
current transfer ratio
=5. =7 -
VCE 5.0V, IC OuA 2N929 40 120
2N930 100 - 300
=5 o L=
VCE 0OV, IC 10pA
Tj =-55"C 2N929 10 - -
2N930 20 - -
V. ..=5.0V, I =5 2N929 60 - -
CE s T =a00RA
2N930 150 - -
=5, I _=10mA N929 100 - 350
VCE ov, C 2
2N930 200 - 600
Transition frequency
VCE=5.0V, IC=500uA 50 80 - Mc/s
Output capacitance
=5, =0,
VCB ov, IE 0
f=1.0Mc/s - - 8.0 pF
Average noise figure (see note 6)
V ...=5.0V, I _=10pA
CE 1hg
RS =10k, Noise bandwidth
=10c/s to 15.7ke/s 2N929 - = 4.0 dB
2N930 i = 3.0 dB
Measured at VCE=5.0V, IC= 1.0mA, f=1.0ke/s
Input impedance 2N929 - 5.0 - kQ
2N930 - 10 - kQ
Reverse voltage 4
transfer ratio 2N929 - 2.5 - X10
2N930 - 5.5 - xlO—4
Small signal forward
current transfer ratio 2N929 60 200 350
2N930 150 350 600
Output admittance 2N929 - 14 - pmho
2N930 - 25 - pmho
jc— =3
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SILICON PLANAR 2N929
TRANSISTORS 2N930

Common base

Measured at VC=+5. ov, IE =1,0mA, f=1.0ke/s

Thib Input impedance 25 - 32 Q

Thrb Reverse voltage P
transfer ratio - - 600 x10

Thob Output admittance - - 1.0 pmho

*These are the parameters which are recommended for acceptance testing
purposes.

tJ.E.D.E,C. registered characteristics.

NOTES

1. Averaged over any 20ms period.

2. Derate linearly to 175°C at the rate of 2, 0omW/deg C.
3. Derate linearly to 175°C at the rate of 4. 0mW/degC.
4

. If stored at +200°C 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 10c/s
to 10ke/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 245°C fora
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,
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SILICON PLANAR 2N929
TRANSISTORS 2N930
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SILICON PLANAR 2N929
TRANSISTORS 2N930
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SILICON PLANAR 2N929
TRANSISTORS 2N930

Icao7’ ; ‘ 2N929 B4567
(uA)y |k . 2N930
\ T 4
I ‘ - VCB-45V} ‘ —
o | [ | | | i /\ T n
[T ; : N L
Cl \ 3 ‘ ‘ i i‘// L
10 .
7 ; : - A —
& | T I
: ml ! 1 N
. | | |1 [ | [ 1]
|| 1 : /] ‘ T
3 T | | /i T
3 | | | | | | [ 1]
107+ +1'/ ! ‘ 'v1 i1ov—j——
7 I ‘(001 ‘ 7 CB'- ?:
A r ! 7 T 7 TT T
1 ‘ 7 T \ 7 ] N
| ] [ [ [ / ‘ ‘
] ] T T T I ‘ T T
UL /ﬂ’ ‘ } RER ||
102 L] EEEE
9 '\ T Tt T
, . |
sk I ‘ — ‘
T I I / "
RENERN S , i
[ | | 1 ||
T T T
] AL i
=3 | )
10 ! 1 .C\Ql
i T
| ; T T I E
T T T | T
i , A | L
¥ | 1 {1 |
| | || | ‘ ‘
| | | 117
Bl / |
1074 I
7 i
of ! !
| ‘
! “
| | 1
10 |l | T L (11
0 50 100 150 200 T; (°C)

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST
JUNCTION TEMPERATURE

OCTOBER 1965 S Page C7



Temo i T 2N929 B4569
na) |7E : 2N930 —
s5E 1T ]
- Vgg=50V e ]
3 T E
1
r ; ]
2 i | i
10 E =
7F A
5F 7 .
C 7 ]
3 //
[ // ]
10 I/ E
TE =
sk £ .
- 7 ]
N 7 1
3
i /| ]
i ’/ ]
10 [+ -
7F =
sk .
F ]
01
0 50 100 180 T, (°C)
EMITTER CUT-OFF CURRENT PLOTTED AGAINST
JUNCTION TEMPERATURE
A
OCTOBER 1965 Page C8



SILICON PLANAR 2N929
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SILICON PLANAR 2N929
TRANSISTORS 2N930
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SILICON PLANAR 2N929

TRANSISTORS 2N930
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GERMANIUM P-N-P

L.F. POWER TRANSISTOR

2N1100

Germanium p-n-p junction transistor intended forl.f. , high power industrial
applications where high voltages and high currents are encountered.

o

=95
Ptot (Tcase s
FE (IC =5.0A)

fhfe

QUICK REFERENCE DATA

-100 \
-80 v
11 A
90 w

25 - 50
10 ke/s

OUTLINE AND DIMENSIONS

Conforming to B,S, 3934 SO-37/SB3-12

J.E.D.E.C. TO-36

—_— ¢A— —

N ~ Collector
BH— =
Insulated
locator pin ——Emitter

Collector connected to mounting base

FEBRUARY 1968

@A
B

gD

PH

with metric thread

Millimetres
Min. Typ. Max.
29 = 31
24.5 - 26.5
- - 10.5
- 17.5 -
6.5 - 7.9
10 - 12
16 - 18
3.0 - 3.5

2N1100 Page D1




RATINGS

Limiting values according to the absolute maximum system.

Electrical

1V o max. (Voo =1.5V)

VCE max.

TIE max.

IEM max.

TIB max.

P max. T =25°C
tot case

T =1°%
case

Thermal
T , min,
stg
T . max,
st

g

TTJ, max,

THERMAL CHARACTERISTICS

O,
j-case

TThermal capacity for pulses
in 1 to 10ms range

FEBRUARY 1968 -

-100 v
-80 v
15 A
20 A
4.0 A

90 W
30 w
-65 °c
95 %
100 °c

0.5 degC/W

0,075 W/degC

2N1100 Page D2



GERMANIUM P-N-P
L.F. POWER TRANSISTOR 2N1100

(IAC) B4035 2NII00 -
I
Common emitter
| ‘4
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RIPV-4
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d
"
y, 4
8 ar
V.
/ 4
y
y,
6
4
J
J
S arin|
o
0 02 04 06 Ig(A)

TRANSFER CHARACTERISTICS, Tam =-40, 25 AND 80°c

b
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR 2NT100

Ic 2NI100 84037
(A) B
Common emitter
10
y,
8
6
p. 4
4 4
OCI
& .4
% < V4
4 2, P
&0@£ ’IQI o)
(o]
4 2594 4
7 ”
p. {
V.
/l
2 7 ~
V. V.
Y.
. £
y
7
o
0'2 04 0'6 0‘8 VBE(V)

MUTUAL CHARACTERISTICS. Tamb=—-40, 25 AND 80°C
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P-N-P SILICON PLANAR 2N1131
EPITAXIAL TRANSISTORS INII32

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
-V s
CBO max 50
—VCEO max. 35 v
-IC max. 600 mA
5 o
Ptot max. (Tamb—25 C) 600 mWwW
T, max. 175 °c
h - = K =10V o
e ( IC 150mA, VCE ) 20-45 30-90
f,, min. (-1,=50m4, 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

Millimetres

Min. Nom. Max.
A 8.64 8.90 9.40
B .15 8.15 8.50
c 6.10 6.35 6.60
D - 5.08 -
E 0.73 0.79 0.86
F 38 - -
G - 0.45 -
H = 0.4 -
J 0.74 0.85 1.0

Collector connected to envelope
—
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
= . 50
V CBO max
_VCE o max. 35
= ax. =109 50
Vopg T8 (Bgy =10
E. N 5.0
VEB o max
—Ic max. . 600
=2 600
Ptot max. (Tamb 5 C)
Temperature
T ., min. -65
stg
T max. 200
stg
T, max. 175
]
TfELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)
Min. Max.
-1 Collector cut-off current
CBO _ _
—VCB—30V, IE 0 . 1.0
-VCB=30V, IE=O, Tamb=150 (6] - 100
—VCB=50V, IE=0 - 100
=1 Emitter cut-off current
EBO -~ ~
—VEB—Z.OV, IC—O - 100
=V CER(sust) Collector -emitter sustaining
voltage (pulsed)
—IC=100mA, RB =109 50 =
-V Collector -emitter sustaining
CEQ(ust) voltage (pulsed)
—IC=100mA, IB=O 35 -
-V —emi i
CE(sat) Collector -emitter saturation
voltage
q = J = . I
IC 150mA, IB 15mA 1.5
-V Base-emitter saturation voltage
BE
®2) 1 _150mA, -I_=15mA - 1.3
C B
cob Output capacitance
=~V =10V, I_=0 - 45

CB E
fJ.E.D.E.C. registered data.

E<1<1<<

mw

HA
uA

pF

NOVEMBER 1966 N, 2N1131-Page D2
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

EB '~ °C
L v - 2
C S o - ’
f=20MHz
hFE Static forward current

transfer ratio (pulsed)
—IC=5.0mA, -VCE=10V

—IC =150mA, _VCE =10V

h-parameters

o e 1 y V=0,
c OmA VC 5.0V

h Small signal forward
fe ¥
current transfer ratio
b Input resistance
hrb Voltage feedback ratio
- Output conductance

—IC=5.0mA, ~Vc=10V, f=1.0kHz

h Small signal forward
fe s
current transfer ratio
hib Input resistance
hrb Voltage feedback ratio
hob Output conductance

TSOLDERING RECOMMENDATION

2N1131
2N1132

2N1131
2N1132
2N1131
2N1132

2N1131
2N1132

2N1131
2N1132

15
25
25

20
30

Max. T 1/16" from case for 10 seconds is 300°C.

lead
7J.E.D.E.C. registered data.

NOVEMBER 1966 N,

2N1 131
2N1132

Max.

80 pF
= MHz
- MHz
45

90

50

75

35 Q
8.0 ><10-4
1.0 pmho
10 Q
8.0 ><10_4
5.0 pmho
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P-N-P SILICON PLANAR 2NI1 131

EPITAXIAL TRANSISTORS NI |32
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N113I
2N1132

B6642
=12mA|
11T
z10mA
8-0mA

TTTT
H
6-0mA

T

=4-OmA
1111
2-:0mA
1117
T

| £33 8 )
e (V)

.—1:14mA
[
Bl

1]
25

16mA
|

.IB
|
I

25°C]

2N1131
TTTT]

IEEEN|

¥
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-

- IC
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600
400
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TYPICAL OUTPUT CHARACTERISTICS
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GERMANIUM N-P-N
ALLOYED TRANSISTORS

2N1302 2N1306
2N1304 2N1308

* ) Germanium n-p-n alloyed junction transistors primarily inteuwied for use in
medium current, medium speed logic circuits in computers and other general

industrial applications.

QUICK REFERENCE DATA
| 2N 1302 1304 1306 1308
. 25 25 25
VCBO max 25
VCEO max. 25 20 15 15 \'A
. 300 300 300 300 mA
ICM max
=250 1 1 15
P, max.(T . =25°C) 50 50 150 50 mwW
Tj max. 85 85 85 85 oS¢
hFE mm.(Ic=10mA,VCE=1.OV) 20 40 60 80
v = = in, 2 00" 2
ﬁ CE(sat)max'aC IOmA,IB IC/hFEmm) 200 200 200 00 mV
f g =1.0mA, =5.0 10 15 20 30 MH
Ttyp (Ic mA VCE 5.0V) Z
t " + 285 270 225 220 ns
on VP (g +E)
i3
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. 3934 SO-3/SB3-3A
J.E.,D,E.C. TO-5 Willimotres
Min. Typ Max
A A 9.10 - 9.4
B B 8.20 = 8.50
g} 1 c - - 6.60
n G D 5.08
L o
[ Té e ! E - - 0.86
T o FE e F1 - . 0.51
631* l F2 1217 - -
45°237 4 8 F3 38.1 - 41.3
Gl - - 1.01
= D
. G2 = - 0.48
E
J— G3 = - 0.53
H - 0.4 &
A J = - 140

The base is electrically connected
to the envelope

(A
AUGUST 1967 N,
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RATINGS

Limiting values of operation according to the absolute maximum system

Electrical

VC BO !

VCEO max. 2N1302

2N1304

2N1306,1308

VEB o max.

IC max. (d.c. or averaged over any 20ms period)
ICM max.

max. (T _ =25°C)
am!

P
tot b

Temperature
TStg min.

T ax.

stg =

T, max.
J

THERMAL CHARACTERISTIC S

ej—amb (in free air)

0.
j-case

25
25
20

25
200
300
150

-65
100
85

%EE<<<<<

0.4 deg C/mW
0.2 deg C/mW

ELECTRICAL CHARACTERISTICS (Tj= 25°C unless otherwise stated)

Min,

0.15
0.15
0.15
0.15

Typ.

3.0

2.2

0.30
0.25
0.24
0.23

Max.

6.0

6.0

50

50

0.40
0.35
0.35
0.35

HA

< < < <

I CBO Col‘lfectgr2 scst;of:focurrent
CB E
IEB o Em\l]tter: ;;;iffzc;rrent
EB "0
I CEX Collc\a]ctor—emltter cut-off current

- BE—O.ZV, VCE—ZOV,

Tj= 55°C 2N1302,4

= =0. =1 5

VBE 0.2V, VCE 5V,
T .=55°C 2N1306, 8
]
VBE(sat) Base-emitter saturation
voltage
=1 =D,

IC OmA, IB 0.5mA 2N1302
2N1304
2N1306
2N1308

()
AUGUST 1967 [Mullard|
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GERMANIUM N-P-N 2N1302 2N1306
ALLOYED TRANSISTORS 5y 1304 IN1308

Min. Typ Max.

VCE (sat) Collector-emitter saturation voltage

IC= 10mA, IB=0.5mA 2N1302 = 0. 0.2 v

IC= 10mA, IB=0.25mA 2N1304 - (i 0.2 v

IC=10mA,IB=0.17mA 2N1306 - 0.2 0.2 v

IC=10mA, IB=0.13mA 2N1308 - 0.1 0.2 A%

th Punch-through voltage 2N1302 25 - - A%
2N1304 20 - = v
2N1306,8 15 - -

h Static forward current

FE .
transfer ratio
=1 =1, P

IC OmA, VCE 1.0V 2N1302 20 50
2N1304 40 70 100
2N1306 60 100 200
2N1308 80 150 300

=20 =0, e

IC OmA, VCE 0.35V 2N1302 10 48
2N1304 15 65 -
2N1306 20 95 =
2N1308 20 145 -

Cc Collector capacitance

VCB=5 .OV,IE=Ie=0,

f=1.0MHz - 12 20 pF

Ce Emitter capacitance

VEB=5.0V,IC=IC'=0,

f=1.0MHz - 8.0 - pF

fT Transition frequency

= =54 i & .0 10 -

IC 1.0mA,VCE 5.0V 2N1302 3 MHz
2N1304 5.0 15 - MHz
2N1306 10 20 - MHz
2N1308 15 30 - MHz

—
N
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Typical switching times (see fig.1)

2N
td Delay time
t Rise time
T
tS Storage time
t Fall time

Typical recovered charge (see fig.2)
Q

S

TEST CIRCUITS AND WAVEFORMS

 ——]
+10V

?k.o. "

O

1

10nF

.||",'_|

25V

1302
65

500
365

800

1304
60
210
500
350

700

1306
55

500
315

650

1308
55

500
290

600

ns
ns
ns

ns

pC

0
o8V
16k to C.R.O, _I_}l

Ci<8pF
32
" RP10MO
O= O

.un_‘

3
56003
——

C”
Al

o1 s6kn.

Vi "'A"'.V"

" "

Adjust C from zero to C
op:

t
Qs - Copt>< Vi
Fig.2
()
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GERMANIUM N-P-N 2N1302 2N1306
ALLOYED TRANSISTORS  5N1304 2N1308
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. N
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|
| nEinmTE e Em 1 8
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S
o
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[
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N,
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N
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VARIATION OF COLLECTOR AND EMITTER CUT-OFF CURRENT
WITH JUNCTION TEMPERATURE
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;‘00 JLCE LT 2N1302 Series| T
Rl IS 4
p ! 7;=25°C] ! 9
1 _ ! [
I : g(‘v A pg("‘P
300 T [
] Ny A ! I
'Ve 7 10‘“?‘
I .
1 y.
V.
A V.
20 i A >
Iy v -
7
7
100
A v
4, =
0 ui
0 50 100 150 200 250 I (mA)300
COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT
20&77 HENENEESENENENNENNENES 5 11T
[mE ESNEESNESEEEEESNEENANE N %ll
Vog L F 2N 13021 =100ma Ty =55 Typ+H |
mV) 2N B04 :1¢ =00mA I =6 |
2N1306 : I =100mA;Ig =30m - ‘
190 2N1308 :L=100mA;Ig =15mA
180
170
160,
FHH
150, H =
-60 -40 -20 0 20 40 60 80 Tj (C)
TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION {
VOLTAGE WITH JUNCTION TEMPERATURE L
(@
Mullard| 2N1302-Page C2
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GERMANIUM N-P-N
ALLOYED TRANSISTORS

2N1302 2NI1306
2N1304 2N1308

3001 [T ; T mAT
VBEsat Typical values 12N1302 Serles I ‘%‘ =
(mV) I Ll —_ 42 aus
Lt | & A
6 =~ —l§‘\
i g
] -
F T;=25°C
400 ot 1A
=
=
200
% 50 100 150 200 250 IomA)
BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT
550 NSNS EEESE NN
1 4 I 0 0 S D O 5
VBEsor ZNB0Z. I=100mA;Ig=65mA
(mv) N1304 : Ip=100mA;Ig=4.0mA
2NBB06 : Ic=100mA;Ig =3.0mA
500 2N1308 : I =100mA;Ig =15 mA
450
400
350 mnE
o]
306 40 -20 0 20 40 60 80T (°C)

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE

WITH JUNCTION TEMPERATURE
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2 T [TTTTTTI]
Typical values
hre e=1V
5 = Tj = 25°C|
-
15 a
= 2N K/ %
0 = =
)/ & = G
==L12NV130
A ' 2N1304
T
50 2N1302
0 50 100 150 200 250 I (mA) 300
STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED
AGAINST COLLECTOR CURRENT
Ce.lCe 2N1302 Seriles JHI { % {
(oF) N =IMHZz
5
N
A
10 -
N 120
5 = S ieano oa
SSRENE7 1
3 11 Ce
0
0 5 10 15 20 %B(V) 25

(V)

COLLECTOR AND EMITTER CAPACITANCE PLOTTED AGAINST
COLLECTOR-BASE AND EMITTER-BASE VOLTAGE RESPECTIVELY

(A
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GERMANIUM N-P-N 2N1302 2Ni306
ALLOYED TRANSISTORS  5y1304 IN1308

2 asmaass: aasaszzasan I R
heg Ic=10mA {Typical values Hrbr A
Veg=1V e aastnnanst
AT T
200 57
TIL EUGESEsREEEEY
150 T 3061
oN1Z=t
aEgens-—ogidada:
Pt ma |
o0 i T
- 8 2 e
e IBEEE RN
2N13021H
5011 i s
EeREEs
B | i 1
%o w0 20 0 20 40 60 F (%) &0
TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO WITH JUNCTION TEMPERATURE, I,=10mA
2 FERLTTTL TTTTTTTTITITT I
TEETTT T T TTT T T
hFE =200mA Typical values
V=035V
200
150 L 2NB08T
T
100 2N1306 1T
HH
mus
L2N1304 1]
T
20 2N1302
%o w0 -20 0 20 %0 60 T, (°C) &0

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO WITH JUNCTION TEMPERATURE, IC =200mA
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GERMANIUM P-N-P

ALLOYED TRANSISTORs ~ —N 1303 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 \'A
—ICMmax. 300 300 300 300 mA
Ptot ma.x.(Tamb=25°C) 150 150 150 150 mw
T, max. 85 85 85 85 9¢
hIJ?‘E min. (-IC= 10mA, _VCE: 1.0V) 20 40 60 80
-VCE(sat) max. (—IC= 10mA, —IB=IC/hFEmin.) 200 200 200 200 mV
fT typ.(—IC=1.0mA, —VCE=5.0V) 5 10 15 20 MHz
ton typ.(td +tr) 360 255 230 200 ns
toff typ. (ts * tf) 1300 1150 1050 1050 ns
Unless otherwise stated data is applicable to all 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 - 9.4
B 8.20 = 8.50
T_ C = = 6.60
m o D - 5.08 -
F2 E - - 0.86
F1 - - 0.51
F2 12,7 - -
ek F3 38.1 41.3
= G1 - - 1,01
r G2 - - 0.48
i G3 - - 0.53
The base is electrically connected H - 0.4 -
to the envelope 7 _ B 1.0
(R
Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V max.
-V max. 2N1303
2N1305
2N1307,1309

_VEBO max.

-1 Cmax .(d.c.or averaged over any 20ms period)
-1 oM max.

=950,
Ptotmax'(Tamb 25°C)

Temperature

stg
Tstg m
Tj max.

ax.

THERMAL CHARACTERISTICS

ej—amb (in free air)

j-case

30
25
20
15
25
200
300
150

-65
100
85

0.4 deg C/mW
0.2 deg C/mW

ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)

Min.

< £
CBO Collector cut-off current

N BN, L0 =

-1 Emitter cut-off current
=V = 2 = =
\EB 5V, 1 c 0
=1 Collector-emitter cut-off current
-+ = = = =559 -
VBE 0.2V, VCE 15V, Tj 55°C
_VBE teat) Base-emitter saturation voltage
-1 _=10mA,-I_=0.5mA 2N1303 0.15
C B
2N1305 0.15
2N1307 0.15

2N1309 0.15

Typ. Max.
3.0 6.0
1.7 6.0

- 50
0.30 0.40
0.25 0.35
0.24 0.35
0.23 0.35

pA

A

HA

< < < <

AUGUST 1967
i N

2N1303 - Page D2



GERMANIUM P-N-P 2N1303 2N1307
ALLOYED TRANSISTORS  7N1305 2N|309

Min. Typ. Max.

-V — .
CE(sat) Collector-emitter saturation voltage
—IC= 10mA,—IB=0.5mA 2N1303 - 0.1 0.2 v
—IC= 10mA,—IB=0.25mA 2N1305 - 0.1 0.2 v
-IC= 10mA, —IB=0.17mA 2N1307 = 0.1 0.2 A%
—IC= IOmA,—IB=O.13mA 2N1309 - 0.1 0.2 v
th Punch-through voltage 2N1303 25 - - v
2N1305 20 - - A\
2N1307 15 - - A\
2N1309 15 - = v
h Static forward current
FE ;
transfer ratio
I =1 = =1.0 -
IC OmA, VCE \% 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 -
Cc Collector capacitance
—VCB= 5.0V, IE= Ie= 0,
f=1.0MHz ~ 10 20 pF
C Emitter capacitance
e
—VEB=5.0V, IC=IC=O,
f=1.0MHz - 7.0 = pF
fT Transition frequency
—IC=1.0mA,—VCE=5.0V 2N1303 3.0 5.0 - MHz
2N1305 5.0 10 - MHz
2N1307 10 15 - MHz
2N1309 15 20 - MHz

f—
[Mullard |
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Typical switching times (see fig.1)
2N 1303 1305 1307 1309

td Delay time 60 55 50 45

tr Rise time 300 200 180 155

ts Storage time 700 700 700 700

tf Fall time 600 450 350 350
Typical recovered charge (see fig.2)

Q 1000 1000 1000 1000

S
TEST CIRCUITS AND WAVEFORMS

-
to C.R.O.
o1 sekn
i WWW Vo CoCopt
o—

l—
S

Adjust C from zero to C0

pt
=C X
Qs opt Vi
Fig.2
(CA———)

ns
ns
ns

ns

pC

AUGUST 1967 S 2N1303 - Page D4

(\



GERMANIUM P-N-P 2N1303 2N1307
ALLOYED TRANSISTORS  7M1305 2N1309
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VARIATION OF COLLECTOR AND EMITTER CUT-OFF CURRENT
WITH JUNCTION TEMPERATURE
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400

I 0 0 TTT2N1303 Series T TTT u
VCE H Typical values T +1 N*'O! *Te:;cs*a % T ¥ ﬁj { HH
B =25° T 1117 1T o
() T; =25°C H- i B ;,7
AR i A
I H O "19«\}
300 T
» masEumEEp Zan %
AN f A 1
-
: 872 ‘
e . - . -
2009 e
EEEES AH AT
FEE I I
1001+ aum - =
A e L
e V. 7?‘ B - 4
EE
0 i Wi I } I i “ 171 1 AIA T 1 ] %
0 50 00 150 200 250-I¢ (mA)300
COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT
<007 HHHHH T I H
Veesa 2N1303:—~Ic=100mA;~Ig=65mA . typ
(mV) 2N1305. - Ip=100mA;~Ig=40mA H
2NBO7.:~I=100mA,~Ig=30mA HH
190 2N1309 :—I=100mA;—Ig=15mA

170/

1
160 -

NEE NN 1
1
totet T - 7 R «+1
750 1 1 f -
=60 -40 -20 0 20 40 60 80T (0
TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION
VOLTAGE WITH JUNCTION TEMPERATURE \ J
(R
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GERMANIUM P-N-P 2N1303 2N1307
ALLOYED TRANSISTORS  7M1305 2N[309

600 _LLITITIITI"2N1303 Series | - T
WK —+++4+++-Typical values : + -5 1 11 t T INEEE
BEsat 1117 25007 iR ) bt
(mV) 0 ! — __1E=30"'A
T 1 1 |y et
I I I = 10mA
600+ T
‘{ 11T % P 1
| ] 5mA
= el Je |l
= =
e !
I
= i T
400 = 1mA
1 Il
200 ‘
% 50 100 %0 200 250 —ImAI300

BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT

5507 > T
—VBEsat i H a8 ] mAL
(mV) NBOS —IC=100mA —I =40ma
HHH2NBO7: -IC=100mA,_IB.zn AHEH
500 N1309: ~Io=100mA~Ig=15 mA--H
4 T
450 !
4 ug
400
350 =
(‘;:—':
HH ST 1388 £
W 40 <20 0 20 40 60 807 (°C)

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE
WITH JUNCTION TEMPERATURE
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[TTTTTITIT | T %
Typical values| I
A —ee=lV
i 7j = 25°C
150 s
=
2N 7509
1
oo s, | —
100 Ssanm !
= 12N730
u s 2N1305
50 =: T
— T
= 2N1303
00 50 100 150 : 200 250 -I¢c (mA) 300
STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED
AGAINST COLLECTOR CURRENT
Cslal 2N1303 Series IL I j| } I
(pF)H\ F=IMHz
5
N
A
10
N
N
—
—— Ty,
5 T —_ f“____
N 5 |
I~ Lty é__
o .
0
0 5 10 5 20 —Vpg (V) 25
~Veg V)

COLLECTOR AND EMITTER CAPACITANCE PLOTTED AGAINST
COLLECTOR-BASE AND EMITTER-BASE VOLTAGE RESPECTIVELY

G
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GERMANIUM P-N-P 2N1303 2N1307
ALLOYED TRANSISTORS 2N|305 2N|309

250 TTTTIIIIT

T T T INTg"_
PR EEEEE R S Ry
FE ‘VC E=7V qﬁ
200
150 2N1307':::
10i gasnam SNB05 s
T
FHHoN13031H
50—
%o 40 20 0 20 40 60 7 (°C) 60

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO WITH JUNCTION TEMPERATURE, -I  =10mA

C
25 T T T T T T
T T TTTTTTTTTTTT
hFE —I-=200mA Typical values
Vre=Q35V
150
o 2N13097H
100H
2N130711
50 ‘ H i FoN305 T
1 ST
2N13031
HT
0 HH
=60 —40 -20 0 20 40 60 T; (°C) 80

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO WITH JUNCTION TEMPERATURE, —IC =200mA
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR 2N1358

Germanium p-n-p alloy transistor intended for general purpose 1.f. power

applications.
QUICK REFERENCE DATA
. + =
Vopx Max. (Voo =1.5V) 80 v
_VEBO max., 60 '
IE max. . 15 A
P, max. (T . =257C) 150 Ow
Tj max. 100 C
hFE (—IC=1.2A, —VCE=2.0V) 40-80
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-37/SB3-12 i 3
J.E.D.E.C. TO-36 with metric thread
2A Millimetres
" Min. Typ. Max.
D
i c oA = = 31

U IT_‘ 2B = = 26.5
|

% - = 10.5
ZSmm metric thread D > _ 5.33
Base . ] ] e
F 10 = 12
¢ 16 £ 18
o i T H - 17.5 _
Insulated 53 ) ) an

locator pin Emitter

Collector connected to
mounting base

NOVEMBER 1967 S 2N1358 Page D1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-VCBX max. (+V

_VEBO max.

IE max.

=1 .
B max

(¢}
P, max. (T , =250)

pE=1-5Y)

Temperature
T min.
stg

T max.
stg

Tj max.
THERMAL CHARACTERISTICS
E)j--mb

Thermal capacity for pulses
in the 1 to 10ms range

80
60
15
4.0
150

2 > > < <

100

o
Q

100

0.5 degC/W

0.075  Ws/degC

ELECTRICAL CHARACTERISTICS (Tj=250C unless otherwise stated)

Min. Typ. Max.
Collector cut-off current
_ICBO -VCB0=2.0V, IE=0 - 100 200 HA
-VCBO=30V, IE=0, Tj=70°C— 4.9 6.0 mA
_ICBX —VCB=80V, +VBE=1.5V - 2.0 8.0
_IEBO f:\tflittirsgit_(;ff :grrent i o co ma
EB ¢ 5 ’
—VEB=30V, IC=0, Tj=70 c = 4.0 6.0 mA
Collector-emitter breakdown
voltage
_V(BR)CEO —IC=300mA, IB=0 40 - - A%
_V(BR)CES -IC=300mA, VBE=0 70 = = v
'—V CE(sat) Sglltf;;or—enﬁtter saturation
—Ic=12A, -IB=2.0A - 0.3 0.7 \%
-VBE 1313 S:—legl./i\tterVOItigze ov - 0.35 0.5 v
o= 1.24, -V =2, 0 5
—IC=5.0A, -VCE=2.0V - 0.65 0.9 v
(@

NOVEMBER 1967 N\NA

2N1358 Page D2

v

e




GERMANIUM P-N-P
L.F. POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

—VEB (1) Emittejr-base floating
potential
-VCB: 80V, IE=0
h Forward current transfer
FE "
ratio

—IC=1.2A, —VCE=2.0V

—IC=5.0A, —VCE=2.OV

o
¢ T GB

. l—{Iisitlizr?s.e -1_=2.0A
c i ST et
V=12V

. 5311 ti:lrzae 0V, R__=10Q
BE '’ "BE ’
1,=0

ACCESSORIES (Code No. 56213)
Supplied with devices:
1 Mica washer
1 Insulating ring
1 Cable lug
1 Lock washer

1 Hexagon nut M5

NOVEMBER 1967 N

2N 1358

Min. Typ. Max.
- 0.15 1.0 v

40 55 80

25 35 -

100 - - kHz
- 15 = us
- 15 - us

2N1358 Page D3






SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR 2N1420

High gain n-p-n silicon transistor intended for use in high performance
switching, oscillator and amplifier applications. TO-5 envelope.

QUICK REFERENCE DATA

Voo T5=9 60 v
Vg g =109 30 v
ICM max. 1.0 A
Pt , max. (T b—25"0) 600 mW

=4 -
E (IC 150mA, VC 10V) 100 - 300

E

OUTLINE AND DIMENSIONS
Conforming to J.E.D.E.C. TO-5

A Millimetres
‘—BT Min, Nom., Max.
A 8.64 8.9 9.4
- ¢ B 7.75 8.15 8.5
o 4* c 6.1 6.35 6.6
D - 5. 08 =
4{» 1_1_1 E 0.71 0.79 0.86
45°+3 F 38 - -
L[\ G - 0.45 =
I ? H - 0.4 -
F]_J J 0,74 0.85 1.01

Collector connected to envelope

JULY 1968 \v/ 2N1420 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
WVepolg =0

WVopr Bpg =109
Vego =0
Ton

_an®
‘rp,wt mex, (T, . =25 C)

(T =100%C)
case i
(T =25 C)
case
Temperature
T ., min,
stg
T, m
stg

TTJ max. (operating)

THERMAL CHARACTERISTICS

te
j=case
te

ax,

j=amb

60

30
5.0
1.0

600
1,0
2.0

+200
+175

75
250

» < 4 <

mwW

g 4

deg C/W
deg C/W

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

f1 Collector cut-off current
V n =30V, IE =0
=30V, I =

CBO
CB

Ve E

tv Collector-base breakdown

BR(CBO) | (1ioce

c

tv Collector emitter sustaining

CER(sust) wlfugs

RBE =10Q, Ic =100mA (pulsed)

v Collector-emitter saturation

CE(saf) voltage

C

tv Base-emitter saturation

BEan) voltage

C

th Large signal forward current

T transfer ratio

IC =160mA, V

JULY 1968

I.=100uA, IE=0

1.=150mA, IB =16mA

I.=150mA, IB=15mA

Min,

60

30

100

Max,

1.0
100

1.5

1.3

300

3

2N1420 Page 2



SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR 2N1420

Min, Max,
Thfe Small signal high frequency
current gain
1,=50mA, V=10V, £=20Mc/s 2.5 -
Tcob Output capacitance
VCB=10V, IE=0 - 35 pF

t3.E.D,E,C, registered data.

SOLDERING AND WIRING RECOMMENDATIONS

1.

W
.

4.

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.

Transistors may be dip-soldered at a solder temperature of 245°C fora
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.

Care should be taken not to bend the leads nearer than 1,5mm from the
seal,

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.

JULY 1968 N\ 2N1420 Page 3






SILICON PLANAR
N-P-N TRANSISTOR

2NI711

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=0) +75 v

VCER max. (RBE =109) +50 v

ICM max. . 1.0 A

P, max. (T =25 0C) 800 mw

hFE (ICM =150mA, VCE =+10V) 100 - 300

OUTLINE AND DIMENSIONS
Conforming to J.E.D.E.C. TO-5
A Millimetres
B 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
Collector connected to envelope
(R
MAY 1966 mm Page D1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
= ke .
1V g max. (;=0) 75 4
= +
TVCER max. (RBE 109) 50 v
v . = +7.0 v
i EBo ™MaX =0
= +
VCEO max. (IB 0) 30 \'
. 1,0
i1 cp Max . A
1P, max. T =25C 3.0 w
tot case -
i =100 C 1.7 w
case "~
T =25 C 800 mw
amb
Temperature
o
in. -65
TTstg min .
T max. 200* o]
stg &
TTj (operating range) -65 to +200 (o]
*See Soldering and Wiring Recommendation No.4.
THERMAL CHARACTERISTICS
Tej - 58.3 degC/W
Tej o— 219 degC/W
ELECTRICAL CHARACTERISTICS (Tamb=25°c unless otherwise stated)
Min. Max.
TICBO Solle:f;c())l;]ctzt -osz) current i - "
CB *'E &
VCBIGOV, IE=O, Tamb=150 C = 10 HA
TIEBO f:rmltie; S;t—?ﬂ” :grrent i ‘o -
EB "’ °C :
TVBR(CBO) Collector -base breakdown
voltage
= = - v
1,=10044, 1.=0 +75
TVBR(EBO) Emitter-base breakdown
voltage
= = +! e
IE 100pA, IC 0 7.0 v
v Collector -emitter sustaining
LER{s) voltage (See note 1)
RBE =109, Ic= 100mA +50 - v
([
MAY 1966 M rd Page D2



SILICON PLANAR
N-P-N TRANSISTOR

TVCE(sth)

1-VBE(sat)

g

Collector -emitter saturation

voltage (See note 1)

IB= 15mA, IC =150mA
Base-emitter saturation
voltage (See note 1)

IB= 15mA, IC: 150mA
Large signal forward
current transfer ratio

IC=500mA, VCE =10V

(See note 1)
IC=150mA, VCE=10V

(See note 1)

ICZIOmA, VCE:lOV

(See note 1)
IC=10mA, v =10V,

, CE
Ty =55 ©

1,=0.1mA, V =10V
1,=0.01mA, V=10V

Small Signal characteristics

1-hfe

thy,

Thrb

Small signal forward
current transfer ratio
1,=1.0mA, V.=5.0V,
f=1.0ke/s

IC =5.0mA, V

f=1.0ke/s

oI,

Input impedance
I .=1.0mA, VCB =5.0V,

C
f=1.0ke/s
Ic=5.0m.A, VCB=10V,
f=1.0kc/s
Voltage feedback ratio
IC=1.0mA, VCB=5.0V,
f=1.0ke/s
=5.0mA,
Ic 5.0 v
f=1.0ke/s

CB=10V,

MAY 1966

2NI711

Min. Max.

- +1.5 v

= +1.3 v

40 -

100 300

75 -

35 -

35 -

20

50 200

70 300

24 34 Q

4, 8.0 Q

= 5.0 ><1()q‘l

= 5.0 ><10—4
Page D3



Thob

Output admittance

Th

fe

fe

ob

ib

IC=1.0m.A, VCB=5.0V,

f=1.0ke/s 0.1 0.5 pmho
IC=5.0mA, VCB
f=1.0ke/s 0.1 1.0 pmho

=10V,

Small signal forward

current transfer ratio

IC=50mA, VCE=10V’

f=20Mc/s 3.5 -

Output capacitance

IC=0, VCB=10V - 25 pF

Input capacitance
Ic=0, VEB=O.5V - 80 pF

iNF Noise figure

IC=0.3mA, VCE=10V,

f=1.0ke/s, Rs=510sz,

1 cycle bandwidth = 8.0 dB

fJ.E.D.E.C. registered data

NOTE

1. Measured under pulsed conditions to prevent excessive dissipation pulse

duration=300us, duty cycle=1%.

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.

. Transistors may bedip-soldered at a solder temperature of 24500 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.

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

seal.

. 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.

MAY 1966 (Mullard]
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N-P-N SILICON 2N1893

High voltage silicon n-p-n transistor intended for use in high performance
amplifier, oscillator and switching applications.
QUICK REFERENCE DATA
VCBO max. 120
=
VCER max. (RBE =109Q) 100 v
IC max. 500 mA
= 9r0
Ptot max. (Tcase 25°C) 3.0 w
T], max. 200 %
hFE at IC=0.1mA, VCE=10V > 20
£ \ = = = _550
IC 10mA, VCE 10V, T 55°C >20
IC = 10mA, VCE =10V >35
=1 =
IC 50mA, VCE 10v 40 to 120
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO - 3/SB3 - 3A
J.E.D:.E.C: TO ~5
Millimetres
Min. Typ. Max.
A A 9.10 - 9.4
B B 8.2 - 8.5
C 6.15 - 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 -
0.74 - 1.0
The collector is connected
N to the envelope

SEPTEMBER 1967
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RATINGS

Limiting values of operation accordiﬁg to the absolute maximum system.

Electrical
VCBO max.

VCEO max.

=
Vogg MaX. (R <108)

VEBO max.

IC max.

= 950
Pmtmax"Tamb 250C

T =100°C
case
= 25%
case

Temperature

T min.
stg

i max.
stg

Tj max.

THERMAL CHARACTERISTICS

ej—amb

o,
j-case

120 v
80 v
100 A\
7.0 A\
500 mA
0.8 w
1.7 w
3.0 w
-65 °c
200 °c
200 2o
219 degC/W

58.3 degC/W

ELECTRICAL CHARACTERISTICS (Tamb = 2590 unless otherwise stated)

ICBO
CB

V.,=9V, 1

CB E

IEK)
EB C

ViBR)CBO

v
(BR) EBO .
I = 1004A, 1,

SEPTEMBER 1967

Collector cut-off current
V.., =90V, IE =0

=0, T
am|

Emitter cut-off current
V.,=5.0V,1I_ =0

Collector-base breakdown voltage
= 10 =
I c 0uA, IE 0

Emitter-base breakdown voltage

Min. Max.
= 10 nA
- 15 LA
- 10 nA
120 = v
7.0 - v

2N1893 Page D2



N-P-N SILICON 2N1893

TRANSISTOR

Min. Max.
*Collector-emitter sustaining voltage
= = -
vCER(sust) IC 100mA, RBE 109 100 v
VCEO(sust) IC =30mA, IB =0 80 - v
v *Collector-emitter saturationvoltage
s I, =50mA, I, =5.0mA = .2 Vv
=1 = -
IC 50mA, IB 15mA 5.0 A\
V. *Base-emitter saturation voltage
BE(saf) I, =50mA, I, =5.0mA . 0.9 V
=150 = 15mA - . /
IC 150mA, IB 5 1.3 A%
hFE Static forward currenttransfer ratio
IC=0.1mA, VCE=10V 20 -
= = =_55° -
IC 10mA, VCE 10V, T =-55"C 20
* = = -
Ic 10mA, VCE 1ov 35
* ] =
IC 150mA, VCE 10V 40 120
h Small signal forward current
fe : :
transfer ratio (common emitter)
=1, 8 = 9% =1
IC OmA VCE 5.0V, f=1.0kHz 30 100
IC=5.0mA, VCE=10V, f=1.0kHz 45 -
IC = 50mA, VCE =10V, f=20MHz 2.5 -
C te Collector capacitance
VCB =10V, IE = Ie =0 - 15 pF
b Emitter capacitance
VEB=0.5V, IC=IC=O = 85 pF

*Measured under pulsed conditions to avoid excessive dissipation, pulse
duration =300us, duty cycle < 0.02.

SEPTEMBER 1967 2N1893 Page D3




h - parameters at f = 1,0kHz (common base)

=1, y =5.0
IC OmA VCE 5.0V

hib Input impedance
hrb Voltage feedback ratio
h Output conductance
ob
=5, =
I o 5.0mA, VCE ov
ib Input impedance
hrb Voltage feedback ratio
hob Output conductance
(R
SEPTEMBER 1967 A

Min.

20

1.25
0.5

1.50
0.5

8.0

x10~4
pmho

><10'4
pmho
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N-P-N SILICON PLANAR 2N2217
EPITAXIAL TRANSISTORS IN2218

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-

cations.
QUICK REFERENCE DATA
VCBO max. 60
VCEO max. 30
IC max. 800 mA
P max. (T . ~=250C) 800 mw
Tj max. 175 °c
fT min. (IC= 20mA, VCE: 20V, f = 100MHz) 250 MHz
2N2217 2N2218 2N2219
hFEmin. IC=0.1m.A,VCE=lOV = 20 35
IC= 10mA, VCE= 10v 17 35 75
IC= 500mA,VCE= 10v - 20 30
Unless otherwise stated data is applicable to all types
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3 -3A
3:B.D: E.C: TO-5
Millimetres
Min. Typ. Max
9.10 = 9.39
8.2 - 8.50
6.15 = 6.60
= 5.08 #
0,471 - 0.86
= = 0.51
12.7 = -
38.1 - 41.3
- - 1.01
0.41 - 0.48
== = 0.53
= 0.4 =
J 0.74 - 1.01
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max.

VCEO max.

VEBO max.

I, max.
C

- 0
P, max. (T, . =25°C)

Temperature
L min.
stg

T max.
stg

T, max.
]
TTHERMAL CHARACTERISTICS
0,
ej—amb (above 25°C)

o, (above 25°C)
j-case

60
30
5.0
800
800

200
175

E<<<

mw

¢
oc
&6

0.19 degC/mW
0.05 degC/mW

TELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)

i1 CBO Solle:t;;’vcult-oszocurrent
CB i
= = = 0
VCB 50V, IE 0, Tamb 150°C
IEBO ‘E,Jmltieg c(:)t;}:—c;ff Zu;‘rent
EB TG
V(BR) CBO folielc;zz —bIase= b;'eakdown voltage
C *'E
V(BR) CEO Col}ector—emltt_er breakdown voltage
I1,.=10mA, I1_=0
[¢] B
V(BR) EBO }Enlit;%xxasle b:%akdown voltage
E e
" P .
VCE (sat) Collector-emitter saturation voltage

I, =150mA, I, = 15mA
I, =500mA, I =50mA, 2N2218,9

*Pulsed conditions, pulse width=300us, duty cycle=2%.
1J.E.D.E.C. registered data.

Min.

60

30

5.0

Max.

10
10

10

0.4
1.6

nA
[T7:

SEPTEMBER 1967 \NF
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

Min.
V. *Base-emitter saturationvoltage
BE(Sa) | - 150mA,I_=15mA =
C B
I_.=500mA, I_=50mA, 2N2218,9 -
C B
hFE Forward current transfer ratio
IC=0.1mA, VCE=10V 2N2218 20
2N2219 35
I1.=1.0mA,V__ =10V 2N2217 12
= os 2N2218 25
2N2219 50
1 =10mA,V__=10V 2N2217 17
" gk 2N2218 35
2N2219 75
*1 ,=150mA, V__=1,0V  2N2217 10
c GB 2N2218 20
2N2219 50
*I ,=150mA, V__ =10V 2N2217 20
¢ oE 2N2218 40
2N2219 100
*] =500mA, V__ =10V 2N2218 20
c = 2N2219 30
fT Transition frequency
=20 = =
IC 20mA, VCE 20V, f=100MHz 250
Cob Collector capacitance
VCB=10V, IE=0 -
Re(hie) Real part of input impedance
IC=20mA, VCE=20V, f=300MHz =

*Pulsed conditions, pulse width =300us, duty cycle <2%

2N2217
2N2218
2N2219

Max.

1.3 v
2.6 v

60

120

300
- MHz
8.0 pF
60 Q

SEPTEMBER 1967
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N-P-N SILICON PLANAR 2N2218A
EPITAXIAL TRANSISTORS 2N2219A

N-P-N silicon planar epitaxial transistors designed primarily for high speed
saturated switching applications for industrial service

QUICK REFERENCE DATA

VCBO max. 75 A%

VCEO max. (IC=O to 500mA) 40 v

Ic max, 800 mA

o

Ptot max. (Tamb-25 C) 800 n:JW

Tj max. 175 (o]
h (I.,=150mA, V =10V) 2N2218A 40-120
ER TG CH 2N2219A 100-300

fT min. (IC=2OmA, VCE=20V,

f=100MHz) 2N2218A 250 MHz

2N2219A 300 MHz

ts max. (ICS=150mA, IB=—LBM=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

Millimetres
Min. Typ. Max.
2 A 9.10 - 9.39
B—=
B 8.2 - 8.50
e 6.15 = 6.60
K c

L D - 5.08 =

18 Fll ] E 0.71 = 0.86
G2 2 .

J_‘% T F1 - = 0.51

63 F2 12.7 - =
45°39N o b, F3 38.1 - 41.3
L Gl = = 1.01

D

E?] G2 0.41 . 0.48
J G3 - - 0.53

H = 0.4 -
Collector connected to envelope J 0.74 - 1.01

(R
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
. v
A% CBO max 75
VCEO max. (IC=0 to 500mA) 40 v
i 6.0
VEB o max A%
1 c max. 800 mA
o
‘ = 800 w
Ptot max (Tamb 25°C) m
Temperature
T . min. -65 °c
stg o
T max. 200 (o]
stg o
Tj max. 175 C
Tlead max. (1/16" from case for 60 seconds) 200 °c
TTHERMAL CHARACTERISTICS
0. (above 25°C) 0.19 degC/mW
j-amb 5
. (above 25 C) 0.05 degC/mW
j-case
TELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)
Min. Max.
1 Collector cut-off current
CBO . = -
VCB—GOV, IE 0 . 10 nA
VCB=60V, I.E=0, Tamb=150 C - 10 HA
I CEX Collector-emitter cut-off current
=6 = =3. .
v CE ov, VBE ov 10 nA
_I'BEX Base current
VCE=60V, —VBE=3.0V - 20 nA
I'EB o Emitter cut-off current
VEB=3.0V, IC=O - 10 nA
v Collector-base breakdown voltage
(BR)CBO . N _
IC 10upA, ]'E 0 75 v
v Collector-emitter breakdown voltage
(BR)CEO = _ _
I c 10mA, IE 0 40 v
v Emitter-base breakdown voltage
(BRIEEO IE=10uA, IC=0 6.0 = v

tJ.E.D.E,C. registered data
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N-P-N SILICON PLANAR

2N2218A

EPITAXIAL TRANSISTORS 2N2219A
Min Max
VCE( t) *Collector-emitter saturation voltage
sal == = s
IC—-ISOmA, IB 15mA 0.3 v
1,=500mA, I, =50mA - 1.0 v
v *Base-emitter saturation voltage
BE(sat) 1,=150mA, [ =15mA 0.6 1.2 Vv
= =5 =
IC 500mA, IB OmA 2.0 v
hFE Forward current transfer ratio
IC=O.1mA, VCE=10V 2N2218A 20 -
2N2219A 35 -
IC=1.0mA, VCE=10V 2N2218A 25 -
2N2219A 50 =
I .=10mA, V =10V 2N2218A 35
¢ ch 2N2219A 75
IC=10mA,OVcE=10V,
Tamb =-556"C 2N2218A 15 -
2N2219A 35 -
IC=150mA, VCE=1.0V 2N2218A 20 “
2N2219A 50 -
*IC=150mA, VCE=1OV 2N2218A 40 120
2N2219A 100 300
*IC=500mA, VCE=10V 2N2218A 25 =
2N2219A 40 -
Cob Output capacitance
Vop=10V, I;=0, f=100kHz = 8.0 pF
cib Input capacitance
VEB=0.5V, IC=0, f=100kHz - 25 pF
fT Transition frequency
=20mA, V__ =20V,
IC CE ¥
f=100MHz 2N2218A 250 - MHz
2N2219A 300 - MHz
r'bC Collector-base time constant
e 1,=20mA, V=20V, {=31.8MHz - 150 ps

*Pulsed conditions, pulse width=300us, duty cycle=2%.

SEPTEMBER 1967
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N Noise figure
= =10
Ic 100pA, VCE Vv,
Rg=1.0k§2, f=1.0kHz,
bandwidth=1. 0Hz 2N2219A
Re (h.e) Real part of input impedance
: 1,=20mA, V=20V, {=300MHz

h-parameters

Measured at IC=1. OmA, VCE

h Small signal forward
fe 2
current transfer ratio

hre Voltage feedback ratio
h, Input resistance

ie
h & Output conductance

o

Measured at IC =10mA, VCE

h Small signal forward
fe "
current transfer ratio
hre Voltage feedback ratio
. Input resistance
ie
hoe Output conductance

SEPTEMBER 1967 NP

=10V, f=1.0kHz

2N2218A
2N2219A

2N2218A
2N2219%A

2N2218A
2N2219A

2N2218A
2N2219A

=10V, f=1.0kHz

2N2218A
2N2219A

2N2218A
2N2219A

2N2218A
2N2219A

2N2218A
2N2219A

30
50

50
75

10
25

4.0 dB
60 Q
150
300
5.0 X 10__‘;1
8.0 X10
0 3.5 kQ
0 8.0 kQ
w0 15 pmho
0 35 pmho
300
375
25 x1o::
4.0 X10
2 1.0 kQ
25 1.25 kQ
100 pmho
200 pmho
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N-P-N SILICON PLANAR 2N2218A
EPITAXIAL TRANSISTORS 2N2219A

Switching characteristics

Max.
Turn-on (see Fig.1 and 3)
=30V = = =
VCC 30V, ICS 150mA, LB 15mA, VBEoff 0.5V
td Turn-on delay time 10 ns
tr Rise time 25 ns
Turn-off (see Fig.2 and 3)
VCC=30V, ICS=150mA, IB=~IBM:10mA
ts Storage time 225 ns
tf Fall time 60 ns
TEST CIRCUITS
+30V
2000
9.9V, ¢—olo oscilloscope
Zin >100kQ
e19n Cin<12pF
00— <
OBV tr = 5ns
tp £ 2:0ns

pulse width < 200ns

Fig.1

Equivalent test circuit for measuring delay and rise times
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TEST CIRCUITS (cont'd)

30V

+16-2V 20kQ

To oscilloscope
Zjn >100kQ
Cin £ 12PF
500 tr = 5ns

=3V
B7751 Fig.2
Equivalent test circuit for measuring storage and fall times
WAVEFORMS
B7752 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

VCBO max. 60 A\
VCEO max. 30 v
IC max. 800 mA
= 950
P, . max. (T, . =25°C) 500 mwW
T, max. 175 %
fT min, (IC=20mA, VCE=20V, f=100MHz) 250 MHz
2N2220 2N2221 2N2222
hFE min. IC= 0.1mA, VCE= 10V - 20 35
IC= 10mA, VCE= 10v 17 35 75
IC = 500mA, VCE= 10V - 20 30
Unless otherwise stated data is applicable to all types
OUTLINE AND DIMENSIONS
Conforming to B.S., 3934 SO -12A/SB3 -6A
J.E.D.E.C, TO-18
Millimetres
g Min. Typ. Max
_T A 4.53 - 4.8
B B 4.66 - 5.33
| o c1 = = 0.51
c1 8+ = D1
B D2 c2 12.7 - -
ca Yy o c3  12.7 = 15
D1 - - 1.01
T D3
e D2 0.41 - 0.48
D3 - - 0.53
H E 0.84 - p O b
F 0.92 = 1.16
G - 2.54 -
Viewed from underside H 5.31 - 5.84
Connections:
1. Emitter
2. Base 3. Collector connected to envelope
(D

SEPTEMBER 1967 N,
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T RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
. 60
VCBO max v
VCEO max. 30 v
VEBO max. 5.0 v
IC max. 800 mA
. — 520 - ,
Ptot max. (ramb 25°C) 500 mW
Temperature
T . min. -65 oc
stg
T , max. 200 °%¢
stg
T, max. 175 ¢
TTHERMAL CHARACTERISTICS
0,
ej—amb (above 25°C) 0.30 degC/mW
(o]
- (above 25°C) 0.083 degC/mW
TELECTRICAL CHARACTERISTICS (Tamb = 259C unless otherwise stated)
Min., Max.
I Collector cut-off current
CBO . N =
VCB 50V, IE 0 . 10 nA
VCB=50V, IE=0, Tamb= 150~C = 10 HA
i § Emitter cut-off current
EBO _ = _
VEB-3.0V, IC 0 10 nA
v Collector-base breakdown voltage
(BR)CBO - _
=1 " =0 60 -
I, =104, I \%
v Collector-emitter breakdown voltage
(BRIGEO I ,=10mA,I_=0 30 = v
C B
\Y Emitter-base breakdown voltage
(BR)EBO _ _
IE 10nA, Ic 0 5.0 - v
v *Collector-emitter saturation voltage
CE(sa) | - 150mA, I =15mA . 0.4 V
C B
1.6 v

I, =500mA, I_=50mA, 2N2221,2 -

*Pulsed conditions, pulse width =300us, duty cycle =2%
tJ.E.D.E.C. registered data.
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

VBE (sat)

FE

b

Cob

Re(h. )

1€

Min.
*Base-emitter saturationvoltage
IC=150mA, IB = 156mA -
I,=500mA,I =50mA, 2N2221,2 -
(o] B
Forward current transfer ratio
I.=0.1lmA, V__=10V  2N2221 20
¢ ek 2N2222 35
L. =1.0mA, V. . =10V 2N2220 12
e ge 2N2221 25
2N2222 50
I =10mA, V. . =10V 2N2220 17
e CE 2N2221 35
2N2222 75
*IC= 150mA, VCE= 1.0V 2N2220 10
2N2221 20
2N2222 50
*I = 150mA, V__ =10V 2N2220 20
o bl 2N2221 40
2N2222 100
*I_=500mA, V__ =10V 2N2221 20
€ CE 2N2222 30

Transition frequency
IC= 20mA, VCE: 20V, £=100MHz 250

Collector capacitance
VCB= 10V, IE= 0 -
Real part of input impedance

IC=20mA, VCE=20V,f=300MHZ =

*Pulsed conditions, pulse width =300us, duty cycle =2%

2N2220
2N2221
2N2222

Max.

1.3
2.6

60
120
300

8.0

60

MHz

pF

SEPTEMBER 1967 S
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N-P-N SILICON PLANAR 2N2221A

EPITAXIAL TRANSISTORS 2N2222A
Y
N-P-N silicon planar epitaxial transistors designed primarily for high speed
saturated switching applications for industrial service
QUICK REFERENCE DATA
=
VCBO max. 75 A%
= 5
VCEO max. (IC 0 to 500mA) 40
Ic max. 800 mA
o
=95
Ptot max. (Ta.mb 25 C) 500 mWw
T, max. 175 26
h (I,=150mA, V . =10V) 2N2221A 40-120
! E
BT g 2N2222A 100-300
) "
fT min. (IC—ZOmA, VCE =20V,
f=100MHz) 2N2221A 250 MHz
2N2222A 300 MHz
ts max. (ICS:IQOmA, LB=—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
A Millimetres
1 Min. Typ. Max.
B
A 4,53 - 4.8
Vi i
S B o D1 B 4.66 - 5. 83
f D2 o
1 = = 0.51
c2 L ¢
c2 12.7 - -
I e D3 C3 12.7 - 15
D1 - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
Viewed from underside F 0.92 - 1.16
Connections G _ 9. 54
PN 1. Emitter H 5.31 B 5. 84
2. Base

3. Collector connected to envelope
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TRATINGS

Limiting values of operation according to the absoluie maximum system.

Electrical
v CBO max.

VCEO max. (IC=O 0 500mA)

VEBO max.

IC max.

. (T
1)tot max. ( amb

Temperature

=25°C)

T min,
stg

T max.
stg
T. max.

T max. (1/16' from case for 60 seconds)
lead

TTHERMAL CHARACTERISTICS
o
ej-amb (above 25 C)

o. (above 25°C)
j-case

TELECTRICAL CHARACTERISTICS (Ta_mb

t- t
I CBO Solle:g:;;] cu (ff, curren
CB ’ IE 5
VCB=60V, =0, T ., =150C
ICEX Collector-emitter cut-off current
VCE =60V, _VBE =3.0V
= Base current
BEx B B
VCE =60V, VBE =3.0V
I'EB o Emitter cut-off current
VEB=3. ov, IC =0
V(BR)CBO Collector-base breakdown voltage

1,=104A, I,=0

v Collector-emitter breakdown voltage
(BR)CEO - i
I c 10mA, LB 0
v (BR)EBO Emitter-base breakdown voltage

L, =104A, 1,=0

TJ.E.D.E. C. registered data.

75
40

800
500

200
175
200

0.30
0.083

Min.

75

40

6.0

=2500 unless otherwise stated)

v

v

v

mA

mw

°c

°c

%6

e

degC/mW

degC/mW
Max.

10 nA

10 HA

10 nA

20 nA

10 nA

= v

- A\

- v

SEPTEMBER 1967 S
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

VCE (sat)

BE (sat)

FE

ob

ib

*Collector-emitter saturation voltage
IC=150mA, LB=15mA -
IC=500mA, IB=50mA -

*Base-emitter saturation voltage

IC=150mA, LB=15mA 0.

IC=500mA, IB=50mA =

Forward current transfer ratio

1,=0.1mA, V=10V  2N2221A 20
2N2222A 35
1,=1.0mA, V =10V 2N2221A 25
2N2222A 50
1,=10mA, V. =10V 2N2221A 35
2N2222A 75
IC=10mA,OVCE=10V,
T, =55 C 2N2221A 15
2N2222A 35
1,=150mA, Vo =1.0V 2N2221A 20
2N2222A 50
*I,=150mA, V=10V  2N2221A 40
2N2222A 100
*1,=500mA, V. =10V  2N2221A 25
2N2222A 40

Output capacitance

VCB:IOV, I.E=0, f=100kHz -
Input capacitance

VEB=0.5V, IC=0, f=100kHz -
Transition frequency

IC=20mA, VCE =20V,
f=100MHz 2N2221A 250

2N2222A 300

*Pulsed conditions, pulse width=300us, duty cycle=2%

SEPTEMBER 1967

2N2221A
2N2222A

Max.
0.3 A%
1,0 v
1.2 A%
2.0 v
120
300
8.0 pF
25 pF
= MHz
- MHz

(N
A
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Re(hie)

Collector-base time constant

=2 = f=31.
Ic OmA, VCE 20V, 31.8MHz
Noise figure

IC=100pLA, V _..=10V,

CE
Rg=1.0k§2, f=1.0kHz,

bandwidth =1. 0Hz 2N2222A

Real part of input impedance

1,=20mA, V=20V, f=300MHz

h-parameters

Measured at I ,=1.0mA, V

hfe

h
re

ie

Measured at IC:IOmA, v

hfe

re

oe

=10V, f=1.0kHz

C CE

Small signal forward

current transfer ratio 2N2221A
2N2222A

Voltage feedback ratio 2N2221A

2N2222A
Input resistance 2N2221A
2N2222A
Output conductance 2N2221A
2N2222A

CE=10V, f=1.0kHz

Small signal forward
current transfer ratio 2N2221A
2N2222A

Voltage feedback ratio 2N2221A

2N2222A
Input resistance 2N2221A
2N2222A
Output conductance 2N2221A
2N2222A

SEPTEMBER 1967

30
50

50
75

10
25

Max
150 ps
4.0 dB
60 Q
150
300
5.0 xmj
8.0 X10
0 3.5 kQ
0 8.0 kQ
0 15 pmho
0 35 pmho
300
375
2.5 ij
4.0 X10
2 1.0 kQ
.25 1.25 kQ
100 pmho
200 pmho
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N-P-N SILICON PLANAR 2N2221A
EPITAXIAL TRANSISTORS 2N2222A

Switching characteristics

Max
Turn-on time (see Fig.1 and 3)
Vo =30V, I,g=150mA, I, =15mA, Voo .=0.5V
td Turn-on delay time 10 ns
tr Rise time 25 ns
Turn-off time (see Fig.2 and 3)
VCC=30V, ICS:150mA, lB=—IBM:15mA
ts Storage time 225 ns
tf Fall time ' 60 ns
TEST CIRCUITS
+30V
2000
9:9V, & olo oscilloscope
Zin >100kQ
619N Cin<12pF
00— tr € 5ns
=05V
tr £ 2:0ns

pulse width < 200ns

Fig

Equivalent test circuit for measuring delay and rise times
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TEST CIRCUITS (cont'd)

30v

+16-2V 20KkQ

To oscilloscope

Zjn >100kQ
Cin £ 12pF
500 tr < 5ns

-3v - -
Fig.2
Equivalent test circuit for measuring storage and fall times
WAVEFORMS
Fig.3

SEPTEMBER 1967 NP 2N2221A-Page D6



SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

2N2297

Silicon n-p-n epitaxial planar transistor intended for large signal h.f. and

v.h.f. amplifier applications.
QUICK REFERENCE DATA

Vo max. (I;=0)

CB
VCE max.,
IC max, :
Ptot max., (Tamb=25 C)
heg Oopy =180mA, Vo =+10V)
fT min, (I =50mA, V o =+10V, f=20Mc/s)

OUTLINE AND DIMENSIONS
Conforming to J.E.D,E.C, TO-5

+80 v
+35 v
1.0 A
800 mW
40 - 120
60 Mc/s

e c
b
Collector connected to envelope
Millimetres Millimetres

Min, Nom. Max, Min., Nom. Max,
A 8,64 8.9 9.4 F 38 - -
B 7.75 8.15 8.50 G - 0.45 -
(o] 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 *Thickness of locating tab.,

(N
| Mullard |
APRIL 1965 Page D1



RATINGS

Limiting values of operation according to the absolute maximum system,

Electrical W/
= +
v op max. (IE 0) 80 v
v cp max. 15=0) +35 v
TVEB max. (IC=0) +7.0 \Y%
TIC max. 1.0 A
TP, max. T _ =25°C 5.0 w
tot case
T  =100°C 2.8 W
case
T =25 0.8 w
amb
4
Thermal
fT_, _ min, -65 °c
stg
T . max. 200% °c
stg
TT]_ max. (operating) 200 °c

*See Soldering and Wiring Recommendation No. 4.

THERMAL CHARACTERISTICS
e=25°c 28.6 mW/degC

TDerating factor at T
cas

T . =25C 4.6 mW/degC
amb

—
N~
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

2N2297

ELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise stated)

TICBO

TIEBO

TVCEO(sust.)

L/ (BR)CBO

™V BR)EBO

TV eE(sat)

Ve (sat)

Th

Collector cut-off current
VCB=+60V, IE =0
=+ =0
v CB 60V, IE i
=15
Tamb 0

Emitter cut-off current

Vopn =5.0V; 1

EB c™?

Collector-emitter sustaining

voltage
IC=30mA (See note 1)

Collector-base breakdown
voltage

IC=100u.A, HS=0

Emitter-base breakdown
voltage

1E=100uA, IC=0

Collector-emitter saturation

voltage
1,=150mA, I, =15mA
IC=1.0A, IB=100mA
(See notes 1 and 2)

Base-emitter saturation
voltage

IC =1,0A, IB=100mA
(See notes 1 and 2)

Large signal forward
current transfer ratio

IC=150mA, VCE=10V
(See note 1)
IC=10mA, VCE=10V
(See note 1)

IC=1.0A, VCE=10V

(See note 1)

APRIL 1965

Min, Max.

= 10 nA
- 10 LA
- 10 nA

35 - v

80 - v
7.0 - v
= 0.2 v
- E50 v
- 1.6 A%

40 120

30 -

15 -
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if

fe

ob

ib

Min, Max.
Transition frequency
= = +

IC 50mA, VCE 10V,

f=20Mc/s 60 - Mc/s
Output capacitance

VCB=10V, IE=0 - 12 pF
Open-circuit input capacitance

I =0, Vi, =0.5V - 80 pF

fr, , cc Collector-base time constant

IC=10mA, VCB=10V,

f=4,0Mc/s - 800 ps

fJ.E.D.E.C. Registered Data,

NOTES
1.

2,

Measured under pulsed conditions to prevent excessive dissipation.
P.W, =300us, duty cycle =1%.

Measured at a point on the lead =12,7mm (0.5in) 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.

. Transistors may be dip-soldered at a solder temperature of 24500 for

a maximum soldering time of 5 seconds. The case temperature during
soldering mustnot 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.

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

. 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 TRANSISTOR 2N2297
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS
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[ Mullard]|
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Peg 2N2297 B3967
Tj=25%C

VCE=10V yd

40 7
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4t
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30 ] |
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO
PLOTTED AGAINST COLLECTOR CURRENT
TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO
PLOTTED AGAINST JUNCTION TEMPERATURE
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE
EMITTER CUT-OFF CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE
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TYPICAL OUTPUT CHARACTERISTICS. T;=25°C
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

Vee(sat 2“”’1 f 83972
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED
AGAINST JUNCTION TEMPERATURE. COLLECTOR AND BASE
CURRENTS AS PARAMETERS
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST
JUNCTION TEMPERATURE., COLLECTOR AND BASE CURRENTS
AS FARAMETERS
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VCE(sqt) S O e L L L A 0 2207 R 53978
(V) 1
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE
AS PARAMETER. I¢/Ig=10.

TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS
PARAMETER. I./I5=10,
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

Vee(sat) } 2N2297}
%)
I./1g =20 T, = 150°C]
1.0
=1oo'c\\ /
~
e y,
7! =-
075 40 C"‘\I /
/]
.
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05 7/
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0-25 ==l
—7
g
ol PR Y P ; 1.1, [B3976
10 100
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VeE(sat) ] 2N2297 |
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075 —— =100°C =
———-150°C
O e ) N ] Lo s i
10 100 1. (mA)

TYPICAL COLLECTOR-EMITTER 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

™
2N2297 B3979
[TTTT
I_=1 A
c om
[TTTT
Tj = 25°C
250
hien
200
A
150
\
100
N
P
Ny hfe
50 = et ™
P 1 I-e
hrex10
h__Mumho
T 11T
(o} TTTTT
[e] 50 10 15 VCE(V)
TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR-EMITTER
VOLTAGE
Vi
(A
[ Mullard]|
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TYPICAL VARIATION OF h PARAMETERS WITH JUNCTION TEMPERATURE
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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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TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS
PLOTTED AGAINST PULSE DURATION
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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.
lr QUICK REFERENCE DATA I
‘ —ZCBO max. tj(j A% ‘
‘ “Vero max. 35 \%
[ —IC max. 500 mA
P, max. (Tambs,‘ZSOC) 600 mw
-1 =150mA, -V__ =10V 75 - 2
| leriaidl Ty " W o
P { T in. (—IC ni: A :\iCFi V, [=20MHz) 60 4}{1{—1‘,‘1
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5
Millimetres
Min. Nom. Max.
A 9.10 = 9.40
B 8.20 = 8.50
C 6.10 = 6.60
— 5.08 =
E 0.71 = 0.86
N Fl s - 0.51
F2 12.7 - -
F3 38.1 = 41.3
G1 = = 1.01
G2 0.41 = 0.48
3 - = 0.53
H = 0.4 =
Collector connected to can J 0.74 - 1.0
N\
(@
[Mullard]
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RATINGS

'Limiting values of operation according to the absolute maximum system.

Electrical
-VCBO max. 50 \'%
- =
VCER max. (RBE 109 50 A\
-Vc EO max. 35 \'
-VEBO max, 5.0 \%
-Ic max., 500 mA
o
=
Ptot max. (Ta.mb 25 C) 600 mwW
Temperature
T -65 to +200 %
stg o
Tj max. 200 (o]
THERMAL CHARACTERISTIC
Rth (j-amb) 292 degC/W
ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)
Min. Max.
=1 Collector cut-off current
CBO ~ -
Vog=30V, I;=0 1.0 pA
Ny =8OV L,=0,
= o =
Tamb 150°C 100 HA
=1 Emitter cut-off current
EBO - ~
-Vpp=2-0V, 1,=0 100 LA
-V(BR)CBO Collector-base breakdown
voltage
IC=100uA, IE=0 50 - \%
Collector-emitter sustaining
voltage
- *.] = = -
VCER(sust) IC 100mA, RBE 109 50 \"A
- - = = -
VCEO(Sust) IC 100mA, i 0 35 A%
-V(BR)EBO Emitter-base breakdown
voltage
IE=100;AA, Ic=0 5.0 - v

*Pulse measurement, pulse width = 300us, duty cycle=1%.

AUGUST 1968 N 2N2303 Page 2
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR 2N2303

ELECTRICAL CHARACTERISTICS (cont'd)

Collector-emitter saturation
voltage
-IC=150mA, -IB=15mA - 1.6 v

“VeEsay

-VBE(Eat) Base-emitter saturation
voltage

-Ic=150mA, -18515mA = 1.8 A%

h Static forward current
FE "
transfer ratio

*.] = o = =
IC 5.0mA, VCE 10V 75

*-1,=150mA, -V =10V 75 200
Cob %tput:clacl)lif mlt an:; f=140kHz - 45
CB rig=% PF
Civ e a5‘:\1/t P L &, £SIUER: . 80 pF
EB "¢ > g
f Transition frequency
~1,=50mA, -V, =10V,

f=20MHz 60 - MHz

h-parameters

hfe Forward current transfer
ratio
—Ic'— 1.0mA, —VCE=5.OV,

f=1.0kHz 75 300

-1,=5.0mA, -V, .=10V,

CE
f=1,0kHz 75 -

—IC=1.0mA, —VCB=5.OV, f=1.0kHz
h, Input resistance 25 35 Q
h Voltage feedback ratio - 8.0 x10~

Output conductance - 1.0 pmho

*Pulse measurement, pulse width = 300us, duty cycle = 17,
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ELECTRICAL CHARACTERISTICS (cont'd)

h-parameters (cont'd)

-1,=5.0mA, -V =10V, f=1.0kHz

CB

hib Input resistance
hrb Voltage feedback ratio
hob Output conductance

AUGUST 1968

Max.

10 Q
8.0 x107%

5.0 pmho
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR 2N2410

N-P-Nsilicon planar epitaxial transistor designed primarily for high speed,
medium power, saturated switching applications for industrial service.

QUICK REFERENCE DATA

VCBO max. 60 v
VCEO max. 30 v
IC max. 800 mA
9
&

Ptot max. (Tamb—25 C) 800 mwW
hFE (IC=150mA, VCE=10V) 30 to 120

fT min. (Ic=50mA, VCE=10V, f=100MHz) 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

Millimetres
Min. Nom. Max.
A 9.10 = 9.40
B 8.20 - 8.50
C 6.10 = 6.60
D = 5.08 -
E 0.71 o 0.86
F1 B = 0.51
F2 12.7 = =
F3 38.1 = 41.3
G1 = = 1.01
G2 0.41 - 0.48
G3 = = 0.53
H = 0.4 =
Collector connected to can J 0.74 = 1.0
()
[Mullard |
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v .
CBO max 60 A%
=
VCER max. (RBE 109 40 v
VCEO max. 30 v
VEBO max. 5.0 A%
IC max. 800 mA
(]
=
Ptot max. (Tamb-25 C) 800 mw
Temperature
T_, min. -65 %6
stg o
T max. 200 (o}
stg o
’I‘j 200 (o}
THERMAL CHARACTERISTIC
Rth(j-amb) 220 degC/W
ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)
Min. Max.
ICBO Collector-base cut-off current
VCB=3OV, IE=0 - 0.3 HA
ICES Collector-emitter cut-off current
V=308 Va0 . - 0.3 uA
VCE=30V’ VBE=O, Tamb=150 C - 350 uA
IEBO ‘E,mltie;'-(l)a\z;.seI cu:;off current i - 8
BB g ' H
v Collector-base breakdown voltage
(BR)CBO . _ ~
1,=100uA, 1,=0 60 \%
Collector-emitter breakdown voltage
¥1 = = -
V(BR)CER Ic 30mA, RBE 10Q 40 v
* = 30 = i -
V(BR)CEO IC mA, IB 0 30 v
\'% Emitter-base breakdown voltage
(FER0 IEZIOOMA, ICZO 5.0 - v

*Pulse measurement, pulse width = 300us, duty cycle = 2%,
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (Continued)

30
30
25
15

vCE(sat) Collector-emitter saturation voltage

* = =

Ic 150mA, IB 15mA

* = =

Ic 500mA, IB 50mA
VBE Base-emitter voltage

* = =

Ic 150mA, IB 15mA

* = =

IC 500mA, IB 50mA
hFE Static forward current transfer ratio

* = =1

IC 10mA, VCE ov

» ] =

I c 150mA, CE 10V

* = =

I, = 500mA, Vo =10V

* = 15 =

IC 150mA, VCE 1.0V
Cob Output capacitance

IE =0, VCB: 10V, f=1.0MHz
C“) Input capacitance

= =0, =1,

IC 0, VEB 0.5V, f 0Mliz

f'[‘ Transition frequency
= § = =
IC oOmA,VCE 10V, f= 100MHz 200

Switching characteristics

(See test circuit and waveforms on page 4)

= 0 = =5
ICM 500mA, Ich Iuoff 50mA
t Turn=-on time
on
b .. Turn=-off time
off

2N2410

Max

0.45 v
1.3 A%
1.2 A%
1.6 A%

120

120

100
11 pF
50 pF
- MHz
65 ns
65 ns

“Pulse measurement, pulse width = 300us, duty cycle = 2%

AUGUST 1968
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Switching characteristics

Test circuit

+6:50V

to oscilloscope

e
-350V tp & 4ns
Ri, > 100k
¥ < 12ns Cin < 12pF
tp =1.5%0.5us
Waveforms
Input

AUGUST 1968 NP 2N2410 Page 4



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
-V CBO max., 25
-V CEO max. 20 v
-1 c max. 100 mA
P, max. (T =25°0) 300 mw
hop (Io=10mA, -V . =0.5V)  20-60 40-120
fT min, (—IC =10mA, f=100MHz) 140 MHz
ts 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
Millimetres
Min. Typ. Max.
AT A 4.53 - 4.8
=
5 B 4.66 - 5.33
(:'1 — " C1 - - 0.51
T T3 o c2 12.7 - -
c2 LE s c3 12,7 - 15
T D1 - = 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - LT
F 0.92 - 1.16
G - 2.54 -
H 5.31 - 5.84
Viewed from underside
Connections 1. Emitter 3. Collector connected to envelope

2. Base

JUNE 1967
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

-V max.

-IC max,. (d.c.)

P, max. (T
am

P}
tot =28 ©)

Temperature

T, max.
J

Tlea.d
TTHERMAL DERATING FACTOR

max. (1/16" from case, for 10 seconds)

Junction to ambient (T . =25°C)
am

b

25 \%
20 \'4
5.0 v
100 mA
300 mW

C

200 C
200 C
C

300

1.72 mW/degC

TELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Min.

! Collector cut-off current
-VCB=25V, IE=0 -
-I Collector cut-off current
—VCE=25V, VBE=0 -
N =BV V™

- o =
Tamb =150 C

Ol

-1 Emitter cut-off current

EBO o “ B
Vo =60V, 1,=0

Collector-emitter breakdown
voltage

- = * =
1,=10mA*, 1,=0 20

—V(BR)CEO

iJ .E.D.E.C. registered data

*Pulse condition, pulse width = 300us, duty cycle =2%.

Max.
10 nA
10 nA
10 LA
10 nA

JUNE 1967
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

_VCE(sat)

BE

FE

ob

ib

Switching characteristics (see test circuit

toff

Collector-emitter saturation
voltage
—IC=10mA, —IB= 1.0mA

Base-emitter voltage
—IC=10m.A, -IB=1.0mA
Static forward current
transfer ratio

1, =504A, -V =0.5V 2N2411 10

CE

2N2412 20
-1 =10mA, -V__=0,5V 2N2411 20
- cE 2N2412 40
- = - =0.5
IC 10mA(,) VCE 0.5V,
T =-00 C 2N2411 10

amb

2N2412 20

-1 ,=50mA*,-V ___=1.0V 2N2411 10
- cH 2N2412 20

Transition frequency
-1,=10mA, -V =10V,

f=100MHz

Common base, open circuit
output capacitance

= =5 =
Vo p=5:0V, I,=0,

f=1.0MHz

Common base, open circuit
input capacitance

Vg =0.5V, 1,=0,

f=1.0MHz

Turn-on delay time
Rise time

Turn-on time (td +tr)
Storage time

Fall time

Turn-off time (tS +tf)

140

on page D4)

*Pulse condition, pulse width=300us, duty cycle =2%.

JUNE 1967

2N2411
2N2412

0.90

60
120

5.0

8.0

10
20

90
20
100

MHz

pF

pF

ns
ns
ns
ns
ns

ns
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SWITCHING TIMES

TEST CIRCUIT

=31V

Output

Input to CRO.

+1-2V U
-33V—
—~I L—ZOOns

tr<10ns
Rin=2100kQ

t~<10ns *Cs<6-OpF=total collector shunt capacitance
WAVEFORMS
— A
Input

4
¥

|
T
OQOutput { : :
| 1 L
| [
| ! | [
e I
1
[ ]
——1 !d-tr '——: '-—tf
B6704

JUNE 1967 N 2N2411 - Page D4
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SILICON N-P-N 2N2483
PLANAR TRANSISTORS IN2484

Silicon n-p-n planartransistors primarily intended for use in high perform-
ance, low level, low noise amplifier applications both for direct current and
frequencies up to 100Mc/s. TO-18 construction with collector connected
to envelope.

QUICK REFERENCE DATA
2N2483 2N2484
v . =0 60
cgo max- (g =0)
s =0 60 v
Vego M- @g=0)
5 mA
ICM max. . 50
=25 36 w
PtoL max. (Tamb 25°C) 0 m
T, max. 200 ®g
hFE (IC:].Ou.A, VCE =5.0V) min. 40 100
max. 120 500
= =5.0V i 75 5
hFE (IC 1.OmA,VCE 5.0V) min, 175 250
/ =0.5 / =D, 80 Mc/s
fT typ. (IC 0.5mA, V. =5 ov) /
' = /] .=5.0V,
NF max. (IC 10pA, VCE 5.0V
i B=15.7Tke/s, R_=10k2) 4.0 3.0 dB

Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS

Conforming to J.E.D,E.C, TO-18
V.A.S.C.A. SO-12A/SB3-GA
B

Millimetres

Min. Nom. Max.
B
A = - 4.8
1
B - - 2.3
(] - 12.7 -
C
D = 0,43 -
§ E = 1.0
D I - 1.05
. w @ E
e i e - 2,54 e
H G -{ ! < F
1 29,1~ 45° H 5.3 D0 5.8
L\ s
Connections 1, Emitter 3. Collector
2, Base Collector connected to metal envelope

(R
bl
\UGUST 1968 N Page D1




RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
WCBO max. (IE =0) 60 v
TVCEO max. (IB=0) 60 v
TVEBO max, (IC=0) 6.0 v
nCM max. \ 50 mA
=<
‘r1>t°t max, (Tmb 25 C) 360 mw
Temperature
1T . min. -85 °c
stg
T , max. 200 °c
stg 5
TTj max. (operating) 200 (o

THERMAL CHARACTERISTICS

'rej_amb 0.48 degC/mW

Tej_cma 0.15 degC/mwW

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

i
Min, Typ. Max.

1 CBO Collector cut-off current
VCB=45V, IE=O . - - 10 nA
=45 = = = -
VCB 45V, IE 0, TJ 150 C 10 A
TIEBO Emitter cut-off current
VEB=5.0V, IC=0 - - 10 nA
TvCE(sat) Collector-emitter saturation
voltage
IC=1.0mA, IB=0.1mA - - 350 mV
TVBE Base-emitter voltage
= =5 -
IC 0.1mA, VCE 5.0V 0.5 0.7 V
(G
[Mullard|
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SILICON N-P-N
PLANAR TRANSISTORS

th Static forward current
transfer ratio

1,=1.04A, V. =5.0V
1, =100, V p=5.0V

ICZIOmz, Vg =5-0V,
T.=-55C
J
IC=100uA, VCE:5.0V
IC=500uA, VCE=5.OV
=1.0mA, =5.0V-
IC VCE V-
* 3 =
IC 10mA, VCE 5.0V
fT Transition frequency
ICZSOV.A, VCE-a.OV

*Measured under pulsed conditions to avoid excessive dissipation,

width =300us, duty cycle<0.01.

Tctc Collector capacitance

/] _=5.0V =1 =0,
Vg B0, =1

f=1.0Mc/s

fe Emitter capacitance
€

7 =0.5V -1 =
V ().)\,IC Ic 0

EB
f=1.0Mc/s

AUGUST 1968

2N2483
2N2484

Min. Typ. Max.
2N2484 30 - -
2N2483 40 - 120
2N2484 100 - 500
2N2483 10 - -
2N2484 20 - =
2N2483 75 = =
2N2484 175 s =
2N2483 100 - -
2N2484 200 - -
2N2483 175 = =
2N2484 250 = -
2N2483 - - 500
2N2484 - - 800
2N2483 12 - - Mec/s
2N2484 15 = - Mc/s
2N2483 60 80 - Mec/s
2N2484 60 80 - Mec/s

pulse

- - 6.0 pF
- - 6.0 pF
Page D3



Min. Max.
Small signal h-parameters
Measured at IC =1.0mA, VCE =5.0V, f=1. 0ke/s
Thie Input impedance 2N2483 1.5 13 kQ
2N2484 3.5 24 kQ
Thre Reverse voltage transfer -4
ratio - 8.0 X10
Thf Forward current transfer
€ ratio 2N2483 80 450
2N2484 150 900
Thoe Output admittance 2N2483 - 30 pmho
2N2484 - 40 pmho
iNF Noise figure
1,=10u4, Vp=5.0V, R_=10k2,
f=100c/s, B=20c/s 2N2483 - 15 dB
2N2484 - 10 dB
f=1.0ke/s, B=200c/s 2N2483 = 4.0 dB
2N2484 - 3.0 dB
f=10ke/s, B=2.0ke/s 2N2483 - 3.0 dB
2N2484 - 2.0 dB
iNF Wideband noise figure
1,=104A, Vo =5.0V,
B=15.7ke/s, RS=10kQ 2N2483 - 4.0 dB
2N2484 - 3.0 dB
TJ.E.D.E.C. registered data
()
Mullard
AUGUST 1968 Page D4



SILICON N-P-N 2N2483
PLANAR TRANSISTORS IN2484

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
ona 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 1OOOC 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.

AUGUST 1968 >, Page D5






P-N-P SILICON PLANAR 2N2904
EPITAXIAL TRANSISTORS IN2904A

P-N-Psilicon 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
—VCEO max.(—IC <100mA) 40 60 v
—IC max. 600 mA
P max. (T = 25°C) 600 n:)W
T, max, 200 C
hlji‘E (—IC =150mA, —VCE =10V) 40-120
fT min. (—IC=50mA, f=100MHz) 200 MHz
ts 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
Millimetres
A Min. Nom. Max.
:1‘ 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
(R
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
. . 60 v
L
T-v max., (-I =0 to 100mA) 2N2904 40 v
CED e 2N2904A 60 \'
- 5 5.0 v
T VEBO max
1, max. 600 mA
o
P, . max. (T, . =25C) 600 mw
fTemperature
T min. -65 °c
stg o
T max. 200
stg o
T. max. 200

J
THERMAL CHARACTERISTIC

(€] W
- 292 degC/
TELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)
Min. Max.
-1 CBO Collector cut-off current
—VCB=50V, IE =0 2N2904 = 20 nA
2N2904A - 10 nA
-VCB=50V(; IE=O,
Tamb=150 C 2N2904 = 20 HA
2N2904A - 10 LA
=1 CEX Collector -emitter cut-off
current
o = 4 = -
VCE 30V, VBE 0.5V 50 nA
I Base current
BEX
-V = + =0, -
CE 30V, VBE 0.5V 50 nA
_V ol
(BR)CBO Collector -base breakdown
voltage
1 =10uA, I.=0 60 - v
. * I
V(BR)CEO Collector -emitter breakdown
voltage
—IC =10mA, IB =0 2N2904 40 - A\
2N2904A 60 - v

*Pulse condition, pulse width =300us, duty cycle =2%.
TJ.E.D.E.C. registered data.

NOVEMBER 1966 N, 2N2904 -Page D2
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P-N-P SILICON PLANAR 2N2904

-V Emitter -base breakdown voltage
(BREBO 1 10y, .m0 5.0 - v
E (o]
-V *Collector -emitter saturation voltage
CElsetl =150mA, -1 =15mA - 0.4 Vv
-I_=500mA, -I_=50mA - .6
c IB 1 A%
-V *Base-emitter saturation voltage
BE(sat) o=150mA, -I_=15mA - 1.3 v
-IC=500mA, —IB=50mA - 2.6 v
h Static forward current transfer
FE )
ratio
-I_=0.1mA, -V =10V 2N2904 20 -
¢ CE 2N2904A 40 =
-1 =1.0mA, -V__ =10V 2N2904 25 -
c CE N2904A 40 -
—Ic=10mA, -VCE=10V 2N2904 35 -
2N2904A 40 -
* ] = - =i
IC 150mA, VCE 10V 40 120
"‘—IC=500mA, —VCE=10V 2N2904 20 =
2N2904A 40 e
¢ Common base, open circuit
ob P
output capacitance
-VCB=10V, IE=0, f=100kHz - 8.0 pF
b Common base, open circuit
! input capacitance
VBE=2.OV, IC=0,f=100kHz - 30 pF
fT Transition frequency
-V _ = - =
cE =20V, 1,=50mA,
f=100MHz 200 = MHz

*Pulse condition, pulse width =300us, duty cycle =2%.
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Switching characteristics

Max.
Turn-on (see Fig.1)
-VCC =30V, —ICS= 150mA, —IB=15mA
t a Turn-on delay time 10 ns
tr Rise time 40 ns
t Turn-on time (¢, +t ) 45 ns
on d T
Turn-off (see Fig.2)
= = =) = I =+ =
VCC 6V, ICS 150mA, IB IBM 15mA
ts Storage time 80 ns
tf Fall time 30 ns
— i e
toff Turn-off time (f;s tf) 100 ns
TEST CIRCUITS
-30V

2000

zo=5on _
pr.f=150p.ps. To oscilloscope
tr<2ns trg Sns

i b Zjp=10Mn.

in=
l¢]
-16V
— L—200rs S0

Fig.1

Test circuit for determining delay, rise and turn-on time

NOVEMBER 1966 S 2N2904-Page D4



2N2904

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2904A

Z,=500
Input p.rf=150pps
tr< 2ns

(o]
—BOVI I
A-‘ L—200ns son

1k

Fig.2

Test circuit for determining storage, fall and turn-off time

WAVEFORMS

\ -—r B6655
-——
M 1'3,“’ 3N2904-Page D5
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P-N-P SILICON PLANAR 2N2904
EPITAXIAL TRANSISTORS IN2904A
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P-N-P SILICON PLANAR 2N2905
EPITAXIAL TRANSISTORS 2N2905A

P-N-Psilicon planar epitaxial medium power transistors designed primarily
for high-speed saturated switching and driver applications for industrial

service.
QUICK REFERENCE DATA
2N2905 2N2905A
-V CBO max. 60
-V CEO max. 40 60 v
-IC max. 600 mA
a0
P, max. (T, . =25C) 600 mw
T, max. 200 °c
hop (1g=150mA, -V . =10V) 100-300
fT min. (-IC=50mA, f=100MHz) 200 MHz
t . (-1 . =150mA,
. max, (-I cs
-1 =4 =
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
A Min. Typ. Max.
r—B— A 9.10 - 9.39
I B 8.2 - 8.50
H C
C 6.15 - 6.60
L
F1 Gl- L D - 5.08 -
2 e 2 Fa E 0.71 - 0.86
1 4 4+
G3‘L I F1 - - 0.51
PN N F2 12,4 - -
F3 38.1 - 41.3
a g Gl - - 1.01
3__ G2 0.41 - 0.48
G3 - = 0.53
H - 0.4 -
Collector connected to envelope J 0.74 - 1.01
(N
m 2N2905-Page D1
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V CBO max. 60 v
=N max. (-1 =0 to 100mA) 2N2905 40 A%
CEO c 2N2905A 60 v
2 . 5.0
VEBO max 5 v
-1 c max. 600 mA
o 3
Ptot max. (Tamb—-zs C) 600 mw
Temperature
T min. -65 ©
stg o
iy max. 200
stg o
T, max. 200

J
TfTHERMAL CHARACTERISTIC

©; b 290  degC/W
+ELECTRICAL CHARACTERISTICS (Tamb=25°c unless otherwise stated)
Min. Max.
-1 CBO Collector cut-off current
-VCB =50V, IE =0 2N2905 - 20 nA
2N2905A - 10 nA
_VCB=50V(; IE=0,
Tamb =150"C 2N2905 - 20 A
2N2905A - 10 BA
-1 CEX Collector-emitter cut-off
current
- = +1 = —
VCE 30V, VBE 0.5V 50 nA
I Base current
BEX
" = + = -
VCE 30V, VBE 0.5V 50 nA
-V (BR)CBO Collector-base breakdown
voltage
-1,=10pA, 15=0 60 - %
- * = i
A% (BR)CEO Collector-emitter breakdown
voltage
~Ic=10mA, IB=0 2N2905 40 - v
2N2905A 60 - v
iJ.E.D.E.C. registered data
*Pulse condition, pulse width =300us, duty cycle =2%.
()
MAY 1967 Mullard 2N2905-Page D2



| P-N-P SILICON PLANAR 2N2905

|
| EPITAXIAL TRANSISTORS 2IN2905A
Min. Max.
-V Emitter-base breakdown voltage
(BR)EBO _ _
| -I_=10pA, I_ =0 .0 -
IE 10uA, I C 5 v
-V *Collector-emiz.cr sawuration voltage
et -1,=150mA, -1, =15mA = 0.4 V
—IC=500mA, —IB=50mA - 1.6 v
=V. *Base-emitter saturation voltage
e -1,=150mA, -1, =15mA - 1.3 v
—IC=500mA, -IB=50mA - 2.6 v
PN h Static forward current transfer
£ ratio
—IC=0.1mA, —VCE=10V 2N2905 35 -
2N2905A 75 -
-1 =1.0mA, -V__ =10V 2N2905 50 -
w a5 2N2905A 100 -
—IC =10mA, -VCE =10V  2N2905 75 %
2N2905A 100 -
* = - =
IC 150mA, VCE 10V 100 300
*—IC=500mA,—VCE=10V 2N2905 30 -
2N2905A 50 -
C Common base, open circuit
ob :
output capacitance
—VCB=10V, IE=0,f=100kHz = 8.0 pF
Cib Common base, open circuit
input capacitance
+ = = = -
VBE 2.0V, IC 0, f=100kHz 30 pF
fT Transition frequency
-—VCE=20V, —IC=50mA, f=100MHz 200 - MHz
*Pulse conditions, pulse width=300uA, duty cycle =2%.
[
| Mullard)
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Switching characteristics

Max
Turn-on (see fig.1)
—VCC =30V, —ICS =150mA, —IB =15mA
t 1 Turn-on delay time 10 ns
tr Rise time 40 ns
t Turn-on time (t, +t ) 45 ns
on d T
Turn-off (see fig.2)
— = i = = =+ =
VCC 6.0V, ICS 150mA, I]3 IBM 15mA
tS Storage time 80 ns
tf Fall time 30 ns
= i -
toff Turn-off time (t:S tf) 100 ns
TEST CIRCUITS
=30V
2000
Z,=50n .
pr.f=150p.ps. To oscsnlloscope
tr< 2ns by 905
1kn Zip=1o0Mn
o fm— [——
-16V
500
o) le_200ns o
Fig.1

Test circuit for determining delay, rise and turn-on time

Mullard
MAY 1967 g 2N2905-Page D4



P-N-P SILICON PLANAR 2N2905
EPITAXIAL TRANSISTORS 2N2905A

Z,=500
Input V¢ 1s0pps
t-< 2ns
o

—3ov| |
A lzoon

Fig. 2
Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Fig.3
()
[Mullard |
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P-N-P SILICON PLANAR 2N2906
EPITAXIAL TRANSISTORS IN2906A

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
2N2906 2N2906A
-V CBO max. 60 v
_VCEO max. (-IC< 100mA) 40 60 A%
-1_ max. 600 mA
c o
Ptot max. (Tamb=25 C) 400 n;W
A T]_ max. 200 C
h ] = o = -
FE ( IC 150mA, VCE 10V) 40-120
fT min, (—IC =50mA,f=100MHz) 200 MHz
ts max. (—ICS=150mA,
-1 =+ =
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.
,-\ 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 - 116
G - 2.54 -
f ) Viewed from underside H 5.31 - 5.84
Connections 1. Emitter 3. Collector connected to envelope
2. Base
(R
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V CBO max,
—VCEO max. (-IC—O to 100mA) ;gg:ggA
—VE BO max.,

—IC max.

P, max, (T
am

5D
ot =25C)

b
Temperature

Tstg min,

T max,
stg

T. max.
]

TTHERMAL CHARACTERISTIC

ej—amb
TELECTRICAL CHARACTERISTICS (Tamb=250C unless otherwise stated)
Min.
=L CBO Collecfor cut—otf current
—VCB—SOV, IE—O 2N2906 -
2N2906A -
—VCB=50VO, IE=0,
Tamb=150 C 2N2906 -
2N2906A -
~I CEX Collector-emitter cut-off
current
- = + = =
VCE 30V, VBE 0.5V
I Base current
BEX
P = + = =
VCE 30V, VBE 0.5V
-V (BR)CBO Collector-base breakdown
voltage
-1 _=10 I =0 60
C WA, E
T * —emi
(BR)CEO Collector-emitter breakdown
voltage
—IC=10mA, IB=0 2N2906 40
2N2906A 60

*Pulse condition, pulse width=300us, duty cycle=2%.
iJ.E.D.E.C. registered data.

60

40
60

5.0
600
400

200
200

§<<<1<

mw

Q

0.44 degC/mW

Max.

20
10

20
10

50

50

55

HA
HA

<<

JANUARY 1968 S
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

Min.

Emitter -base breakdown voltage

I, =104A, 1,=0

*Collector -emitter saturation voltage
-IC=150mA, -I_=15mA -

B
~Ic=500rn.A, -I_ =50mA -

B

*Base-emitter saturation voltage
—IC=150mA, —IB=15mA -

_I = = = -

C 500mA, IB 50mA

Static forward current transfer

ratio

-I_=0.1mA, -V =10V 2N2906 20

2 cE 2N2906A 40

4 =1.0mA, -V__=10V 2N2906 25
¢ e 2N2006A 40
1,=10mA, -V =10V 2N2006 35
2N2906A 40

% — =) =
1,=150mA, -V =10V 40

=10V 2N2906 20

*1_=500mA, -V
¢ c 2N2906A 40

Common base, open circuit
output capacitance

Vg =10V, I,=0, £=100kHz =

Common base, open circuit
input capacitance

V_.=2.0V, Ic=0,f=100kHz -

BE
Transition frequency
—VCE =20V, —IC=50mA,
f=100MHz 200

*Pulse condition, pulse width =300us, duty cycle =2%.

m
'V(BR) EBO
VCE(sat)
'VBE(sat)
hpg
™
Cob
o~ Cib
tp
Py

5.0

2N2906
2N2906A

Max
- A%
0.4 A%
1.6 A%
1.3 A%
2.6 A%
120
8.0 pF
30 pF
- MHz

JANUARY 1968
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Switching characteristics

Max,
Turn-on (see Fig.1l)
—VCC=30V, _ICS =150mA, —IB= 15mA
t a1 Turn-on delay time 10 ns
tr Rise time 40 ns
k Turn-on time (£, +t ) 45 ns
on d =
Turn-off (see Fig.2)
- =6 -1 = - = ] = mA
VCc V, cs 150mA, IB IBM 15
ts Storage time 80 ns
tf Fall time 30 ns
- i +
toff Turn-off time (1:s tf) 100 ns
TEST CIRCUITS
=30V

2000
Zss 500 )
pr.f=150p.ps. To oscilloscope
¢ trs 2ns trg Sns
TR thoso Z;n=10MA
[¢]
-16V I
‘ 5S0.
—p ra—200Nns <
B6654
Fig.1

Test circuit for determining delay, rise and turn-on time

JANUARY 1968 S 2N2906-Page D4



P-N-P SILICON PLANAR 2N2906

‘ EPITAXIAL TRANSISTORS
| 2N2906A
m
+15V -6V
1k 370
Z2,=50Nn
Input o
P {1nf;150 pp.s To oscilloscope
r< 2ns tr < Sns
1kn Zin=10MN
o
-30V| I
M 1N916
*. L—ZOOns son
= + a8
Fig.2
Test circuit for determining storage, fall and turn-off time
WAVEFORMS
‘ Input
|
ton _.: r_
|
: T TT90%
|
Qutput :
|
1
[
td —- :-— :
o I-—tr-
e -
()
[Mullard|
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P-N-P SILICON PLANAR 2N2907
EPITAXIAL TRANSISTORS 7N2907A

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
-V CBO max. 60 v
_VCEO max. (-IC< 100mA) 40 60 v
-1 ¢ max. 600 mA
_ .0
Ptot max. (Tamb—25 C) 400 mw
T, max. 200 %
hFE (—IC =150mA, —VCE =10V) 100-300
£, min. (-1,=50mA, f=100MHz) 200 LHz
tS max. (-ICS=150mA,
-1 =+ =
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
'_A_'] Min. Typ. Max.
A 4,53 - 4.8
B
i B 4.66 = 5.33
S I = D1 c1 - = 0.51
D ! D2
s C2 12.7 - -
£ g c3
= c3 12,7 - 15
N - - I D3 D1 - - 101
D2 0.41 - 0.48
: E
D3 - - 0.53
e,
v 5 E 0.84 = 1.17
[ 45
e F 0.92 S 1.16
G - 2.54 =
Viewed from underside H 5.31 - 5.84
Connections 1, Emitter 3. Collector connected to envelope

2, Base

JANUARY 1968
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

-V max. (-Ic =0 to 100mA)

-V max.

-1 .
c max

Ptot max.,

Temperature
TS te min.

T max.
stg

Tj max.

o
(T, =25 C

TTHERMAL CHARACTERISTIC

ej—amb

2N2907A 60

60 v
40 v
v

5.0 v
600 mA
400 mwW
-65 °c
200 °c
200 °c

0.44 degC/mwW

TELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

-I

CBO

CEX

IBEX

=¥ (BR)CBO

—V(BR)CEO

*Pulse condition, pulse width=300us, duty cycle<2%.

fJ.E.D.E.C.

Collector cut-off current

-VCB=5OV, IE=0

—VCB=50V, I

_ 0
Tamb_ 150 C

g0

Collector-emitter cut-off

current

& = + =
2% E 30V, VBE 0.5V

C

Base current

o = + =
v v 30V, VBE 0.5V

C

Collector-base breakdown

voltage

=T =1 =
1,=1044, I,=0

*Collector-emitter breakdown

voltage
== =0
c OmA, IB

registered data

JANUARY 1968

Min, Max.
- 20 nA
- 10 nA
- 20 HA
- 10 LA
- 50 nA
- 50 nA
60 - '
40 - v
60 - v

2N2907-Page D2
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P-N-P SILICON PLANAR 2N2907

EPITAXIAL TRANSISTORS 2N2907A
Min. Max.
-V Emitter-base breakdown voltage
- (BR)EBO N _
1 = =0 ' -
IE 10pA, I c 5.0 v
-V CE(sat) *Collector-emitter saturation voltage
-IC=150mA, -IB=15mA - 0.4 v
-IC=500mA, -IB=50mA - 1.6 \'
-V. *Base-emitter saturation voltage
BE(sat) -1,=150mA, -1, =15mA = 1.3 v
—Ic=500mA, —IB=50mA - 2.6 A%
h Static forward current transfer
FE T
ratio
~IC=0.1mA, —VCE=10V 2N2907 35 -
2N2907A 75 &=
-Ic=1.0mA, —VCE=10V 2N2907 50 -
2N2907A 100 -
-I =10mA, -V =10V  2N2907 75 -
G o 2N2907A 100 -
k] = P =
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=100kHz - 8.0 pF
Cib Common base, open circuit
input capacitance
+ == = = -
VBE 2.0V, IC 0, f=100kHz 30 pF
fT Transition frequency
—VCE=20V, —Ic=50mA, f=100MHz 200 - MHz

*Pulse conditions, pulse width=300pA, duty cycle =2%.

JANUARY 1968
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Switching characteristics

Max.
Turn-on (see fig.1)
—VCC =30V, -ICS =150mA, —IB =15mA
t q Turn-on delay time 10
tr Rise time 40
t Turn-on time (t, +t ) 45
on d T
Turn-off (see fig.2)
- == = &= = =4 =
VCC 6.0V, ICS 150mA, IB IBM 15mA
tS Storage time 80
I:f Fall time 30
x i +
toff Turn-off time (1:s tf) 100
TEST CIRCUITS
=30V
2000
Z,=500
pr.f=150p.ps. !
tr<2ns tpg NS
1kn Zin=10MQ
0
-16Vv
Q.
s le—200ns S0
B6694
Fig.1

Test circuit for determining delay, rise and turn-on time

ns

ns

ns

ns

ns

To oscilloscope

JANUARY 1968 N, 2N2907-Page D4



P-N-P SILICON PLANAR 2N2907
EPITAXIAL TRANSISTORS 2N2907A

Z,=500
Input T ¢-150pps To oscilloscope
t-< 2ns tr< Sns
Zin=10Mn
(0]

A oo

Fig.2
Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Qutput

B665S
Fig.3
()
[Mullard |
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N-P-N SILICON 2N3053

PLANAR TRANSISTOR

N-P-N silicon planar transistor designed for medium speed, saturated and
nonsaturated switching applications for industrial service.

QUICK REFERENCE DATA

VCBO max. 60 v

J

VCEO max. 40 V

IC max. 700 mA
)

Ptot max. (Tcase—25 C) 5.0 0W

Tj max. 200 C

hFE (IC=150mA, A% E=10V) 50-250

C
fT min. (IC=50mA, VCE=10V. f=20MHz) 100 MHz

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

Millimetres

Min. Nom. Max.
A 9. 10 - 9.39
B 8.20 - 8.50
o] 6.15 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 1217 = =
F3 38.1 = 41.3
Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
H - 0.4 -
J 0.74 = 1.01

Collector connected to case

OCTOBER 1967 \FA 2N3053 Page D1



TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
Vc BO max.

*
VCEO max.

VEBO max.

I max.
C

P max. (T =25°C)
tot case

Temperature
T min.
stg

T max.
stg

T. max.
)

60 v
40 A%
5.0 v
700 mA
50 W
-85 &
200 N
200 E

*For IC:O to 100mA (pulsed), pulse duration=300us, duty factor = 1.8%:

0 to 700mA for shorter pulses.
FfTHERMAL CHARACTERISTIC

o. (above 25°C) 35 degC/W
j-case
FTELECTRICAL CHARACTERISTICS (Tamb; 250C)
Min. Max.
ICEX Collector-emitter cut-off
current
VCE=60V, -VBE:1.5V - 0.25 pA
=1 Base current
BEX B B
VCE—GOV, _VBE 1.5V 0.25 pA
11 -]
V(BR)CBO Collector-base breakdown
voltage
IC=100uA, IE=0 60 - v
A% Emitter-base breakdown voltage
(BR)EBO _ =
= = 5.0 -
IE 100uA, IC 0 v
**Collector-emitter breakdown
voltage
V(BR)CEO IC=100uA, IB=0 40 - v
V(BR)CER IC=100mA, RBE=1052 50 - v

**Pulse test, pulse width=300us, duty factor=1.87.
7J.E.D.E.C. registered data.

OCTOBER 1967
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M

N-P-N SILICON
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

VCE(sat)

VBE(sat)
BE

FE

ob

Cib

**Pulse test, pulse width=300us, duty factor=1.8%.

Collector-emitter saturation
voltage

1 _=150mA, I_=15mA

(0] ''B

Base-emitter saturation voltage
Ic= 150mA, IB: 15mA

Base-emitter voltage

I _=150mA =2.5V
c OmA, VCE 5
Static forward current
transfer ratio

=150mA =2.5
IC m ,VCE 2.5V

**Ic =150mA, VCE =10V
Transition frequency
Ic =50mA, VCE= 10V, f=20MHz

Output capacitance
VCB: 10V, IC=0, f=140kHz
Input capacitance

VEB:O.SV, IE=0, f=140kHz

OCTOBER 1967

2N3053

Min. Max.
- 1.4 v
- 01T \%
= s v
25 =
50 250
100 - MHz
= 15 pF
= 80 pF

2N3053 Page D3






N-P-N SILICON DIFFUSED
POWER TRANSISTOR 2N3055

N-P-N silicon diffused power transistor, intended for high quality amp-
lifiers, power supplies, inverters and similar industrial applications.

QUICK REFERENCE DATA
VCBO max. 100 v
VCER max. (RBE= 1009 70 A
IC max. . 15 A
Ptot max. (Tmb525 C) 115 w
T, max. 200 %
hFE (IC=4.0A, VCE=4.0V) 20-70
fT min. (IC=1.0A, VCE=4.0V, f=1.0MHz) 0.8 MHz
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-5A/SB2-2
J.E.D.E.C. TO-3
Millimetres
: Min. Typ. Max.
D) ¢ A - 16.9 -
_—T B - - 26.6
(o] - 10.9 -
D - 30.1 -
["F—‘] 8 E 4.0 - 4.2
zp% —t H J F - - 20.3
G - 0.9 =
L—~J H - - 9.5
K J 11 - 13
K - - 39.5
L - 1.0 -
Collector electrically connected
to the envelope
(R
[Mullard]|
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
\% CBO max.
VC ER T2 R
VEBO
IC max.
IB
Foap ™0 (o

BE
max.

max.

Temperature

Tstg range

Tj max.

THERMAL CHARACTERISTIC

Rth(j—mb)

=1009)

=25°C)

100

70
7.0

15
7.0

E > p < < <

115

-65 to +200

Q

200

1.5 degC/W

ELECTRICAL CHARACTERISTICS (Tj=2500 unless otherwise stated)

Collector cut-off current

ICEO VCE=30V, IB=0
ICEX VCE=100V, -VBE=1.5V
ICEX VCE=120V, —VBE=1.5V,
T =150 C
J
IEBO 5m1tie;’ g;x]t-(;ff:t;rrent
EB ~ "°C
Collector-emitter sustaining
voltage
vCEO(sust) IC=0.2A, 1_=0

VCER(sust) C

VBE Base-emitter voltage
IC=4.OA, A% E=4.0V
VCE(sat) Collector-emitter saturation
voltage
1 =4. =0.4
c 0A, I_=0.4A
I1.=10A; I_=3.3A
C B
i)
MAY 1968 A

I1.=0.2A, RBE=1OOSZ

- 0.7 mA
- 5.0 mA
- 10 mA
- 5.0 mA
60 - v
70 - v
- 1.8 v
- 1.1 v
- 4.0 A%

2N3055 Page 2



N-P-N SILICON DIFFUSED
POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

FE

fe

Static forward current
transfer ratio
IC=4.0A, VCE=4.0V
Transition frequency
IC= 1.0A, VCE=4.0V,

f=1.0MHz
Small signal forward

current transfer ratio
IC=1.0A, V_..=4.0V,

CE
f=1.0kHz

MAY 1968

2N3055

Min Max
20 70

0.8 - MHz
15 -

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
VCEOma.x. (Ic=1.0to 50mA) 60 \'
IC max. . 1.0 A
Ptot max. (Tamb=25 C) 800 mw
T, max. 200 °c
h;‘E (IC=150mA) 40-120
fT min. (IC=50mA, f=20MHz) 60 MHz
ton max. 200 ns
tOff max. 600 ns
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5
Millimetres
Min. Nom., Max.
Aj A 9.10 - 9.39
B 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
Gl - = 1.01
G2 0.41 - 0,48
G3 - - 0.53
The collector is connected B 0-4 B
to the envelope J 0.74 - 1.01
(R

SEPTEMBER 1967 N
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max. 100 V
Vopo Max. (I4=1.0 to 50mA) 60 v
/ 2 s
V EBO max 0 v
1 c max. . 1.0 A
3 =25
Ptot max (Tamb C) 800 mWw
Temperature
T . min. -65 °c
stg 5
T max., 200 C
stg =
Tj max. 200 C
Tlead max. (1/16" from case for 60 seconds) 300 °c
TTHERMAL CHARACTERISTIC
22 w
ej—amb 0 degC/
TELECTRICAL CHARACTERISTICS (Tamb=25°c unless otherwise stated)
Min. Max.
I CES Collector-emitter
cut-off current
VCE=60V, VEB:O - 10 nA
1 Collector cut-off current
CBO - . 200 B
Vg =60V, 1, =0, T i 150°C 10 pA
I Emitter cut-off current
EBO . h B
VEB—S.OV, IC—O 10 nA
v (BR)CBO Collector-base breakdown
voltage
1,=1004A,1,=0 100 = \%
* - 5 N
V(BR)CEO Collector-emitter breakdown
voltage
=3 = -
Ic OmA, IB 0 60 v
V(BR)EBO Emitter-base breakdown
voltage
I, =1004A, I,=0 7.0 - A\

TJ.E.D.E,C. registered data )
*Pulse condition, pulse width=300us, duty cycle= 1%.

SEPTEMBER 1967 A 2N3108 Page D2



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

V eE (sat)

VBE(sat)

FE

fe

ob

ib

Switching characteristics (see Fig.1)

Measured at Ic =150mA, IBon = —IBoff
t Turn-on time

on
t Turn-off time

off

*Pulse conditions, pulse width=300us, duty cycle=1%.

*Collector-emitter saturation

voltage

1,=150mA, I, =15mA

IC =1000mA, IB =100mA
*Base-emitter saturation

voltage
= =1
IC 150mA, IB 5mA

IC=1000mA, IB=1OOInA

Static forward current
transfer ratio

1,=100uA, V=10V

*] =1 =1.
IC SOmA,VCE ov

g =L,

"‘IC =150mA, V
T b= -55°C

*1,=500mA, V=10V
Small signal forward
current transfer ratio
IC=50mA, VCE =10V,

f=20MHz

Output capacitance

V, =10V, I

CB E

Input capacitance

v =0.5V,IC=0, f=140kHz

EB

Noise figure

=30uA, V
Io=30% Vg

RS =1.0kR, power bandwidth=200Hz

SEPTEMBER 1967

=0, f=140kHz

=10V, £=1.0kHz,

Min.

20
40

15
25

2N3108

=7.5mA, VCE=20V

Max.
0.25 v
1.0 A%
b 1 | A%
2.0 v
120
20 pF
80 pF
7.0 dB
200 ns
600 ns

2N3108 Page D3



TEST CIRCUIT -7.5v +20V

1300

To oscilloscope
tr< 15ns

igl

Zin= 100kQ
t-<15ns
t < 15ns
1IN3600
Fig 1
Waveforms
Input
| |
: 1
| | ==fL-10%
| |
Output | !
I -X--90°s |
| e
| | | i
== F—"ton — r— totf
(R
[Mullard |
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

2N3133

P-N-Psilicon planar epitaxial medium power transistor designed primarily
for high speed saturated switching applications for industrial service.

QUICK REFERENCE DATA
Vepo MEX o0
—VCEO max 35 \'
—IC max. 600 mA
P,  max. (T, . = 25°0) 600 n:)W
Tj max. 200 C
hFE (—IC =150mA) 40-120
fT min. (—IC =50mA, f=100MHz) 200 MHz
ton max. 75 ns
toff max. 150 ns
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5
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 01 0.79 0.86
F 38 - =
G - 0.45 -
H = 0.4 =
J 0.74 0.85 1.0
Collector connected to envelope
(@

NOVEMBER 1966
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
=V CBO max. 50 \'
_VCEO max. (—IC=0 to 600mA) 35 A%
_VEB o max. 4.0 v
—IC max. 600 mA
O
Ptot max. (Tamb =25 C) 600 mwW
Temperature
T  min. -65 °c
stg 5
T max. 200 c
stg (6]
Tj max. 200

fTHERMAL CHARACTERISTIC

ej —— 292 degC/W
TELECTRICAL CHARACTERISTICS (Tamb =250C unless otherwise stated)
Min. Max.
= CBO (_Islleczo;;) ‘(,:utl-of: Ocurrent B 5 A
CB ''E 0
—VCB=30V, IE=0, Tamb—150 C = 30 HA
-1 CEX Collector -emitter cut-off current
= = + = 5 -
W g B0V W =0, 5W 0.1 LA
I Base current
BEX
= =9 7y oF = =
VCE 30V, VBE 0.5V 0.1 HA
-V Collector -base breakdown voltage
(BR)CBO _ _ _
Ji c 10uA, IE 0 50 v
- * o 1
Vv (BR)CEO Collector -emitter breakdown
voltage
-Ic=10mA, IB=0 35 = v
_V(BR)EBO Emitter -base breakdown
voltage
-IE=10}AA, Ic=0 4.0 - v

fJ.E.D.E.C. registered data
*Pulse condition, pulse width =300us, duty cycle =2%.

Mullard -
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

-V *Collector -emitter saturation
CE(Eat) voltage

- =150 ] = -
1 C mA, IB 15mA
*Base-emitter saturation

voltage
-IC=150mA, —IB=15mA -

Ve (sat)

hFE *Static forward current transfer
ratio

—IC=1.0mA, —VCE=10V 25

—IC=150mA, —VCE=1.OV 10

g = v __=
IC 150mA, CE 10V 40

c Common base, open circuit
output capacitance
-VCB=10V, IE=0,£=100kHz -

Common base, open circuit
input capacitance

+ 3 = = =
VBE 2.0V, IC 0, f=100KHz

%ib

f Transition frequency

—IC=50mA, —VCE=ZOV,

f=100MHz 200
*Pulse conditions, pulse width =300us,duty cycle=<2%.

Switching characteristics

t Turn-on time (see fig.1)

on =
Vo=V Vipiun =0

I g =150mA, -1 =15mA =

toff Turn-off time (see fig.2)
_VCC =6.0V, _ICS =150mA,
-1 =+ = -
IB IBM 15mA

2N3133

0.6

1.5

120

10

40

75

150

pF

pF

MHz

ns

ns

NOVEMBER 1966
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Test circuits

-30v
2000
Z,=500
Input prf=150p.ps. To oscilloscope
tr<2ns tr< Sns
" Theo, Zin=10MQ
-16v
— le—200ns S,
Fig.1 5504
Test circuit for determining turn-on time
Z,=500
[nput prf=150pps To oscilloscope
t.< 2ns tr < Sns

Zin=10MN
o

4 heaoom

Fig. 2 B6651

Test circuit for determining turn-off time

Mullard
NOVEMBER 1966 g 2N3133 Page D4



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR 2N3133

Waveforms

NOVEMBER 1966 N, 2N3133 Page D5






P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR 2N3133
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TYPICAL OUTPUT CHARACTERISTICS
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR 2N3 I 34

P-N-P silicon planar epitaxial medium power transistor designed primarily
for high speed saturated switching applications for industrial service.

QUICK REFERENCE DATA
-V CBO max. 50
-V CEOQ Max. 35 v
=L ¢ max. o 600 mA
Ptot max. (Tamb=25 C) 600 mW
T, max. 200 e
hFE (-IC=150m.A, -VCE=10V) 100-300
£ min. (-I,=50mA, f=100MHz) 200 MHz
ton max. 75 ns
tOff max. 150 ns
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5
Millimetres
Min. Typ. Max.
A A 9.10 - 9.39
:} B 8.2 - 8.50
(o} 6.15 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 12.7 - -
F3 38.1 - 41.3
Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
H = 0.4 =
J 0.74 - 1.01
Collector connected to envelope
(A

MAY 1967 >, 2N3134 Page D1



TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

-VCBO max.

_VCEO max, (-IC=0 to 600mA)
-V max.
--IC max.

e o
P, max. (T, . =25°C)

Temperature
T min,
stg

T, max.
]

fTHERMAL CHARACTERISTIC

ej -amb

TELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Min.
-I Collector cut-off current

CBO - . B
g =B, T =0

—VCB=30V, IE=0,

- o —-
Tamb =150 C

-1 Collector cut-off current
CEX
- = -+ = -
VCE 30V, VBE 0.5V
T Base current
BEX
- = -+
Vg =30V, +V
Collector-base breakdown
voltage
-15=10u4, I =0 50

BE=0.5V =

'V(BR) CBO

*Collector-emitter breakdown
voltage
-IC=10mA, IB=0 35

—V(BR) CEO

Emitter-base breakdown
voltage
-1, =104A, 1,=0 4.0

'V(BR) EBO

tJ.E.D.E.C. registered data
*Pulse condition, pulse width =300us, duty cycle <2%.

50 v

35 v

4.0 v

600 mA

600 mW

-65 °c
200 9
200 e

290 degC/W

Max.

0.05 uA

30 uA

0.1 puA

0.1 pA

= \%

- v

= v

T [Mullard]
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

“VCE(sat)

'VBE(sat)

FE

ob

ib

*Collector-emitter saturation

voltage

-1 c

=150mA, -I_ =15mA

B

*Base-emitter saturation
voltage
-IC =150mA, -IB =15mA

*Static forward current transfer

ratio

=1

C
-IC

_IC

=1.0mA, —VCE=10V
=150mA, -VCE=1.0V
=150mA, -V__ =10V

CE

Common base, open circuit
output capacitance

-v

CB

=10V, IE=0,

£=100kHz

Common base, open circuit
input capacitance

+V

BE

=2.0V, IC=0,

f=100kHz

Transition frequency
-IC =50mA, —VCE =20V,

f=100MHz

Switching characteristics

t
on

off

Turn-on time (see fig.1)

=V

CcC

=30V, -ICS=150mA,
-IB=15mA, v

BE(off) °

Turn-off time (see fig.2)

-V

...IB

CcC
=41

B

=6.0V, -I =150mA,

M=15mA

2N3134

Min. Max.
- 0.6 v
- 1.5 v
50 -
25 -
100 300
- 10 pF
- 40 pF
200 - MHz
- 75 ns
- 150 ns

*Pulse conditions, pulse width =300us, duty cycle =2%.

MAY 1967
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TEST CIRCUITS

-30V

2000
z,=500 ]
prf=150p.ps. To oscilloscope
tr<2ns trg Sns
1kn Zin OMQ
o
-16V
— 4——200!‘6 204
Fig, 1 B6694
Test circuit for determining turn-on time
= n
Input zof -51(;0
f.r ._2n pps To oscilloscopc
pi € tr < Sns
Zin 10MQN
-30V| I
I
»‘ fe—200ns
Fig. 2 ’ ’
Test circuit for determining turn-off time
| )
MAY 1967 Mullard] 2N3134 Page D4
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR 2N3I 34

WAVEFORMS
Input
ton
|
|
Output :
[
| |
1 |
P L—tr ——l L—— tf
Fig. 3
()
MAY 1967 [Mullard]







P-N-P SILICON PLANAR 2N3135
EPITAXIAL TRANSISTORS 2IN3136

P-N-Psilicon planar epitaxial transistors designed primarily for high speed
saturated switching applications for industrial service.

QUICK REFERENCE DATA
2N3135 2N3136
—VCBO max, 50
—VCEO max. 35 v
—Ic max. 600 mA
P,  max. 400 mwW
tot ”
Tj max. 200 C
hFE (—IC =150mA, —VCE =10V) 40-120 100-300
fT min, (—IC =50mA, f=100MHz) 200 MHz
t  max. 75 ns
on
toff max. 150 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

Millimetres
—A
—_1 Min. Nom. Max.
B A 4.53 - 4.8
¥ B 4.66 - 5.33
c1 i D1
- 13 - c1 - - 0.51
b
c2 - L = =
¥ E c3 c2 12,7
1 I c3 12.7 - 15
) T o3 D1 = . 1.01
" D2 0.41 - 0.48
D3 - - 0.53
H G - [‘f#r
l— W a5 E 0.84 - 1:17
a4
F 0.92 - 1.16
Viewed from underside G = 2.54 -
Connections H 5.31 - 5.84
1. Emitter 3. Collector connected to envelope
2. Base
(
[Mullard]
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V CBO max. 50 v
_VCEO max. (—IC=0 to 600mA) 35 v
- L 4.0
VEBO max v
-1 C max. 600 mA
a0
Ptot max. (Ta.mb_zs C) 400 mwW
Temperature
T min. -65 %
stg o
T max. 200
stg o
'I‘j max. 200 C

TTHERMAL CHARACTERISTIC

ej—amb 0.44 degC/mW

o
TELECTRICAL CHARACTERISTICS (Tamb=25 C unless otherwise stated)

Min. Max.

-1 CBO E}‘(,)llec-:(;(") ‘c;utl-ofi cTurrent ) o os
CB 0 : B
—VCB= 30V, IE =0,
% 150°C = 30 LA
-1 Collector cut-off current

CEX
- = + = =
VCE 30V, VBE 0.5V 00 HA
Base current

& = + = -
VCE 30V, VBE 0.5V 0.1 LA

IBEX

Collector-base breakdown
voltage

-1, =104, 1,=0 50 e v

_V(BR)CBO

*Collector-emitter breakdown
voltage
-1 _=10mA = -
c ’ IB 0 35 A%

_V(BR)CEO

Emitter-base breakdown
voltage
-1 =104A, 1,=0 4.0 = \%

TJ.E.D.E.C. registered data

_V(BR)EBO

*Pulse condition, pulse width=300us, duty cycle=2%.
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont'd)

¥ E(sat)

—VBE(sat)

FE

cob

Cib

Min.

*Collector-emitter saturation
voltage
—IC:150mA, —IB=15mA -

*Base-emitter saturation
voltage
—IC = 150mA, —IB= 15mA -

*Static forward current
transfer ratio
-1 _=1.0mA, -V =10V 2N3135 25
G cE 2N3136 50

-1_=150mA, -V __ =1.0V 2N3135 10
- — 2N3136 25

-I_,=150mA, -V _ =10V 2N3135 40
g CH 2N3136 100

Common base, open circuit
output capacitance

-V __ =10 =
CB Vs IE 0,

f=100kHz -

Common base, open circuit
input capacitance

- =
BE ov, Ic 0,

f=100kHz -

Transition frequency

-IC=50mA, -VCEZZOV,

f=100MHz 200

Switching characteristics

on

off

Turn-on time (see fig.1)
Ve BBV _ICS: 150mA,

cc
1p=15mA, Vopost™

0 =

Turn-off time (see fig.2)

—VCC-G.OV, —ICS= 150mA,

. =+ = =
IB IBM 15mA

*pulse condition, pulse width=300us, duty cycle=2%.

(N

FEBRUARY 1968

[Mullard]

2N3135
2N3136

Max.
0.6 v
1.5 v
120
300
10 pF
40 pF
- MHz
75 ns
150 ns

A
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TEST CIRCUITS

2000

Zs 500 .
prf=150p.ps. To oscilloscope
tr< 2ms 7 et
5 Z;n=10Mn
-16V
—’J le—200ns
— Fig.1 =
Test circuit for determining turn-on time
+15V © -6V
Z,=500
Input  prrz1sopps To oscilloscope
tr< 2ns tr< Sns

ka Zin=10MQ

0
—3OV| |
¥1 N916
200ns son

Fig.2 -L- —
Test circuit for determining turn-off time

WAVEFORMS s

Input
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P-N-P SILICON PLANAR 2N3250
EPITAXIAL TRANSISTORS 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
o ;. : 50 60 v
Vepo Max *
-VCEO max. pe” 40 60 v
-IC max. 200 mA
= [o]
Ptot max. (Tamb 250C) 360 mW
heg (Vg =1.0V, -1,=10mA) 50-150
f min. (-I,=10mA, f=100MHz) 250 MHz
t, max. (—ICS=10mA,
-IB=+IBM=1.0m.A, 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. TO-18

Millimetres
Min. Typ. Max.
— A

A 4.53 - 4.8
B B 4.66 - 5.83
[] (03} - - 0.51

c1 ¥ D1
T3] - c2 12.7 - -
hed
c2 : ) § c3 c3 12.7 - 15
4 4 +
l D1 - - 1.01
i o3 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
Viewed from underside
Connections 1. Emitter 3. Collector connected to envelope

2. Base
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
2N3250 2N3250A
_VCBO max. 50 60 v
—VCEO max. (-IC==0 to 200mA) 40 60 v
_VEBO max. 5.0 A%
—Ic max. (d.c.) 200 mA
=9or0
Ptot max. (Tamb 25°C) 360 mw
Temperature
T ., min. -65 sle
stg
[
Tstg max. 200 C
T, max. 200 %
Tlead max. (1/16" from case
for 60 seconds) 300 9%
TTHERMAL DERATING FACTOR
Junction to ambient (T, . = 25°C) 2.06 mW/deg C
TELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)
Min. Max.
-ICEX Collector-emitter cut-off current
¥ g =40V, +Vpp=3.0V - 20 nA
| Base current
BEX . = 5
—VCE—40V, +VBE—3.0V 50 nA
-V . Collector-base breakdown voltage
JBR)CED —IC=10uA, IE =0 2N3250 50 - v
2N3250A 60 - v
-V *Collector-emitter breakdown voltage
(ERICEQ -IC=10mA, I_ =0 2N3250 40 = M
B 2N3250A 60 = v
~¥ Emitter-base breakdown voltage
(BRIERO -IE=10;.LA, Ic=0 5.0 = v

*Pulse condition, pulse width=300us, duty cycle=2%
TJ.E.D.E.C. registered data
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

'VCE(sat)

_VBE(sat)

FE

ob

ib

*Collector-emitter saturation voltage

-1,=10mA, -1, =1.0mA
-1,=50mA, -1,=5.0mA

*Base-emitter saturation voltage

—Ic=10mA, —IB=1.OmA
—IC=50mA, —IB=5.0mA

*Static forward current transfer

ratio

—IC=0.1mA, —VCE=1.0V

—IC=1.0mA, —VCE=1.0V

-1,=10mA, -V . =1.0V

—IC =50mA, —VCE=1.0V

Common base, open circuit
output capacitance

-VCB=10V, IE=0, f=100kHz

Common base, open circuit
input capacitance

+ = = =
VBE 1.0V, IC 0, £=100kHz

Transition frequency
—IC =10mA, -VCE =20V

f = 100MHz

Collector-base time constant

-1, =10mA, -V =20V,
f=31.8MHz
Noise figure

=5.0V,

-Ic=100/.lA, _VCE
Rg =1.0k®, f = 100Hz

2N3250
2N3250A

Min. Max,
- 0.25
- 0.5
0.6 0.9
- 1.2
40 -
45 =
50 150
15 -
- 6.0
- 8.0
250 =
- 250
- 6.0

*Pulse condition, pulse width = 300us, duty cycle = 2%

JUNE 1967

pF

pF

MHz

ps

dB
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h-parameters

Measured at -I_=1.0mA, -V __ =10V, f=1,0kHz
C CE
Min Max.,
hfe Small signal forward
current transfer ratio 50 200
: -4
hre Voltage feedback ratio - 10 X10
h, ;
ie Input impedance 1.0 6.0 kQ
hOe Output admittance 4.0 40 umho
Switching characteristics
Turn-on (see Fig.1 and 3)
. = + = - = -1 =
VCC 3.0V, VBE 0.5V, ICS 10mA, IB 1.0mA
t d Turn-on delay time - 35 ns
tr Rise time - 35 ns
Turn-off (see Fig.2 and 3)
. = - = -1 =+ =
VCC 3.0V, ICs 10mA, IB IBM 1.0mA
1:S Storage time - 175 ns
tf Fall time 50 ns

TEST CIRCUITS

*
Cg=Total shunt capacitance
of test jig and connectors 2750

‘.—l le— < 1NS
+0:5V.
-1 o-ev_\_/

——l |-h 300ns

Duty cycle=2°/e

Fig.1 8670

Test circuit for determining delay and rise time
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P-N-P SILICON PLANAR 2N3250
EPITAXIAL TRANSISTORS 2N3250A

=3V

*
Cg=Total shunt capacitance
of test jig and connectors

e
\_J

2750

e
to—el oy 1N916 j
10 <tp<500ps
Duty cycle =2°/o L -
i [B6700]

Fig. 2
Test circuit for determining storage and fall time
WAVEFORMS

Input
|
|
[
ton —b} :4—
|
|
Output I
1
g |
ta} =
1
[
—-1 bt
1
B6704
Fig. 3
(R
[Mullard]|
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P-N-P SILICON PLANAR 2N3251
EPITAXIAL TRANSISTORS 2N3251A

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
-V CEQ MaX. 40 60 v
-Ic max. 200 mA
P, max.(T, . = 25°C) 360 mw
hFE (-VCE=1.OV, —IC=10m.A) 100-300
fT min.(-Ic=10mA, f=100MHz) 300 MHz
t  max. (- o =10mA,
-Ip =+I5,, =1.0mA) 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
Millimetres
Min., Typ. Max.
[ A 4.53 - 4.8
—L B 4.66 - 5.33
Ci1 — o1 C1 = = 0.51
T T3 65 ce 2,7 . .
c2 . é c3 c3 12,7 - 15
1 T D1 - - 1,01
< i D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - LT
F 0.92 - 1.16
G = 2,54 -
H 5.31 - 5.84
Viewed from underside
Connections 1. Emitter 3. Collector connected to envelope

2. Base
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T RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
2N3251
r 5 5
V CBO max 0
-VCEO max. (—IC=0 to 200mA) 40
—VEBO max., 5.0
—IC max. (d.c.) 200
=250
Ptot max. (Tamb 250C) 360
Temperature
T min., -65
stg
T max. 200
stg
T. max. 200
1 "
T\ ead MaX- (/16" from case
for 60 seconds) 300
T THERMAL DERATING FACTOR
Junction to ambient (T . =25°C) 2.06
amb

2N3251A
60 v
60

<

mA
mW

°c
oe
oC

°e

mW/deg C

T ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)

-1 CEX Collector-emitter cut-off current
-VCE =40V, +VBE =3.0V
I Base current
BEX
-VCE =40V, +VBE =3.0V
-V Collector-base breakdown voltage
BRCED 15 =10uA, 1 =0 2N3251
2N3251A
-~V *Collector-emitter breakdown voltage
SERIEES -IC =10mA, IB =0 2N3251
2N3251A

Emitter-base breakdown voltage
-1 =104A, 1,=0
*Pulse condition, pulse width = 300us, duty cycle = 2%

_V(BR)EBO

1J.E.D.E,C. registered data

Min., Max.

= 20 nA

s 50 nA

50 - A%
60 = v

40 = v
60 - v

JUNE 1967
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P-N-P SILICON PLANAR 2N3251
EPITAXIAL TRANSISTORS IN3251A

Min. Max.

-V CE(sat *Collector-emitter saturation voltage
) —IC=10mA, -IBl.OmA - 0.25 v
—IC=50mA, -IB=5.0mA = 0.5 v
_VBE(sat) *Base-emitter saturation voltage

—IC=1OmA, —IB=1.0mA 0.6 0.9 \'

-1,=50mA, -1, =5.0mA = 1.2 v

hFE *Static forward current transfer
ratio
—IC=0.1mA, —VCE=1.0V 80 -

—IC=1.0H1A, —VCEEI.OV 90 -

-IC=10mA, —VCE=1.0V 100 300

—IC=50mA, -V 1.0V 30

CE
Cob Common base, open circuit
output capacitance

-VCB=1OV, IE=0, f=100kHz - 6.0 pF

C, Common base, open circuit
ib . 2
input capacitance

+ = = = =
VBE 1.0V, IC 0, f=100kHz 8.0 pF

£ Transition frequency
—IC =10mA, _VCE =20V
f = 100MHz 300 - MHz

rt.C Collector-base time constant
-1,=10mA, -V =20V,

f =31.8MHz - 250 ps

N Noise figure
—IC =100uA, —VCE=5.0V,

Rg= 1.0kQ, f = 100Hz - 6.0 dB

*Pulse condition, pulse width = 300us, duty cycle = 2%
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h-parameters

Measured at -IC=1.0mA, —VCE=10V, f=1.0kHz

hfe Small signal forward
current transfer ratio 100 400
s -4
hre Voltage feedback ratio - 20 X10
- Input impedance 2.0 12 kQ
hoe Output admittance 10 60 pmho
Switching characteristics
Turn-on (see Fig.1 and 3)
- = + = o = - =
VCC 3.0V, VBE 0.5V, ICS 10mA, IB 1,0mA
t d Turn-on delay time - 35 ns
tr Rise time - 35 ns
Turn-off (see Fig.2 and 3)
= =3, = = -1 =+ =1,
VCC 3.0V, ICS 10mA, IB IBM 1.0mA
ts Storage time - 200 ns
tf Fall time - 50 ns

TEST CIRCUITS

*
Cg=Total shunt capacitance
of test jig and connectors

___I let— < ins
+0-5V.
—

\ ’ Cg<4pF
-10:6V—

—] |=— 300ns

Duty cycle=2°/

Fig.1 56

Test circuit for determining delay and rise time
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P-N-P SILICON PLANAR 2N325]
EPITAXIAL TRANSISTORS IN3251A

“3v

C:= Total shunt capacitance
of test jig and connectors

<1ns
I_— e ¥9V
; Uf_\
— =109V

tp—-'l o

10 <tp<500ps
Duty cycle=2°/,

2750

B6700

Fig. 2

Test circuit for determining storage and fall time

WAVEFORMS

Input

Output
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N 3553

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.

QUICK REFERENCE DATA

2N3553 2N3375 2N3632

VcBo max. 65 65 65 A
Vceo max. 40 40 40 \
lem max. 1.0 1.5 3.0 A
Pot max. (Tmp < 25°C) 7.0 11.6 23 w
T; max. (operating) 200 200 200 °C
fr typ. 500 500 400 MHz
Output power
at Vcg = 28V, common emitter
Pout min. (Pin = 0.25W, f = 175MHz) 2.5 — — w
Pout min. (Pin = 1.0W, f = 100MHz) — 7.5 — w
Pout min. (Pin = 1.0W, f = 400MHz) — 3.0 — W
Pout min. (Pin = 3.5W, f = 175MHz) — — 135 w

OUTLINE AND DIMENSIONS
For details see page D4.

2N3553 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/SB3-3B
2N3375 and 2N3632 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

2N3553 2N3375 2N3632

Vcno max.

Vceo max.

VEBO max.

lc max.

'CM max.
*Pmt max.( Tmb < 250C)

Temperature
T5|g min.
Tstg max.
T; max. (operating)

*See safe operation area curves on pages C1 and C2

THERMAL CHARACTERISTICS

Oj—mb

Omb-n

Omb-n (mounted with top clamping
washer of accessory 56218)

Omp-n (mounted with top clamping
washer of accessory 56218 and
a Boron nitride washer for
electrical insulation)

ELECTRICAL CHARACTERISTICS (T; = 25°C)

Collector-base breakdown
voltage
lc = 250pA, Ig = 0

V(Br)cBO MinN.

Collector-emitter breakdown

voltage
V(BR)CEX min.** lc = 0 to 200mA,
Vgs = 1.5V, Rg = 33Q

V(BR)CEO min.** lc =0 to 200mA, |[; =0

Emitter-base breakdown

voltage

Ig = 250uA, Ic = 0

Collector cut-off current

Vceg = 30V, I =0

hre Large signal forward

current transfer ratio

lc = 125mA, Vcg = 5.0V
min.
max.

lc = 250mA, Vcg = 5.0V
min.
max.

lc = 1000mA, Vcg = 5.0V
min.
max.

V(Br)EBO Min.

ICEO max.

**Pulsed through an inductor (25mH); 8 = 0.5; f = 50Hz.

(@
A

OCTOBER 1967

65 65
40 40
4.0 4.0
0.35 0.5
1.0 1.5
7.0 11.6
25 15
= 0.6
1.0 —
1.2 -
65 65
65 65
40 40
4.0 4.0
100 100
15 15
200 200
10 10
100 100

65 \
40 \
4.0 \
1.0 A
3.0 A
23 w
-65 °C
+200 °C
+200 °C
7.5 degC/W
0.6 degC/W
— degC/W
— degC/W
65 \'
65 \
40 \'
4.0 \'
250 pA
10
150
5
110

2N3375 Page D2
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (T; = 25°C)
2N3553 2N3375 2N3632

Var

VCE(S:H)

fr typ.

Cc

Re(nie)

Base-Emitter Voltage (max.)
lc = 250mA, V¢ = 5V

|C = 500mA. V('n = 5V
1000mA, V('E = BV

le

Collector-emitter saturation voltage

(max.)
lc = 250mA, Iy = 50mA
lc = 500mA, Iy = 100mA
lc = 1000mA, I3 = 200mA
Transition frequency
Vce = 28V, lc = 125mA
= 500mA
Collector capacitance
Vcn o 28\/, |1.; = I(\ = 0, f=1MHz
(max.)

Collector-case capacitance  (max.)

Real part of input impedance
f = 200MHz, Ic = 125mA,

Ve = 28V (max.)
f = 200MHz, Ic = 250mA,
Vce = 28V (max.)

R.F. Performance

in un-neutralised common emitter amplifier
Vce = 28V

Power Power

Type Freq. out in

2N3553 175MHz 2.5W  <0.25W <180mA
2N3375 100MHz 7.5W  <1.0W
2N3375  400MHz  >3.0W 1.0W
2N3632 175MHz  >13.5W 3.5wW

<410mA

270mA
690mA

2N3375
2N3553
2N3632

1s5 — \
— 1.5 - \'
= = 1.5 v
— \

— 1.0 \4
— = 1.0 \'
500 500 — MHz
— — 400 MHz
10 10 20 pF
— 6.0 6.0 pF
20 20 — Q
= — 20 Q

le n Circuit
No,

>50%  fig2
~65%  fig1
>40%  fig3
=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.

OCTOBER 1967 A
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OUTLINE AND DIMENSIONS FOR 2N3553
Conforms to J.LE.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
6D 8.38
6Dy 10.92
6Dy 5.08
L 3.81
oT 0.97

OCTOBER 1967 P,
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 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 C.‘} L4

,Z‘ Rz 50N
*=C5
7

I—<o

Vcc.
Fig. 1 i i

C; = 3,5-61,5pF air trimmer.

C; = 3,5-61,5pF air trimmer.

Cs = 10nF polyester.

Cy = 4-29pF air trimmer.

Cs = 4-29pF air trimmer.

Cs = 330pF ceramic.

C7 = 10qF polyester.

Li = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 10mm,
leads: 2x 10mm.

Ly = Ferroxcube choke coil, Z (at 100MHz) = 700Q + 20%.

Ly = 23 turns of 0.7mm closely wound enamelled Cu wire, int. diam. émm.

Ly = 5 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm,
leads: 2 x 10mm.

R; = 1.35Q carbon.

Rz = 10Q carbon.
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

COMMON EMITTER TEST CIRCUIT 175MHz  2N3553, 2N3632

2N35563 c3
P R0
%Lz
R =500
Fea
-0
C5
& vee. \
- +
Fig. 2
Ci)
Co | = 4-29pF air trimmer.
3
Cy
Cs; = 10nF polyester.
Cs = 100pF ceramic.

Li =1 turn of Imm Cu wire, int. diam. 10mm; Leads: 2 x 10mm.
Ly = Ferroxcube choke coil. Z (at 1775MHz) = 550Q +209%;.
Ly = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam 4mm.

L4 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam 12mm,
Leads: 2x 20mm.

R = 0-2Q for 2N3632 and R = 0Q 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

2N3375 Cc4 L4

c1

L1
0—’#—%
*
Rg=500 .
=<c2 =£C3 EL2 c5
T 7
O ¢ O
] 2RI ce G7 L

e |

fe) Vcce. (3

- -

Fig. 3

C, = 0.7-6.7pF ceramic trimmer.
Ce = 0.7-6.7pF ceramic trimmer.
C3z = 0.5-3.5pF ceramic trimmer.
Cq = 3-19pF air trimmer.
Cs = 3-19pF air trimmer.
Ce = 15pF ceramic.
C7 = 15pF ceramic.
Cg = 4700pF ceramic.

L1 = 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.
Ls = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm.
Ls = 1 turn of 1.5mm Cu wire, int. diam. 10mm, leads: 2 x 5mm.

R = 0-5Q.

*Emitter connected to case as short as possible.

RE=500

OCTOBER 1967 S
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS IN3553

2N3632

FREQUENCY DOUBLER TEST CIRCUIT 87.5MHz-175MHz 2N3553

c3
La
o_;}_ via €

Rg= 500 R = 500

"

R

.|.c7 %ca #ca
i ' C9 o °
—
Vcc. o
+
Fig. 4

Cl}
Co = 4-29pF air trimmer.
Cs
C4 = 3.5-61.5pF air trimmer.
Cs = 56pF ceramic.
Ce = 680pF ceramic.
C; = 150pF ceramic.
Cg = 100pF ceramic.
Co = 10nF polyester.

L1 = 5 turns of Imm Cu wire, winding pitch 1.5mm, int. diam. émm,
Leads: 2x 12mm.

Lz = Ferroxcube choke coil, Z (at 87.5MHz) = 750Q+209%;.
Lz = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm.

Ls = 6 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. émm,
leads: 2x12mm.

R = 0-50Q.
Rz = 10Q carbon.
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PARAMETRIC FREQUENCY TREBLER TEST CIRCUIT 156.7MHz-470MH

& ON3553 2N3553 L7 c8 e cC9
';o
L6 L8
RL=50ﬂ
cs Fc7
Eci2 e
L vee.
*Tuned to second harmonic frequency.
Fig. 5
Cll Cg = 1pF ceramic.
C s e Cy = 12pF mi
C; 4-29pF air trimmer. C?o - 108 F zz:zm::}feed through.
Cy C11 = 1000pF ceramic.
Cs Ci2 = 15nF polyester.
Cg p4-10.4pF air trimmer. Ri1 = 2.2Q carbon.
(o) Ra = 10Q carbon.

L; = 35mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis.

L2 = Ferroxcube choke coil, Z (at 156,7MHz) = 600Q +20%,.

L3 = 18mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis.

Ls = 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: 2x 10mm.

Le = 2 turns of 1Tmm Cu wire, winding pitch 1.7mm, int. diam. 7mm,
leads: 2x10mm.

L7 = 40mm straight Cu wire, diam. 1.5mm spaced 5.5mm from chassis.
Lg = 1 turn of 1mm Cu wire, int. diam. 7mm, leads: 2 x 5mm.

Performance
Typical performance at a supply voltage of 28V.

Po P; G lc )
W W dB A 9
(1 .5) (()27) (7 5) (EInZS) (4/3)

2.0 039 71 156 46

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

a—
[Mullard |
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N 3553
maximum allowable to- |2N3553 +-
tal power dissipation |77 I 2N3b53
Prot |versus mounting base temp| | |
(W) T T Ic
H +{seealso (A) see also
[]adjacent graph djacent graph
TN
10 - 1
B I I
Wl
5 05
:Ptotf%c.‘pl""o Y
1 { T ' =
0 I i 0 1 5
0 100 T (°C) 200 0 50  Vcg(V) 100
15 —— 15 T
maximum allowable to-{2N3375 +112N3375
p, . |tal power dissipation [T TT
tot | ersus mounting base temp.. | I Li ! !
W) I [see also L] (A) seealso [ [ | ||
djacent graph adjacent graph {
10 e 1
]
5 ! ' 05
Prot=Fic+Pi-Po
I
N Pis
0 0 it
0 100 T, (°C) 200 0 50  Veg(v) 100
(N
[Mullard |
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30 [maximum allowable to-| 23632 ’ B L)
p. . |tal power dissipation 1 Ic EEEEEEE
tot| yersus mounting base temp| || (A) see also -1
(W) r ~eeoisd ladjacent graph
! adjacent graph—
I i
20 2HH
N e
10 N 1
Prot=Fac*Pi-R
I
[
0 i i e S T
0 100 Tmp (°C) 200 0 50 Vcg (V) 100
EXPLANATION OF AREAS OF SAFE OPERATION
Region |  Operation is allowed under all base-emitter conditions, provided no
limiting values are exceeded (d.c. and a.c. operation).
Region Il 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 | before
removing the a.c. signal.

This may be achieved by an appropriate bias in class A, B or C.

Region Il Operating during switching-off in this region is allowed, provided the
transistor is cut-off with =Vpp < 1.5V and Rgg > 33Q, Ic < 400mA
and the transient energy does not exceed 2mWs.
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632
typical values [-{+ 2N3375
Veg=28V ! )
Trb=25°C
r, B
(W)
10 —<Pi:2“'
H- 15
it
75 W
|
705
& N
\
‘ oy
-
71
ot
0 100 200 300 400
f(MHz)

TYPICAL OUTPUT POWERPLOTTED AGAINST FREQUENCY

typical values {4 I 2N3553
Vcg=28V [Z]E] [ []
Tnb=25°C !
)
(W) =+
10
\
\ N
5 N\
N AR
ANBSR IR e
525
! ONIN 025
0 % w‘fsﬁ‘:"-’wl"’i 111
0 100 200 300 400
f (MHz)
Veg=28V 2N 3632
Tmb 225°C !
typical values i
o)
(W)
20
AN
N ]
N
AN
N
A
N AN Y
N
10 wP,-=3\AL:
2.5
SN2 W [T
b 15W -
1W
05W—H
0 B!
0 100 200 300 f(MHz)

TYPICAL OUTPUT POWER PLOT-
TED AGAINST FREQUENCY

OCTOBER 1967

f=1MHz
Ie=1_=0
40 lf‘-2§°c
cC
(pF)
30
rAtyp
20
Ftyp
1
1 632
10""5 ﬂ ; f Ilu..-. =
) B
s N e
0 I
0 20 40 Veg (V) 60

TYPICAL COLLECTOR CAPACIT-
ANCE PLOTTED AGAINST COL-
LECTOR-BASE VOLTAGE
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Ic" THHHHHH I¢=250mAFHHHH
a2 H Ig= SOmATTH
T
VeEsat Tj=25°C Rkt ;"
(mv) e (mV)
300 ps 300
s xyP ]
P
AT RE L L eiiEs
';.L\\ <iEE88" simun 2 smiEEs S22
200 S a2 gt yn 2 2 L
: ‘l"\#’ 7/ T H
HH R
snm - 1
100 : 100, !
T
maniseEn T I
0 i I Ssas 0 HH i
0 200 4001c(mA) 600 25 75 125 Tj(°C) 175

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE
PLOTTED AGAINST JUNCTION TEMPERATURE

e
400FH)T : - 800-IT =
1 T
Ie ! : I
(mA) t f (mA)
300 ; 600
Htyp 1 typ
1 5 1 +
1
200 1 400
! { :
1
100 200
s
1 3 @ + ;
1] = H I It 0 =
0 05 1 Vge(V) 0 05 1 Vge (V)

TYPICALCOLLECTOR CURRENT PLOTTED AGAINST BASE-
EMITTER VOLTAGE

a—
[Mullard |
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SILICON V.H.F. N-P-N 2N3375

POWER TRANSISTORS 2N3553
1600 base current versus I 1 2N3553
collector current | . 2N337%%
fc :C E;:Zc ST !
LTj= O <\ Val
(mA) § /.‘3
/ [ +
/ -
// /.r/ ‘
100 -
Z.
/ 2
/ B '
1/
y
A
|
‘ |
10 ] |
0.1 1 10 Ig(mA) 100
1000 T = . —T7
! 3k~ N3632
S 5
Ic Asis base current
(mA) . / A versus collector
y I/ current | %
- / : VCE=5X |
& . // Tj:25 [of
/
// 4
7 Ve
100-A—
~ /
7
7/
#
10
1 10 100 Ig (mA) 1000

COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT
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j:}::CVcezSV I 2N3553] VCE=5V JI 211
T:=25°C 2N3375[1] T =25°C [ T
hrg HH e
60 60 :
Sas == uaus
“Ntyp
pH 1
40 s 40 t
20 20| 1
T
0 ] t 1 2ee oEH ! 1
0 200 4001¢(mA) 600 0 500 1000 Ic (mA)

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER
RATIO PLOTTED AGAINST COLLECTOR CURRENT

2N355 Ig=10mA Sm N3632[ T T1g=8mAH
AR s ba T RESES S Eees e
400| typical values 8mA- 400 T bt A
Tj=28 oCHH: 1 TH typical values| 71T
Ic ! HomAd c HHH T =25°C 1 -6 mA]
(mA) A (ma) ; s
& T 6m I . H
300H+H - 300 1 1 5mA]
HTH e T 28 17
P LRI 11
H H 2 , -
AT T  £isass 4mA]
200f : mA 200 2 sanaaisisiinas
1 )| I 8 11 i |
DS 331
; ImA 3mA
HT T
‘III 2l[lAI
100 100 2.
8 [ 18
L {{{ 1T )y 8
i HHH Eiisssasssssces
Orrl ISEEESEEEEN] J 0[1 jESSEENE 8EE! 11
0 2 4 VgV) 6 0 2 4 VegV) 6

COLLECTOR CURRENT PLOTTED AGAINST COLLECTOR-
EMITTER VOLTAGE WITHMBASE CURRENT AS A PARA-
ETER

ca—
[Mullard]|
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

| 2N3632

’] 506 typical values % 2N3553 500 typical values 2N3632
t | Tj=25°C T 2N33zlz fr |T=25°C 111
} (MM ' i fr i I (MHz) I
| :— — Veg=28V] ]
w F14.V | Vep=28Y
400 7V H 400
T4V
ol V]
200 200
I W
N
0 0 1 11
0 100 200 300 400 0 100 200 300 400
i Ic(mA) Ic (mA)
TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST
COLLECTOR CURRENT WITH COLLECTOR-EMITTER VOLT-
AGE AS A PARAMETER
F Ve 28V T 8[typical vatues T]2aN3553
T T P t=175MHz/ 111+ 1
HH t ol TTT] 171
r T (Wi ’ .
A (MHz) i = . _ | ]
T HH ! > ‘
600 ! e ; 4 by
; A PN3553 9N33T5 5
'C1=L112:):T:Au T 1-' i P | Wl
s EE 5 S BESE) B ..
N3632 B AT
400 250m : 1 EEE 5 ! |
HH 1 ~ A
1 2 R I
t i : 4 o
200 o ]
I'
i N
I
0 I 0 [
0 50 100 Tj (°C) 150 0 20 VegW) 4
TYPICAL TRANSITION  FRE- OUTPUT  POWER PLOTTED
™\ QUENCY PLOTTED AGAINST AGAINST COLLECTOR-EMITTER
JUNCTION TEMPERATURE VOLTAGE WITH INPUT POWER

AS A PARAMETER
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ypical values] 2N3375 typical values HH 2N3632
f=175MHz ‘i HH ] 20f=175MHz ) A
8 o EaSnas N 5 SlgﬁHE_Sp%ﬂtIDJH{ t : o=
Fo I /}?“\_E o " s
(W) , ! QN (W) : -
HHHHH THHHNGH
6 T 15 HeHH e
He
EaEes a2t
- T an
HH A
4 EEenny. 10 _—.q,s o8
pa t
1 T
I HT 5 HH
2 1 , 5 = ettt
H HHHHHH i
158 T i
T SR ) T
O 1 1 11 111 O 17
0 10 20 Vce(V) 30 10 20 Vce(V) 39

OUTPUT POWERPLOTTED AGAINST COLLECTOR-EMITTER
VOLTAGE WITH INPUT POWER AS A PARAMETER

~Vgg =750mV adjusted with R) [TTr =05W -
PO VCC =28V T VCC =28V Gp
(W) 1 1 n (dB)
(°lo) =
+Op
1 100 = 10
.
I'
[Py,
o5 3 n 56 n §
[T lL 0 6
0 50  Pj(mv) 100 250 750 —Vgg(mV). 1250

POWER GAIN, POWER OUTPUT, AND EFFICIENCY CURVES
PLOTTED AGAINST INPUT POWER AND BASE-EMITTER
VOLTAGE FOR DOUBLER CIRCUIT ON PAGE D9

ca—
[Mullard|
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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
Iss Vps=15Vs VG%=0) 4.0 - 20 mA

P, ,max. (T_ . =25 C) 300 mwW

Crss max. (VDS=15V’ VGS=0’ f=1.0MHz) 2.0 pF

|yfs| min. (VDS= 15V, VGS=0, f=200MHz) 3.2 mmbho

N max. (VDS=15V, VGS=0,
f=100MHz, RG=1.0kSZ, 2.5 dB

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

Millimetres
AT Min. Nom. Max
} A 4.53 - 4.8
B B 4.66 - 5.33
i c1 - - 0.51
a T —to cz 14,4 - -
I - D2 cs 12.7 - 15
cz L ¥ s D1 - - 1.01
L & D2 0.41 = 0.48
| 3 D3 = = 0.53
. T | E 0.84 = 1.17
F 0.92 - 1.16
| E G - 2.54 -
D H 5.31 B 5.84
H G - _-ﬁr-‘
A
l 45°
Viewed from underside Connections
All electrodes are electrically 1. Source 2. Drain
insulated from the case 3. Gate 4. Case
(S
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDS max. 30 v
VD G max. 30 A%
_VGSS max. (—IG= 1.0pA, VDS=0) 30 A%
I G max. . 10 mA
Ptot max. (Tamb525 C) 300 mw
Temperature
T g T20E° -65 to +200 :c
Tj max. 200 C
THERMAL CHARACTERISTICS
Rth(j—amb) 0.59 degC/mW
ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)
The fourth lead (case) is connected to the source for all measurements.
Min. Max.
Static
Toss Gy s m
GS ' 'DS 5 :
-VGS=20V, VDS=0, Tamb=150 C = 0.5 HA
IDSS *‘Zreroz-fg:?—\;;)lta;g% drain current ‘o 20 A
DS ’ 'GS :
Vamoss  Gepeldonvise
A .
DS I LA 1.0 7.5 v
(I i

*Pulse measurements, pulse width=100ms, duty cycle=10%.
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3823

ELECTRICAL CHARACTERISTICS (cont'd)

Small signal y-parameters

Common source, VDS= 15V, VGS =0
*f=1.0kHz Min. Max.

nysl Transfer admittance 3.5 6.5 mmho
|yoS| Output admittance - 35 pmho
f=1.0MHz
Crss Feedback capacitance - 2.0 pF
Ciss Input capacitance - 6.0 pF
f=200MHz
| yfs| Transfer admittance 3.2 - mmho
gis Input conductance - 800 pmho
gos Output conductance - 200 pmho
Noise
N Spot noise figure

f=100MHz, RG=1.0kQ,

VDS=15V, VGS=0 - 2.5 dB

*Pulse measurements, pulse width=100ms, duty cycle<10%.
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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, Bor C amplifiers, frequency
multipliers and oscillators of v.h.f. and u.h.f. equipment.

Encapsulated ina 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
P, max. (T __ =25°C) 5.0 w
tot case o

Tj max. 200 C
fT typ. (IC=25mA, VCE=15V, f=100MHz) 700 MHz
P0 typ. (Pi< 100mW, VCE =28V, f=400MHz) 1.0 w
7 min. (P0=1.0W, VCE=28V, f=400MHz) 45 %

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39

Millimetres
Min. Typ. Max.
A 9.10 - 9.40
B 8.2 - 8.5
(o] 6.15 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 = e 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
Collector connected to case
(R
Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v s
cpo mex

CER
ceo™

EBO T
max.

\4
A%
v

1
ICM max.

(o]
=
Ptot max. (Tcase—25 C)
Temperature

T min.

T. max.
)

THERMAL CHARACTERISTICS

Rth(j—amb) In free air

Rth(j-ca.se)
R,
th(case-h)

Rth(case—h)

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

55
55
30

400
400

-65

200

200
35

xL.

1.

< < <€ <

mA
mA

degC/W
degC/W

0 degC/W

2 degC/W

ELECTRICAL CHARACTERISTICS (Tj =2500 unless otherwise stated)

I Collector cut-off current
E
oD A% =28V, I_=0
CE B
V(BR)CBO Collector-base breakdown

voltage

I,=1004A, 1=0

E

Collector-emitter breakdown

voltages
V(BR)CER I,=5.0mA, R =109
V(BR)CEO IC=5.OmA, IB=0

\
(BR)EBO voltage

Collector-base breakdown

I_=100pA, 1 =0

E C

APRIL 1968

C—
[Mullard]
N

Min.

55

55
30

Typ.

Max.

20 HA
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

v CE(sat) Collector-emitter saturation
voltage
IC =100mA, IB= 20mA

hFE Static forward current

transfer ratio

C

1 _=360mA, V
C CE

= =5.0V
I =50mA, VCE

=5.0V

f Transition frequency

IC= 256mA, V

f=100MHz

CE

=15V,

C Collector capacitance

V =28V, I
CBZ ’

f=1.0MHz

Typical r.f. performance

VCE =28V, Tcas
f Frequency
Pi Input power
IC Collector current

P0 Output power

n Efficiency

E

=Ie=0’

=25°C
e

<107

>60

10

250
100
<107

>50

2N3866

Typ. Max.

- 1.0 v
- 200

700 - MHz
L 3.0 pF
400%* MHz
<100 mW
<79 mA
1.0 w
>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)

APRIL 1968
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Common emitter test circuit (f=400MHz)

\ ﬂf
\ °
2N3866 \ %
Y,

R_=500

)
Vg= 28V

EE

Components

C,,C., €

2 Cs 4 to 29pF air trimmers

n

12pF

4 to 14pF air trimmer

= 12nF

5.69
= 10Q

2 turns of Imm Cu wire, int. dia. 6mm, winding pitch 3mm

1}

]

ferroxcube choke coil (Z = 4509 at 250 MHz)

'y = 6 turns of 0.5mm en. Cu wire, int. dia. 3.5mm (100nH)
= 2 turns of Imm Cu wire, int. dia. Tmm, winding pitch 2.5mm, leads
2 X 15mm

APRIL 1968 N\ 2N3866 Page 4



F

N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N3866

: R
Ptot P 2nsess =Y
(W) s I |
5 1 _ o o _ ‘ T
&0 : ; ! ‘ Ptot =Pdc *Pi ~Fo : 11
| i |
A 1 : ]
T i T
l‘/;(/ , T o 1
“‘_ ~0, 1 | | O
4.0% i n{?éj:' 1T, On infinite heatsink with a
Sz.\t/;(A BRI ] poron nitride washer .
LG/~ =) 0 T B
% ‘,* % | / 1 O O O O O
b6) 9 I NN
. S0 O/hf: S
! o/ ot =t X .
! ~ i&?c/ﬁlu i on a 50 cm? heatsink |
! W *""“ (e.g. chassis) with a -
2:0 T boron nitride washer [
N A EEREENEEEEE
T } ; ‘\, T i T i ‘
| | |
! T ]
::j Permissible areas of operation l:_,_ N ! ‘
TTTTT L TTTT (T T RN R
o T T 1 i N T 1
o 50 100 150 200 Tgmp (°C)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE

I T 1 2N3866 0 O N T 7T
(mA) i I [ ‘ i *II e e ";"**f‘ ]

. Operation is allowed underall base~-_|
400 | | emitter conditions with f > 1MHz
\ | | provided no limiting values are ]
T | ] . exceeded.

| [ ' |
| III L g |
|__Operation is allowed during switching
| _|off provided the transistor is cut-off
with —Vgo€15Y, Ry > 330 and

N | |the transient energy < 0:125mWs

200 — \
BEEN

= T LI ""'T'ﬁ* e i et e | T T
I i T |

SR DR O S S . -

1 | ~
. Operation is allowed under -l
|_| all base-emitter conditions
| provided no limiting values |
| are exceeded.

- | | |
EEEN N
| \ 1T 171
o} 20 40 60
AREAS OF SAFE OPERATION

||

VCE(V)

*]] Caremust 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, Bor C.
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T TT T ] —
o HH T en3ses [ mE ~
w) i i ! I 6l : I [ v
2.0 | TTTTTTTd N ] 1
i \ N I VCE =28V [ |
\ 1| Tease =25°C
] \ N i
\
. (| , I ‘\ !
15 || WITIN
AV I 11 ] T
‘ N, N EEEEE
[ | Y I | i
TN 1T \ |
\‘ T N Pj=200mwW
[
NS T i
10 ‘\\ N ] : [T I !
T [ =100mwW 7
[ 1 CITT] }
=10mW ~ =30mW =50mW [~
FFFH R -~
05 [T AR T EEEE
(o] 200 400 600 800 f (MHz)
TYPICAL VARIATION OF OUTPUT POWER WITH
FREQUENCY AND INPUT POWER
- T
Ctc 2N3866 | fr - 2n3ses 1111234
(pF) T 1] (MH2) 1 I 5 R % T
JI![[OH L I VCE=15VT I
Tj=25C I I | f=100MHz | 1
IE=IQ=0 T) =25°C ] [ |
f =1:0MHz I
10 800 : W/
N !
TN typ-
NG YP- |
| N T
N L1
_ ! ! - 4
5.0 600 [T ‘
typ. [TT] %
i | Fll |
| T HHHH
o 400 L1 [ I B
0O 10 20 VegV) 0O 50 100 150 Ic(mA)
Collector capacitance versus Transition frequency versus W/
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 2N3632
POWER TRANSISTOR N3

For ratings, characteristics and mechanical details see 2N3375 Data Sheet
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SILICON PLANAR 2N2569
EPITAXIAL N-P-N TRANSISTORS IN2570

Silicon planar epitaxial n-p-ntransistors with low leakage currents and low
offset voltages, for useas choppersind.c. amplifiers and sampling circuits.

QUICK REFERENCE DATA

V roe MK (1= 15044) 2N2569 250 v
2N2570 500 v

IC max. 100 mA

P, . max. (Tamb=25°C) 300 mw

hpp min. (=100pA, V =+10V) 50

£, (I, =10mA, V__=+10V, f=100MHz) 100 MHz

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-18
B.S. 3934 SO-12A/SB3-6A

Millimetres
[-—Aj Min. Nom. Max.
A - - 4.8
B = = 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

Connections 1. Emitter
2. Base

3. Collector

DECEMBER 1966 S 2N2569-Page D1



TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
¥ = 0 v
VCBO max (IE 0) 2
s = 5.0 v
¥ oo 8% Ly =0)
e = 5.0 v
VEB o max (IC 0)
I c max, 100 mA
o
5 = 300 Y
Ptot max (Tamb 25 C) m
Temperature
T . min. -65 °c
stg &
T max. 200 C
stg 5
Tj max. (operating) 175 C

TTHERMAL CHARACTERISTIC

Gj s ) 0.50 degC/mwW
TELECTRICAL CHARACTERISTICS (Tamb =25 C unless otherwise stated)
Min. Max.
I Collector cut-off current
CBO _ - -
Vg0V, T 10 nA
I Emitter cut-off current
EBO = 74 = -
VEB—5.0V,IC 0 2.0 nA
V(BR)CBO Collector -base breakdown
voltage
1_.=0 =100pA 0 -
g0 IC " 2 v
A% Offset voltage
oitset 1, =150u4, 1, =0 2N2569 = 250 uv
2N2570 = 500 uv
IB=1.0m_A, IE=0 2N2569 - 500 uv
2N2570 - 1.0 mV
VEC Emitter -collector voltage
IB=1.0mA, IE=100uA = 3.0 mV
h Static forward current
FE .
transfer ratio
I =100 7 — 5 _
c 00uA, \CE 10V 50
fT Transition frequency
I,=10mA, V=10V,
f=100MHz 100 = MHz

fJ.E.D.E.C. Registered data
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SILICON PLANAR 2N2569
EPITAXIAL N-P-N TRANSISTORS IN2570

Min. Max.
cob Output capacitance
IE=0, VCB=0.5V
f=1.0MHz - 10 pF
Cib Input capacitance
IC=0, VEB=0.5V,
f=1.0MHz - 10 pF

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.

. 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
onaboard having punched -through holes, or spacedat least 1.5mm above
a board having plated -through holes.

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

. 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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SILICON PLANAR EPITAXIAL 2N3570
N-P-N TRANSISTORS 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
2N3570 2N3571 2N3572

Vpo Max. =0 30 25 25 v
V opo Mmax. (IB=0) 15 15 13 v
Icmax. 50 mA
o
=

P, . max. (T =25 ©) 200 mw
. min. (IC=5.0mA,VCE=6.0V) 1.5 1.2 1.0 Ge/s
fomax, (I,=5.0mA, V  =6.0V) 2.4 Ge/s
crema.x. (IE=0, VCB=6.0V,

f=1.0Mc/s) 0.75 0.85 0.85 pF
NFmax. (-1 =2.0mA, V . =6.0V,

f=1.0Ge/s, RS=50$2) 7.0 - - dB
NF max. (-Ip =2,0mA, ¥ =6.0V,

f=450Mc/s, R_=1000) - 4.0 6.0 dB

Unless otherwise stated data is applicable to all types in the series
OUTLINE AND DIMENSIONS
Conforms to J.E.D.E,.C. TO-72
[_. A—e Millimetres
Min. Nom., Max.

= “ 4.8

12.7 = =
0.48

. - - 1.21
Connections

1. Emitter
2, Base

n Q4 H U QW o>
1
1

3. Collector

4, Shield connected
Viewed from underside to envelope
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

TVEBO max. (IC=0)

TVCBOmax. (IE =0) 2N3570
2N3571
2N3572

TVCEO max. ([ = 0) 2N3570
2N3571
2N3572

hc max. (D.C. collector current)

o
5 =25
TPtot A0 (Tamb OC)
(R =25 C)
case
Temperature
fT ., min,
stg
T , max.
stg

TTj max. operating

THERMAL CHARACTERISTICS

Tej-amb

j-case

ELECTRICAL CHARACTERISTICS (Tam

b

Min,

20
20
20

30
25
25

3.0
30

200
200

< 4 <4 <4 < < <

mA
mwW
mwW

0. 88 degC/mW

0.50 degC/mW

= 2500 unless otherwise stated)

10

150
200
300

Max.

nA

HA

<< <

1 CBO Sollefgo; ;utl-ofi (():urrent
CB ' E
VCB=6.OV(; 1=0,
Tamb =150 C
ThFE Large signal forward
current transfer ratio
I =5.0mA, V =6.0V 2N3570
< CE 2N3571
2N3572
TV(BR)CBO Collector-base breakdown
voltage
1_=0,1_=1.0puA 2N3570
E € 2N3571
2N3572
(R
JULY 1968 [Mullard
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Y

SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS

W(BR)EBO

TV(BR)CEO

Thfe

re

ThbCbre

tlh

fe

iNF

NOTE

Emitter-base breakdown
voltage
=0. -I_=10

I c 0, IE LA

Collector-emitter breakdown

voltage

1_=0,1I =2,0mA 2N3570

B = 2N3571
2N3572

Small signal forward
current transfer ratio

Ic=5.0mA, VCE=6.OV,

f=1.0ke/s 2N3570
2N3571
2N3572

Reverse transfer capacitance
(see note 1)

1;=0, V 5 =6.0V,

f=1.0Mc/s 2N3570
2N3571
2N3572

Reverse transfer time constant

- = i =

1 =5. OmA, V CB 6.0V,

f=10.7Mc/s 2N3570
2N3571
2N3572

Small signal forward
current transfer ratio
W =6.0V, IC=5.OmA,

CE
f=400Mc/s 2N3570
2N3571
2N3572

Noise figure

-1 =2.0mA, V. =6.0V

f=1.0Ge/s, R_=50Q 2N3570

-1, =2.0mA, V . =6.0V

f=4soMc/s,RS=1oosz 2N3571
2N3572

Min,

3.

15
15
13

20
20
20

= e
-

D W w
oo =

0

o

2N3570
2N3571
2N3572
Max.
= v
- A\
- v
- \%
200
250
350
0.75 pF
0.85 pF
0.85 pF
8.0 ps
10 ps
13 ps
6.0
6.0
6.0
7.0 dB
4.0 dB
6.0 dB

1. The shield lead is grounded for all measurements except Cre®

tJ.E.D.E.C. registered data.

()

[Mullard]

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. )

Transistors may be dip-solderedat a solder temperature of 245°C for A d

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.

[\v]

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

4. Ifdevices 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.

JULY 1968 S 2N3570-Page 4



SILICON V.H.F. 2N3924
POWER TRANSISTORS 2N 3926

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
2N3924 2N3926 2N3927

Vepo max. 36 36 36 \%
VCEO max. 18 18 18 \%
lem max. 1.5 3.0 4.5 A
Piot max. (Tmp < 25°C) 7.0 11.6 23 w
T; max. (operating) 200 200 200 fC
fr min. 250 250 200 MHz
Output power

at Vog = 13.5V, f = 175MHz, common emitter

Pout min. (Pin = 1.0W, 1 = 70%) 4.0 - - w
Pout min. (Pin = 2.0W, 5 = 70%) - 7.0 - w
Pout min. (Pin = 4.0W, n = 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/SB3-3B
2N 3926 and 2N3927 Conform to J.E.D.E.C. TO-60

October 1967 -\v/ 2N3924 Page D1



RATINGS

Limiting values of operation according to the absolute maximum system.

2N3926 2N3927

Electrical

VeBo max.

Yero max.

VEBO max.

lc max.

lem max.

Piot max. (Tmp < 25°C)
Temperature

Tstg min.

Tstg max.

T; max. (operating)

THERMAL CHARACTERISTICS
0j-mb
Omb-n (contact thermal resistance)

Bmp-n (if mounted with top mtg
washer of accessory 56218)

Bmb-n (if mounted with top mtg
washer of 56218 and a
Boron nitride washer)

ELECTRICAL CHARACTERISTICS (T; = 25°C)
V(Br)cBO Min. Collector-base breakdown

voltage
lc = 250pA, Ig =0

2N3924

36
18

i ol
ocuruno

25

1.0

1.2

36

Collector-emitter breakdown

voltage

V(BR)CEX min.** lc = 0 to 400mA,
Vgs = 1.5V, Rg = 33Q

V(BR)CEO min.** l¢c = 0 to 400mA, Ig = 0

V(Br)EBO MinN. Emitter-base breakdown
voltage
lg = 250pA, Ic =0
lceo max. Collector cut-off current
Veeg = 15V, 15 = 0,
Ty == 25°C
T; = 150°C

36
18

4.0

100

5

36
18

4.
1.
3.
1.

cOoO0oOo

1

15
0.6

36

36
18

4.0

100
5

36 \

18 \
4.0 \%

1.5 A

4.5 A

23 w
—65 °C
+200 °C
+200 2
7.5 degC/W

0.6 degC/W

- degC/W

- degC/W

36 \

36 v

18 v
4.0 \4

250 uA

5 mA

**Pulsed through an inductor (25mH); 8 = 0.5, f = 50Hz.

October 1967 N,
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SILICON V.H.F.
POWER TRANSISTORS

2N3924
2N3926
2N3927

2N3924 2N3926 2N3927

hrg Static forward current transfer ratio.
lc = 250mA; Vcg = 5.0V min. 10
max. 150
lc = 500mA; Vcg = 5.0V min. -
max. -
lc = 1000mA; Vcg = 5.0V min. -
max. -
Vse Base-emitter voltage

lc = 250mA; Iz = 50mA max. 1.5
lc = 500mA; Iz = 100mA max. -
lc = 1000mA; Iz = 200mA  max. -

Vcgsaty Collector-emitter saturation
voltage
lc = 250mA; Ig = 50mA max. 0.75
lc = 500mA; Ig = 100mA max. -
lc = 1000mA; Iz = 200mA  max. =

fr min. Transition frequency
Veg = 13.5VY, Ic = 100mA 250
Veg = 13.5V; lc = 200mA -
Cic max. Collector output capacitance
Ve = 13.5V; f = 1.0MHz;
lg=1e=0 20
Collector-case
capacitance max. -

Remiey Real part of input impedance max.
f = 200MHz; Ic = 100mA;

Veg = 13.5V 20
f = 200MHz; Ic = 200mA;
Ver = 13.5V -

R.F. power output

in un-neutralised common emitter amplifier
Ve = 13.5V; f = 175MHz

Pout min. Output power

lc < 420mA; Pin < 1.0W; 7 > 70% 4.0
lc < 740mA; Pin < 2.0W; > 709% -
lc < 1100mA; Pin < 4.0W; n > 80% -

20
5.0

20

5.0
150
- \Y
= \"
15 v
- \'
- \"
1.0 \
- MHz
200 MHz
45 pF
5.0 pF
20
- w
s w
12 wW

October 1967 =,
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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/SB3-3B

A Millimetres
'_Bq Min. Nom. Max.
FT A 8.64 8.9 9.4
H C
N | B 7.75 8.15 8.5
T Té o ™ ‘s 6.1 6.35 6.6
j" cop- P& 3 D - 5.08 -
e = ol 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
6D 8.38
6Dy 10.92
6D2 5.08
L 3.81
- 6T 0.97

Envelope insulated
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SILICON V.H.F. 2N3924
POWER TRANSISTORS 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 1.5mm from the
seal.

4. If devices are stored at temperatures above 100°C before incorporation

f'\ 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 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

N 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 1775MHz (2N3924)

c1 2N3924 C;SI L4
L1 f’\\ }l T —9—O
o—}f 0
l % L3
IBL2 3 :
1
50Q I 500
-2 c2 : - 4
(o
o c5
Vee. ¢
- +
Ci
Cs | = 4-29pF air trimmer.
3
Cq)
Cs = 10nF polyester.

L; = 1 turn of Imm Cu wire, int. diam. 10mm; Leads: 2 x 10mm.

Ls = Ferroxcube choke coil. Z (at 175MHz) = 550Q +209,.
(number 4312 020 36641)

Ls = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm.

Ly = 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.

October 1967 N,
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SILICON V.H.F. 2N3924
POWER TRANSISTORS 2N3926

2N3927

Common emitter test circuit 175MHz (2N3926 - 2N3927)

2N3926 Cc3
&1 2N3927 i L4
w1 A 000 0
jl R \\ éL3
|
500 | | i
1
;fcz 82 : Tcs ;fC4
o T i : 0
v R1 C'G_‘
4
o
O Vce. e
Ci)
gi (- 4-29pF air trimmer.
c&J
Cs = 100pF ceramic.
Ce = 10nF polyester.

L; = 1 turn of 1mm Cu wire, int. diam. 10mm; Leads: 2x 10mm.

Ls = Ferroxcube choke coil. Z (at 175MHz) = 550Q +209;.
(number 4312 020 36641).

Ls = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm.

Ls = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 8.5mm.
Leads: 2x20mm.

R1 = 10Q.

*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.

2N3924

POWER TRANSISTORS 2N3926
15 2N3924 maximum allowable to- [2N3924]
] P tal power dissipation T
Ic 111 tot |versus mounting base emp.}ﬁﬁ
I B (W)
(A) see also seealso —
adjacent graph adjacent graph
I
1 10 -
I T
0.5 5 -
" Rot=Ryc*Pi-Po X
1 m :
I 9%
| T
0 I [T11 0 I
0 20 Vcg (V) 40 0 100 Tpp(°C) 200
3 15 :
111 { 2N3926 maximum allowable to-{2N3926
TTTT p, , |tal power dissipation [TTT7]
Ic HH tot | yersus mounting base temp. ]
(A) see also w) T see also L.
jacent graph i adjacent graph
2 10
I I \
1 SHHHHHH
—«Ptot:PdlvcoP,—Po Y
——+1 - t ‘ T
m s mu
o i oI 1T
0 20 Veg(V) 40 0 100 T,p(°C) 200
[ — )
[Mullard|

October 1967
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6 2N3927 b maximum ul_lowbl_eto-]z~3927
TTTT R tal power dissipation [TT
Ic i 1T v‘l"t versus mounting base temp
(A) see also (W) seealsd ||
adjacent graph adjacent graph—
2
I N
2 10
Pot=Fyc* Pi -
1]
I 0
0 20 Veg (V) 40 0 100 Ty (°C) 200

EXPLANATION OF AREAS OF SAFE OPERATION

Region |  Operation is allowed under all base-emitter conditions, provided no
limiting values are exceeded (d.c. and a.c. operation).

Region Il 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 | before
removing the a.c. signal.
This may be achieved by an appropriate bias in class A, B or C.

Region lll Operating during switching-off in this region is allowed, provided the
transistor is cut-off with -Vgg < 1.5V and Rgg > 33Q, lc < 400mA
and the transient energy does not exceed 2mWs.
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SILICON V.H.F.

POWER TRANSISTORS

typical values |t 12N3924
Veg=135V i HH
8| Tmp =25°C
Po ]
(W) ; 8558
+ ) t
6 , 1
2 o
s7-H
L
4 g
} '-L-
I N/
T ; ]
2 - a5,.]
HH .
T ci35m
t HH
O I L ) 1TTTTT 111
0 100 200 f(MHz)300

2N3924
2N3926
2N3927
TR RN T aN3926
Be G ), W
TR Ty
po AR R R
(W) = wmmn. v "\\;:E
JlEssss s aan Sitees Nesa s
. AN
PN
: LN
NN
AN
4 -
I N
o 7
typical values [1: N} it \‘?
Vcg =13.5V NI T
ATmp=25°C [T 05y
S i
0% W0 200 F(MHz) 300

OUTPUT POWER PLOTTED AGAINST FREQUENCY WITH
INPUT POWER AS A PARAMETER

typical valuesF T 2N3927
Veg=135V | i
20{Tp=25°C " !
1
PO \L b} ‘i ? i
WESRCRCX
W A
15p—% ‘
it T\ b L‘
+ 'S X
- :
\ B j
10 l‘ NN
t &\‘ NN ) & -\\44;’,:
1 2 4 o, @ %
TR
0 £ N
5[ : : 5 x‘ :}xl
2 o TeEEscic, L4
+ ! Bo <@ ’“L
T : ] . RS
c 1
0 100 200 f(MHz) 300

OUTPUT POWER PLOTTED
AGAINST FREQUENCY WITH
INPUT POWER AS A
PARAMETER

October 1967

60 :
'typ'; % { lg=le :Ot;:
I = 1MHz [
ce PAHEH =25 HHH
(pF) IAEEEEEEERNNE!
bt HH
i L]
\ [ an
4 3 "
40 HHHH
L b
AEEEA EEENEN
T T 1
A typ SRS
N P2N3927
20 dal
S bvias
' + 2N3926
i T T
B R L
o T T
0 20 VCB(V) 40

COLLECTOR CAPACITANCE
PLOTTED AGAINST
COLLECTOR-BASE VOLTAGE
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Ic _ Ic =250 mA
s ° 1g= 50 mA
Tj=25°C 400
VCE sat I VCE sat
(mV) T (mV)
300 300
“ o)
a8
200 o 200 Yo
O L 23926 ]
H . 2N3 [
D anm 2
Ghs AN Y0
_H_»c’{l’u‘ 411|’
100:E¢b o 100HH5N392
0 Q
B9 N I
$)
:::::SP I
T+ T + T
0 LIl 1 o 1 1
0 200 400 1¢ (mA)600 0 50 100 T} (°C) 150
COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
PLOTTED AGAINST PLOTTED AGAINST
COLLECTOR CURRENT JUNCTION TEMPERATURE
MVeg=5V f 2N3924]] HVee=5v HH T 2N3927
- 2N3926H HT. 2250 :
s0ofiz 2 C H go0p =2 -
: ‘
Io B2 I
(mA) {mA)
300 500 :
typ Jtyp
200 400
100 200
b &t
0 52 1} 0
0 05 1 Vge(V) 0 05 1 Vg (V)
COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER
VOLTAGE
(@
[Mullard |

October 1967
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SILICON V.H.F. 2N3924
POWER TRANSISTORS 2N3926

2N3927

VCE =5V 311113717371 2N3924 VeE =5V 13311 13 2N3927
3+
80 Tj=25°CHId HHH 2N3926 o0 T-=2socq3‘“pi 1{1 3 sEEEE
g i e seast TR e g
heg tes . typ ESSSSsEsEEN hFE HH e B8
8 seesisinanssannsiis: < IS8 88 uRE B e eans
T 7 S SSeESEaEaRaRESNESE
SO H 8op HH
EREEEERRSRIEzsiaS: , e T
1+1 S e " +4t . +++
HI+ e S = 22 1
HHH HiT
E jusgpenas ]
4OFHHHH HH 40HH
By Be 1 1E A
+ PR +44+ + 414 ot
F + P e p 'b‘f‘l"_'
SN ammmmsEswEEEaEMEssEsaREsa i25s
S i
20 20f
boe IR s R e R R 1
o ]
Jesa8saaassnans ssaunsa st
S8t I ! sEass sEme:
ot H TR ot

o 200 400 IdmA600 o

LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO
PLOTTED AGAINST COLLECTOR CURRENT

2N3924 -+

1040 o typical values|:
2N3926]

F1 2N3927)

9251 Tj=25°C
800 typlcq‘l\iq”_‘ YO A 2000
.o o s o An BEEEY - =5 B SEDEE6 DE M IBEEE
Ic [Tj=23°CHir Ie HeH
(mA) ,4‘9 ‘ + B BEBES Bt

1
4,00 1.7.0.0v 8
1 P S BmA
T
1
o8 = T
BB T
nE i S H3mA
»in g T T
200+ ssSinEaEs T
H ) I
+ HEHH &
= . imA H :
L 8 1
INERE SRNG SRS 4
0 IT I it

0 02 04 VcgV) 0.6 02 0.4 Vcg (V)06

COLLECTOR CURRENT PLOTTED AGAINST
COLLECTOR-EMITTER VOLTAGE WITH BASE CURRENT
AS A PARAMETER

(@
[Mullard|

October 1967 N, 2N3924 Page C5




600 ¢ypical values N3924 890 typical vatues| 1111 Jana9z7
T =25°C aN3926 | Tj=35°C I 11T I
fr . - ( fr i ImEE
(MHz) gee MHZz) : Veg =135V
- ‘25Z 11VC :
/l
400 400 0V=-5V
= oV
- v -
2 u
200 200
0 0
0 200 Ic (mA) 400 0 200 Ic (mA) 400

TRANSITION FREQUENCY PLOTTED AGAINST
COLLECTOR CURRENT WITH COLLECTOR-EMITTER
VOLTAGE AS A PARAMETER

600

Vcg =13.5V+
T
fr HREE
(MH2) —— 2N3924{2N§ 926 To=1
1 N100 mlr
2N3927 ™ 200 mA
400
| S
0 100 Tj (°C) 200

TRANSITION FREQUENCY
PLOTTED AGAINST
JUNCTION TEMPERATURE

(A
[Mullard |
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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, Bor 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 A%
VCEO max. 20 v
Ic max. 400 mA
o
Ptot max. (Tcaseszs C) 3.5 0W
Tj max. 200 C
fT typ. (IC=25mA, VCE=10V, f=100MHz) 700 MHz
P0 typ.(Pi< 100mwW, VCE=12V, f=175MHz) 1.0 w
1 min. (P0=1.0W, VCE=12V, f=175MHz) 50 %
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
Millimetres
Min. Typ. Max.
A A 9.10 - 9.40
—B8 B 8.2 - 8.5
C 6.15 - 6.60
H C
l_ D = 5.08
[ Th e Uﬁ E 0.71 -~ 0.86
)
2 g £ F3 F1 - - 0.51
ea'-'»' F2 12 - -
a5, o F3 2.7 - 15
o Gl - - 1.01
f] i T G2 0.41 - 0.48
E 3
J L G3 - - 0.53
H - 0.4 -
J 0.74 - 1.01

Collector connected to case

a—
|Mullard]
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v cpo Mmax. 40
VCER max. (RBE=109) 40
v CEO max. 20
VEBO max. 2.0
I c max. 400
ICM max. . 400
P, max. (T, <25 0C) 3.5
Temperature
Tstg min. -65
TS tg max. 200

Tj max. 200

THERMAL CHARACTERISTICS

Rth(j-amb) In free air 200
R1;h(j—case) a8
R Mounted with a top clamping

thiease-H) washer of accessory 56218 1.0
Rth (case-h) Mounted with a top clamping

washer of accessory 56218 and
a boron nitride washer for
electrical insulation 1.2

< < < <

mA
mA

degC/W
degC/W

degC/W

degC/W

ELECTRICAL CHARACTERISTICS (Tj=25°C unless otherwise stated)

Min. Typ.

Collector cut-off current

W =18V, 1=0 = -

IC EO

Collector-base breakdown
voltage

IC=100uA, IE=0 40 -

V(BR)CBO

Collector-emitter breakdown
voltages

V(BR)CER IC=5.0mA, RBE=109 40 =

V(BR)CEO IC=5.0mA, IB=0 20 -
Collector-base breakdown
voltage

I =1 = v =
E 00uA, Ic 0 2.0

V(BR)EBO

Max.

20 LA
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N-P-N SILICON PLANAR

EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

VeE(sat)

FE

te

Collector-emitter saturation

voltage
IC =100mA, IB= 20mA

Static forward current
transfer ratio
IC=1OOmA, VCE=5.0V

=5.0V

1,=360mA, Vo

Transition frequency
1 = =1

c 256mA, VCE ov,
f=100MHz
Collector capacitance
Vop=12V, IE=Ie=O’
f=1.0MHz

Typical r.f. performance

Vop=lev. T = 25°C
f Frequency
Pi Input power
I c Collector current
Po Output power
n Efficiency

Min. Typ. Max.

= - 0.5
10 - 200
5 - =
= 700 =
- - 4.0
175* 470
<100 100
<167 67
1,0 0.4
>50 50

2N4427

MHz

pF

MHz
mwW
mA
w

%

*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 circuilt (f=175MHz )

Components

Cl’ C2’ C3, C4 = 4 to 29pF air trimmers

L 1 = 2 turns of 1mm Cu wire, int. dia. 6mm, winding pitch 2mm, leads
2 X 10mm

L2 = ferroxcube choke coil (Z = 5509 at 175MHz)

L3 = 2 turns of 1lmm Cu wire, int. dia. 5mm, winding pitch 2mm, leads
2 X 10mm

L 4 = 3 turns of 1.5mm Cu wire, int. dia. 10mm, winding pitch 2mm, 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
EPITAXIAL U.H.F. TRANSISTOR 2N4427

Ptot T T 2naa27 A S
(W) % 1 I O 1 i [F1E] T ! 3_
60 1 Ptot =Pdc +Pi ~Po 7 e
- T [
| i B : i i
| | may
H = HHHH
4.0 [ ‘
Rtn(j-amb)= 50 deg C/W On a 50cm? heatsink ||
(e.g. chassis) with a boron nitride washer 1]
2-07 ‘
neeE P !
D ! T
:ﬂ Permissible area of operation \‘ [ 11
MHH lfﬁ—l\\l\[‘\ll‘\r"""r\\ [ iw‘*
| | { 1 i !
o) I ITT0T 1 iJ\_f
o} 50 100 150 200 Tqmb(°C)
MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
Ic 2N4427 38496
(mA)
400
e
‘ Operation is allowed under all base
I emitter conditions with f = 1MHz
provided no limiting values are
\ exceeded.
A
I I
200 | N\ Operation is allowed during switching
] \\ off, provided the transistor is cut-off
l N with -VEBsTSV, RBEZ 320 and the
Operation is allowed transient energy < 0-125mWws
under all base-emitter|
lconditions provided
no limiting values
are exceeded.
I
|
o [
(o} 20 40 60 VCE (V)

AREAS OF SAFE OPERATION

*II Care must be taken toreduce the steady state current to region I before
removing the a.c. signal. This may be achieved by appropriate bias in
class A, Bor C.
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B8497|

2N4427
W) I O
1.5 BEEEOE!
V'CE=12V
Tease=25°C
~ P =100 mwW
10 < H
=
=50mwW =75mwW
05 =40mwW
0
0 100 200 300 400  f(MH2)
TYPICAL VARIATION OF OUTPUT POWER WITH
FREQUENCY AND INPUT POWER
(th) HHHH 2n4427 B fr T 2N4427 F 58408
F | R T
i EEEEEEE () 0
=Tk EEEm - Vg =15V H11
Tj=25C H--H | 1=100MHz 1 2l
Ig=1¢=0 CHifmense - L hE
f =10MHz [T T T RS
EENSEEENNENEENE
10 — 800 —
a8
| 1 ‘7
I 6
1T el 1 RSN S
5.0\ 600 2 ol E B R T
] \ . 133 It i ‘\ L] I %
{ i | e 5 N | | ! |
= T1typ- [ TH 3 I
| ] | [ ok T [ [
H FHH HHH HH
T I =15 = 1 [T
0 ‘{ I | (] 4001 1 T \[ I “
67 A0 L ZPamE Ve n V) 0O 50 100 150 I¢ (MA)

Collector capacitance versus
collector-base voltage

APRIL 1968 i N,

Transition frequency versus
collector current
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