0C28 OC29
OC35 OC36

JUNCTION TRANSISTORS

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 2-0C

OC28 O0OC29 0C35 0C36

VCB max. (lE = OA) -80 -60 -60 —80 \)
Vce max. (Ig = 0.5A) -60 -48 -48 -60 V
Ve max. (lg = 6.0A) -60 -32 -32 =32 Vv
hre (Ic = 1.0A) 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
OC28 0OC29 0OC35 0OC36

Ve max. (lg = 0A) -80 -60 -60 -80 v
Vce max. (lg = 0.5A) -60 —48 -48 -60 v
Vcg max. (Ig = 6.0A) -60 -32 =32 -32 v
Collector current
lc max. 10 A
TIC(AV) max. 8.0 A
Emitter current
IEM max. 12 A
TIE(AV) max. 90 A
Reverse emitter-base
voltage
VeB max. (Ic = 0A) —40 -20 =20 —40 \'
Base current
Igm max. 2.0 A
TIB(AV) max. 1.0 A
Total Dissipation at Tease < 45°C 30

i max=T
Tease > 45°C Piot max. = LM

0 - case

tAveraged over any 20ms period.
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oc28 JUNCTION TRANSISTORS

L
Series
Temperature ratings
Tstg Max. 75 °C
Tstg min. -55 °C
T; max. (Continuous operation) 90 °C
1T; max. (Intermittent operation total duration 200 hours) 100 °C
0j—case Max. ) 1.5 °C/W
case—heat sink MaX. (when mounted with metal washer

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

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

CHARACTERISTICS at Tcase = 25°C
Typical production spread

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

(Ve = -500mV, |g = OmA) — e 100 A
(Ve = -14V, Ig = OmA,

Tcuse = 1°°°C) o o 20 mA
(Ver = 60V, Ig = OmA,

Tease = 100°C) 0C29,0C35 — 8.5 30 mA
(Ve = -80V, Ig = OmA

Tease = 100°C) 0C28,0C36 — 12 30 mA

Emitter cut-off voltage
(VCB = —48Y, lg = OmA,
Tcase — 1°0°C) VEB — s— =500 mVY
Common emitter
Collector knee voltage at

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

60 — —
|
l
[
l
|
|
|
T Ve (V)
Vee (knee)
Fig. |

Mullard

0C28 Page D2



JUNCTION TRANSISTORS 0c28

L]
Series
OC28 oC29 OC3s OC36
Base current Is min. max. min. max. min. max. min. max.
(Ve = 0V, g = 1A) 17.5 50 72 215 13 38 9 33 mA
(Ve = OV, g = 6A) 190 375 73 165 130 285 9 285 mA
Base input voltage Vag
(VCB = 0V, IE = 1A) < 800 mV
(VeB = OV, Ig = 6A) 06 -16 — -16 04 -14 — 16 V
Current amplification
factor hre
(Vce = -14V, Ic =30mA) 20 — — — —
(Vce = -1V, Ic = 1A) 20 55 45 130 25 75 30 110
(Vce = -1V, Ic = 6A) 15 30 35 80 20 45 20 65
BASIC PARAMETERS
Cut-off frequency
(VcB = -6V, Ig = 300mA)  fun, —_ 250 —_ kefs
Collector depletion capacitance
(Ve = =12V, |z = OmA) Cte — 160 - pF
Emitter depletion capacitance
(VEB = -8V, |lg = OmA) Cte —_ 165 _ pF
Time constant, current feed _@1
w
(Yce = 4V, lcm = 1A) — 45 70 us
(Vce = -4V, Icm = 6A) — 30 50 us
Desaturation time constant
(Vee = 0V, Ism = 50mA) Ts —_ 30 50 us

Mullard
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0C28

Series

JUNCTION TRANSISTORS

Typical operation in on-off power switching circuit

Is

Ic
D.C. supply
voltage Vee 14
K—A—ﬁ
Load resistance RL 14 2.3
peak collector
current lem 1.0 6.0
f_)% f'——%
0C29 OC35 0OC29 OC35
‘Turn On’
base current Ig 35 55 260 400
‘Reverse’
base current IBr 87 137 65 100
%K_J ;T_J
Switching times
Rise time tr 20 20
Storage time  tg 15 15
Fall time te 40 35
Rise time t; = lo, ﬂl&l—
T o1 CBehrg [Ts = [ Ton |
. 1
Fall time & = £ Ioge[1+ M-]
w

Storage time ts = Ts Ioge] lot |

hre | I |
|+ |ler |

+ |1
hre o= |

Mullard

@338

v
 EEEREEa—

28 47 Q
1.0 6.0 A

f—_A—_\

OC28 OC36 0OC28 OC36
70 50 480 400 mA
17.5 125 120 100 mA

—— —

20 20 us
15 15 us
40 35 us
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JUNCTION TRANSISTORS Oc28

Series

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

Ratio of the current amplification factors of the two transistors

at Veg = 0V, Ic = 300mA 1.2:1
Ves = 0V, Ic = 6A 1.2:1

Difference between the base-emitter voltages of the two transistors

at Vcp = =14V, Ic = 30mA <35 mV
Ve = 0V, Ic = 6A <300 mVY

OPERATING NOTES

1.

Dissipation and heat sink considerations
The maximum total dissipation Py max. = (Vg x lc)+ (Ve X Iy), is given
by the relationship:—
T; max.-Tamo
Um+ei‘+‘9h

Where-0m+ 0+ 6y, is equal to 6;_am.
The various components of 0;_amy are illustrated below:

Piot max. =

Junction temperature

0;—case = 1.5°C/W

Case temperature

*0; = 0.5°C/W
16; = 0.2°C/W
Chassis (heat sink) temperature
6n

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); = 0.2°C/W. This value applies when
the transistor is bolted down evenly on a flat heat sink.

bn 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.x1,16in. blackened aluminium) will have a
value of ¢, = 2.2°C/W.

Mullard
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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.

_ Tease~Tamp °
oy = Pro: 6,°C/W

The following example illustrates the temperatures which occur at various
points on the transistor at pc = 10W, T; = 90°C, 6, = 2.2°C/W.

T; = 90°C
Tease = 90-(10x 1.5) = 75°C
Theat sink = 75—(10)( 0.5) = 70°C

70-(10x 2.2) = 48°C

Tamb

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.

. f 0.66 oz
Average weight 118.6 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

Mullard
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JUNCTION TRANSISTORS OCZB

Series

Transistor
169025

e 0-3 7:0
41204 0Bt 315 max,
, T s

|
10°9 26-2 | _L
*+*0-25 max. R |
] | I S—
. 12:0
l 1-0
b 1-00 ' t
3001202 —» 20'0_5.“‘_

39-5max
Mica washer
0-05
|
q
0-127
N ]
3
6-0 301 FG-O Insulating bush
*0-2 02 102
35 4.5
N
e c T
r‘ 75 .l
s
3-9010:05
3410005

All dimensions in mm
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JUNCTION TRANSISTORS 0c28

L d
Series
| 5 S B | ' 5331
I T -
(A) Ll I,=240mA [ [TTT
S TTTT Common emitter
[ 11T TTTTTTT
220mA T,=45°C
[T |
5 200mA
et 17
IHEN
- 180mA
= T
[ [ 11
160mA
I
* 1
[ [ I
140mA '
T TT] 1]
T T T T T 117
I2JOmA +~1L
. ]
] 100mA
[
o 80mA
: ]
2 i
- {soma
| | [E]: T
| BN =1
l s 40mA
1 20mA
0 |
o -10 -20 -30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER
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oc28 JUNCTION TRANSISTORS

.
Series
1 0c29 9350
(A) 7l
= Iy =100mA Common emitter
TTITTTTITIT
Tj =45°C
5 SOmA
[T
11
== 80mA
st

= 70mA

4
= ——"TT1 60mA
- ——— 50mA
3 - e
40mA

m 30mA

2
20mA
I
10mA
|

o [

o =10 -20 =30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER
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JUNCTION TRANSISTORS oc28

3
Series
AT EETTTT oc3 9388
L [3= 200mA 2
(A) | S
Common emitter
[T [TTTTTTT
: 180mA Tj =45°C
5
160mMA
140mA
4
- 120mA
I00mA
3
80mA
60mA
2
40mA
| 7
20mA
0
o -10 -20 -30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC35. COMMON EMITTER

Mullard

0C28 Page C3



0c28 JUNCTION TRANSISTORS

L]
Series
L SEERSERS Tocse
I_=I150mA I T<FT
(A) e s
i Common emitter
L 140mA HEERETEENE
T =, T =48S
s
———— 120mA
- T T
——— 110mMA
i ———— = I00OMA |+
4 | ]
= 90mA
LTI
——— 80mA
1| 70mA
I e e T 1
3 [
60mA
[
1]
50mA
| I
| l ] 40mA |
P i~
5l J
1 L 30mA
i 1 -
| | i
f 1 f‘( t
1 20mA
' : T
i 10mA
|
E [ [
oI 11 ] \ [ \
4 i ~20 -30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER
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Series

0C28

JUNCTION TRANSISTORS
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0c28 JUNCTION TRANSISTORS

Series

Ves oc2s Je424e]
max TT1

) Veg = -60V

400

300

(o] 25 50 75 Ti(°C)

Vee 0C29,0C35,0C36
max [TTT11

(mv) Veg=- 48V

400

300

o) 25 50 75 TKC)

VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE WITH
JUNCTION TEMPERATURE

Mullard
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JUNCTION TRANSISTORS

0C28

L3
Series
Ie oczs B3672
(A)
10
Permissible area of
operation under al!
conditions of base
drive.

80

60

40

20

[

[

[

Li

0 -20 -40
COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC28

Mullard

| | current b'as.

For operation in this region
the circuit must be capable
of providing reverse

T

I

.

-60

-80

Vce(V)

0C28 Page C7



0c28 JUNCTION TRANSISTORS

Series
IC oc28 B3673
(A) 0OC35

n under all

| For operation in this region
"] the circuit must be capable
of providing rsverse
H current bilas.
T1T LTI

1

o -20 -40 -60 -80 Vee(V)

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

Mullard

0C28 Page C8



0C28

JUNCTION TRANSISTORS

e
Series
Ic 0C36 B3674
(a) !
10
Permissible area of
operation under all
conditions of base
drive.

For operation in this region
pable

the circuit must be ca
of providing reverse
current bias.

=80 Vee™W)

-60

-20 -40

(¢}
COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC36

Mullard
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OC28 JUNCTION TRANSISTORS

Series

9937

Tease(°C)

80

60

OC28 series

40

20

iz B 8 °

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST CASE TEMPERATURE

Mullard
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JUNCTION TRANSISTORS oc28

Series
Iceo 11._0C28,0C36 9936
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VARIATION OF Icgo WITH JUNCTION TEMPERATURE. OC28, OC36
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oc28 JUNCTION TRANSISTORS

Series
Teoo | | 0C29,0C35 2939
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VARIATION OF lggo WITH JUNCTION TEMPERATURE. OC29, OC35

Mullard

0C28 Page C12



JUNCTION TRANSISTORS Oc28

L]
Series
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MAXIMUM PERMISSIBLE COLLECTOR-EMITTER VOLTAGE PLOTTED
AGAINST RATIO OF Rg/Re
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oc28 JUNCTION TRANSISTORS

*
Series
[ o] C
b :
[ 3
B 1| w
B @
~
o
™| @
[ 1l
5 110
3 1 |2
- I~
: {»
: \\ P
| N\ S
5 ' Q x { |7
.Q o o »
~— T E \ 3
0 e, ]
Sres i
W o
'
1o
. 12
I~
4‘7
I o
3 o o -
G E & & &8 ¢ B
=

TYPICAL VARIATION OF lcer WITH RATIO OF Rg/Rg
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