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O ur front cover shows the Mullard X-band 
low power isolator type L.250. A  detailed 

description is given on page 32.
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VIEWPOINT WITH MULLARD
The recent M elbourne Viewpoint 

with M ullard featured transistors and 
their applications. A completely tran 
sistorised 10W audio amplifier con
structed in a small cabinet the size of 
a norm al audio pre-amplifier and com 
plete with dry battery, together with the 
showing of a film entitled “The Prin
ciples of T ransistors”, placed the em
phasis on these interesting components.

An interested group at the M elbourne 
V iewpoint.

The guests were welcomed by M ullard 
Victorian M anager, Mr. Joffre Smiley, 
who pointed out that M ullard’s View
points had been most successful and 
over 1000 retailers had attended the 
series since its inception. M ullard 
General M anager, Mr. M. A. Brown, 
was present and took the opportunity 
of addressing the guests.

M essrs. G old tho rp  and Tollow  of M ullard 
Head Office testing the popu lar M ullard 
range of audio amplifiers. In the foreground, 
the 10W and 40W  transistors am plifier may 
be seen. These units will be described in 
later issues of the "O utlook” .

After outlining M ullard activitie > 
Mr. Brown introduced M r. J. R. 
G oldthorp, who explained the dif
ference between therm ionic valves and 
semiconductors and dem onstrated two 
transistorised amplifiers. These com 
prised 250m W  and 10W units complete 
with their own dry battery power sup
plies. M r. B. P. A. Beresford dealt with 
the replacem ent of valves and television 
picture tubes under guarantee. After 
outlining the method that should be 
adopted by retailers when claiming for 
replacem ents he stressed that all M ul
lard picture tubes replaced under 
guarantee also carried a further six 
months guarantee.

BRISBANE
On June 26th the first Brisbane 

“Viewpoint with M ullard" was held at 
Lennon's Hotel. It was conducted in 
conjunction with M ullard’s Queens
land distributors, B. M artin Pty. Lim i
ted whose Chairm an, Mr. B. M artin, 
and M anager, M r. R. N. Humphrys, 
introduced the M ullard team. Mr. M. 
A. Brown in addressing the gathering 
said that his company was preparing 
for television in Queensland and in

Mr. D. Irvine chats with M r. N oel H um phrys, 
M anager o f B. M artin  Pty. L im ited, Brisbane.

conjunction with B. M artin Pty Ltd. a 
valve and picture tube service depot 
would be set up in Brisbane. It would 
contain a full complement of the latest 
test equipm ent and a M ullard technical 
representative would be on hand at all 
times. Illustrating the diversity of his 
com pany’s activities M r. Brown re
ferred to some of the rem arkable heat

sensitive cells on display. At the other 
end of the scale he showed a M ullard 
Ferroxcube M atrix Plane capable of 
storing 1024 “bits” of information. The 
10W transistorised audio amplifier was 
shown in Brisbane together with a new 
40W  version which was being displayed 
for the first time. Dem onstrations of 
the M ullard range of High Quality A m 
plifiers together with a film screening 
brought the evening to a conclusion.

FUTURE M EETINGS
Orange: Hotel Canobolas, Tuesday, 

28th October, 1958, at 8 p.m.

T E L E V I S I O N  VAL VE S,  PICTURE 
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This data sheet has been compiled 
to assist the Television Service E n 
gineer. The wide variety of valve and 
tube types found in television receivers 
in A ustralia is largely due to circuits 
developed overseas; thus it has been 
necessary for the T.V. Service Tech
nician to have ready access to abridged 
data for a multiplicity of valve and tube 
types. This new M ullard wall chart 
aims to assist T.V. repairm en by p ro 
viding a speedy reference.

Copies are available from M ullard 
offices and M ullard distributors 
throughout Australia.
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X-BAND LOW 
POWER ISOLATOR

A num ber of microwave applications 
require that some form of isolation be 
provided between the circuit elements 
of a system. This becomes necessary 
in order to reduce or eliminate the 
effects of reflections due to  unavoidable 
mismatch. The M ullard X -band low 
power isolator, which is shown on the 
front cover of this m onth’s issue, p ro
vides the element required to achieve 
such isolation. The device will find 
application in the fields of radar, com 
m unications, and microwave investi
gation in the laboratory.

The X -band low power isolator type 
L .250 is a non-reciprocal waveguide 
com ponent having an insertion loss in 
the direction of propagation of less 
than 1 dB and a reverse loss of greater 
than 20 dB. The device depends for 
its action on the non-reciprocity exhib
ited by ferrite m aterials at microwave 
frequencies. This property is due to 
the effect of gyromagnetic resonance.

A  small trapezium  shaped lamina 
of ferrite, backed by a block of dielec
tric m aterial of similar shape, is placed 
in a section of waveguide surrounding 
which is a magnetic assembly. The 
magnet serves to produce a magnetic 
field in the lam ina of ferrite.

The device is capable of absorbing 
one w att of power without loss of per
formance, and since power will mainly 
be absorbed by the propagation of 
signals in the reverse direction, this 
represents a relatively high power 
handling capacity in the forward 
direction.

The low power isolator is suitable 
for use in standard X -band circuits and 
special waveguide bends, and m echan
ical fixing arrangem ents may be made 
available to specification.

PHOTOCONDUCT- 
IVE CELL ORP 90
Low-R photoconductive cell of the 

cadmium sulphide type just introduced 
by M ullard will give sufficient current 
to operate a relay directly with only a 
low applied voltage. The low resistance 
is achieved by an interdigital pattern of 
copper strips on the cadmium sulphide 
element. Cadm ium  sulphide cells have 
only recently become available in com 
mercial form and are notable for their 
high sensitivity com pared with photo- 
emissive cells and other photoconduc
tive types. They are slower in response 
than photo-emissive devices, but this 
particular cell will perform  switching 
operations at speeds up to about 50 
per second. With illumination of 5 foot- 
lamberts, at a colour tem perature of 
1500°K (reddish yellow light), the cell 
will give about 20m A for an applied 
voltage of 10V. From  the same illumi
nation but at a colour tem perature of 
2700°K  (yellowish white) the current is 
approxim ately 6mA. Doubling the ap
plied voltage gives a four-fold increase 
of current within the permissible power 
dissipation which is 1 watt at 25 °C or 
200m W  at 75°C . The dark current is 
only 2.5 |iA  (at 2 5 °C) with 300V  ap
plied to the cell. Spectral response 
covers the entire visible spectrum  and 
extends nearly into the infra-red 
region.

CHARACTERISTICS (measured at 
25 °C)

Cell current at 10V d.c., 4.5 lm /f t2 
(foot candles) and lam p colour 
tem perature =  1500°K

M inimum 6.0 mA
Average 20 mA
M aximum 31 mA

* Ultimate dark current 
at 300V  d.c. 2.5 uA

T E C H N IC A L  SUMMARY
ELECTRICAL M ECHANICAL

Forward loss

Reverse loss

Bandwidth

Input VSWR.

Less than 1 dB over 
the band 8925-9825 
M c/s.
G reater than 20 dB 
at centre frequency 
of 9375 M c/s.
The bandwidth is 
such that over the 
range 8925 - 9825 
M c/s  the reverse 
loss is greater than 
15 dB while the for
ward loss rem ains 
less than 1.0 dB. 
Better than 0.85.

Waveguide

Overall
dimensions
Flanges

W.G. 16.ivith the in
ternal dimensions 
0.9 in. by 0.4 in.
3 in. long by 2+ in. 
by 2 in.
Normally fitted with 
screw type plain 
flange at output port 
(R.C.S.C. Cat. No. 
Z830004) and screw 
type choke flange at 
input port (Z830- 
003), but alternative 
types can be fitted 
to order.

COLD CATHODE 
COUNTING AND 
SELECTOR TUBES
M ullard has pleasure in announcing 

the introduction of two decimal step
ping tubes— the Z303C  counter and 
the Z502S selector.

The Z303C , which is equivalent to 
the British Services’ type C V 2271, is a 
tube with cathodes 1 to 9 brought out 
together and cathode 0 taken to a 
separate pin on the international octal 
base. The glow discharge is stepped 
round the tube by applying sequential 
negative pulses to the two sets of 
auxiliary or guide electrodes. The tube 
can count in a clockwise or counter
clockwise direction at a maximum 
speed in the region of 4 K c/s. Applica
tions include nucleonic scalers, indus
trial counting, frequency division, 
timers, etc.

The Z502S, which is equivalent to 
the C V 2325, operates in a similar 
m anner to the Z303C , but has all ten 
main cathodes brought out to the 
B12E special 12-pin base. It is suit
able for industrial batching, welding 
control, electronic tachom etry, tele
metry, computing, etc.

In  both types the glow is clearly 
visible through the dome of the bulb, 
and its position may be identified by 
means of an additional numbered 
escutcheon.

Brief data on these tubes is given 
below. Both these types are available 
in sample quantities.
A D VAN CE DATA FOR  
BOTH TYPES  
Characteristics:

M ax. counting rate (sine or
pulse drive) 4.0 K c/s

Min. time difference between 
two successive input 
signals 250 uS

M aintaining voltage at Ik
=  300 uA 186 to 196 V

Recommended Operating Conditions: 
Double pulse drive circuit 

Supply Voltage 475 V
Bias voltage on k0 — 12 V
Guide bias -f-40 V
Pulse am plitude 100 V
Pulse width 75 jiS
A node load 820 K n
O utput cathode load 120 K n
A node current 340 |iA
R esultant output pulse 35 V

Sine wave drive 
Guide bias - f  10 V
Sine wave drive voltage

(r.m.s.) 40 to 70 V
(otherwise as for pulse drive)
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THE WAR OF THE TRONS AND THE SEMICONS "  ’

The Story 

So Far. . . .

4. T he Sem icons jo in  battle. A t once their task  forces 
overw helm  the advance defences o f the T rons.

^2 5. B ut th e  m ain  T rons arm y is too strong fo r them . 
T ruce is negotiated. B oth sides live together in a 
state of uneasy peace.

92

3. Sem icons are sm all and active: m ore th an  100 of 
them  can thrive on the supplies needed for only one 
Tron.

7 .......................and  in  h igher space regions. Sem icons
are no  m atch  fo r the specialised types o f T ro n  that 
have evolved there.

2. Sem icon m oves spell trouble  fo r the T rons who 
have been L ords o f F ree  Space from  the beginning. 
T heir elders are  consulted.

1. L atest p roducts o f evolution in F ree  Space, the 
dim inutive Sem icons m ultiply rapid ly  and soon plan 
to annex m ore living space.

6. In  som e spheres, however, T rons still reign 
suprem e: in equatoria l regions the  h eat is too  great 
for the S e m ic o n s ................
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M A I N S  -  O P E R A T E D  DC. S T A B  I LI

Fig. I— The complete circuit.

T his article describes a design for a 
stabilised power supply, which fully 
dem onstrates the  use of transistors in 
th is type o f circuit. Stabilisation is 
achieved by the use o f d.c. feedback and 
the incorporation of a silicon zener diode 
as reference. T h e  design was developed 
from one giving m uch higher current 
output. [T. H. B r o w n  and W. L. 
S t e p h e n s o n : ‘A Stabilised D.C. Power 
Supply Using Transistors’, Electronic 
Engineering, Vol. 29, No. 355, Sept. 
1957, pp. 425 to 428.] T his previous 
design was complicated by the need to 
protect the series stabilising transistor 
from excess dissipation. T his considera
tion applies equally to the present 
design, but, by limiting the  maximum 
output current to 100mA, the maximum 
dissipation cannot exceed 3.2W if  the 
maximum voltage is less than 32V. T his 
limitation removes the problem for all 
practical purposes.

T h e  design described here possesses 
facilities for constant voltage and con

stant current outputs, the  ranges being 
0 to 30V and 0 to 100mA. These ranges 
are split into smaller ranges, respectively 
0 to 15V and 15 to 30V, and 0 to 10mA 
and 0 to 100mA.

T h e  treatm ent which follows shows 
the theoretical considerations governing 
the  design o f individual stages, and 
indicates how these requirem ents have 
been fulfilled in the final design.

C IR C U IT
T he complete design is shown in

Constant Voltage Output
T h e simplest form o f voltage stabiliser 

using transistors is the  em itter follower 
with th e  base connected to a reference 
battery. T h e  em itter follower may be a 
single transistor or o f a com pound type 
w ith two or more transistors in cascade 
as shown in Fig. 2.

T he d.c. output voltage, in th e  general 
case, V0 =  Vr — Vbe, where Vr is the  
constant voltage across the  internal 
resistance o f the  reference and Vbe is the 
base-emitter voltage.

T he value o f Vbe is very much less 
than 0.5V. Due to the  high collector 
resistance the variation o f  Vbe with 
collector voltage is negligible. Vbe 
varies with current but, at a fixed cur
rent, it can still vary w ith tem perature 
(variation about 2.5mV/°C). Hence even 
with constant load current the output 
voltage can vary with transistor working 
temperature.

For a compound em itter follower 
circuit, th is tem perature effect increases
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I Mullard I

D T R A N S I S T O R  P O W E R  S U P P L Y
proportionately with the num ber of 
transistors used.

T he relatively high output resistance 
of the em itter follower circuits leads to 
a consideration o f d.c. feedback, to effect 
some reduction.

D.C. Feedback
T h e  block diagram of Fig. 3 consists 

o f an em itter follower with the addition 
o f d.c. feedback applied through a 
phase-reversing amplifier.

T h e  presence o f the feedback loop 
reduces the d.c. output resistance o f the 
compound em itter follower by a factor 
o f (1 + A) where A is the  gain of the  
feedback amplifier. T h e  effect on the 
output of variation in the unstabilised 
supply, can be eliminated almost com
pletely by suppling the feedback ampli
fier from a separate stabilised line.

It can be shown that the effect of 
applying feedback to a single transistor 
amplifier and a compound emitter 
follower of two transistors, is to reduce 
the output resistance by a factor of 
several hundred. T h e  output voltage is 
dependent on V be2 where this voltage 
applies to T r2 in Fig. 2. V be2 is in turn 
dependent on variations w ith tem pera
ture of V b e l. Because o f feedback this 
variation o f V be2 is negligible compared 
with its own variation w ith tem perature 
2.5mV/°C.

T h e  variation of output voltage can 
be minimised by using a long-tailed 
pair as the  amplifier shown in Fig. 4.

Since the tem perature variations of 
V be3 and V be4 (related to T r 3 , T r4 
respectively) are equal, they will balance 
out. T h e  output voltage then varies only 
with V be2 which, as has already been 
seen, varies only slightly.

T h e  d.c. feedback as described con
siderably reduces the d.c. output resist
ance. T h e  long-tailed pair does not 
itself greatly reduce the output resist
ance, but does make it less dependent on 
the internal resistance of the  reference 
source. T h e  output voltage is made less 
dependent on tem perature provided that 
the internal resistance o f the reference 
source is low.

In  the practical design dealt with in 
this article, the requirem ent o f a maxi
m um  voltage o f 30V makes two voltage 
ranges essential. T his is necessary to 
avoid exceeding the maximum voltage 
rating of the  series transistor, which is 
32V. These ranges were chosen to be
0 to 15V and 15 to 30V nominally, with 
a m inimum overlap o f IV. T he a.c. 
inputs for these ranges are 20 and 30V 
r.m.s. respectively.

Voltage control is obtained by varia
tion o f the  reference voltage in order to 
maintain control throughout the whole 
range down to zero output. Supplies to 
the amplifier are —50V from a separate 
transformer winding and + 16V from 
the 20V tap on the main winding.

Constant Current Output
By the simple method of adding fixed 

resistors in series with the output, to 
provide feedback, the  voltage range con
trol may be used. T he output resistance 
is the value of the feedback resistor 
multiplied by the gain o f the feedback 
amplifier. T hus the output resistance 
is inversely proportional to the maxi
mum current o f the range.

T h e  most common requirem ent is a 
low current at as high a resistance as 
possible. T h e  low range, 0 to 10mA, 
was chosen with this in m ind, the high 
range, 0 to 100mA, was added with no 
additional complication so tha t the  full 
current potentialities o f  the  unit were 
utilised.

Fig. 4—Long-tailed pair.

O P E R A T IO N
Separate terminals are provided for 

current and voltage outputs. T h is is to 
avoid the possibility o f error in use. To 
facilitate the  setting up o f  the current, 
the d.c. output switch, when in the ‘O ff’ 
position, connects a load o f 100 O across 
the current output terminals. T he 
required current is then set up on the 
meter before being switched into the 
external load in the ‘O n’ position. T he 
10mA meter is normally shunted to read 
100mA full scale deflection, but on the 
10mA current range the shunt is switched 
out.

P E R FO R M A N C E
T he variation in output for a 10% 

change in mains input is less than 1%. 
O utput ripple is less than lm V r.m.s. 
which is negligible compared with most 
output voltages which may be required. 
T h e  table below shows the output 
resistance characteristics on all ranges 
for d.c. conditions and at lOOkc/s.

Range
Rout
d.c.

Rout
lOOkc/s

Oto 15V 0.120 o . i s n
15 to 30V 0.2 n 0.2 Q
0 to 10mA 150 k-n 5 kQ
0 to 100mA 15 k n 0.8k Q
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TRANSISTOR PRE-AMPLIFIER AND 
TONE CONTROL UNIT

This pre-amplifier unit provides for 
m icrophone and gram ophone input 
positions. It includes pickup com pen
sation for the Goldring type 500 pick
up and gain and tone controls. H ow 
ever, there is more than adequate gain 
for all types of magnetic pickups found 
on the market. A typical output under 
average conditions with an LP record 
is 270mV. This output is more than 
sufficient to drive valve amplifiers such 
as the M ullard 5-10, 5-20 and 3-3 
amplifier.

On the prototype model shown in 
the illustration, the total harm onic 
distortion was less than 0 .3 % . The 
frequency response was substantially 
flat to  within about ±  ldB  from  40 
c /s  to  12kc/s. W ith  this type of pre
am plifier there is no possibility of 
in troducing  hum  or m icrophony.

The noise level is com parable to that 
of a valve circuit. This is achieved by 
choosing suitably low operating cur
rents and placing part of the pickup 
com pensation at the output of the p re
amplifier. The supply voltage is not 
critical and can vary within 12 to 14V.

A n R C  filter network is recom m en
ded should the pre-amplifier and main 
amplifier be fed from  a common 
supply.

Negative feedback is supplied 
to the input transistor by an un-

THE PROTOTYPE CONTROL UNIT

TABLE O F PERFO RM AN CE
M aximum input 30mV
Input impedance 5kQ
Current gain 400
Voltage gain 220

bypassed em itter resistor. As the 
second and third transistor stages are 
directly coupled, a variable overall 
am ount of feedback is provided by 
virtue of the gain control. Even when 
this gain control is set at maximum 
position the am ount of feedback is still 
20dB.

The 0.5 uF and 0.05j.»F capaci
tors are paper with a tolerance 
of ±  10% . The 0.07liF capa
citor is not standard but can be 
made up of 0.05 and 0.02[,iF capaci
tors in parallel. The 8000pF capacitor 
is silver mica and should also be ±  
10% . For all electrolytic capacitors 
used in this circuit 6V d.c. wkg. is 
sufficient unless otherwise marked. The
1 OOuF capacitors which are connected 
across the supply voltage should be 
rated at 12V d.c. wkg. All resistors 
used should be within ± 5 %  unless 
otherwise indicated.

220n ±10%
■VvW —o

2-7Kn

lOOuFMdc 
>4-7 la  ? 
>6-8Kn 1—v w — 

IQO/iF y+lOKntlW

4/0n ±10% 
A W -

39Kxi <27Kn

Treble
tOOKn Output

IOOjuF 
12 v.d.c.

V YV  +ll_T ^ o25Kn IOOjUF
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HIGH GAIN LOW NOISE TRANSISTOR PRE-AM PLIFIER
This transistor preamplifier uses a 

single 0 0 7 0  and is prim arily intended 
for m ounting in the pickup of a record 
reproducer. It can also be used with 
low impedance microphones and tape 
heads, provided it is m ounted close to 
them. Because of the need for a highly 
compact unit, pickup com pensation 
m d tone controls are not included.

The output impedance is high, and 
maximum gain and the most favour
able signal to noise ratio are obtained 
when the transistor preamplifier feeds 
into the high input im pedance of a 
thermionic valve amplifier. The main 
commercial application of this circuit 
will therefore be in record reproducers 
primarily equipped with valves, which 
require a high gain low noise pream 
plifier stage in a com pact assembly 
suitable for mounting in the pickup 
arm  or head.

The high gain transistor preamplifier 
uses a single O C70 in common emit
ter connection and operates from  a 
250V  line with a voltage gain of 330. 
The basic circuit arrangem ent for the 
preamplifier is shown in Fig. 1. F or 
convenience it will be referred to  as 
“A ” . The preamplifier can be fed from 
the supply of a valve amplifier by using 
the slightly modified form of the cir
cuit shown at “B ” (Fig. 2).

This preamplifier has distinct ad
vantages over a unit using therm ionic 
valves. First, two valves w ould be 
required to get comparable gain. 
Second, the transistor pream plifier is 
com pletely free from  hum  and m icro
phony, provided that hum pick-up on 
the input leads (which are floating), 
is avoided by keeping them  fairly short. 
A lthough therm al noise is not quite as 
low as in a valve circuit it is low enough 
to make the preamplifier acceptable 
for most applications. Pickup com 
pensation and tone controls are not in
cluded in the circuit.

PERFO RM AN CE
For a nominal circuit, with an input 

voltage of 5.5m V  and a voltage gain 
of about 330, the output voltage is 
about 1.8 V.

The input impedance at X -X  is 
200n  and the output im pedance at 
Y -Y is of the order of 5kO.

The frequency response depends to 
a certain extent on the source im
pedance. W ith a 5On source a 3dB 
reduction in gain is reached at 15 c /s  
and 12 kc /s .

The harm onic distortion (mainly

2nd) is 0 .4%  for 0.5V  output, rising 
to 2%  for 1.8V output.

The current drain is low, about 
0.7m A  from  the 250V  supply. 
C IR C U IT  D ESCRIPTIO N

In both “A ” and “B ” (Figs. 1 and 
2) sufficient d.c. stabilisation is p ro
vided by the potential divider R2-R3 
and em itter resistor R5 to ensure satis
factory qperation up to an ambient 
tem perature of 45°C  (110°F).

FIG. I

Besides the d.c. feedback provided 
by R2 and R5, there is an a.c. feed
back path  form ed by R2. Part of the 
a.c. voltage developed across the po
tential divider, made up of R 2 and R1 
in series with the source impedance, is 
tapped off and fed back into the base. 
By including a 10012 resistor R1 in the 
a.c. feedback circuit, effective feedback 
is ensured even when the source im
pedance is very small. A part from 
improving the frequency response and 
reducing distortion, the a.c. negative 
feedback decreases the input and out
put impedances. If thought desirable 
a.c. feedback can be prevented by m ak
ing R2 up of two nearly equal resist
ances and bypassing the common point 
to ground by a suitable capacitance, 
of the order of 0.5uF.

Even with a supply voltage as high 
as 250V  the circuit is so designed that 
the collector to em itter voltage never 
exceeds the d.c. voltage rating of 
V cmax =  — 5V for the O C70 under 
the worst possible combination 
of conditions. The effect of resistance 
tolerances ( ±  5 % ), supply tolerances, 
change of ambient tem perature, and 
spread in transistor characteristics have 
all been considered in the design. For 
a nominal circuit the collector current 
is 0.7m A  and the collector to  emitter 
voltage approxim ately 4V. A n OC70 
with a low current amplification factor 
a' and low leakage current I 'c (o ) in 
common em itter causes the highset

collector to em itter voltage of 5V. A 
transistor at the other extreme gives 
a collector to em itter voltage of about 
0.8V  at the maximum ambient tem 
perature of 45 °C, and allows an out
put of about 400m V  r.m.s. under these 
conditions.

In order to keep available the m axi
mum voltage across the transistor, while 
allowing a tolerance of ±  10%  on the 
supply voltage, the resistance tolerances 
should be within ±  5 % to prevent the 
5V  rating from  being exceeded. High 
stability resistors should be used.

INPUT AND OUTPUT  
C O N N EC TIO N S

In the set up shown at “B ” in (Fig. 
2) one side of the output is earthed, 
whereas in “A ” (Fig. 1) the input and 
output are “floating” at some voltage 
above the chassis.

The input is fed between base and 
em itter through R1 and C l so that 
R5 does not contribute a.c. negative 
feedback but forms part of the load.

The output in “A ” can be taken 
from  between C2 and chassis if de
sired, but it then becomes slightly 
smaller than when taken from  C2-C3, 
because R5 no longer forms part of 
the load.

Although the input term inals in both 
“A ” and “B ” are “ floating” , there 
should be no risk of hum being intro
duced provided the preamplifier is 
m ounted reasonably close to the micro
phone or pickup.

If the circuit is used in the form, 
shown at “A ” care must be taken not 
to short the input terminals to earth. 
In  the arrangem ent shown at “B” the 
current through the pickup or m icro
phone will not be excessive if the input 
is accidentally shorted to  earth.

This circuit is sim ilar to th a t described 
by J. J . Davidson, in an article  entitled 
“High Gain T ransistor Amplifier” . (“Audio”, 
October, 1955).
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S I M P L I F I E D  A P P R O A C H  TO  
T R A N S I S T O R  T E S T I N G

W ith the application of semi-con- 
ductor devices to domestic portable 
radio receivers, hearing aids and the 
like, the need exists for a simple instru
ment to enable rapid evaluation of a 
transistor. Two transistor testers are 
described in this article, one for testing 
transistors with dissipations of the 
25mW  order and one which would en
able accurate evaluation of the larger 
power transistors such as those em
ployed in the output stage of Hybrid 
auto receivers and other high power 
amplifiers.

A germanium junction transistor is 
basically two diodes connected back to 
back with of course common coupling 
through the base, and is connected into 
the circuit in such a m anner that the 
emitter-base diode is biased in the 
forward direction and the collector- 
base junction in the reverse direction.

Variation of current in the base-emit- 
ter circuit produces corresponding vari
ations in the collector-base current, the 
ratio of these changes being the cur
rent amplification factor a in common 
base configuration. It should be noted 
that it is the base input current which 
controls the collector current compared 
with an electronic valve where the con
trol grid voltage controls the anode 
current. A transistor may therefore be 
thought of as analogous to an elec
tronic valve, the emitter corresponding 
to the cathode, the base to the control 
grid and the collector to the anode, 
but with the provision that base input 
current is the controlling factor and the 
transistor is a low impedance circuit 
element.

As we normally employ valves in 
common cathode connection it is not 
surprising that we commonly employ 
transistors in common emitter con
figuration o r  that we should test them 
in this type of circuit. To indicate that 
this method of connection has been 
employed the various symbols are 
affixed with a prime and so  a ' is the 
current amplification factor in com
mon emitter configuration and Ico ' the 
collector leakage current with the base 
open circuit in common em itter con
figuration. The current amplification 
factor oc' is somewhat analogous to 
the m utual conductance (gm) of an 
electronic valve but there is no analo

gous m easurem ent for I 'c (o ). The col
lector leakage current, however, indi
cates the useful lower limit of collector 
current swing as it is the collector cur
rent flowing with no base input cur
rent. An increase in base input cur
rent produces a larger increase in col
lector current —  although strictly the 
current amplification factor a ' is the 
ratio of these current variations for 
very small signal excursions— since the 
transfer characteristic of a transistor is 
reasonably linear, a close approxim a
tion to a ' is possible by noting the 
increase in collector current for a given 
base input current.

As the collector base junction is a 
diode biased in the reverse direction 
it is im portant that the zener potential 
of this junction should never be ex
ceeded as otherwise the transistor will 
be destroyed. The mechanism by 
which this potential commonly referred 
to as the turnover voltage V T may be 
determ ined is indicated in figure 1 
where a suitable load line intersects 
the collector characteristic for zero 
base current.

1c

O p e r a t in g ^  
point

Turnover
voltage
Supply
voltage.

Fig 1.

We thus have three basic m easure
ment circuits which are shown in 
figure 2.

I' VT

of 4.5V  and a maximum collector cur
rent of 5m A is safe for all but the 
most sensitive V H F types and so the 
circuit values of the completed instru
ment have been determ ined on this 
basis. In addition some of the switch
ing problem s have been eased by plac
ing the 90V  battery for the V T m ea
surem ent in the emitter rather than 
the collector circuit whilst a variable 
shunt for the meter movement when 
evaluating I 'c (o ) enables compensation 
to be achieved for the variation of this 
param eter with tem perature. This 
variation is such that I 'c (o ) doubles it
self for every 8°C rise in junction tem 
perature and so the measured figure 
will be dependent upon am bient tem 
perature or alternatively if this variable 
shunt is adjusted for the am bient tem 
perature the meter will indicate I 'c (o ) 
referred to the standard tem perature of 
25 °C. The fundam ental range of I 'c (o ) 
indication is 200uA at 2 5 °C; two 
ranges of are provided, 0 to 100 
and 0 to 200, the latter range to ac
commodate the higher gain R F  types, 
whilst the turnover voltage indication 
is direct reading 0 to  100V. Provision 
is also made for m onitoring the con
dition of the batteries— in the case of 
the 44V  battery by means of the bat-

Reference to the characteristics of a 
wide range of pnp junction transistors 
shows that a collector supply voltage

Fig 3.

tery check push button and for the 
90V  battery by switching to the VT 
position with the transistor disconnec
ted. The circuit of the complete in
strum ent is shown in figure 3.

TESTIN G  POW ER TRAN SISTO RS
The testing of power transistors re

quires a different approach to that for 
evaluating the smaller amplifying types 
with collector dissipations of the 
25mW  order. This is because the drive 
power requirem ents of transistors in

38



l ’ FUf-TSJ

the 4W and greater collector dissipa
tion class may seriously tax the cap
abilities of the driver stage w hether this 
be another transistor or a special driver 
valve such as those developed for 
Hybrid auto receivers. Not only must 
the drive power be known but an indi
cation of the mean input impedance 
is necessary to enable the designer to 
arrange suitable interstage matching. 
This is additional to the basic static 
measurements necessary to evaluate a 
semi-conductor device, see above, and 
the methods adopted must take into 
account the compression in current

-7-5 v
“ 90  v

collector current within the ratings of 
the power transistor, not only because 
of the variation in operating point from 
type to type, but to enable the m atch
ing of transistors at various points on 
the transfer characteristic. For this rea
son the base input current IB has to 
be made variable and if this is m ea
sured together with the base to em it
ter voltage V Be  the base input resis
tance o£ the transistor at a specific 
operating point may be calculated, as 
can base input power. It is true that 
these are steady state constants but 
if these m easurements are taken for

Press for t  10
5 0 /j A 2000A

A. Ic = 1-0 A.(lco=500yuA,
Ico'= 5mA)

B. Ic = 5-0 A

C. V t = 100 v

D. Ie = 500m  A

E. Ve = 1000 mV

+ 7-5 v Press for Vt

F ig . 4. C ircu it diagram o f a Power Transistor tester.

amplification factor which occurs in 
power transistors with increasing col
lector current.

One factor which should always be 
kept in mind is the current lack of 
standardisation amongst m anufacturers 
in presenting semi-conductor data and 
with power transistors in particular 
the variations in the m anner in which 
data is tabulated are num erous indeed. 
It is often found, for example, that the 
collector leakage current is specified 
either for common base or common 
emitter operation— but only occasion
ally for both— and as the current am 
plification factor at these low levels of 
collector current is seldom specified it 
becomes necessary to m easure both 
Ic(o) and I 'c (o ).

The test equipm ent should also en
able the m easurement of the current 
amplification factor at any value of

the extremes of collector current swing 
an average value of input resistance 
and input power may be estimated.

As a power transistor test fixture of 
this type enables the transistor under 
test to  be set at a pre-determ ined oper
ating point it is a simple m atter to 
arrange input and output couplings so 
that alternating signal voltages may 
be applied and either the hybrid p ara 
meters evaluated or dynamic power 
characteristics measured.

The tests are not complete unless the 
zener voltage of the base-collector 
junction V T is m easured as this deter
mines the maximum collector voltage 
which may be safely applied to the 
transistor.

The instrum ent has been designed 
to accommodate transistors having col
lector current ratings up to  5 amps,

turnover voltage up to 80V, base input 
current up to 500m A  and base to emit
ter voltage up to lOOOmV. At the same 
time collector leakage current in com 
mon emitter configuration up to  5mA 
is indicated whilst in common base 
configuration leakage current up to 
500 |iA  may be measured". To extend 
the usefulness of the instrum ent at 
lower power levels a press button is 
provided which divides all meter ranges 
by a factor of 10. To provide meter 
protection in the event of a transistor 
being connected which has a base col
lector junction breakdown it is sug
gested that the function switch be left 
in the V T position and should an ab
norm ally low reading be recorded the 
transistor be discarded. It should also 
be noted that in this position the con
dition of the internal batteries may be 
m onitored as with no transistor con
nected the meter will indicate the col
lector supply voltage, and with the V T 
button depressed the potential of the 
90V battery.

DEFINITION O F PARAM ETERS
Considering the  transisto r as a four 

term inal netw ork where e { and  e0 are 
the  input and ou tp u t potentials and 
i { and i0 are the  in p u t and o u tp u t 
currents, the  various param eters m ay 
be defined as follows :

The input im pedance (with ou tpu t 
short circuited to  AC)

K  =  V  =  ef  
l i

The curren t am plification (with o u t
p u t short circuited .to  AC)

com pared w ith the  current am plifica
tion  factor determ ined by the DC 
shift m ethod

However if d l b is kep t reasonably 
small then,

h FE =  h 21' =  h fe —  p  =  a ' .
The voltage feedback ra tio  (with 

inpu t open circuited to  AC)

Ke =  V  =  7  ■

The ou tp u t adm ittance (with inpu t 
open circuited to  AC)

J. R. G O L D T H O R P
This article is based on a paper presented before the 

1957 IR E  Convention in Sydney.
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NOTES ON ADJUSTMENT OF ION 
TRAP MAGNET

A n arrow is m arked on the magnet 
assembly so that, when looking along 
the arrow, the north pole is on the 
right-hand side. An electron beam 
travelling between the pole pieces, in 
the direction of the arrow, will be de
flected away from  the actual magnet, 
which is located on the same side of 
the assembly as the arrow. Conversely, 
when the beam  travels through the 
pole pieces in the direction opposite 
to that of the arrow, it will be attracted 
towards the magnet. Hence there are 
two possible ways of using an ion trap 
magnet to make the beam negotiate the 
bend in the gun; with the arrow point
ing towards the screen or towards the 
base. The following procedure, which 
has been found to  give the better spot 
size, should be adopted for adjusting 
the position of the magnet.

(1) (a) W ith the voltage supplies to  the 
tube switched off and the base 
socket removed, slip the mag
net assembly over the tube base 
with the arrow pointing away 
from the screen and diam etric
ally opposite  the position re
served for Pin No. 3 on the 
base. A djust the assembly so 
that it is slightly in advance of 
the tube base.

(b) F it the socket to the tube. 
Switch on the voltage supplies 
and adjust the brightness con
trol. If necessary, adjust the 
position of the ion trap magnet 
until a raster is obtained. E n 
sure that the picture centering 
controls are set at zero shift.

(c) Move the magnet assembly 
along the neck of the tube to 
wards the screen until the raster 
brightness begins to decrease. 
Then move the magnet back to 
wards the base until the bright
ness once more begins to de
crease. Return the magnet to the 
position of maximum brightness 
lying between these two ex
tremes. The magnet should now 
be ro tated  slightly to  find the 
m id-point of the range of ro ta
tion which gives maximum 
brightness.

(d) Lock the magnet in position, 
taking care not to alter its 
position.

(2) With the procedure given above 
more accurate centering of the 
beam in the final aperture can be 
produced if the beam diam eter is 
increased by under-focusing. 
W here thece is penetration of the 
field of the focus unit into the ion 
trap region, an adjustment of the 
focus control will move the elec
tron beam in the final aperture. 
This movement may be sufficiently 
large to “black out” the picture. 
Accurate centering with an under
focused beam reduces this possi
bility.

(3) The movement produced by the 
focusing field, and hence “blacking 
out,” may also be reduced by the 
following additional procedure:—

Note the angle between the 
centre line of the ion trap  as
sembly set by the procedure in 
(1), and the plane which passes 
through the bend in the gun of 
the cathode ray tube. If this 
angle is more than ± 1 0 ° ,  ro 
tate the magnet in a direction 
to reduce the angle and com 
pensate any reduction in bright
ness by adjusting the angle 
between the focus unit and the 
tube neck. By successive ad
justm ents, it will be possible to 
place the ion trap magnet in 
line with the plane containing 
the bend of the gun.

SUBMINIATURE 
TRANSISTORS 

OC65 and OC66
The OC65 and O C66 have been 

specially developed for use where small 
size is a particularly im portant con
sideration— for example, in hearing 
aids. Their length (excluding leads) is 
7mm max., and their cross-section is 
3 .1 5 x 3 .9 5 m m  max. The com parable 
dimensions for the O C70 and OC71 
are: length 15mm max., diameter 
5.9mm max.

The electrical characteristics of the 
OC65 and O C66 subm iniature types 
are similar to those of the O C70 and 
O C 71 respectively. Full characteristics 
of both types are available on ap- 
lication.

AMATEUR 
EXPERIMENTERS 

COLUMN
E. H. T. V O LTM ETER

Basically the same circuit as that of 
the transistor voltm eter in the last 
issue. The circuit is a new approach 
to the problem  of measuring E .H .T . 
in television receivers. Care should 
be taken in the construction of the 
probe containing the 200 M fi resistor.

A resistor such as the IR C  high 
voltage resistor type M V M  6 /200 . 
MO ± 2 %  will suit this circuit.

—t-—If-
Warm

Cool

#5-10Ka  depends on transistor.

OC 71

CIRCULATION
Please circulate this copy of 

O U T L O O K  and sign after reading.

□ □
□ □
□ □
□ □
□ □

Return copy to office for filing.

Printed in Australia
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