
r=it 
-

•••••••••••••••••••••••• 
••••••••••••••••••••••••• 

••••••••••••••••••••••••• 
••••••••••••••••••••••••• 

••••••••••••• ••••• • ••••• 
•••••••••••••••••••••••• • 

••••••••••••••••••••••••• 
························­

••••••••••••••••••••••••• . .. . . .. .. . ... ... . ...... .. . 
�········· ········ ·-····� 1�·····················�·· 

�···�···················· ' ························· 
•••••••••••••••••••••••• 

••••••••••••••••••••••••• 
•••••••••••••••••••••••• 

••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 

··-····················· 
···· · ······-············· 

••••••••••••••••••• ••••• 
••••••••••••••••••••••••• 

•••••••••••••••••••••••• 
••••••••••••••••••••••••• 
·········-·············· ...... .................. .. 
•••••••••••••••••••••••• 

······················­
•••••••••••••••••• •••••• 
·······················� 
•••• •••••••••••••••••••• 

•.........•.......•..•• , 
•••••••••••••••••••••••• 

•••••••••••••••••••••••• 
•••••••••••••••••••••••• 
·········-········-····· 

••• :.·.·:.·�· :�.·.· .. •J-,f',f' .... :-.·.:�·;-: 



The issue of the information contained in this publication 
does not imply any authority or licence for the utilisation 

of any patented feature. 

Mullard is the trade mark of Mullard Ltd. and is registered 
in most of the principal countries in the world. 

© Mullard Limited, August, 1 962 

Prepared by 

TECHNICAL INFORMATION DEPARTMENT 

and issued by 

MULLARD LTD. ,  MULLARD HOUSE, TORRINGTON PLACE, 
LONDON, W.C. 1 

TP495 

(iv) 



CONTENTS 

Chapter 

Introduction 

Semiconductor Materials 

2 Manufacture of Transistors 

3 Transistor Action 

4 Printed Wiring 

5 Transistor Circuits 

6 Servicing 

7 Test Equipment 

Index 

(v) 

Page 

(vii) 

8 

20 

27 

33 

52 

65 

70 



Introduction 

The material in t h e  b o o k  o riginally appeared as a series of articles 

in Mullard OUTLOOK. Th i s  series was i n t e n d e d  as an introd uction to

t ran sisto r  radios  fo r  t h e  a p p rent ice servi ce engi n eer and aroused 

cons idera ble interest.  As a result, it has been decided to  reissue  t h e

m aterial in  b o o k  fo r m .  The opportu nity h as been t a k e n  to i ncorporate 

some new material,  and to enlarge t h e  scope of certain topics that 

had to  be briefly t reated because of the serial nat u re of the origi n a l .  

A s  examples, a sect i o n  o n  t h e  man ufact ure of alloy-d iffused transistors 

has been added and the section on receiver c i rcuits h a s  been 

con siderably enlarged . 

Th e  first t h ree c hapters a re devoted to t h e  t ra n s istor-wh at it is, 

how it is  made and how i t  works. A c h apter on printed wiring fol lows, 

as t h is tech n ique may not be famil iar  to t h e  reader .  The next c hapter 

considers transistor circu its, deali n g  first with the i n d iv idual  stages 

of a radio rece iver a n d  then  with c o m plete receivers. Fi n al ly, ch apters 

on t h e  serv i cing of tran s i stor rad ios  a n d  t h e  test eq u ipment necessary 

a re included.  

(vii) 



CHAPTER 1 

Semiconductor Materials 

A transistor consists essentially of a sandwich of three layers of semi­
conductor m aterial. The actual construction of a juncti on transistor 
designed to operate with sm all signals at audio frequencies i s  shown i n  
Fig. 1 .  

Emitter 

n- type 

germanium 

slice 

Collector 

L ------- Nockel base 1 1 l.Onnect ion 

J 
Fig. 1-C ross-sectio n of al l oy­

j u n ction tran sistor 

Emitter Collector 

Bose 

(a) (b) 
Fig. 2-(a) S i m plified c ross-sectio n of transistor 

(b} Simpl ified 'bl ock d iag ram' of t ransisto r 

lllu strati ons of the physical construction of the transistor are not  
very convenient for d iscussing its  properties.  For this purpose m uch 
s impler drawings are used,  as shown in Fig. 2. In Fig. 2a the cross­
section of a transistor i s  shown,  and a s impler d i agram which does, 
h owever, represent fairly accurately the constructi on of the working
portion of the transistor is  given in Fig.  2b. The em itter (e), the base (b) 
and the collector (c) regi o n s  are clearly m arked . 

For the m oment, the emitter can be considered equivalent to the 
cathode of the thermionic valve - that is,  the source of the current that 
flows through the trans istor. The current from the em itter flows across 
the junction between the emitter and base into the base region . Most 
of the current flows through the base and out of the collector but a 
small proport ion flows out of the base. The base current is used to 
control the current flowing i n  the emitter-to-collector circuit. 



SE M I C O N D U CT O R S  

Semiconductors 
The term 'semiconductor' includes a large number of materials . The 
most important for transistors are the elements germanium and silicon. 
Also being investigated at the present time are compounds of two 
m etals,  such as indium antimonide, gallium arsenide and indium phos­
phide. Some sulphides are semiconductors, among the better known 
being lead and cadm i um s ulphides whic h  are used in photoconductive 
cells. Among the oxides there is, for example, cuprous oxide which is 
used in power rectifiers. 

As the name implies ,  a semiconductor does not conduct as effectively 
as a cond uctor such as a metal. If the resistances of three similar pieces 
of a m etal , a semiconductor, and an insulator are measured, the resis­
tance of the semiconductor will be found to lie between the low re­
sistance of the metal and the high resistance of the insulator. 

The semicond uctor of main interest fo r  transistors in radio receivers 
at the moment is germanium. It is  grey-white and brittle and was 
discovered in 1 8 86 after its existence had been predicted by Mendeleyeff 
fifteen years previously. 

P-type and N-type Material 
The transistors in radio receivers at present are almost exclusively made 
from germanium and are p-n-p type.  The emitter layer consists of p-type 
m aterial, the base layer of n-type material and the collector layer of 
p-type material. This is shown in Fig. 2b. 

The p-type and n-type materials are formed from highly purified 
germanium by doping the germaniu m  with specially selected impurities. 
If the dope - or additive - comes from one group of elements, the result
i s  p-type material, while an additive from another group gives n -type 
material. The additives prod ucing p-type germanium i nclude indium, 
gallium , boron and aluminium. Those producing n-type germanium 
include arsenic and antimony. 

Both p-type and n-type semiconductors have a h igher electrical 
conductivity than the pure germanium. In the n-type semiconductor
the electric curren t  is carried chiefly by electrons but in the p-type semi­
conductor the current is carried chiefly by p ositively charged 'holes ' .  
The n-type semiconductor contains a relatively large number of negative 
electrons but few positive 'holes'. So 'n' m ay be considered to stand for 
negative.  The p-type sem i conductor contains many positive 'holes' 
but few electrons. Therefore, 'p' stands fo r  positive. 

Besides the p-n-p type of trans istor, the n-p-n type may be 
enco untered in some receivers. Jn this type of trans istor, the emitter 
and collector layers are made from n-type material ,  and the base 
layer from p-type materia l .  

2 



ELE CTR O N S  AND HOLES 

Electrons and Holes 
Most radio engineers l ike to regard the electron as a particle, as 
something small and hard like a m iniature billiard ball. A sl ight
refinement of this i dea is to think of a miniature snooker ball coloured 
black to show that it is a n egative particle of electricity. This idea of 
the electron is adequate for m ost purposes. The hole can also be re­
garded as a particle. This tim e  the snooker bal l  would have to be coloured 
red to show that the hole i s  positivel y  charged. 

A slight difficulty with this idea arises because an electron can fill
a h ole, and then neither wil l take any further part in carrying the cur­
rent. Nevertheless, provided the possibility of this recombination is 
borne in mind, the idea of the hole as a positive particle is sufficient 
for an u nderstanding of what happen s inside a transistor. It does not, 
however, answer the q uestion 'A hole in what?' nor  is the concept of
two m iniature snooker balls  combin i ng because they are different in 
colour very satisfying. The hole is, in fact, the vacancy left beh ind 
when one of the outer electrons is rem oved from an atom of a semi­
conductor, but to understand this idea fully the structure of semicon­
d uctors m ust be considered. 

Crystal Structure 
All semiconductors are crystalline and their  ato m s  are therefore
arranged in a definite pattern. This pattern of atom s  in a crystal is 
known as the crystal lattice. Germanium and sil icon have the same 
crystal structure as diamond, the crystalline form of carbon. The dia­
m ond crystal lattice is shown in Fig. 3 in  which each atom has the fo u r  
adjacent atoms equal distances away fr o m  it a n d  fr o m  each other. 

F i g .  3-Diamond c rystal latt ice 

The forces holding the crystal together are contained chiefly in the 
bonds between each atom and its fo ur neighbours. These are called 
covalent bonds and are formed by two similar positive n uclei sharing 
two electrons. 

The nucleus of the germanium atom has a p ositive charge such that 
the nucleus is normally s urrounded by 32 electrons. The chemical 

3 



C R Y S T AL S T R UC T U R E  

properties and crystal structure o f  germanium arise from the grouping 
of the electrons around the nucleus in orbits or 'shells' .  The electrons 
nearest the nucleus form the first shell. Once this is full, other electrons 
can be held in the second shell. When this is full, electrons go into the 
third shell, and so on. The number of electrons that can be held in each 
shell is the same for all elements. The first shell can hold two electrons, 
the second shell can hold eight, the third 1 8 , and so on. The 32 electrons 
of germanium are therefore arranged so that there are two in the first 
shell, eight in the second shell, and 1 8  in the third shell ; the remaining 
four partially fill the fourth shell. These four electrons in the outer 
shell are called valence electrons. In the crystal lattice these four 
valence electrons are shared with the neighbouring atoms so that any 
two adjacent atoms share two electrons. Fig. 4 shows the covalent 
bonds in the diamond lattice, the lattice having been flattened for 
representation in two dimensions. 

- 273°C 

Fig. 4-Germanium lattice at -273°C 
showing covalent bonds 

+25°C 

Fig. 5-Germanium lattice at room 
temperature showing free 
electrons and holes present 

The lattice shown in Fig. 4 is perfect and is never realised in practice. 
Apart from distortions of the lattice, imperfections arise when (i) an 
electron breaks free from a covalent bond and so becomes a free 
charge carrier, and (ii) one of the germanium atoms in the lattice is 
replaced by an atom of another element (doping) . In a perfect crystal 
at absolute zero (-273°C) all the bonds are complete . When the tem­
perature is raised, some of the electrons in the covalent bonds acquire 
sufficient thermal energy to break free. This leaves gaps in the bonds, 
the so-called 'holes' .  Fig. 5 shows the lattice with free electrons and 
holes present. 

The numbers of electrons and holes existing in pure germanium must 
be equal since they are generated as pairs . Suitable additives can be 
included in the germanium, however, to make the holes much more 
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C R Y S T A L  S T R UCTU R E  

numerous than the electrons (p-type germanium), or the electrons more 
numerous than the holes (n-type germanium) . This is the process of 
doping referred to earlier. The atoms of the additive replace some of 
the germanium atoms in the lattice. 

If the atoms of the additive have five valence electrons, four of these 
electrons will form covalent bonds with valence electrons from the 
four surrounding atoms of germanium. The fifth electron from the 
additive is detached from the additive atom and acts as a mobile 
negative charge carrier. 

Fig. 6 shows an atom of antimony (symbol Sb) in the germanium 
crystal lattice. Antimony has fifty-one electrons, the first four shells 
being full leaving five valence atoms in the outer shell. The surplus 
electron from the outer shell is shown after being detached from the 
parent antimony atom. 

Fig. 6-Germanium lattice with antimony 
atom showing surplus electron 

Fig. 7-Germanium lattice with 
indium atom showing hole 

Atoms of additives with three valence electrons can also be substitu­
ted in the lattice. The additive atom makes up the complement of four 
electrons required for the covalent bonds by accepting an electron 
from a nearby part of the lattice. A vacancy or hole is therefore created. 
Fig. 7 shows an atom of indium introduced into the germanium lattice. 
Indium has 49 electrons with three valence electrons in the outer shell. 
The hole created by the introduction of the indium atom is shown 
appearing in one of the bonds between two germanium atoms. 

Energy Levels 
It has already been mentioned that even in highly purified germanium 
some of the valence electrons receive sufficient energy from thermal 

5 



E NE R G Y  L E V EL S  

agitation t o  break free from their bonds. A definite amount o f  energy 
is required to enable the electron to break free. Smaller amounts of 
energy have no effect. This situation is described by the diagram 
given in Fig. 8. All the valence electrons in the crystal have energies 
lying within a certain band, marked as the valence band . If the electrons 
are to become conductors of electricity they must receive sufficient 
energy to jump over the forbidden energy gap into the conduction 
band. Electrons cannot have energies corresponding to the forbidden 
gap between the two bands 

-273°C 

(a) 

25°C 

�

1����uct;on

Electcons l Focb;dden 

��<�f =�.�:. ::d
(b) � 

Fig. 8-Energy level diagram for pure germanium: 
(a) at -273°C, (b) at room tern peratu re 

Fig. 8a shows the situation at absolute zero where all the bonds are 
complete and no current carriers are available. At room temperature 
(25°C) the situation is as shown in Fig. 8b. Some of the valence elec­
trons have been converted into current carriers and are shown by the 
negative signs in the conduction band. An equal number of holes are 
left behind in the valence band, shown by the positive signs . 

-273°C 25
°

C 

Fig. 9-Energy level diagram for germanium doped with antimony: 
(a) at -273°C, (b) at room temperature 

Doping the semiconductor with a suitable additive bridges the gap 
between the two energy bands. Fig. 9 shows the effect of doping ger­
manium with antimony to give n-type semiconductor. The situation 
at absolute zero is shown in Fig. 9a where it may be seen that the 
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ENE R G Y  L E V EL S  

valence electrons o f  the antimony atoms occupy a position much 
higher than that of the germanium atoms, not far below the conduction 
band. Consequently a smaller amount of energy is required to remove 
the non-bonded electron from the control of the antimony atom. 
Fig. 9b shows the situation at room temperature. All the antimony 
atoms have contributed an electron to the conduction band. A few 
electrons have also been contributed by the germanium atoms with the 
formation of an equal number of holes in the valence band. 

The corresponding energy diagrams for germanium doped with 
indium to give p-type semiconductor are shown in Fig. 1 0 .  At absolute 

-273°C 

(o) 

25
°C 

�F���uction 

Indium l Forbidden 
hole levels energy gap 

---v u v v 

"-'._ ""-""-.'\, � , � Valence bond +',+ + "'-+ +"-+ l 
"" "" ', ',, "" 

(b) � 

Fig. 1 0-Energy level diagram for germanium doped with indium: 
(a) at -273°C, (b) at room temperature 

zero (Fig. l Oa) the energy level of the vacancies in the bonds is only 
slightly above the valence band of the germanium valence electrons. 
At room temperature (Fig. l Ob) a germanium valence electron which 
has a poor chance of receiving sufficient energy to take it into the 
conduction band, receives sufficient energy to enable it to jump into 
the vacancy (the 'hole') offered by the indium atom. As before, a few 
holes are formed by the electrons which have received sufficient energy 
to jump into the conduction band . 

The holes, however generated, can migrate through the lattice in 
a way similar to that of the electron. The movement of the hole can 
be described completely by saying that it has the same mass as an 
electron and a positive charge equal and opposite to that of the electron. 

7 



CHAPTER 2 

Manufacture of Transistors 

At the present time there are two manufacturing processes for transis­
tors. These are the alloy-junction method and the alloy-diffusion 
method. The alloy-j unct ion method is used for s mall-signal r . f. and 
a .f. transistors and medium-power output transistors.  Typical Mullard 
transistors made by this method are the OC44 and OC45 r .f. transistors, 
the OC70 and OC7 1 a .f. transistors, and the OC72, OC78 and OC8 1 
a.f. o utp ut transistors. Mullard transistors made by the alloy-diffu s ion 
method are  the AF l 1 4, AF 1 1 5 ,  A F l  1 6  and AF l 17 r .f .  transistors. 
Both methods involve complex techniques, many of which have in the 
past been confined to the research laboratory. These i ntricate laboratory 
processes are now applied to quantity production in the Mullard 
transistor factories. 

Purification of Germanium 
The raw material used for both man ufactur ing processes is german i um.  
The principal sources of germanium are  the copper ores of the  Katanga 
region i n  the Congo, the z inc  ores of S. W .  Africa, and the flue dust 
produced by burni n g  Northumbrian coal. This particular kind of coal 
contains approximately 0·02 % of germanium, equivalent to one ounce 
in three h undredweights.  Burning the coal acts as t h e  first stage in the 
extractio n  and the result ing flue dust can contain l or 2 % by weight
of germanium. 

The germanium comes to the transistor factory i n  the form of 
germani um dioxide, a white powder. Thi s  is reduced to m etallic 
germani um by h eating the germanium dioxide in an atmosphere of 
hydrogen for several hours. The germani um is fused into a bar. Chemi­
cal analysis  would show the resulting germani u m  to be pure, but for 
transi stor manufacture a degree of purity h igher than that of any other 
manufactured articl e  i s  required . Traces of impurity have a n  all­
important effect on the conductivity of germani u m .  Therefore the 
nat ure of the impurities and their concentration in the germanium have 

8 



PURIFICATION OF GERMANIUM 

Bar of german i um red uced from 

germanium d i oxide powder 

to be rigorously control led, otherwise the electr ical pro pert ies wi l l  
be unpredictable and the germanium unsu itable fo r  transistor m a n u­
facture. 

The p urification is completed by a process known as zo ne refining . 
This process i s  based on the fact that imp u r it ies  w i ll concentrate more 
readily i n  the molten metal rather than in the solid metal.  The zone 
refiner consists of a s i l ica t ube surrounded at i ntervals by r.f. heat i ng 

Germanium 

zone refi ner 
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P U R IFICATION OF G E R M ANI U M  

coils . The bar o f  germanium, after being etched i n  chemicals t o  remove 
the scale from the outside ,is placed in a graphite boat and inserted 
in the zone refiner. The graphite boat is drawn slowly through the tube. 
Each r .f. heating coil heats up the graphite boat by induction and so 
creates a zone of molten germanium. As the bar passes through the 
coils , the zones travel the length of the bar. The impurities collect in 
the molten zones and are swept to one end of the bar. The principle 
of the process is shown in Fig. 1 in which, for the sake of simplicity, 
only one molten zone is shown. 

Re-solidified 'Mo lten ; - rnne : Solid 
ma terial 

O O c:/ Move ment of molten zone 

-Movement o f  impurities 

Fig. 1 -Principle of zone refining 

The purity of the germanium is checked by measuring its resistivity. 
A small flat surface is ground along the length of the bar. Along this 
flat the resistivity of the bar is measured, centimetre by centimetre. The 
measurement is made by means of a probe having four contacts. 
The two outer contacts apply a known current and the voltage drop 
between the two inner contacts is measured. The greater the amount 
of the impurity, the lower the resistance will be between the two con­
tacts . At the end of the bar containing the impurities from the zone 
refining, the resistance drops considerably. The point at which the 
resistance becomes too low is marked on the bar, and this end is cut 
off by a diamond-impregnated wheel and discarded. 

The impurities with electrical activity in the refined bar are reduced 
to one part in ten thousand million, that is 1 part in 1 010 . In other 
words, the germanium is 99·999 999 99 % pure. This degree of purity 
was unheard of in metal working before the development of semi­
conductor devices . The impurity level is outside the range of chemical 
analysis and can only be tested by electrical methods, such as checking 
the resistivity of the germanium. 

The purification of the germanium eliminates the unwanted impuri­
ties .  The next stage in the manufacture of the transistor is to introduce 
the correct amount of the required additive to give p-type or n-type 
material . As the details of the two manufacturing processes now differ, 
each will be described separately. 

Alloy-Junction Process 

The germanium is formed into n-type semiconductor to form the 
base wafers of p-n-p transistors . The additive used is antimony and 
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A L L O Y-JUNCT I ON P R O CE S S  

this must b e  added t o  the germanium t o  give a concentration o f  1 part 
of antimony in 1 0s parts of germanium. The process of introducing 
the additive is called 'levelling' . 

When the germanium comes from the zone refiner it is polycrystal­
line ; that is, it consists of many small crystals of different sizes .  A 
sample from the bar will consist of pieces from various crystals .  Un­
wanted imperfections would therefore be present in the sample at 
the boundaries between the crystals .  For consistent electrical proper­
ties, therefore, the bar of germanium has to be converted into a single 
crystal. 

The combined process of levelling and recrystallisation is perfor­
med in the apparatus shown in Fig. 2 .  The bar of purified germanium 

Tube end 

M olten zone 

Carbon ring 

Carbon 
feet 

Trailing rod 

� 

Fig. 2-Levelling table for combined process of growing single crystal of germanium 
and introducing additive 

is placed in a silica boat and a short length of single-crystal 
germanium, produced during a previous refining and called the seed, 
is attached to one end of the bar. Between the seed crystal and the bar, 
small weighed pellets of antimony are placed. The boat is slowly 
drawn through the heating coil, and a molten zone created which 
moves down the bar. The germanium resolidifies to form a single 
crystal of n-type material with the antimony uniformly distributed 
throughout. The crystal is extremely hard and cannot be scratched 
with a steel blade. It is usually cut with a diamond. Before the next 
operation, the bars of monocrystalline n-type germanium are measured 
for resistivity, again using a four-contact probe. 

The n-type germanium is required in the form of small, thin wafers 
so that the bar of n-type germanium is cut into short lengths which are 
mounted on a plate and waxed to hold them in position. These lengths 
are then cut into slices about half a millimetre thick . The cutter works 
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ALLOY-JUNCTION PROCESS 
rather like a miniature version of the familiar bacon slicer but with 
several diamond-impregnated wheels. The germanium is set at the 
correct angle for cutting by means of X-rays and the cutting operation 
is automatic. The slices from the cutter are separated from each other 
and the wax is dissolved. The faces of the slices are ground (or 'lapped') 
to remove any parts of the crystal that have been fractured by the cut­
ter. Lapping also reduces the thickness of the slices. After lapping, the 
resistivity of the slices is measured and they are sorted into groups 
suitable for the various types of transistor. 

Removing slices of germanium 

crystal after lapping 

Measuring the res i s t i v i t y  of germanium slices after lapp i ng 
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ALLOY-JUNCTION PROCESS 
The s l ices are then cut u p  to form a large number of base wafers. 

These are circular, square or  rectangular, accordi n g  to the type of 
transistor. The circ u l ar wafers are req uired for s u c h  transistors as the 
OC44 and OC45 and are l ·45 mm in d ia meter. These wafers are cut
from t h e  slices by an u l tras o n i c  dri l l  fitted w ith a perforated b it. The 

Dril l i ng germani um sl ices to form circular base wafers 

c utting of the square or rectangular wafers is cal led 'dicing'. The s l ice  
passes under d i amon d  c utters whic h  score a set  of para l l el grooves on 
it. The s l ice i s  t urned a utomatically through 90° at the end of the r u n
and a second s e t  of grooves at r ight-angles to the first i s  cut on the 
retu rn stroke. The resu l ting cri ss-cross of grooves, rather l i ke those of  
a bar of chocolate, allow the s lice to be separated into singl e  wafers. 
A typical size of the wafers, those for t h e  OC8 l, is 2 ·4 m m  square.

The final  red uction i n  the thickness of the \V<:fers is made by etching.
The w afers are placed i n  a small p lastic bas k et with n u merous s m a l l  
holes  in t h e  s i d e  and bottom, and the  bas ket i s  agitated in t h e  etch ing 
fl u id.  After the first etch, the wafers are automatical l y  coarse-graded i nto 
batches according to their  th ickness. Each batch is re-etched fo r  a time 
d epending on the average t h i c k ness of the batch.  After the seco n d  etch 
the wafers are fine-graded. Further  correct i o n s  to the thickness are not  
made by etching, but in the subseq uent alloying process the  temperature 
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ALLOY-JUNCTION PROCESS 
i s  adjusted to su it  the  thickness of each fine grade of wafer. The thinnest 
base wafers are those for the OC44 and OC45 w h i c h  are only J 001J.1n 
t h i ck, that is a tenth of a mi l l i m etre. At th is  relatively early stage in 
the m a n ufacturing process the wafers are worth m ore than their weight 
in gold. 

Measuring t h e  t h ickness of  t h e  base wafer pr ior to a l loying . 
An e l ectronic met h od of measurement is used, accurate to ± 0·5µ.m 

To form the p-type semicond uctor for the emitter and collector 
regio n s, pe l lets of the p-type addit ive are fused to each sid e of the 
n-type semicon d uctor wafer. The p-ty pe additive used is  indium. 
I n di u m  wire or strip is cut into portio n s  contain ing t h e  a m o u nt of 
m ateria l required for the pellets. The pellet w hich forms t h e  co llector 
is three to five t imes l a rger than the o n e  used for the em itter.  

The process for shaping o r  'balling up' the  pel l ets resembles  the 
process used for m a n ufacturing l ead s h ot. T h e  pieces of i ndium are 
dropped d o w n  a glass tube w hich is about th ree feet high and filled 
with liquid. At the top of the tube, t h e  liquid is s ufficient ly hot to mel t  
t h e  p ieces of i ndium into droplets. Further d o wn ,  the l i quid i s  coo ler 
and the drops of indium s o l i dify into spherica l  p e l l ets. 

The a l l oying of the c o l lector junction is carried out before al l oying 
the emitter junction.  The collector pel let, the base wafer and the base 
connection (previ o u s l y  t inned) are assembled in a jig and carried 
through an electric  furnace whose temperature is higher than the 
melting point of indium but l o wer tha n  that of germa n i um. The molte n 
indium penetrates the germaniu m  to form an al loy  which i s  p-type 
german ium. This  a l l oy i s  i n  intimate contact with the n-type base 
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ALLOY-JUNCTION PROCESS 
wafer. The jigs are removed from the furnace, loaded with the emitter 
pellets, and passed through th e  furnace agai n .  The furnace is divided 
into three temperature zones, the temperatures being controlled to within 
± l degC on temperatures of approximately 650°C. This close control i s  

Sort i ng and i nspect ing i nd ium pell ets for t h e  emitters and col l ectors 

necessary because the depth of al loying and hence the effective thickness 
of the base depends on the furnace temperature .  The section of the 
transistor shown in Fig. 3 clearly shows the layer of p-type germanium
in contact with the base wafer and the pellets of re-solidified indium. 

Fig. 3-Cross-sect i on of al loy-junct ion transistor p-type 
germanium 

n- type 
germon1vm 
slice 

Indium 

Collector 

----- Nickel base 
connection 

The final stages of manufacture are the soldering of the connecting 
leads to the transistor, and cleani n g .  The connect ing leads pass through 
a glass foot that w i l l  later fo rm part of the envel ope of the transistor, 
and these leads are co nnected to the emi tter and col lector pellets and 
to the base connect i o n  by means of jumper wires .  The soldering of these 
jumper wires is a very critical operation.  A miniature soldering iron 
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ALLOY-DIFFUSION PROCESS 
w o u ld be difficult  to h andle on s u ch small  components and might intro­
duce i m purities. Instead, a fine stream of hot gas often serves as the 
source of h eat. In a second method, the heat is provided by discharging 
a capacitor thro ugh the jum p er wire. To e n s u re that the jumper wires 
are attached accurately to the e m i tter and collector pe l lets,  the soldering 
i s  carried o u t  u n der a m i c roscope. 

After solderin g, the flux i s  washed off by dem i n eral i sed or  de- ion ised 
water and the assembl y  i s  etched. The etching rem oves surface con­
tami nati on and prevents s h o rt-circ u its occurring at the em itter and 

Attac h i n g  con n ecting l eads to the 

emitter and col l ector pell ets. 

Microscopes are n ecessary because 

of t h e  extremely small s i ze of t h e  

compon ents. 

collector junct ions at the p oints where the non -alloyed residue in the 
i nd i u m  pel l ets meets the base m a terial .  T h e  assembly is given a f urther 
wash .in demineral i sed water to rem ove the chemicals used for etching 
a nd t hen passes thro ugh a dry i n g  oven. 

Alloy-Diffusion Process 
The h igh-freq uency performance of a tra n s i stor depends o n  the width 
of the base l ayer and the trans it  time of  the charge carriers between
the emitter and col lector. Variations i n  the thickness of t h e  base layers 
w i l l  d i rectly  affect the high-freque n cy performance of the tran sistor. 
The base width and depth of penetration of the juncti o n  of a transistor 
manufactu re d  by the alloy-junction metho d  are determined by the 
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ALL O Y - DI F F U S I ON P R OCE S S  

temperature and time o f  alloying and the size of the indium pellet. When 
alloying the transistor, it is possible for the emitter and collector pellets 
to melt right through and so short-circuit the base. It is therefore 
necessary to aim at a mean base thickness large enough to prevent a 
high rejection rate from this cause. The OC44, which has an average 
cut-off frequency of 1 5Mc/s, probably represents the upper frequency 
limit obtainable with the alloy-junction method of manufacture . 
Another method of manufacture, the alloy-diffusion method, enables 
transistors to be manufactured with a base width of only a few micro­
metres. Short-circuiting of the base is almost entirely eliminated by 
alloying from one side of the assembly only. 

A wafer of p-type germanium is manufactured by the levelling and 
slicing techniques described in the alloy-junction method. A pre­
diffusion process gives a controlled depth of n-type material on the 
surface of the wafer, as shown in Fig. 4a. Two pellets are placed close 

n- type prediffused layer 

Pellet with 
n and p-type 
additives to 
form emitter 
and base 

\ 
E 

Pellet with n-type 
a dditives to form 
ohmic contact with 
n-layer base which is 
mode to extend 
from the junction 

B 

Collector materi'.JI 
p- type· germanium 

(a) 
(These drawings ore not to scale) 

Fig. 4-Alloy-diffused transistor: 

(a) basic components before heating 

(b) Simplified cross-section after diffusion 

together on the n-type material . Pellet B, which will eventually form the 
base connection of the transistor, contains n-type additives only. 
Pellet E, which will form the emitter, contains p-type and n-type 
additives .  The assembly is heated to the appropriate temperature in an 
inert atmosphere and the additives in the pellets diffuse into the p-type 
germanium beyond the depth of the prediffusion layer. 

The p-type additive in Pellet E diffuses slowly and penetrates a 
negligible distance only into the wafer. The n-type additives in both 
pellets diffuse more rapidly and so form a layer of n-type germanium. 
This diffused n-type layer forms the base of the transistor and its thick­
ness can be limited to less than 5µm. 

While the assembly is cooling, a layer of germanium recrystallises 
from the pellets as in the alloy-junction method. The recrystallised 
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E N C A P SU L A TIO N A N D  TESTI N G 

layer beneath Pellet E is predominantly p-type because the p-type 
additive is more soluble in recrystallised germanium than the n-type 
additive. This p-type layer forms a p-n junction with the diffused 
n-type base layer which itself forms an n-p jm1ction with the p-type 
collector wafer. In this way, a p-n-p transistor is formed. The recrystal­
lised layer beneath Pellet B is n-type and so forms an n-n or non­
rectifying junction with the diffused base layer. Pellet B is therefore 
used to make contact with the base layer. A simplified section of the 
transistor after diffusion is shown in Fig. 4b. 

The concentration of the additives in the base layer is graded between 
the emitter and collector junctions, as shown in Fig. 5. This gradient 

/Den;;ty of n -type gecmon;um 

Density of original p-lype 
collector material 

I 

1 N I Distance from 

I . I . I . . . emitter pellet 

1Regio
.
n in which �-typ1qRe91on in wh_ich 1Reg1o

_
n in which p�type 

1oddit1ves. predominate rn-type odd1t1ves1odd1t1ves predominate 

I 1 predominate I 
EMITTER BASE COLLECTOR 

F ig .  5-Concentrat ion of addit i ves i n  a lloy-diffused transistor 

produces an accelerating or 'drift' field and it is this drift field that 
reduces the transit time of the charge carriers and so contributes to 
the good high-frequency performance of this type of transistor. 

After the diffusion process, the transistor is etched and washed, and 
the connecting leads attached . It is then ready for the final stages of 
manufacture. 

Encapsulation and Testing 
Before the transistors made by both processes are encapsulated, they 
undergo an electrical test. To prevent contamination this is made in a 
hermetically sealed box containing dry nitrogen gas . The transistors 
that pass this test are then encapsulated. The glass envelope is filled 
with a silicone compound to protect the transistor from moisture and 
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ENCAPSULATION AND TESTING 

to help con duct heat away from t h e  s e micond uctor m aterial ,  and the 
glass fo ot, fitted to the transistor w h en the connecting leads are sol­
d ered, is sealed to this envel ope. The seal is made either by e lectricall y  
generated radi ant heat or b y  a g a s  fl ame on a mac hine whic h  i s  a 
smaller version of that used for sealing valves .  

Sample transistors are tested fo r  lea k s. In the first  test, the trans istors 
are submerged in a mixture of methylated s pirits and red dye, and any 
leakage is revealed by the penetration of the dye into the enve lope .  
The second leak test  i s  i n  effect a tropical  test in  w hich sample tran­
s i stors are s ubjected to t hree cycles  of high tempe ratu re a n d  high 
humidity over three d ays . lf the  envel ope is at all l eaky, the performance
of the transistor will d eteriorate m a r k ed ly and it wil l be rejected at 
the e lectrical  test at the end of the cycles. 

Final resting of an audio transistor 

Finally the enve l o pe i s  painted or fixed in a m etal can a n d  the type 
number applied. Altho ugh the spacing of the leads  i n d icates w hich i s  
the emitter, base or col l ector lead, a colo u red d o t  i s  p l aced on the  
case  alongsi d e  the collector l ead for greater ease  of identification. 

A comprehens ive system of q ual ity control is a pplied throughou t  
t h e  whole m a nufacturing process. After  m anufacture, all transistors 
undergo a series of exhaustive tests.  In th is  way the Mul lard engineers 
ensure that only trans i stors of t h e  h ighest qua l i ty a n d  reliability reach 
the cons u mer. 
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CHAPTER 3 

Transistor Action 

ln the  first chapter it was show n  that t h e  o perat ion of a j unction 
transistor d e pends o n  the existence of two different types of charge 
carrier in t h e  sem iconductor materia l .  One of t h ese c harge carriers 
is the fam i l iar e lectron. The other is the p ositive hole, the hol e b ei ng 
the vacancy left w h e n  one of the electrons of t h e  outer orbit of the  
germ anium atom migrates to another atom. A h o l e  can be considered 
to behave in the  same w ay as an electron except that t h e  hole has a posi­
tive charge. 

Germani u m  can be made i nto n-type sem icond uctor in which there 
are m ore e l ectro ns than holes, or p-type sem icond uctor in which there 
are m ore h o l es than e lectrons. When a v o ltage is  applied across a 
p iece of n -type germanium, the c urrent is carried mainly by the e lec­
trons and o n l y  a small  part by the holes. With p-type german ium, the  
c urre n t  is  carried m ai nl y  b y  the holes. T h e  charge carrier which con­
ducts m ore current is called the majority carrier. The other carrier is 
cal led the minority  carrier. The germaniu m  is made i nto p-type or 
n -type by the addit i o n  of certain impurities or addit iv es. 

Diode Junctions 
A single  crystal of germanium can be m ade in w h ich there is a p-type
regio n  and an n-type region. A crystal in w h ich t here is a fairly abrupt
change from p-type german i um to n-type germ a n i um forms a p - n  
juncti o n  which i s  t h e  basi c  component of  the junction diode and is  

Fig. 1-'Block diagram' o f  semiconductor diode 

shown in Fig. l .  Rectification occurs at the  junction of t h e  two regions.

A p-n  j unction is shown diagrammatically in Fig. 2. T h e  current carriers 
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DI ODE J U N C T I O N S  

are represented b y  + signs for the holes and - signs for the electrons. 

Holes and electrons tend to diffuse across the junction, holes crossing 
into the n-type material and electrons into the p-type material. The 
holes that cross the junction combine with electrons in the n-type 
material and the electrons that cross combine with the holes in the 
p-type material . The p-type material is therefore losing holes and acquir­
ing electrons, and so is receiving a negative charge. At the same time the 
n-type material is losing electrons and acquiring holes, and so is receiv­
ing a positive charge. A potential builds up across the junction, the 
magnitude and polarity of which inhibits further diffusion. This is 
called the barrier potential . The region in the immediate vicinity of the 
junction where there are few free current carriers because of the 

Hole current 
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Fig. 2-Current carriers in semiconductor diode: 

(a) with forward bias 

(b) with reverse bias 

diffusion process and the formation of the barrier potential is called 
the depletion layer. 

When a bias voltage is applied to the junction, such that the p-type 
material is made positive with respect to the n-type material, the 
effect is to reduce the barrier potential . Majority-carrier holes will once 
more diffuse across the junction into the n-type material . Similarly, the 
majority-carrier electrons will diffuse into the p-type region. The cur­
rents produced by the flow of electrons and the flow of holes are addi­
tive, as shown in Fig. 2a, since the electron current is conventionally 
in the opposite direction from the electron flow. A relatively large 
current therefore flows across the junction. Fig. 2a also shows that the 
minority carriers, the relatively few free electrons in the p-type material 
and the relatively few free holes in the n-type material, also contribute 
to the current flowing across the junction. 

If the applied voltage is reversed so that the p-type material is made 
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P - N - P  TRANS IS TOR 
negative with respect to the n-type material, minority-carrier electrons 
from the p-type material flow across the junction into the n-type material 
and minority-carrier holes from the n-type material flow into the p­
type material . As the minority carriers are few in number and only those 
in the vicinity of the junction are affected, the current flowing is very 
small . The minority-carrier current is shown in Fig. 2b . 

The first case, where the p-type material is made posit ive with re­
spect to the n-type material, is called forward bias. The second case, 
where the p-type material is made negative with respect to the n-type 
material, is reverse bias. The voltage/current characteristic of a junction 

Reverse 

� 1  t Forward 
� 

u 
Fig. 3-Voltage/current characteristic 

for semiconductor diode. 
The forward current sca le  i s  in 
mA, the reverse current in µA 

diode is shown in Fig. 3. The forward current is usually quoted i n  
milliamperes and the reverse o r  leakage current  i n  microamperes. 
The applied voltage is only a few volts . 

The P-N-P Transistor 
The p-n-p junction transistor consists of a crystal of semiconductor mat­
erial, usually germanium, in which there are two p-njunctions with a com­
mon region of n-type material . The base region of n-type material consists 
of germanium lightly doped with antimony to give electron charge 
carriers and is very thin, varying from a few micrometres to I OOµm
thick. On either side of the base region are the emitter and collector 
regions, heavily doped with indium to give positive holes . The transis­
tor can, in fact, be regarded as two diodes back-to-back as is shown 
in Fig. 4. 

Fig. 4-'B l ock diagram' of p-n- p transistor 

When the transistor is used as an amplifier or oscillator, it is b iased 
as shown in Fig. 5. The emitter-base diode is forward-biased, the n-type 
base being negative with respect to the p-type emitter. The base-collector 
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P - N - P  T R ANS I S T O R  

diode i s  reverse-biased, the p-type collector being negative with respect 
to the n-type base. 

The holes in the p-type emitter diffuse into the n-type base region. 
There is also a current of electrons across the junction from the base 
to the emitter but this is small since the emitter is more heavily doped 
than the base. The holes injected into the base diffuse across the base 
region since it has a negligible electric field across it. Holes that reach 
the collector depletion layer are attracted into the collector region 
since it is biased negatively with respect to the base. There is also a 
minority-carrier current across the collector-base junction of electrons 
attracted into the base from the collector. Besides the holes injected 
into the base from the emitter, there are a small number of holes 
normally present in the base . 

Not all the holes in the base reach the collector as a small proportion 
combine with the electrons of the n-type base (that is, an electron 

Fig. 5-Current carriers in biased p-n-p transistor 
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of the base fills the vacancy in the outer electron orbit of a germanium 
atom and the 'hole' disappears) . This process is called recombination 
and is the cause of the effect called hole or carrier storage. Most of 
the recombination takes place on the surface of the base around the 
emitter pellet. Because the base region is so narrow, about 95 to 99 % 
of the current leaving the emitter reaches the collector. The collector 
current consists chiefly of this hole current across the base but there 
is also the small minority-carrier current of electrons across the collector­
base junction mentioned above, although this makes only a very 
small contribution to the total collector current. 

The base current consists of three parts : the recombination current 
caused by the recombination of the holes diffusing across the base, the 
emitter electron current, and the collector reverse or leakage current. 
The first two parts give a positive current flowing out of the base but 
the third is in the opposite direction. The recombination current, how­
ever, is the greatest part of the base current. The base current is very 
small in comparison with the emitter and collector currents . 

Summarising : a hole current flows from the emitter to the base 
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with a small electron current from the base to the emitter. Most  of 
the hole current (95 to 99 %) flows across the base and into the collector 
to form the collector current. The remaining 1 to 5 % of the holes 
combine with electrons in the base . The base current, small in compari­
son with the emitter and collector currents, consists of the recombina­
tion current (the most important part) to which is added the base-to­
emitter electron current and from which is subtracted the collector­
to-base electron current or leakage current. 

F ig .  6-C urrents i n  p-n- p transistor 

8)--- Flow of holes 8---- F l ow of e lectrons

The currents in the transistor are shown in Fig. 6. The emitter current 
h , the base current h , and the collector current Ie are related by 
the equation : 

IE = IB+ Ie . 

The emitter and collector currents are related by the equation : 

l e  - = a  
IE 

, 

where a has the value 0 ·95 to 0 ·98 for a well-made transistor. a will 
have a value less than unity, since the collector current consists of that 
part of the emitter current that diffuses across the base region. lt will 
also be seen that the recombination current, the major part of the base 
current, is equal to ( 1 -a) IE . 

The equation IE = IB+ Ie is not strictly correct since le as defined 
does not include the small collector leakage current, shown as IeBo 
in Fig. 6 .  The inaccuracy is small, however. 

Amplification with a Transistor 
In Fig. 7 the transistor is biased as before (in Fig. 5), with the emitter 
positive with respect to the base and the collector negative with 
respect to the base, but an a.c .  signal is superimposed on the emitter 
bias voltage and a load resistor is connected in the collector circuit. 
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A s  the transistor i s  a three-terminal device, i t  i s  possible t o  connect 
it into the circuit in three different configurations, each with its own 
characteristics .  These characteristics are tabulated in Chapter 5 .  
In Fig. 7 the transistor is connected in the 'common-base' configuration, 
the base being common to the input (signal generator) and output 
(load resistor) circuits .  

N 
+ + + �� - - 1 + + + 

e � + � :  _ _  � -j �  + � c 
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Fig. ?-Transistor with a.c. signal 
superimposed on emitter bias 
voltage and load resistor in 
collector circuit 
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Fig. 8-Transistor in common-emitter 
configuration with input signal 
and load resistor 

Since the emitter-base diode is forward-biased, the input impedance 
of the transistor will be low, being approximately 1 0  to 501.1 for the 
common-base configuration, and the hole current across the junction 
is sensitive to the applied voltage. Changes in the bias voltage across 
the emitter-base junction (caused by the a.c .  signal superimposed on the 
steady bias voltage) will cause considerable changes in the emitter 
current and hence in the collector current. The base-collector diode of 
the transistor is reverse-biased and so the output impedance is high, 
approximately 0 ·25 to 2 ·0Mll for the common-base configuration. 
The collector current, which is only slightly less than the emitter current, 
is therefore flowing through a much higher impedance than is the emit­
ter current, and so a power gain has been achieved. By the choice of a 
suitable resistance in the collector circuit, an amplified signal can be 
obtained across the load resistor. 

The current gain of the transistor in this configuration, defined as 
output current/input current, is therefore lc/IE , which is the term a in 
the equation on page 24. Although a is less than unity, the trans­
formation of impedance described above results in the power gain . 

The transistor can also be connected into a circuit with the emitter 
common to the input and output circuits. This is called the 'common­
emitter' configuration and is shown in Fig. 8. The bias voltages are 

25 



A M P L I F I C A T I ON W I T H  A T R A N S I S T O R  

also shown, the base being negative with respect t o  the emitter to 
provide forward bias on the emitter-base junction, and the collector 
made more negative with respect to the emitter to provide the reverse 
bias across the base-collector junction. 

As in the common-base configuration, the emitter current, and 
hence the collector current, is varied by changes in the emitter-base 
bias caused by the a .c .  signal. Again there is an impedance transforma­
tion, typical values of the input and output impedances being 0 ·5  to 
l · 5kQ and 50 to 200kQ respectively. This time, the current gain of the 
transistor is defined as le/h since the input terminal for this con­
figuration is the base. The current gain, represented by �' can therefore 
have a value up to approximately 50. 

The current gain and impedance transformation ensure a power gain 
between the input and output circuits .  

The relation between r1. and � can be easily derived since : 

The basic equation : 

can be rewritten as : 

that is : 

l e l e 

rJ. 
= 

lE 
and � = 

h
. 

b = lB+ le 

b h - = - + L
le le  

1 1 - = - +  1 ·

rJ. 
� 

Rearranging this equation gives : 

rJ. � = - · 
l - r1. 

The third configuration is the 'common-collector' configuration, 
with the input applied between the base and collector, and the output 
taken from the emitter and collector. The configuration has a high 
input impedance and low output impedance. It is therefore equivalent 
to the valve cathode follower circuit, and is sometimes known as an 
emitter follower. The current gain in this configuration is approxi­
mately equal to �' the exact value being (1 + �) . 
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CHAPTER 4 

Printed Wiring 

Printed w m ng is a tech n ique w h i c h  m ay not be fam i l iar b u t  which 
i s  extensively used in  trans i stor rad i o s. The term pri nted wir ing is  
used to describe e l ectrical c i rcuits w h i c h  take t h e  form of th i n  copper 
str ips  attached to a n  i nsulat i n g  board i n stead of t h e  more fami li ar 
separate length s  of copper w i re .  The tech n i q ues of servic ing printed 
w i r i n g  are s o m ew h at d i ffere n t  fro m  t h ose used w i t h  c o n vention a l  
w i ri n g, but  before cons ideri n g  t h e s e  tech n i q ues i t  i s  wort h w h i l e  looking 
at t h e  man ufacturin g  processes.  

Manufacture of Printed Wiring

The first stage of t h e  m a nufacturi n g  process i s  to arrange the c ircu it  
t o  form a conven i e n t  flat  c o m ponent layout .  This  layout i s  then d rawn 
a n d  phot ographed,  and transferred to a pri n t i n g  p l ate. Th i s  p l ate i s  
u se d  t o  produce a n  i m age o f  t h e  original d rawi ng o n  a t h i n  layer of 
co pper attached to one face of a lam i nated i n sul at i n g  board. The i m age 
is p r i n te d  with a special ink cal led a 'res i st' . Sometimes the s u rface i s  
d usted with a b i tum i n o u s  powder w h ic h  c l i ngs to w e t  parts of t h e  sur­
face, and the board h eated u n t i l  the b i t umino us powder fuses. The 
c o m p l ete board i s  then d i pped in aci d  w hi c h  etches  the  areas of copper 
not protected by the  res i st, l eav i ng a network of copper foi l  w h ich 
forms the w iring. T h e  b oard i s  washed and dried,  t h e  resi s t  d issolved 
off, and holes dri l l e d  or punched in the board for the lead-out w ires 
of the  com p o n e nts. The var i o u s  c o m p o n ents are usual l y  fixed to the 
board by the lead-out  w i res o n l y, alth o ugh some larger components 
m ay be fixed with  c l ips, and in the case of i nter-stage transformers, 
by the tags on the screening can. After the c o m p o nents have been 
fi tted, the  areas of copper w h ere t here i s  no so l dered c o n n ection are 
coated with a s o lder res i st. The w h o l e  connect i o n  s i d e  of the board 
i s  fluxed and dipped in a bath of  solder so that all  exposed areas of
co pper are soldered. The c o m p o n e n t  lead s  w hich protrude thro ugh 
the holes  i n  the board are thus firmly connected to the strips of copper
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fo i l .  A typical printed- wiri n g  board w i t h  the components soldered i n
position is shown in Fig. 1 .  

There are two important advantages o f  the printed-wiring technique 
over conventio nal wir i ng. These are a great reducti on in the n umber of 
dry joi nts and the p ossib i l ity of h i gher production rates.  Tn rec e ivers 

( a )  

Fig . 1-P rinted-wiring board: 

(a) s howing conductor s t rips 

( b) reverse side s h owing components in position 
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manufactured by conventional methods, there is always a risk of  dry 
joints and faulty wiring. With the printed-wiring technique, it is 
possible to reduce the number of dry joints occurring to about one­
tenth of that with conventional wiring. Once a layout has been deter­
mined by the printed-wiring board, all further models are identical . 
All soldered joints are made in one operation and if components are 
added automatically, high production rates are possible. 

Besides the etching technique described above, the printed-wiring 
board can be made by punching out the copper strips from a sheet of 
foil and attaching them to the laminated insulating board.  This method, 
however, is slightly more expensive than etching. 

Sometimes the wiring is printed onto both sides of the board and the 
printed technique can be extended to form actual inductors, capacitors 
and resistors with the foil. In this case the board should be more
correctly called a 'printed-circuit' board. 

Care of Printed-Wiring Boards 

Certain precaution s must be taken when handling printed-wiring boards 
to prevent damage to the board. The 'wiring' on the boards is extremely  
thin, about 0 ·003in, and is attached to the board with an  adhesive. 
Bending the board may therefore detach the foil from the board, or 
more frequently, place a severe strain on the foil and produce hair-l ine 
cracks in the foil. These breaks will give rise to intermittent faults. 
When making connections to the foil, care must be taken to prevent 
excessive heat from the soldering iron melting the adhesive or damaging 
components . In general, a 25W soldering i ron is sufficient for most 
purposes and will not damage the printed-wiring board provided that 
it is applied only long enough to melt the solder. Acid fluxes should 
never be used on printed wiring, but none of the common cored solders 
used by service engineers contain acid flux. 

Fault Finding 

Circuit tracing is somewhat simpler with printed wiring rather than 
with conventional wiring because of the single-plane layout of the 
board. Most service sheets include a drawing of the printed-wiring 
board with the position of the components marked . This helps circuit 
tracing considerably since the components are usually mounted on the 
opposite side of the board from the wiring and the board has to be 
continually turned over. Some manufacturers mark component 
reference numbers on the foil side of the board to avoid this .  Alterna­
tively, if the component numbers are marked on the opposite side of 
the board from the wiring, the board may be viewed in front of a 
bright lamp so that the component numbers become visible through 
the laminate. 
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When making voltage o r  resistance measurements, care must be 
taken to make proper contact with the copper foil as most boards 
are coated with an insulating material after manufacture . This insula­
tion serves to prevent accidental short-circuiting of the exposed foil 
to other parts of the circuit . This insulating material must be removed 
from the measurement points before any connection can be made. 
Acetone applied with a soft cloth or brush is the usual solvent. 

Old printed-wiring boards may be found to be tarnished. If it is 
necessary to remove the tarnish, this may be done by the very careful 
use of steel wool. The board should be carefully inspected afterwards 
to check that no particles of steel wool are left on the board to cause 
short circuits between lengths of the foil . 

The detection of hair-line cracks in the foil when intermittent open 
circuits are suspected is best done with a magnifying glass and a bright 
lamp. 

Component Replacement 

Components should be removed from printed-wiring boards only when 
absolutely necessary ; for example, for the removal of a faulty com­
ponent or the isolation of a component from the circuit for testing. 
When removing components, care should be taken to prevent damaging 
the printed-wiring board by peeling the foil from the board, bending 
the laminate or dropping solder over other parts of the board. 

Small components, such as resistors or capacitors, are best removed 
by carefully unsoldering the joint between the lead-out wire and the 
printed-wiring, and pulling the wires through the hole in the board. 
If the component is to be replaced, the lead-out wires can be cut near 
the component so that each lead-out wire can be easily pulled away 
from the foil .  If the component is only being removed temporarily 
for testing, a heat shunt (such as a pair of pliers) should be used to 
prevent the heat from the iron damaging the component. Excessive 
heat should not be used as there is then a risk of damaging the printed­
wiring board. The bit of the soldering iron should be kept clean. 
If an oxide layer forms, the soldering operation takes longer and the 
risk of damaging the component or printed-wiring board through over­
heating is increased. If the hole through the board becomes blocked 
with solder, the solder should be remelted and the board gently but 
sharply tapped to throw the solder clear. 

l .F. transformers which are held to the board by soldered tags may 
be removed by heating the tags and brushing off the solder with a wire 
brush. A stiff bristle brush can also be used or a sharp-pointed metal 
rod such as a scriber. Care must be taken to prevent solder being 
splashed onto other parts of the board. If the board can be removed 
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from the receiver, the tags can b e  heated s o  that the solder melts and 
by gently but sharply tapping the board against the bench, the solder 
on the tags will be thrown off. With these methods, some solder will 
remain on the tags after brushing or tapping and it is necessary to 
heat the tags while the component is eased from the board. 

An alternative method of removing transformers is to heat the tags 
and ease them a little away from the board. This procedure is repeated 
until the tags are in line with their fixing holes and the component is 
then eased away from the board. Great care must be taken not to 
overheat the board. 

Transistors or diodes should be removed only as a last resort. As a 
transistor or diode can be damaged by excessive heat during soldering 
or unsoldering, it is important always to use a heat shunt between the 
component and the soldering iron. A pair of thin-nosed pliers can be 
used as the heat shunt, or a crocodile clip with strips of brass soldered 
across the teeth to give a good thermal contact. When replacing tran­
sistors in a circuit great care should be taken to connect them in the 
correct position as incorrect polarity can permanently alter transistor 
characteristics or even destroy the transistor. Transistor or diode leads 
should not be bent closer than 1 · 5mm to the seal and the lengths of 
the leads on the replacement should not be less than those on the 
original transistor or diode. 

Components should never be removed or replaced in a receiver 
when the batteries are switched on. If the batteries are connected, 
surges can be created which may destroy the transistor. 

Repair of Boards 

Small-scale repairs such as resticking loose foil or bypassing hair-line 
cracks can be economically carried out but more complicated repairs 
often justify the replacement of the board. It is then often more econom­
ical to fit new components rather than remove them from the old 
board and resolder onto the new board. 

Loose foil can usually be restuck to the board by careful heating and 
holding the foil to the board until the adhesive has reset. Hair-line 
cracks can be bypassed with a short length of wire soldered to the foil. 
The foil must be cleaned before soldering and the heat applied only 
as long as is necessary. If a long 'jumper' wire is required, this should 
be insulated to prevent accidental short circuits to other parts of the 
circuit. The soldered joint can be covered with a clear lacquer for 
protection. The lacquer replaces the insulating material which will have 
been melted during soldering. 
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The tools required fo r  work o n  printed-wiring boards, besides the 
usual screwdriver, cutters and thin-nosed pliers, are : a low-power 
soldering iron (25W), a small wire brush, a solvent such as acetone 
for resin coatings and a small brush for applying it, a metal rod approxi­
mately -! inch in diameter with a sharp point, and clear lacquer for 
coating connections after repairs. 
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CHAPTER 5 

Transistor Circuits 

Basic Transistor Configurations 
l t  has been mentioned already that the transistor  is a three-electrode 
device and can t herefore be considered in three possible configurations. 
These are t h e  comm on-base configuration, t h e  common-emitter con­
figuration and t h e  common-collector configuration. Sometimes the 
term 'grounded'  is used in place of 'common' since the common 
terminal is u sually taken to  earth directly or  through a decoupling 
network. The t hree configurations are shown in Fig. I ,  the letters on
the diagrams referring to the emitter (e), the base (b), and t h e  collector 
(c) regions of the transistor.  

I n pu t 

O utput 

I ri p u t  O u tput Input Output 

Common ba s e  C o m m o n  emitter Common c o l l e ctor 

Fig. 1 -Basic  transistor config urat i ons 

Each configuration has special characteristics and t h e  more im­
p ortant are tabulated bel o w : 

Characteristic 

Current gain 
I n p u t  impedance 
Outp u t  im pedance 
Phase shift between 

inpu t  and o u tput voltages 

Configuration 

Common Common 
Base Emitter 

Less than unity High 
Low Medium 
H igh Medium 

Zero 1 80° 

Common 
Collector 

High 
High 
Low 

Zero 

The configuration most used for the amplifier stages in transistor 
radio receiver circuits is the common-emitter configuration. 
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Bias and Stabilisation 
A basic transistor amplifier stage is shown in Fig. 2. This circuit is 
the basis for many practical amplifier stages as only one battery is 
required to provide the bias voltages for the transistor, and the designer 
has most control over the stabilisation. 

The bias voltages for the transistor are provided by the voltage 
drops across resistors R l  and R2. The values of these resistors are 
chosen so that the current flowing through the potential divider 
formed by R l and R2 is much larger than the base current of the
transistor .  I n  this way, the base potential is held reasonably constant 
despite variations of the base current. The resistor Re reduces the effects
of transistor spreads and provides stabilisation against temperature 
changes. Any increase in the emitter current produces a large voltage 
drop across Re and the base-emitter voltage is reduced, partly counter­
acting the original change. A high value of Re improves the d.c .  
stabili sation of the circuit, a typical value for the amplifier stage of 
Fig. 2 being I kD. Re m ust be decoupled to reduce a.c.  feedback. 

-Vee 

� i 1Eu· 
<>-1 

i �II Vee --.--
I n p u t  

R e  

� TI 

Fig. 2-Bas ic  t rans istor amp l i fi e r  stage F ig .  3-Tra n s i stor c lass A amp l ifi e r  stage 

It can be seen that if  Re is large and R I and R2 are very small,
the circuit becomes effectively the common base configuration with its 
i nherent good stabi lity. If Re is very smal l  and R l  and R2 very large,
the circuit becomes effectively the common emitter configuration with 
its very poor stability. The values of Re , R l and R2 can therefore be
chosen to give the required stabi lity. 

Audio Amplifier Stages 
Class A Output Stage
Class A operation is used mostly i n  hybrid and all-transistor car radios 
where current drain i s  relatively unimportant. A typical class A ampli­
fier is shown in Fig. 3. Jn the circuit R l  and R2 provide bias as before, 
Re improves the stabilisation,  and transformer coupling is used for the
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input and output s ignal s .  The efficiency o f  a class A amplifier i s  l im ited 
to below 50 % and the current drain fro m  the supply is relativel y  h igh . 

Class A operation is also used to provide drive for class B output 
stages.  

Class B Push-Pull Output Stage
In class B p ush-pull operation,  one transistor conducts while the other 
is cut off. The method of operation gives a theoretical efficiency of 7 5  % 
and the average current drain i s  low.  Because of this l o w  current drai n ,  
class B operation is favoured for receivers operating fr o m  dry batteries .  

The basic class B o utput stage is shown i n  Fig. 4. The bias and em itter
resistors are marked as before. If both transistors are biased exactly to 
cut-off, a form of d i stortion occurs which is extrem ely unpleasant to 
the l istener.  This  is called 'crossover' d i stortion and is overcome by 
applying a s l ight forward bias to each trans istor by means of resistors 

+ 

Fig .  4-Transistor c l ass B pus h - pul l 
output stage 

F ig .  5-T ransformerless c lass B 
output stage 

R I and R2. Resistor R l  m ay then have to be adjusted to g ive the re­
quired quiescent current through the two transistors . This can be 
done by making Rl adjustable or by selecting it from a number of 
resistors . 

The centre tap of the driver transformer is somet imes connected di­
rectly to earth,  the bases of the transistors being connected to the nega­
tive s upply through individ ual  resistors .  These resistors, again ,  may be 
adj ustable  or selected to give the correct quiescent current thro ugh 
the transistors .  

Fig.  5 shows a transformerless o r  single-ended class  B o utput stage 
using a centre-tapped supply. This circuit is favo ured in many receivers 
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since i t  uses only one transformer, a high-impedance speaker providing 
the required load so that the output transformer is not required.  The 
performance is the same as that of the conventional circuit using an 
output transformer provided the voltage of each half of the battery 
is equal to the supply voltage of the conventional circuit. 

Another type of push-pull c ircuit has the output transform er con­
n ected in series with the emitter of the transistors. This c ircuit suffers 
less from crossover and non-linearity d istortion than the convent ional 
circuit with the output transformer in the collector circuit. It is seldom 
used, however, because of the low gain obtained and the large amount 
of drive power required. 

Heat sinks may be fitted to the o utput t ransistors of the audio stage 
to provide the collector j unction with extra cooling and so give a higher 
dissipation.  The sink may be a clip which s urrounds the transistor and 
dissipates heat to the air .  Alternatively, the cl ip may be in  contact 
with the chassis  wh ich then acts as a large cooling fi n .  Transistors 
dissipating large amounts of power (for example, the class A output 
stage of a car radio) use a finned heat sink. The trans istor and h eat s i n k  
are mounted o n  m ica a n d  lead washers t o  give a good thermal  contact 
with the chassis whilst electrically insulating the transistor from it .  

Detector Stage 
The detector of a transistor receiver is usually a semiconductor d iode 
feeding a potentiometer load. The potentiometer forms the volume 
control of the receiver which feeds the detected s ignal to the audio­
freq uency stages of the receiver.  The potentiometer is usually shunted 
by a 0 ·01  µF capacitor. 

Fig.  6-Basi c  transistor i . f. stage 

I.F. Amplifier Stages 
The basic circuit of an i . f. amplifier is  shown in Fig. 6. Thi s  circu it
is similar to the basic audio amplifier stage of Fig. 2 ,  the main difference 
being that the input and output transformers are tuned to the inter­
mediate frequency, usually 470kc/s .  
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At the frequencies amplified i n  the i . f. stages,  the inherent internal 

feedback of the transistor becomes very important. This feedback deter­
mines the gain which may be safely obtained from a transistor in an 
i .f. stage, avoiding instability or distortion of the response curve . The 
internal transistor feedback can be cancelled by 'unilateralisation' .  

F ig .  ?-Transistor i.f. stage s h ow i ng 
unilate ralisat i on com ponents 

0-- --

This  i s s hown i n  Fig. 7 where the internal feedback of the transistor
is completely cancelled by the external feedback through the com­
p onents R r  and Cr . The values of Rr and Cr depend on the internal
feedback characteristic of the transistor. In some designs Rr is omitted . 
Cr then provides what is more correctly called ' neutralisation' ,  since
only part of the internal feedback is cancelled. It should be noted that 
Fig. 7 shows only the a .c .  conditions ; d .c .  supplies are not shown as these 
are assumed to be short-circuited to a .c .  by the decoupling capacitors . 
Neutralisation i s  not required with some of the newer types of r .f. 
transistor (for example, the alloy-diffused types) as the internal feed­
back capacitance is  low. The feedback must still be considered, how­
ever, when designing the i . f. stage. 

The tuning capacitance required by an untapped i .f. transformer, Ct in
Fig.  7,  is approximately 3000pF .  This value of capacitance, required

Fig. 8-Transistor i.f. stage wit h 
tapped t ransfo r m e r  1 , 

- _t_ 

to achieve the desired bandwidth at the correct impedance level, is  
sometimes inconveniently large and m ay be reduced by the addition 
of a tap to the transformer. This is shown in Fig. 8, where the new 
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value o f  the tuning capacitance CT i s  given by : CT = (n2/m2) C t  . 
A turns ratio of 3 · 1 6  : 1 red uces the value of the tuning capacitance
to approxi mately 300pF.  In practice, values of CT vary from l OOp F 
to l OOOp F .  

The complete circuit of a single-stage i .f. amplifier using a n  OC45 
transistor is shown in  Fig. 9 and the circuit of a two-stage i . f. amplifier 
i n  Fig.  1 0 . 

T I  

3 · 9kfl ISpF  r ��u [ i-( ---
-r� 1 "C_J I 

I 
--, I 

· � 1 ·0 lo ·25 I oT
ut 

'f

_f�J: __ ____ L _ _ � 
F i g .  9-S i ngle-stage transistor i . f. a m pl ifier 

1 · 2 k 0  S6p F ±2°1o 

a . g  c 

22k!l 250pF 

18pF ± 2 "/o 

F i g. 10-Two-stage transistor i.f. a m p lifier 

To detector 

The bandwidth and selectivity of an i . f. amplifier can be considerably 
i mproved i f  both windings of the i .f. transformers are tuned. This type 
of circuit i s  shown i n  Fig. 1 1 . Usually only two double-tuned trans­
formers are used, the final stage or stages being singl e-tuned, although 
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car radios may differ from this .  Unilateralisation requires a phase 
shift of 1 80° between the collector current and the base current through 
the external feedback components. Either the primary or the secondary 
winding of the i . f. transformer in a single-tuned stage can be used to 
fulfil this requirement, although connection is  usually made to the 
secondary winding to enable the correct feedback voltage to be ob­
tained without additional taps on the transformer. With a double­
tuned transformer, however, there is a phase shift between the primary 
and secondary windings, and the feedback components must be con­
nected to the primary winding, as shown in Fig. 1 1 . 

- v c c  

1 
T o  

c____ __ --7-_ fo l l ow ing  
s tage  

Fr·0n 1  rn i x e r  

�---+-- A . G . C .  

Fig.  1 1 - Do u b l e-t u ned trans isto r i . f. amp l i fi e r  

In some i .f. amplifiers, the transformers are stagger-tuned. Before 
attempting to align an i .f. stage, the manufacturer's service man ual 
should be consulted to determine how the stage is tuned . 

A.G.C. Circuit 
The a .g .c .  voltage for a transistor portable receiver is derived from the 
detector, and applied in series with the base-emitter bias voltage of 
the first i . f. transistor. To eliminate the audio and radio frequency 
signals from the a .g .c .  voltage, the decoupling capacitor of the po­
tential divider feeding the base of the first i . f. transistor is large. A 
typical value is S µF .  The a .g .c .  control characteristic may be improved 
by adding a damping diode to the first i .f. transformer. This diode 
ensures that the a .g .c .  act ion is effective over a larger range of r .f. 
input voltages than it is in a normal circuit. In transistor car radio s ,  
t h e  main a . g . c .  voltage is applied to t h e  r .f. amplifier. 
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Mixer Stages 
The frequency changer and mixer stage of a receiver converts, by 
heterodyne or 'beating' action, the different frequencies of the carrier 
signal at the aerial to a fixed frequency at the input to the i .f. amplifier. 
The carrier frequencies vary from 1 60 to 280kc/s in the long waveband 
and 540 to 1 640kc/s in the medium waveband. The intermediate 
frequency is usually 470kc/s.  The problems of amplification in the i . f. 
stages are greatly simplified as only a constant, relatively low frequency 
has to be dealt with. The i .f. frequency is well above the audio-frequency 
range and this gives rise to the name 'supersonic heterodyne' or 'super­
het' which is applied to this type of receiver .  The audio frequency 
informati on, carried on the r . f. waveform as modulation of the ampli­
tude or frequency, is transferred from the r .f. carrier signal to the i .f. 
carrier. 

Heterodyne action is  brought about by injecting s ignals of different 
frequencies into a non-linear element s uch as the base-emitter diode of 
a transistor. In a radio receiver, one injected signal is the aerial signal 
and the other is a signal generated within the receiver, the local oscillator 
signal. The signals combine as shown in Fig. 1 2  to produce a complex 

Mixe d 
= ( or ·· beat� ) 

signal 

Output current 
at 

interme diate 
frequency 

\ \1 \ / \ 
\ I I I -4_,--,.... 1 -7 

1 I I / lj \J 

Fig . 1 2- D i agram s h ow i n g  action of m ixer transistor 

waveform. When the waveform is applied between the base and 
emitter of a transistor, part of the waveform is suppressed by the non­
linearity of the voltage/current characteristic of the base-emitter diode, 
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and a current i s  produced i n  the base with a component at a frequency 
equal to the difference between the aerial and local oscillator frequen­
cies. This base current is amplified by normal transistor action to give 
an output signal in the collector of the transistor. 

Components with other frequencies such as the sum of the two in­
jected frequencies are present in the output of the mixer transistor, 
but the first i .f. transformer which acts as the load to the mixer stage 
is tuned to the difference frequency, so that it will accept only this 
frequency and reject all others. 

To maintain a constant difference between the aerial and oscillator 
frequencies, it is obvious that the oscillator frequency will have to 
change if the aerial frequency is changed ; that is, the oscillator tuned 
circuit must 'track' the aerial tuned circuit. Therefore, if the aerial 
is tuned to 1 500kc/s ,  the local oscillator must be tuned to 1 970kc/s to 
give a difference frequency of 470kc/s, and if the aerial tuning is changed 
to lOOOkc/s, the oscillator must be tuned to 1 470kc/s.  It is usual to tune 
the oscillator to frequencies 470kc/s above the aerial tuning so that 
signals in the long waveband (with frequencies below 470kc/s) can be 
accepted. The local oscillator signal applied to the mixer may be derived 
from a separate oscillator transistor in the receiver, or one transistor 
may act as both oscillator and mixer. 

In a self-oscillating mixer, the input signal from the aerial is applied 
to the input of the oscillator transistor and so large input signals can 
bias the transistor to cut-off, thus preventing or 'blocking' the oscilla­
tions . Furthermore, as it is necessary to link both the aerial and the 
oscillator tuned circuits to a self-oscillating mixer, interaction or 
'frequency pulling' can occur between the two circuits, with the result 
that the difference frequency is different from the resonant frequency 
of the i .f. transformer. Neither of these effects occurs to any great 
extent when a separate oscillator transistor is used but the extra cost 
of a separate transistor is an undesirable feature, especially as pre­
cautions can be taken in the design of a self-oscillating mixer to 
prevent blocking or frequency pulling. For these reasons, the self­
oscillating type of circuit is most commonly used . 

The basic circuit of a self-oscillating mixer is shown in Fig. 1 3 .  At 
the oscillator frequency, the base of the transistor is effectively con­
nected to earth, the aerial tuned circuit having negligible impedance 
at the oscillator frequency. The input electrode for the oscillator action 
is therefore the emitter, which is inductively coupled to the collector 
of the transistor. Both the emitter and collector windings are closely 
coupled to the oscillator tuned circuit. Positive feedback is applied 
from output to input through this coupling and oscillations occur 
at the resonant frequency of the oscillator tuned circuit. The aerial 
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signal i s  applied from the aerial tuned circuit t o  the base o f  the transistor. 
Both the aerial and oscillator signals are therefore in series with the 
base-emitter diode. The component of the heterodyne output signal 
having the required intermediate frequency is extracted by the i . f. 
bandpass filter or transformer in the collector circuit . 

A e r i a l  

t u n ed 
c i r c u it 

Oscillator 
t u n ed 
c i r c u i t  

Fig . 1 3 -Basic tran sistor self-oscil lating mixer stage 

A e r i a l  
t u n ed 
c 1rcu1t  

56\<fi 

O•l _µ F  IOk.fi Q•OlµF 

I I � - - - - - - - - - - - - - - - - - - - - - - - - - _I 

Oscillator 
t u n e d  
c i rcu i t  

P r i mary w i nding, 
l st I F  

t ran sformer 

Fig . 14-Transistor self-oscillating mixer stage using OC44 

A typical self-oscillating mixer stage using an OC44 is shown in 
Fig. 1 4 .  The circuit is shown for one waveband only, the different
wavebands being obtained by switching in  other coils in the aerial 
circuit and other capacitors in the oscillator circuit. The aerial input 
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i s  taken t o  the base o f  the OC44 and the oscillator feedback from the 
collector of the OC44 is taken through low-i mpedance coupling coils 
to the emitter.  

The oscillator tuned circuit is similar to those used in valve receivers 
since the capacitance reflected from the transistor is very small, approxi­
mately only l pF .  To ensure that the oscillation starts easily, the tran­
sistor is biased initially for class A operation by the potential divider 
bias circuit . As the oscillation increases in amplitude, rectification of 
the oscillation signal occurs at the base-emitter diode . This gives rise 
to a steady negative voltage across the emitter resistor and bypass 
capacitor which drives the transistor towards class B conditions. The 
change in voltage at the emitter stabilises the amplitude of the oscilla­
tion, the quiescent emitter current rising slightly (from 0 ·25 to 0 · 30mA 
in the circuit of Fig. 1 4) .  

Correct tracking of the aerial a n d  oscillator tuned circuits to main­
tain the 470kc/s difference in freq uencies can be obtained by a con­
ventional padder capacitor or by using a tuning capacitor with special ly 
shaped vanes for the oscillator circuit . The value of the tuning capaci­
tance is not critical but must be sufficient to provide the required 
frequency coverage. 

Stray capacitance can exist between the aerial and oscillator sections 
of the tuning capacitor and so form a path for unwanted feedback 
between the two sections. To prevent this feedback and the resulting 
possibility of spurious oscillations,  a screen is usually placed between 
the two sections. Another source of feedback between the aerial and 
oscillator sections is  through the stray capacitance of the leads to the 
wave-change switch ,  so these leads should be short in a well-designed 
receiver. 

Complete Receiver 
The individual  stages of a transistor radio receiver have been briefly 
discussed and it is now necessary to see how these stages are combined 
to form a complete receiver.  

Receiver using Alloy-Junction Transistors 
The circuit diagram of a typical s ix-transistor portabl e  receiver is 
shown in Fig. 1 5 . Three h . f. transistors, one OC44 and two OC45,  are 
used in the mixer and i .f. stages.  The detector used is a germanium 
diode, type OA70. Three l . f. transistors make up the audio stages,  
an OC7 1 driving a matched pair of OC72 in a transformerless push-pull 
output stage. 

The aerial used is a Ferroxcube rod which provides adequate selec­
tivity and sensitivity while still being sufficientl y  small to be used 
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R E C E I V E R  U S I N G  A L L O Y - D I F F U S E D  T R A N S I S T O R S  

conveniently i n  a portable receiver. The long-wave aerial coil i s  short­
circuited to earth during medium-wave reception by section SAI of 
the wave-change switch. This is to prevent the coil resonating with its 
own self-capacitance at a frequency in the medium-wave band and so 
heavily damping the medium-wave coil. 

Low-impedance coils are used to couple the aerial tuned circuit to 
the base of the OC44 which is used as a self-oscillating mixer. The 
local oscillations are provided by feedback from the collector to the 
emitter of the OC44. The oscillator circuit is tuned to a frequency 
470kc/s above the aerial signal frequencies, as is usual, and correct 
tracking of the oscillator circuit is ensured by shaping the vanes of the 
oscillator section of the tuning capacitor. 

The intermediate frequency is extracted from the collector of the 
OC44 by the first i .f. transformer T3. The two OC45 transistors form 
the first and second i .f. amplifier stages.  Unilateralisation is used in 
the i .f. stages to ensure stability. The third i .f. transformer T5 is 
connected to the OA 70 diode detector. The audio output is taken to 
the OC7 1 driver transistor through the volume control. A d.c. output 
from the diode detector is fed back to the base of the first i .f. transistor 
to provide automatic gain control. 

The OC7 1 driver transistor is transformer-coupled to the matched 
pair of OC72 transistors, biased for class B operation. A single-ended 
push-pull output stage is used, so that no output transformer is required. 
Negative feedback is taken from the loudspeaker to the emitter of the 
OC7 1 driver transistor. 

The battery voltage is chosen as 9V to allow the h .f. transistors to 
work with a voltage of 6V between the emitter and collector. A further 
1 V is allowed across the emitter resistors of these transistors to give 
stabilisation of the working point, and the remaining 2V is allowed 
for the voltage drop across the decoupling resistor between the audio 
output stage and the rest of the receiver. 

Receiver using Alloy-Diffused Transistors 

The circuit of a receiver using alloy-diffused transistors in the r.f. and 
i .f. stages is shown in Fig. 1 6 . Three AF l l  7 transistors are used for 
the self-oscillating mixer and i .f. amplifier stages .  The detector used is 
again a germanium diode type OA70 and the audio stages consist of 
an LFH3 audio package comprising an OC8 1 D  driving two OC8 1 in 
a push-pull output stage . 

As before, a Ferroxcube rod is used for the aerial with the medium­
and long-wave coils wound round it. One section of the long-wave 
coil is short-circuited to earth during medium-wave reception to 
prevent the coil resonating with its self-capacitance and so damping 
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the medium-wave coil. The aerial signal i s  fed t o  the base o f  the AFl 1 7  
self-oscillating mixer and the local oscillations are provided b y  feed­
back from the collector to the emitter of the transistor through trans­
former T I .  

Double-tuned transformers T2 and T 3  are used i n  the first two i .f. 
stages .  The i .f. transistors are not neutralised because the low value of 
feedback capacitance of the AF l 1 7  allows a high value of gain to be 
obtained at 470kc/s without instability occurring. The final i .f. trans­
former T4 couples the i .f. signal to the OA 70 detector diode. The 
overall gain of the r.f. and i .f. stages is 1 5dB more than that of the 
circuit using OC44 and OC45 transistors described previously. 

The volume control couples the detected signal to the audio stages .  
A d.c .  voltage from the detector is fed back to the base of the first i .f. 
transistor to provide automatic gain control. A damping diode type 
OA 79 is used to extend the a.g.c. range and also to clamp the mixer 
collector voltage. This prevents instability occurring in the mixer when 
the stage operates with a high collector load impedance with large 
signals . 

The driver transistor is transformer-coupled to the two OC8 1 
transistors forming a conventional push-pull output stage. A low­
impedance loudspeaker is used. The battery voltage used is again 
9V allowing a line voltage of 7V to be used in the i .f. stages .  

Combined A . M./F.M. Receiver 
The circuit of a typical a.m./f.m. transistor receiver is shown in Fig. 1 7 . 
This receiver uses nine transistors, all of which are used for f.m. 
reception and seven for a.m. reception, and has been designed to 
keep switching to a minimum when changing from a.m. to f.m. recep­
tion. The frequency ranges of the receiver are 87 to 1 0 1 Mc/s on v.h.f. ,  
and the medium and long wavebands for a.m. reception. 

F .M.  Operation 
A telescopic 'V' aerial is used for f.m .  reception. This is coupled 
through a wideband transformer L l /L2 to the r.f. amplifier Tr l ,  an 
AF l 14 transistor operating in the common-base configuration. This 
configuration is used as it gives the highest gain at 1 OOMc/s. The 
collector circuit of the r.f. amplifier is tuned by capacitor C7 and is 
capacitively matched to the input impedance of the self-oscillating 
mixer stage Tr2, an AF 1 1 5 in the common-base configuration. The 
oscillator differs from the type normally used for medium-wave 
reception. The phase lag between the transistor input and output 
currents at l OOMc/s in the common-base configuration is approxi­
mately 90°. Therefore, when feedback is applied through the feedback 
capacitor C 1 2  between the collector and the emitter, oscillation occurs. 
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The output circuit o f  the mixer stage i s  tuned t o  1 0 · 7Mc/s b y  the first 
f.m .  i . f. transformer.

Three i . f. stages are used, each with an AF 1 1 6  transistor in the com­
mon-emitter configuration. Double-tuned transformers are used to 
obtain the best compromise between flatness of the response curve 
and adjacent channel selectivity. Critically coupled coils are used to 
simplify alignment. Neutralisation is  not used. 

A delayed a.g.c. circuit operates from the collector of the first i .f. 
amplifier Tr3 and controls the current of the AF l 1 4  r .f. amplifier. 
This greatly reduces oscillator detuning caused by large inp ut signals .  
A damping diode D l ,  type OA79, is  also connected across the tuned 
circuit in the collector of the r .f. amplifier to reduce this detuning. 

The third i . f. amplifier Tr5 feeds the conventional ratio detector 
circuit which uses two OA79 diodes D5 and D6.  Forward bias is applied 
to the diodes to produce a more constant loading on the secondary 
tuned circuit as the input signal varies .  This ensures good a .m.  rej ection 
at low input signal levels. 

A . M .  Operation 
For a .m.  operation, the AF 1 1 4 and AF l 1 5  transistors are not used. 
The signal from the medium- and long-wave coils on the Ferroxcube 
rod aerial is  fed to the base of the first AF l 1 6  transistor Tr3 which is 
used as a self-oscillating mixer. Switches FM/ A to FM/D change this 
transistor from the f.m .  i . f. amplifier to the conventional a .m.  self­
oscillating mixer. 

The output from the mixer is fed to the first a.m. i . f. transformer.  
The remaining two AF l 1 6, Tr4 and Tr5, form a two stage i . f. amplifier 
tuned to 470kc/s .  Both i.f. transistors operate in the common-emitter 
configuration and two double-tuned transformers and a single-tuned 
transformer provide the necessary bandwidth and adj acent channel 
selectivity. 

A diode D4, type OA70, is used as the detector and to provide a .g .c .  
to the first  i . f. stage. An additional diode D 3 ,  type OA 79, is  connected 
across the primary winding of the first a .m.  i . f. transformer. This 
prevents the collector voltage of the mixer stage bottoming with large 
signals and causing spurious oscillation, and provides additional a .g .c .  
action for the receiver.  

Changeover from F.M. to A.M. Reception 
Besides the switching of the first f.m .  i . f. transistor into the a .m.  mixer 
stage, the only other switching operation is the connection of the rele­
vant detector to the audio stages by switches LW /D and MW /D. 
Switching the second and third f.m .  i . f. transistors is avoided by con-
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necting the 1 0 ·7Mc/s and 470kc/s i .f. transformers in  series .  I t  is, 
however, necessary to short-circuit the second f.m. i .f. transformer 
during a.m. operation when it is connected into the collector circuit 
of the mixer transistor. Thi s  is done by switch FM/C and is to prevent 
the final AF 1 1 6  transistor Tr5 being overloaded by harmonics of the 
medium-wave oscillation transmitted through the 1 0 ·7Mc/s i .f. trans­
former chain. 

Audio Stages 
The audio stages are common to both f.m. and a.m. operation. The 
relevant detector is switched to the 5kQ potentiometer RV30 which forms 
the volume control, and the audio signal is fed to the OC7 1 a.f. pre­
amplifier Tr6. The output from the transistor is capacitively coupled 
to an LFH3 audio package, consisting of an OC8 1 D  transformer­
coupled to two OC8 l transistors in class B push-pull output. A 3Q
loudspeaker is used and the audio output power is 500m W. 

Power Supplies 
A 9V battery is used for the receiver and it should be noted that the 
negative pole of the battery is earthed.  As normal d.c .  stabilisation 
is used for all transistors in the receiver, earthing the negative pole 
enables the emitter resistors to provide decoupling between stages 
as well as providing stabilisation. 

It should be remembered that the circuits shown in this chapter 
are typical only and do not refer to particular commercial receivers. In 
practice, many variants of the circuits described will be found and before 
checking any receiver, the manufacturer's service manual should be 
consulted. 

Although the three receiver circuits g iven here have been designed 
by Mu/lard engineers, it should be noted that Mu/lard Limited do not 
manufacture or market these receivers. 
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CHAPTER 6 

Servicing 

The previous chapters have described the transistor and the various 
types of circuits that may be found in  transistor radio receivers . This 
chapter is concerned with the problems of servicing these receivers.  
Obvio usly it cannot be exhaustive, giving a complete list of faults and 
their causes,  b ut it is hoped that it will  give a comprehensive p icture 
of the techniques of servicing and the way i n  which these techniques 
can be used to detect various common faults. 

Servicing Techniques 
The techniques used in servici ng transistor rad ios are in some ways 
simi lar to those used for valve receivers. Measurement of the d . c .  
voltage a t  various points i n  t h e  circuit can indicate h o w  a particular 
stage is operating.  The signal path through the receiver can be checked 
by injecting a signal of appropriate frequency at various poi nts in the
receiver, starting from the audio output stage and working toward s 
the aerial .  A faulty stage can be located as the first one that does not 
produce an audio output. Resistance measurements can then be used 
to locate faulty components or j oints.  

Although these techniques can be used fo r  transistor receivers, great 
care must be taken not to exceed the maxim um dissipation rating of 
the transistors.  Resistance meas urements should be m ade with an 
ohm meter with an o utput voltage that does not exceed I · 5V, and pre­
ferabl y  with the component being tested discon nected from the circuit. 
If this is not possible, it may b e  necessary to disconnect the transistors 
from the circuit. This i s  best done by unsoldering only the base lead 
of the transistor as there can then be no doubt about resoldering the 
lead in the correct position afterwards. If all three transistors leads are 
removed , there is  a possibility of confusing the connections to the 
transistor when it is replaced,  with a risk of permanently damaging 
the transistor when the receiver is switched on again. A heat shunt such 
as a pair of pliers should always be used during the soldering operation. 
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I t  i s  also important t o  switch o ff  the receiver before changing compo­
nents. With the battery connected to the receiver, surges large enough 
to damage the transistors can be formed when components are con­
nected or removed. 

Battery Voltage Check 
Run-down batteries can be the cause of many faults, ranging from 
complete failure of the receiver through failure of the oscillator stage, 
to low output and high distortion levels .  Checking the on-load battery 
voltage should be the first test to be applied whatever the suspected 
fault. 

The discharge curve for a typical dry battery used in transistor 
radios is shown in Fig. I .  After an initial drop, the voltage remains
reasonably constant for most of the battery life. At the end of the battery 

\ 

Fig. 1 -Typical dry battery discharge curve 

life the voltage drops rapidly. The values on the figure are typical for 
a 9V battery. It will be seen that once the battery voltage has fallen to 
7 · 5V it is necessary to replace the battery as its life is then very limited. 
Similarly for other batteries, once the voltage on load has fallen by 
about 20 % from the nominal value, the battery should be replaced. 

The battery voltage check should always be made after the receiver 
has been operating for some time. If the check is made immediately after 
switching on, a weak cell may give a good voltage reading, but after 
some time on load the voltage of such a cell will drop. If a centre­
tapped battery is used in the receiver, the voltage of both halves should 
be checked as a difference in the voltage of each half can cause distor­
tion. At the same time as the voltage is checked, the battery connections 
should be examined for correct polarity and for dirt or corrosion. 
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The on/off switch should b e  checked and also the voltage o f  the 
receiver supply line to ensure that there is no fault with the supply to 
the receiver. 

Current Check 
A check on the total current drain of the receiver under no-signal 
conditions can sometimes be useful as it can indicate short circuits and 
open circuits in the receiver. Should the current drain be greater than 
the nominal value, there may be a short circuit inside the receiver. If 
the current is less than the nominal value, there may be an open circuit. 
It must be remembered, however, that transistors are temperature­
sensitive devices and allowance for the effects of temperature must be 
made in interpreting the current readings. There will be differences in 
the current drain from day to day depending on the room temperature. 
For this reason, the current quoted in the manufacturer's service 
manual has a large tolerance, and the battery drain check is of rather 
limited use. 

H. T. Resistance Check 
An alternative to the current check is the measurement of the resistance 
across the supply leads ; that is, the resistance between the supply 
line and the chassis of the receiver. The voltage from the ohmmeter 
should not exceed l · 5V. No 'good' or 'bad' resistance values can be
given but it is possible to recognise abnormally high resistance values, 
indicating an open circuit in the receiver, or abnormally low values, 
indicating a short circuit. 

Voltage Measurement 
One of the most important tests to be applied, and one of the most 
revealing, is the measurement of the d.c .  voltage across the emitter 
resistor of each transistor. Care should be taken to connect the volt­
meter correctly because the chassis in some receivers is connected to the 
positive pole of the battery and in others to the negative pole. The 
manufacturer's service manual should always be consulted before 
making the measurements. The voltage measured should be within 
± 20 % of the nominal values quoted in the service manual. Should a 
voltage of a stage be outside this limit, there is a fault in the stage and 
further voltage measurements should be made within the stage. From 
the voltages in the service manual it should be possible to locate the 
fault to within a group of components. The printed-wiring board 
should be carefully examined for cracks in the foil or for foreign matter 
causing a short circuit. Soldered joints should be checked for dry joints 
or open circuits . Individual component values can be measured when 
the battery is disconnected from the receiver. If it is necessary to remove 
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a component connected t o  a transistor from the circuit fo r  testing, 
the component should be unsoldered at the end remote from the 
transistor. 

Signal Injection 
Although the voltage-measurement procedure should enable 'd.c. 
faults' (such as component failures and open-circuit joints) to be located, 
it will not show up 'a.c .  faults' ,  such as faulty coupling capacitors, 
or more complex faults such as high distortion levels .  These are best 
discovered by signal injection. 

An audio-frequency signal is fed into the audio section of the 
receiver, starting from the output stage and working towards the de­
tector. The signal is normally fed into the base of the transistor through 
a l OkQ resistor to ensure current drive. As a check on overdriving the 
transistor, an oscilloscope can be connected across the loudspeaker 
and the output waveform monitored. This will show up any limiting 
of the waveform caused by overdriving. The oscilloscope is particularly 
useful for checking distortion, as will be discussed later. If the audio 
stages operate satisfactorily, an r .f. signal generator should be set to 
the intermediate frequency modulated with an audio frequency and the 
i .f. stages of the receiver tested. The lead from the signal generator 
should be kept short to prevent it affecting the i .f. stages .  Finally, the 
signal generator should be set to a radio frequency modulated with 
an audio frequency and the r .f. stages tested. In all cases, the faulty 
stage can be located between the first point that does not produce any 
increase in the audio frequency output and the last one that did. 
Measurements around the faulty stage should then locate the fault. 

Servicing ' Dead' Receivers 
As the name implies, a dead receiver is one that is completely inoperative. 
This may be caused by a battery that is completely spent or whose 
voltage is sufficiently low to prevent the oscillator stage working. 
These faults are only likely to be present if the receiver has been stored 
for some considerable time and the battery become faulty, as the distor­
tion level usually becomes noticeably high long before the battery 
voltage has fallen sufficiently to cause these faults. The most likely 
cause of a dead receiver is a component failure or an open-circuit joint. 

The first test to be applied is the checking of the on-load battery 
voltage. If this is too low, the batteries should be replaced and the 
receiver rechecked. If battery replacement is not required or does not 
clear the fault, the supply current should be checked or the resistance 
between the supply line and the chassis measured. The measurement 
of the voltages across the emitter resistors, or signal injection will 
then enable the faulty stage to be located. 
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Servicing Receivers with Low Sensitivity 
Battery Voltage Check 
The most obvious cause of low sensitivity is low battery voltage . 
The first test to be applied, therefore, is to check the on-load battery 
voltage, the on/off switch and the supply line voltage to ensure that the 
correct supply voltage is being applied to the receiver. 

D. C. Voltage Check 
If the battery voltage is satisfactory, the next test is to measure the d.c .  
voltage across the emitter resistor of each transistor. This test will 
show whether or not the operating conditions of the transistor are 
correct. If the transistor is not correctly biased, or is not drawing the 
correct current, the gain will be affected. If the emitter current of the 
r. f. stage of the receiver is not correct, the gain of the receiver will be low 
but if the incorrect current occurs in the i .f. or audio stages, the low 
gain will be accompanied by a high distortion level . A receiver suffering 
from incorrect bias of an i . f. or audio transistor is therefore more likely 
to be discovered through testing for distortion. 

The d.c .  conditions of the a.g.c. circuit should be examined, especially 
if the control is derived from a transistor instead of a diode. Incorrect 
conditions in the a.g.c .  circuit will affect the performance of the con­
trolled stages. 

If the bias of a transistor is incorrect, measurements should be made 
on the bias components (the base potential divider and associated 
components such as transformer windings) . Besides the more obvious 
high-resistance or open-circuit joint, a resistor value which is no 
longer within the tolerance range, or a leaky bypass capacitor can also 
cause the fault. 

Prob� 

Capacitor 
0 · 5JJF IOOV d.c. 
working 

Fig. 2-Method of checking bypass capacitors 

Open- Circuit Bypass Capacitor 
Low sensitivity can be caused by an open-circuit bypass capacitor in 
the base or emitter circuit of the transistor. This fault will not affect 
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the d.c .  conditions of the stage and will not therefore be detected by 
the d.c .  voltage check. The bypass capacitors can easily be checked, 
however, by shunting each capacitor with a 0 · 5µF capacitor. A simple 
arrangement for the test is shown in Fig. 2.  The crocodile clip should 
be attached to the receiver chassis or earth line and the probe applied 
to the non-earthed end of the bypass capacitor. In the r .f. and i .f. 
stages,  an open-circuit bypass capacitor will be shown by an increase 
in volume when it is shunted. In the audio-frequency stages there may 
not be an increase in the volume but the pitch of the test signal will 
change . 

Measurement of Stage Gain 
If the previous tests do not show a fault in the receiver, the gain of 
each stage should be measured . The method of measurement i s  an 
elaboration of the signal-injection technique previously described and, 
in practice, the measurement of gain would be carried out in conjunc­
tion with testing the signal path. 

The gain of the audio stages should be measured first. An audio­
frequency signal is fed into the base of the transistor through a lOkQ 
resistor (or other value recommended in the receiver service manual) and 
a l µF isolating capacitor. The loudspeaker should be replaced by a
suitable resistance (the value of the resistance being equal to the quoted 
impedance of the loudspeaker) and a high-impedance voltmeter 
connected across it. Alternatively, an output-power meter set to the 
correct impedance can be connected into the circuit in place of the 
loudspeaker. The input required for an output power of 50mW (or 
the value of output power given in the service manual) may be deter­
mined and the gain of the stage assessed . If the audio-frequency stages 
are satisfactory, the i .f. and r .f. stages can be checked in a similar 
manner. 

If a stage i s  discovered in which the gain is not correct, further 
measurements should be made to check the components of the stage. 
It is only rarely that a faulty transistor will be found and then the fault 
is  usually the result of some severe overload, caused for example, 
by connecting the receiver battery incorrectly or changing components 
with the receiver switched on. There is, however, a chance that there 
has been a slight but constant overload on the transistor which can 
cause it to break down in time. This again is most likely to be caused 
by a faulty bias resistor or printed-wiring defect. Whenever a defective 
transistor is found, the circuit components around it should be fully 
checked before introducing a new transistor. 

If the stage with low gain contains a tuned circuit, the components 
of the tuned circuit should be checked. The capacitor may break down 
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o r  become lossy and this will affect the characteristics o f  the circuit
so that the gain will be considerably reduced. Similarly any fault in a 
coil that affects its inductance value or Q-factor will also affect the 
characteristics of the tuned circuit and hence the gain ,  but in general, 
faults in the i .f. transformer will be shown up by the d.c .  checks since 
the transformer secondary winding forms part of the bias network . 

When checking stage gains  and signal levels, allowance must be 
made for the effect of the a.g.c .  circuit. It may be necessary in some 
cases to disconnect the a.g.c .  l i ne  before making measurements . 

A Warning 
Do not alter the alignment of the receiver in an attempt to improve 

the gain. Many receivers are stagger- tuned and although the gain can be 
improved by 'peaking' the tuning, this will be accompanied by a loss of a 
response and an increase in distortion . ff the alignment of the receiver 
is suspect, always realign in accordance with the manufacturer 's service 
manual. 

Servicing Receivers with Distortion 
In general , distortion i n  a transistor radio  is caused by a fault in the 
audio stages. Before dealing with the methods of finding the cause of 
the di stortion, the types of distortion will be considered. In a transistor 
push-pull output stage there are two main types of distortion : crossover 
distortion and distortion from mismatch in the values of gain of the two 
transistors . 

Crossover Distortion 
It was explained in the section of Chapter 5 dealing with audio stages 
that the two transistors of a push-pull output stage have to be given a 
small forward bias to overcome the crossover distortion. Any change 
in this bias, therefore, will reintroduce the distortion. Fig. 3a shows the 
undistorted waveform across the loudspeaker from a transistor push­
pull output stage with a sine wave input. As soon as one of the transis­
tors stops conducting, the other starts so that there is a smooth change­
over from one to the other. The effect of crossover distortion is shown 
in Fig. 3b, where it will be seen that the changeover between the two 
transistors i s  no longer smooth. 

The change in bias of the output stage can be the result of low 
battery voltage or a change in value of the bias resistors. Both these 
faults will be detected by the standard tests described previously. 

Crossover d istortion can also be detected by observing the waveform 
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across the loudspeaker o f  the receiver with a n  oscilloscope. A n  audio­
frequency sine wave is i njected into the base of the driver transistor, 
the amplitude of the signal being adjusted to give a low value of power 
output (less than 50mW). If crossover distortion is present, the wave­
form across the loudspeaker will be as shown in Fig. 3b. 

T rans1stt>r A 

L-·--� 
I 
I I 
I 
I 
I 
I I I 
I 
I 
I 

(b )  

Fig.  3-D iagram illustrating crossover distortion: 

(a) undistorted output waveform 

(b) waveform showing crossover distort ion 

Distortion through Mismatch in Gain 
If the gains of the two transistors of a push-pull output stage are not 
similar, the output with a sine wave input will be as shown in Fig. 4. 
This type of distortion is the result of a faulty transistor or the use of an 
unmatched pair of transistors in the push-pull stage. Again, this type 
of distortion can be easily recognised by observing the waveform 
across the loudspeaker of the receiver when a sine wave input is in­
jected into the base of the driver transistor. 

If for some reason one of the transistors of a push-pull stage has to 
be replaced ,  both transistors should be replaced with a matched pair 
to prevent this type of d istortion .  
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Other Causes of Distortion 
If the current through the audio driver transistor is incorrect, distor­
tion will result. This fault can be found by the standard test of checking 
the voltage across the emitter resistor. Incorrect alignment of the i .f. 
stages can also cause distortion, giving a narrow bandwidth and there­
fore poor response . This fault is  most likely to be shown by a whistle 
as the receiver is tuned through a signal, indicating i . f. instabil ity. 

Transistor B 

Fig. 4-Waveform showing distortion through mismatch in gain 

Distortion can also be caused by the detector if the a.c .  loading of the 
stage is incorrect. This incorrect loading can be caused, for example, 
by a faulty audio driver stage. Another cause of distortion is the a.g.c .  
circuit. If this becomes faulty (for example, through failure of the de­
coupling capacitor), overloading of the audio stages will occur on 
strong signals with consequent distortion. This fault can be easily 
recognised as it will occur with strong signals only.  

Test Procedure 
The standard tests described previously can be used to find the cause 
of the distortion. The first test is the checking of the battery voltage . 
This is most important as it is the most likely cause of the distortion .  
Measurement of  the voltage across the emitter resistors of the transis­
tors will show if the bias i s  correct, and signal injection can then be 
used , in conjunction with an oscilloscope if required. The audio signal 
should first be injected into the loudspeaker to check that this i s  
working satisfactorily. In the case of  personal receivers with their small 
loudspeakers, it may be advantageous to disconnect the loudspeaker 
and feed the output into a power amplifier and larger loudspeaker 
on the bench so that the distortion can be heard more easily. After 
the loudspeaker has been checked, the signal should be injected into 
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the base of the audio d river transistor to check if the cause of the dis­
tortion i s  in the audio stages.  An oscilloscope can be connected across 
the loudspeaker of the receiver to m o n itor the waveform as described 
previ ously.  A s ine-wave modulated signal of the appropriate freq uency 
can then be used to check the i . f. and r .f. stages .  

Servicing Receivers with Instability 
I n  a h ome-constructed receiver, instab i l ity is usually caused by poor 
layout and faulty positi o n i ng of components.  Jn a commercial ly pro­
duced receiver, however, i n stabil ity only rarely occurs and the most  
l i kely cause is faulty decoupling. The faulty deco upling capacitor can 
be found by bypassing each capacitor in the s upply l ine in turn with a 
good component. It i s  necessary, however, to discon nect the original
component s ince if it  is leaky and not open-circuit,  it  may still affect 
the circuit .  The usual precautions when unsoldering should be observed . 
The a .g .c .  l ine deco upling capacitor should also be checked as i . f. 
s ignals i n  the a .g .c .  l ine can cause instabi lity.  

If the i . f. stages of the receiver are neutralised or unilateralised, the
neutralising or unilateralising components should be careful ly  checked . 
Fail ure of these com ponents can also cause instabi lity. 

Some Other Faults 
The previous sections of this  chapter have dealt with the major faults 
of transistor radios .  This section wil l  d eal with some of the less common 
faults  that can occur.  

R.F. Stage Faults 
Typical faults associated with a sel f-osci l latin g  mixer stage are a drop 
i n  sensitivity or even Joss of s ignal at one  end of the tuning range, 
and reception of one station all over the range . S imi lar  defects can occur 
with receivers using separate m i xer and osci l lator stages but in this case 
both stages wi l l  have to be examined . 

In m ost circuits the oscil l ator i s  used to provide part of the working 
bias for the r .f. transistor. The value of the bias voltage will therefore 
depend on whether or not the stage is oscillating and this  provides a 
quick check on the state of the oscillator. Th is bias voltage can be 
m easured i n  the usual way by measuring the voltage across the emitter 
resistor of the mixer transistor. The voltage should be measured first 
with th e  rece iver switched on normally and then with the oscillator 
coil damped . ff the oscillator is working correctly there will be a 
d ifference between the two voltage readings.  Tn general , the emitter 
current (and hence the voltage across the emitter resistor) wi ll be larger 
when the m ixer is  oscil lating, but some ci rcuits  m ay di ffer from this .  
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A simple method of damping the oscillator coil is to connect a 1 µ.F 
capacitor across the oscillator tuned circuit, taking care to switch off 
the receiver before connecting or disconnecting the capacitor. 

Another possible cause of poor sensitivity over part of the tuning 
range is a misaligned aerial or oscillator tuning circuit . If this is suspec­
ted, the circuit should always be realigned in accordance with the 
manufacturer's service manual. Poor sensitivity can also be caused by 
a broken ferrite rod aerial or by a coil that has moved on the aerial 
rod, and by poor aerial coil connections. 

A broken Ferroxcube aerial rod can be repaired with any of the 
commercially available adhesives that do not require heat treatment. As 
the physical dimensions of the rod affect its performance, it is important 
that none of the Ferroxcube material is removed from the mating 
surfaces by an abrasive. The adhesive should be applied in accordance 
with the manufacturer's instructions and care should be taken to see 
that the two parts of the rod are correctly in line . 

As with valve receivers, defects associated with loss of tuning range 
may be caused by short-circuiting of the vanes of the tuning capacitor. 
The tuning capacitor should be examined for distortion of the vanes or 
for foreign matter between vanes .  This last fault is usually shown by 
crackling noises during tuning. 

Transistor Faults 
Under normal operating conditions damage to a transistor rarely 
occurs and whenever a faulty transistor is found, the circuit around 
it should be carefully examined for a possible further faulty component . 
The typical faults associated with a transistor are : 

(i) Short-circuited junction, caused by a high voltage surge ; for 
example, the result of changing components with the receiver 
switched on. 

(ii) Open-circuited junction, usually caused by a heavy overload . 

(iii) High leakage current, which is usually accompanied by low gain 
or a high noise level. This defect can be the result of a slight 
but constant overload that damages the transistor over a period 
of time, but is usually caused by overheating when the transistor 
is soldered into the circuit . 

A possible transistor fault that may be difficult to locate is a leak in 
the light-proofing of the transistor. Some transistors have a glass en­
velope which is painted black and should the paint be chipped, the 
transistor current will be affected by light shining on it since the currents 
flowing in a transi stor are light-sensitive. This defect can be easily 
checked by alternately exposing the transistor to a light fed from the 
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mains and then covering it. There i s  a leak in  the light-proofing if there 
is a 50c/s hum when the transistor is illuminated. Care should be taken 
to see that the receiver is not too close to the lamp otherwise hum may 
be picked up by electromagnetic induction. A leak in the light-proofing 
of a transistor can be easily cured by a dab of paint. 

Recapitulation 

The servicing techniques for transistor radios and the ways in which 
these techniques apply to the major faults that can occur have been con­
sidered in this chapter in some detail . It is worthwhile having a brief 
recapitulation of these tests and faults . 

Tests 
(i) Battery on-load voltage check - the fundamental check. 

(ii) Current drain or resistance between 'h.t . '  line and earth - limited 
use but can be useful for 'dead' receivers. 

(iii) D.C. voltage across emitter resistors of each transistor - infor­
mation about the bias and d.c .  conditions of the transistors . 

(iv) Signal injection - for a.c .  faults, measurement of stage gain for 
low sensitivity ; use with oscilloscope for distortion . 

Faults 
The chart overleaf provides a check-list of the common faults and 
their causes. The list is not exhaustive and should not be regarded as 
a replacement for the tests given above. The causes are the 'most likely' 
and indicate what should be looked for while the tests are being carried 
out.  
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A Servicing Chart

Symptom 

Receiver operates intermittently 

Receiver fades after a short period 
of operation 

'M otorboating' (low-frequency 
i nstabil ity) 

Heterodyning or howling (i . f. 
i nstabil ity) 

Distortion 

Low sensit ivity 

Low sensitivity at one end of tuning 
range only 
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Possible Cause 

Faulty off/on switch 
Faulty battery connection 
Dry joint 

Battery needs replacing 

Low battery voltage 
Defective supply filter 
Defective audio decoupling 

capacitor 

Defective decoupling capaci­
tor 

Defective neutral is ing compo­
nent 

Faulty i . f. transistor 

Low battery voltage 
J ncorrect bias in audio driver 

or output stages 
Defective audio  coupling ca­

pacitor 
Defective a.g .c .  system 
Faulty transistor in audio  

output stage

Low battery voltage 
I ncorrect bias of r .f. (possibly 

i . f.) stage 
I ncorrectly aligned i .f. stage 
Defective base or emitter by­

pass capacitor 
Faulty tuning circuit compo­

nents 
Faulty i . f. transformer 
Faulty r.f. ,  i . f. or audio  driver 

transistor 

Faulty oscil lator or mixer 
stage 



CHAPTER 7 

Test Equipment 

The test e q uip m e n t  req u i red fo r t h e  serv ic ing of t ra n s i st o r  rad i os 
has been m e n t i o ned briefl y i n  t h e  prev i o u s  chapter .  I n  t h i s  c h a p t e r. 
t h e  test  eq u i pm e n t  wi l l  be c o n s i d ered in m ore d e ta i l. 

Equipment Required 
T h e  essen t i a l  i tems of test  eq u i pm e n t  a re : 

( i )  V o l t m eter_ 
( i i ) O h m m eter,  

( i i i )  A u d i o-freq u e n cy s i g n a l  generator,  
(iv) I nt e r m e d i ate- and rad i o-freq u e n cy s i g n a l  ge n e rator wit h pro­

v i s i o n for m o d u l a t i o n  a t  a u d i o  freq u e n c i e s .  

A n  osc i l loscope a n d  a m i l l i a m m e t e r  a re a l s o  usefu l a n d  a n  o u t p u t ­
p o w e r  m eter m a y  be preferred fo r  s o m e  m easu re m e n t s .  

I ·a lr1 1 1 erPr 
J l is  essen tial  that  t h e  v o l t m eter does not a l ter  the c o n d i t i o n s  in t h e
c i rcu i t  w h e n  m e a s u r e m e n t s  a re bei n g  m ad e .  T h e  v o l tmeter  s h o u l d  
therefore h ave a res i sta nce of a t  l e a s t  2 0  OOOU/V .  A s  a g l ance at  the
serv ice  m a n u a l  of a rece i ver  will s h o w ,  the voltages t o  be m e a s u red
va ry fro m  a fract i o n  of a volt up to 10 o r  1 2V.  and occas i o n a l l y  have
t o  be accurat e  to 0 ·0 1  V .  A s u i t able voltmeter for t ra n s i st o r  radio ser­
vicing s h o u ld t h erefore h a v e  one range wit h  a fu l l -scal e  deflection of 
J O  o r  ! S Y,  and a secon d  range wit h  a fu l l -sca l e  d eflect i o n  of I ·OV.
accurate to 0 · 0 1  V. A v a l ve v o l t m et e r  is  very s u i t a b l e  fo r the m e a s u re­
m e n t s  i f  preca u t i o n s  are t a k e n  to  prev e n t  ea rt h - l oop currents d am a gi n g
t h e  tra n s i s tors .  

Oh111111e1er 
The voltage at th e o u t p u t  term i na l s  of t h e  ohmmeter s h o ul d  not 
exceed I ·SY o t h erwise th ere i s  a poss ib i lity o f  the transistors and 
m i ni a t u re e l ect ro l y t i c  capa c i t ors in the receiver u n der test be ing 
d a m a ged . J n  all cases wh e n  res i s tance  m easurements  are made, t h e
recei ver s h o u ld be sw i tch ed off. H is he lpful if the  s t a ge u n d er test ca n 
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be isolated from the rest of the receiver a s  resistance measurements 
should normally only be made to confirm a defective component . 
Alternatively, if only one component is suspect this can be isolated 
from the circuit by unsoldering the connection at one end and then 
testing with the ohmmeter. However, if components have to be checked 
while they are still in the circuit there are two methods available to 
prevent the 'diode elements' of the transistors affecting the measure­
ments . 

In the first method the base connection of the transistor or transistors 
is unsoldered so that the transistor is effectively disconnected from the
circuit. The resistance measurements may then be made. The second 
method uses the voltage of the ohmmeter to 'reverse bias' the diode 
elements of the transistor so that the transistor does not conduct. 

_ _  ./ B l oc k  )PV'V'v�-----00 
+ 

Fig.  1 -C i rc u i t  of series-co n n ected 
o h m m eter

The basic circuit of a series-connected ohmmeter is shown in Fig. 
in which both the colour and the polarity of the output terminals are 
shown. To provide the reverse bias for a p-n-p transistor, the positive 

+ 

+ 
Fig . 2-Method of c h ecking base bias 

res i stors w i t h  o h m m eter 

ohmmeter termi nal (coloured black) is connected to the base (n-type 
material) and the negative ohmmeter terminal (coloured red) connected 
to the emitter or collector (p-type material) .  The connections for measur-

66 



T E S T  E Q U I P M E N T  
ing the values o f  the base bias resistors are shown in Fig. 2 .  I f  the stage 
being checked is not isolated from the rest of the circuit, the other 
stages will appear as a resistance in parallel with that being measured . 
The measured value of resistance will therefore be lower than the actual 
resistance. 

A . F.  Signal Generator
The connection of the a .f. signal generator depends on the output 
impedance of the generator, and the manufacturer's instructions should 
always be followed. In general, the signal generator will have an output 
impedance of approximately 600Q and this may be fed directly to 
the top of the volume control of the receiver through a O · l µF capacitor.
Alternatively, the signal may be fed to the base of the transistor 
through a I OkQ resistor and 1 µF isolating capacitor. 

Ferroxcube 
rod oena f  

Rec e i v e r  
I 

� 

Aeriol co i l  

Coupling coil 

F i g .  3-Method of fee d i n g  r.f. test i n g  s i g n a l  into receive r  

R . F. Signal Generator
A low-impedance r .f. generator (output impedance less than 600, say) 
should be used for checking or aligning the i .f. stages of the receiver. 
In general, the signal should be fed into the base of the i .f. transistor 
or mixer transistor through a 0 ·5µF capacitor but the receiver service 
manual should be consulted for details of the alignment procedure . 

When using the r.f. generator to check r.f. faults or for aligning the 
aerial circuits, the signal is usually fed to the receiver through a loop 
of three or four turns placed near the aerial coil, as shown in Fig. 3 .  
Again the receiver service manual should be  consulted before aligning 
the aerial circuits as some receivers are partly aligned by injecting an 
r.f. signal into the base of the oscillator transistor. 

Oscilloscope 
The use of an oscilloscove for detecting distortion was described 
in Chapter 6 .  Another use for an oscilloscope is to check that transistors 
are not being overdriven when signal injection tests are being m;:.de. 
The oscilloscope should be connected across the loudspeaker in the 

67 



E A R T H - L O O P  C U R R EN T S 

u s ua l  way a n d  the  o u tp u t  waveform m o n i tored . l f  a transistor is bei n g  
o verd ri ven , t h i s  wi l l  be s h o w n  b y  c l i p p i n g  of t h e  o utput waveform . 

M illiammeter 
The u s ual  c u rrent c h ec k  is t h a t  of t he tota l  c u rrent  dra in  of t h e  rece iver .  
Other  measurements  s u c h  as that of t h e  e m itter c u rren t of a tra n s i s t o r 
ca n be conven i e n t l y  measu red as a v o ltage drop across a res i stor .  
T h e  val ue of the  c u rrent t a k e n  by vari o u s  recei vers var ies  co n s i d e ra b l y  
b u t  a mil l i a m meter with  a ful l -scal e deflecti o n  of I OO m A  sh o u l d  b e
s u i t a b l e  fo r m e a s u r i n g  t h e  c u rrent  d ra i n  of most  rece i vers . 

Output- Po 11·er Meter 
A n  o u t p ut-power meter can be used for check i n g  the a . f. o u tput  power
d ur i n g  sen s i t iv ity meas urements  o r  a l i g n m ent of a rece iver. The l o u d ­
spea k e r  s h o u l d  b e  replaced by the o u t p ut-power meter w h i c h  i s  switched
t o  the loudspea k e r  i m pedance .  The m eter  t h e n  i n d icates the output  
power d irect ly .  

A vo ltm eter c a n  a l s o  be used convenient l y for th i s  measurement  i f  
a n  o ut put-power m eter i s  n o t  avai l a b l e .  T h e  l o u d spea ker  s h o u l d  be 
rep laced by a res i stor correspond i n g  to t h e  l o u d spea k e r  i m peda nce
a n d  the power level ca l c u l ated as  the vol tage d ro p  across the res i stor. 

Prevention of Earth-Loop Currents 
E arth- l o o p  current s are part i c ul ar ly  dangerous  for tra ns i stor  rece i vers .
W i t h  a valve receiver ,  the usual  effect of  earth - l o o p  c u rrents i s  to cause 
h u m ,  but t r a n s i stors can ea s i ly be destroyed by these c u rrents  beca use 
o f  the s m a l l  a m o u n t  of e nergy req u i red to destroy the  j u nct i o n .

I f  t h e  chass i s  o f  t h e  s igna l  generator  ( or other  i tem of test gea r )
i s  n ot earthed . t h e  chass is  can atta i n  a n  a . c .  pote n t i a l  o f  5 0  to  I OOV
through e l ec t rostat ic  c o u p l i n g  between the pr i m a ry wi n d i n g  and the 
c o re of the ma i n s  t ra n sformer .  Th i s  i s  s h o w n  d i agramm atical l y in F ig .  4a . 

f S ignal l ead 

( o )  b l  

Cnossis 

F i g .  4-(a) Diagram show i ng how unearthed c hassis  is ra ised in potent ial by el ectro­
stat i c  coupl i ng throug h distri buted capac i tance C 

( b )  show i ng how potent ia l  is transferred to ot h e r  unearthed chasses 
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If a receiver is connected to the output terminals of the signal generator, 
this electrostatic potential will be transferred to the chassis of the 
receiver as shown in Fig. 4b . An isolating capacitor in the test leads 
will not prevent the transfer of the potential since it is an electrostatic 
effect. If an earthed soldering iron is applied to the base of a transistor, 
a relatively large current will flow to earth through the transistor and so 
destroy it. 

The formation of this electrostatic potential can be prevented by 
earthing the chassis of the receiver and test equipment. An isolating 
capacitor, usually l µF, should be connected in the lead between the
signal generator and the receiver to prevent direct circulating currents 
being formed . 

A second method by which transistors can be damaged is through 
the use of an unearthed soldering iron. It is possible for the bit, through 
the breakdown of the insulation between the element and the bit, to 
attain a potential of a few volts . When the iron is used on a receiver, 
the potential of the bit may drive a relatively high current through a 
transistor and destroy it. This type of defect can be prevented by always 
using an earthed soldering iron. 
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M ULLARD P UBLICATIONS ON TRANSISTORS 

There are three other M u l l a rd p u b l i cati o n s  on transistors that may 
be of interest to readers of t h i s  b o o k .  

Mullard Reference Manual o f  Transistor Circuits 

This  book co ntai n s  m o re than 60 designs ranging fro m c i rc u i t s  fo r  
rad i o  a n d  aud i o  eq u ipment t o  p u lse c i rc u i ts ,  d .c .  a m p l ifiers, converters , 
and other c ircuits  of i nterest to users of i nd u str ia l  equipment .  The 
princi ples of o peratio n  of the circuits  are explained, a n d  m uch 
practical information is  incl uded . The M ullard Reference M a n u a l  of 
Tra n s i stor C i rc u its costs l 2s .  6d. 

Mullard Maintenance .Manual 

T h i s  book contains  abridged d ata for the  va lves,  t ubes and semi­
cond uctor devices  of i nterest to the service e n g i n eer .  The M u l l a rd 
M a i n tenance M a n ual costs l 6 s .

Both these books are a vailable from radio and rele vision dealers 

Mullard Technical Handbook--Vol. 4 
T h i s  v o l u m e  of the  M u l lard Tec h n ical  Hand b o o k  is a loose- leaf 
p u b l icatio n  g i v i n g  full  d ata for M u l la rd tran s i stors a n d  othe r  s e m i ­
cond uctor devices.  ft i s  a va i l able on a s u bscripti o n  basi s .  F u l l  detai l s
may be obtai ned fro m  Tec h n ical Information Department ,  M u l l ard 
H o use .  
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