


Practical Transistor

Audio Amplifiers

for the tlome Constructor

Book I.
by

CLIVE SINCTAIR

BERNARDS (PUBLISHERS) LTD.
T H E  G R A M P I A N S
W E S T E R N  G A T E

L O N D O N  W . 6



FIRST PI]BLISHED OCTOBER 1961
REPRINTED FEBRUARY 1962
REPRINTED MARCH 1963
REPRINTED SEPTEMBER 1 964
REPRINTED APRIL 1965
REPRINTE"D MAY 1967
REPRINTED NOVEMBER 1968
REPRINTED JA}TUARY 1 970
REPRINTED AUGUST 1971
REPRINTED NOVEMBER 1972

We invite all authors, whether new or well established, to submit manuscripts
for publication. The manuscripts may deal with any facet of electronics but should
always be practical. Any circuit diagrams that may be included should have been
thoroughly checked by the author. If you are considering trying your hand at
writing this type of book we suggest that you let us have a short summary of the
subject you intend to covor. We will then be able to let you know the size of book
required and perhaps give you some advice on presentation.

r .s .B.N.0  900162 19

o 196l

Printed by Krisson Print ing Limited, 184 Acton Lane, London N.W.10
for Bernards (Publishers) Ltd., The Grampians, Western Gate, London, W.6



Chapter 1

Chapter 2

Chapter 3

Chapter 4

CONTENTS

Biasing and Stabilization

Interstage Coupling

Transistor Preamplifiers

Power Ortput Stages



LIST OF ILLUSTRATIONS

l .

,,

3.

Bias Circuit

Stabilized Bias Circuit

Alternative Biasing Cfucuit

4. Potential Divider Stabilizing

5. Emitter-Resistor Biasing

6.
7.
E.
9.

10.
11 .
12. L-C Coupled Amplifier

13. Direct Coupled Amplifier

14.

15.
r6.
r7.
18.
19.
20.
21.
22.
23.
A.
25.
26.
27.
28.
29.
30.

31.
91.

Money Saving Biasing Circuit

Split Battery Biasing

Twin Battery Circuit

2-Stage R - C Coupled Circuit ...

2-Stage Transformer Coupled Circuit

Twin Stage 2-Battery Transformer Coupled Circuit

Common Collector Direct Coupled Amplifier

3-Transistor High Economy Direct Coupled Circuit

Singlo Stage PreamPlifier

Simplified Circuit for Microphones

Common Collector PreamPlifier

250 Volt Preamplifier ...

Preamplifier for use with Crystal Pick'up

Additional Circuitry for Variable Reluctance Pick-up

Very Low Noise PreamPlifier

Basic R - C Coupled Class A Output Stage ...

Basic Transformer Coupled Class A Output Stage "'

Output Stage Using Half Supply Voltage

Symmetrical Push'Pull Output Circuit

Transformer output circuit with High Secondary Resistance

Sinele Ended Push'Pull Output Stage

Singte Ended Output Using Single Battery

Split Load Push'Pull OutPut ...

Push-Pull Output with Transistor Phase-Splitter

Transformerless Push-Pull Output



PRACTICAI. TRANSISTOR ALIDIO AIvIPLIFIFRS

CHAPTER 1

Biasing antl Stabiliztution

A transistor has to be supplied with the correct
power if it is to operate efficiently and provide
rnaximum gain with minimum distortion. Since
the parameters of a transistor vary with tempera-
ture and tune the power supply must normally
be designed to be seli compeniiting, that is to say,
the circuit must be stabilized. The need for
stabilization is increased bv the fact that two
transistors of a given type cari differ very consider-
aDry ln tnerr parameters.

A transistor may be operated in any of three
modes these being known as common base, com-
mon emitter and common collector. In each case
the electrode referred to is common to both the
input and the output. Since the common emitter
mode gives the greatest power gain and does not
involve difficult coupling problems it is used most
frequently. The common base mode is sometimes
used, as far as A.F. amplifiers are concerned,
when a high voltage gain is required or when
matching a very low to a high impedance. The
common collector mode is used mainlv as a match
between a high output impedance anci a low input
impedance; it may therefore be used as a matching
component between two common emitter stages.

Biasing is normally done as if the transistor
were in the common emitter mode, even if it acts
as a common base amplifier to A.C. signals, so,
to save space and because this subject is so well
covered elsewhere, I will concentrate on common
emitter biasing.

The simplest form of bias circuit is shown in
Fig. 1. The collector current is governed by the
values of Rl and V and the current gain and
leakage current of the transistor. Since the resist-
ance between the base and emitter is extremelv
small, being that of a forward biased junctioit
diode, the current flowing from the base to the
emitter is V/Rl plus the leakage current, the latter
being the small current flowing from collector to
base which is similar to the current flowins in a
reverse biased junction diode. The collecto"r cur-
rent will then be the bese-emitter current multi-
plied by the current gain or beta of the transistor.

The equation for obtaining the collector current
is, therefore:

I c : B V * B I ' c o
. .

Where Ic is the .Srl.ro, current, I,co is the
leakage current and B is the common emitter cur-
rent gain of the amplifier.

Now the trouble with this circuit is that any
change in the value of B or I'co will result in i
corresponding change in the collector current. At
normal room temperature the value of Ico is
usually small enough to be neglected but as the
tempe-rature rlqes it increases considerably and, in
fact, doubles for every rise of about 10" t. This
causes a considerable increase in the collector
current.

The values of B for two transistors of the same
type may differ by as much as 3 : I or more. For
example, the B of an _OC7l might be anything
from about 20 to 70. This varialion meant thai
changing transistors in the circuit of Fie. 1 without
altering the value of Rl may result in-a consider-
able change in the collector 

-current.

It will be seen then that the type of circuit
shown in Fig. I can only be used when selection
is made for the value of Rl for each transistor or
when the collector current is not at all critical.
Such a situation may occur when a simpti, tow
p_ow-er preamplifier is.required -in which ihe gain
rs not very important but even in this type of 6ase
the temperatrue range which the transilfor is sub_
Jected to must be limited.

{y"rl simple form of stabilized circuit is shown
.r'r9.3.. Although the degree of stabilization
insufficienr- for many apfli6ations ttrJ ci[uii i
ry usetul where space is limited and the nnmhevery useful where

T-t.also has the advantage of bffi 
".onoiiruf 

Uur

very usetul where space is limited and the number
or components used must be kept to a minimum.
It alSO has the advanfaoe of heino ennnnminol L,,+
th i s i s n o t -norm all y s ign-incani L;c-aus"" oi'iil J' *ma f fnumber ot components involved.

. The circuit differs from that of Fig. I only inthat Rl is connected to ttre cotticto.ifin"" uao-sistor.insread of to the negativeiidi otii"l-utr".y.Now if the collector curr6nt tenOs iolncieiie, for



F i 9 .  3 .



PRACTICAL TRANSISTOR AUDIO ANIPI-IFIERS

any of the reasons given above, Vc wil l drop, the
base emittir current wil l be lowered proportion-
ately and the collector current will tend to return
to its previous value. In other words, although
chanses in B or I'co will still aftect the collector
curreit the effect will be considerably less than it
would be in Fig. 1 due to the negative feedback
between collector and base. This negative feed-
back, however, applies to an A.C. signal just as
rnuch as to D.C. and the gain of the circuit is
therefore reduced by an amount proportional to
the degree of stabilization achieved. This may be
overcome by splitting Rl into two halves and
grounding the junction point to earth, as far as
A.r. signits are concerned, by a large value capa-
citor C. In this case however, the circuit loses
much of its attraction because it is no longer
noticeably more economical than the conventional
form of stabilization described below.

The collector current of the transistors in Fig, I
and Fig' 2 is given 

"bra, 
* IcoRl)

lc : le we obtain the following equations :
R 2 V  V E

v E : v b : - a n d I c - I E : -
R l + R 2

combinirrg these results in :
R 2 V

I c :
R3(R1 + R2)

This equation is not completely accurate, of
course, because of the assumptions made. but it
is quite sufficient for normal usage.

Since R3 is in both the input and the output
circuits for A.F. as well as D.C. it must be by-
passed by a large value cepacitor C to prevent
negative feedback at audio frequencies.

For maximum stabil ity R.3 should be as high
as possible to provide considerable negative D.C.
feedback and Rl and R2 should be as low as pos-
sible to stabilize the base voltage. The limit to
R3 is set by the amount of power one can afford
to waste on it. Since Rl and R2 are effectively in
parallel rvith the input they cannot be made very
low rvithout significant loss of signal. Low values
of Rl and R2 also cause unnecessary battery
drain.

In arriving at approximate values for Rl, R2
and R3 in a circuit the following steps may be
taken.

l Decide what collector current is rcquired
and how large Ve may be. Ve will be deter-
mined by V and by the required collector
swrns.

2. From VE and Ic calculate the value of R3.
3. Assuning VE to be equal to Vb calculate

the ratio of Rl to R2. This is obtained
from:

V Rl+R2

' V E R 2

4. Decide horv small Rl + R2 can be without
draining the battery unduly and on the
degree of stabilization required. The value
of R2 should lie somewhere between twice
and ten times that of R3, the former giving
the maximum stability.

Fig. 5 shows the emitter resistor method of
biasing applied to a transformel coupled stage.
The considerations given above in relation to Fis.
4 also apply to this circuit except that since R I
and R2 are not connected to the base of the tran-
sistor there is no shunting of the input. This
means that Rl and R2 can be made smaller with-
out loss of gain although, of course, the battery
drain will still be increased.

In Fig. 6 a capacitor has been saved by coup-
Iing the bottom of the transformer to the emitter.
The input signal is then floating but the perfornr-
ance of the circuit is identical to that of Fis. 5.

R3

I c :
Rl + BR2

The higher the value of R2 and the lower the
value of Rt ttre greater will be the stability. In
general, the stability of Fig. 2 may twice as-great
as that of Fig. 1 or, in other words, the change
in collector current will be only half as great for
a given change in the operating conditions., Even
this, however, is insufficient for many circuits and
these must use some form of the emitter resistor
and potential divider method.

Fis. 4 shows the ncrmal emitter resistor and
noteitial divider method of stabilization. Because
bt ttre hlgtr degree of stability possible and because
of the re-iative- independence bf the collector cur-
rent on the B of the transistor used, this circuit is
the one used most frequentlY.

The base voltage Vb of the transistor is deter-
mined by the potential divider across the battery
formed by Rl and R2. The value of Ve will
always b6 very nearly that of Vb because if it
tencl6d to be much lo'fuer the collector and emitter
currents would have to be large and this in turn
means a high value of Ve. Similarly if Ve were
much above Vb the transistor rvould be reverse
biased, the collector and emitter cnrrents would
be low and Ve qilould also be lorv. For the pur-
noses of calculations. therefore' Ve can be assumed
to be the same as Vb. But if the emitter current
can easily be determined bv Ohm's lq-w if both
Ve and Ii3 are known and since the collector cur-
rent is sreater than the emitter current only by Ico,
normalTy a negligible amount. we can calculate Ic.
The significani point about this being that.no men-
tion has been rirade about the curent gain of the
transistor so that this circuit is virtually indepen-
dent of it and a very high degree of stability is
oossible. If we assume that Vb: VE and
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CHAPTER, 2

Interstage Coupling

The coupling between two transistor stages may
be made in one of four rvays: R-fl (resistor -
capacitor) coupling, transformer coupling. l.-C
(choke - capacitor) coupling or direct cotipling.
Each of these methods has its own narticular
advantages and disadvantages and to gi 'rs un
impression of these they are l isted below.

R - C Coupling
Advantages 1. Low distortion.

2. Simple to design.
3. Compact.
4. Economical.

Disadvantages l. Much lower gain than trans-
former coupling.

2. Highe-r .battery_ voltage re-
quired than with transformer
coupling.

Tra,nsformer Coupling
Advantages l. I\4aximum possible gain.

2. Minimum voltage required.
3. Good stabil ity.

Disadvantages l. Rather high distortion unless
a large transformer is used.

2. Bulky.
3. High cost of transformers.

L - C Coupling
A d v a n t a g e s  L  H i g h e r  g a i n  t h a n  R - C

coupling.
2. Lower battery voltage nlay' be

Disadvantages 1.

2 .
a
J .

used.
Higher distortion then R - C
coupling.
Bulky.
More expensive than R - C
coupling.

Ilirect Coupling
Advantages L Very economical on compon-

ents.
2. Yery compact.
3. Minimum batterr/ drain.

Disadvantages I . Often tricky to design.
2.  Somet imes less s iable than

other forms of coupiing.

R - C coupling and transformer coupling arc
used far more frequently than the other two forms
and. for this reason, the latter are ofter.r neglected.
This is  undesi rable s incc in  cer ta in tvnes of  c i r -
err i ts  thcy arc bet tcr .

Fig. 9 i l lustrates an ordinary two stage, R-C
coupled circuit. There is considerable loss of gain
between stages because the output impedance of
one stage is 20 times higher than the input impe-
dance of the next and there are no matchine
components. Losses also occur in the collectoi
resistors, Rl and R2, and in the coupling capaci-
tors C3 and C5 but these are smaller amountinc
to only 3dB or so per stage. For a transistoi
having a beta of 30 the power gain per stage will
t" (?)' or about 24dB taking into account all
losses.

The value of the coupling capacitor C3 will
depend upon the lowest frequency the amplifier
has to handle. Assuming that the lowest fre-
qrlency must only be attenuated by 3dB with
respect to the higher frequencies, the reactance of
C3 at this frequency will be the same as the source
impedance which is, in this case, the value of Rl.
For exarnple, if Rl is 2K and the lowest required
frequency is 100 c/s the value of C3 should be I
microfarad. The value of C4, the decoupling
capacitor should be B times the value of C3 which,
if B : 30, is 30 microfarads. Naturally, both
these capacitors may be made larger than neces-
sary without any ill effects.

When more than two stages are used they
should be decoupled from the battery at some
pcint between stages. Rd and Cd form the de-
coupling components in Fig. 9 and they would be
necessary if Trl was preceded by one or more
similar stages. These components are needed
because the internal resistance of the battery rises
with age and forms a common load to all stages.
When more than two stases are used the comrion
load wil l result in oosii ive feedback from each
stage to the transistor two stages before it. This
positive feedback normallv causes " motorboat "
bscillations but even if actual oscillation does not
occur the performance of the amplifier will be
degraded because the frequency' response is
adversely affected by positive feedback. The cir-
cumstance under which the decoupling compon-
ents can be safely omitted is when the battery is
composed of mercury cells which have a very low
internal resistance *hich does not increase gieatly
until the end of the battery's useful life.

A two stage transformer coupled amplifier is
shown in Fig" 10. The increased gain of this type
of circuit over that of Fig. 9 is due to the fact that
the high output impedancc of Tr1. about 20K
ohms, is eflficiently matched to the much lower
input impedance of Tr2, about 1 K ohms. This
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is achieved by using a transformer with a turns
ratio of 120 : I or about 4.5 : 1. In addition
to this each transistor is oresented with a hieh
imoedance low resistance lbad which reduces t[e
losses incurred. The power gain of this type of
stage, assuming a B of 30, wil l be about 10,000
times or 40d8.

Since there is very little voltage dropped across
the load the voltage of the battery can be lower
than in Fig. 9 for a similar performance.

Fig. 11 shows a circuit giving the same gain as
Fig. 10 but using the two battery method of
stabilization. The saving in components is clear
and the stability is better.

The comments made on decoupling compon-
ents with resDect to R-C coupled circuits also
apply to transfbrmer coupling or to any other form
of coupling. Additional care is needed, however,
because positive feedback can occur with only two
stages if the connections to the coupling trans-
former in between them result in a phase change
between the primary and the secondary.

Choke or L-C coupling is illustrated in Fig. 12.
This circuit is identical to that of Fig. 9 except that
Rl and R3 are replaced by two chokes, Ll and
L2. The circuit falls between that of Fig. 9 and
Fig. 10 in cost and performance having a higher
gain than R-C coupling and a lower cost than
transformer coupling. One point about this cir'
cuit that may be useful sometimes is the low value
of the coupling capacitor required. If the tran-
sistors are rlquired to amplify down to 100 ci s the
capacitors Cl and C3 need only be 0.08 micro-
faiad and if beta is 30 in each case, C2 and C4
need be no more than 2.4 rnicrofarads. The values
of the chokes Ll and L2 must be such that they
ofter a reactance of 20 K ohms to the lowest fre-
quency required. If this is 1-00_"1, a.s before they
should have inductancds of 35 Henries.

Direct coupling, as the name implies, involves
a direct connection between successive transistors
without any intervening blo.cking capacitor. Since
this means that two iransistors coupled in this
way are D.C. coupled as well as A-C. coupled
their bias components cannot be considered inde-
pendentlv. This makes it impossible to have a
iypical direct coupled stage several of which cait
be coupled togethtr and it is necessary to design
the circuit as a unit.

A large number of types of direct coupled cir-
cuit are-possible and only the more useful ones
can be d6scribed here. The circuit shown in Fig.
13 is a fairly popular form and may be compared
with Fis. 9 as iegards economy of components.
Fis. 13 ias 3 lessiesistors and one less capacitor
wiihout any sacrifice in performance. . In- fact the
gain is sligirtly higher sinte the losses in the coup-
Iine combonents are less and the frequency
res-ponse is better. The battery voltage, however,

has to be somewhat higher becanse the emitter
voltage of 'k2 must always be about the same
as the collector voltage of Tr1.

The method of operation of the circuit is rather
ingenious since the transistors are interdependent
as far as bias is concerned. Tr2 acts as oart of
the potential divider to supply the base of Trl ancl
R5 acts as an isolating resistor. Tr2 in turn
obtains its base bias from Tr1. Any increase in
the collector current of Tr1 over the desisn value
will increase the voltage dropped acr-oss Rl
thereby reducing the collector current of Tr2 and
hence the voltage across R4. This will reduce the
current supplied to the base of Trl and tend to
restore the collector current of Trl to its orisinal
level. A similar chain of events occurs if the
collector current of Tr2 tends to rise. Since, in
each case, one transistor amplifies the deviation
of the other and then supplies-a correcting voltage
the stability is very good.

Determination of the comDonent values for the
circuit is fairly straightforward. Having clecided
upon the collector currents required and the vol-
tage of the battery the values of Rl and R2 can
be decided rememberins that the collector voltase
of Tr2 must be above ihat of Tr1 by an amou-nt
equal to the collector-emitter voltage (Vbe) of Tr2.
A value can now be chosen for R4 to eive the
required Vbe for Tr2. This will cleterriine the
base voltage of Tr1, R5 being 2 or 3K ohms or
sufficient to prevent too great a shunting of the
input to Tr1.

It is possible to further simplify the circuit of
Fig. 13 by omitting R3 and Cl. In this case the
base emitter current of Trl will depend upon the
voltage dropped across R4 and the value of R5.
Even in this case, however, the stability of the
circuit is still very good and there is very little de-
pendence .on the Betas of the transistors. The
stability cin be improved by connecting a resistor
between the base of Trl and the positive side of
the battery.

Fig. 14 illustrates a similar circuit to that of
Fig. 13 the main difference being that Trl is
operated as a common collector amplifier rather
than a common emitter arnplifier. The overall
current gain is much the same but the input impe-
dance of Fig. 14 is very much higher making it
suitable for use in preamplifiers driven by crystal
pick-ups or microphones. R3 is shown connected
to the collector of Tr2 which improves the stability
and provides negative feedback at signal frequen-
cies. It may, instead, be connected to the negative
side of the battery in which case the gain will be
higher but the stability lower.

Fig. 15 shows a rather remarkable and extremely
economical 3 transistor circuit with direct coup-
ling between each stage. The 3 transistors aie
biased as if they were a single unit by the method
shown in Fig. 3. This is possible because there

I

il
I
I
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is an overall phase change of 180' between the

iiuJ'oi iiT 
"tia 

tne colleitor of Tr3 and because

iii"""iioiinlt-iiundi"t o'c' as well as AC'.varia-
lffi. 

'5iil 
tii"-bC gain-1s high the stabilizatiort

ill;;"";ff;;ti"..- rnJ collectolr voltages. of rrl

il.i itfiil ur*uvJ be the same as.the base

ilii;;t-"I^i;2 uno rti respectivelv and' for this

iriri:*i-ttt.it collector'emitter voltages .can never

ff;;&;;-;itun u t.* hundred mV'. This mearls
;;'"i';h;'";ir""tot-"tiltir voltage- is not much

li,?'""'irt"-it"irnui to"" voltage 
-of 

the transistor
iii i, ;;i'oiien ue ultow itl However' at low

tnirt' of 
-.6rrcctor 

current, the knee voltage,occurs
;i';;;h-b*ii-tevet ihan normal and operation
il b;ffiiloi.o1t."toi noltage becomes possible'

F;i,hi;';il-th. toil""totiurrents of rrl ancl

Tr2 must be very ro*l-ittt input. resistances of

itir'z iiuntistori must be fairly high' These re-

AUDIO AMPI- IF ' IERS

ouirements mean that the circuit- is. somewhat

ffi;;fi i" i"-"ppii"ution and that selectior of com'

ffi;;t,"*;l-i6isiblv transistors, mav be neces-
5;;^""'wt*tin' the," ii'''itotioni' however' the

iltJ"it is 
"iiiem"ty 

useful and has been success-

;"ily 
^;fiGa-"o*'i""iiliy 

uv t"u"tul hearing aid

companles.'"tfiil;;;"e 
of component ecoxomy achieved'bY-

th. ;i;.tii;irrg. l5 
'mav 

be judged by- compartng
ii';IilFii;. e-*Tth u thiid stlge-added'. The two

!i.",iii. 
^ti,Tu 

then give comparable pertorm3nces
;il.il tiiii rig- 1"5 will have rather more gatn'

;i;#";.il;n oiTn g- tit" input and ou tput ca pacitors'

Fis.9 with ttrre" stagei';;;ia use l)'resisiors and

i'?;o"liiitt.*'[ng1t" l5 uses onlv 5 resistors

und I crprcttor. "'"-only 
advanhles^of Fig' 9

are that it is very *-utn tllot" versatile and the

lo*oon"nt* are not critical'

CXIAgfEiR 3

Tra,nsistor Prea,rnPlifiers
Transistor pr.n*ptin"ts are used very, widely

for such purpose-s as boosting the. signals. front

microphones and ptt4-op9 ind for^-latching

iilil;;;;;- uitween sisnbl sources and pgY"^t

ffi"plid;;;:- They are frEquentlv used in.conlunc-

tion with valve ampttn"ii l* *"it as rvith transistor

power amplifiers and it'"v iun easily be designed

ior virtually uny pt"u*plifiJr requiiement' One

oarticular advantage i-tt"y ttgy-g over comparable

V;ffi il;;iin"'ii' iheir abilitv t9 -9!:'11"" ll:T
;"'"#^ffii uutt"1.1 for a long Pgrio{,-o; ttme

ifris inates it possible to install a transrstor pre'

"'#. 
iiitio,J 

"-iri!tr 
impeoance microphone to pro-

iil;;'i;; i"ip"a"'i'* output .th6rebv- making

i"IJiuit ih; use 6f a long connectins cabre'

Single Stage PreamPlifiers
Fig. 16 iliustrates the most commonly used tyne

of single stage pr€am;lifier' With the componclt

values shown ano a.+' '5V battery the total*current

ffi:irilti;' ii' oniv' +bo tnicroi*pt.-and the bat-
terv life may be u' 'on! ui ttt" n<jrmal shelf life'

X'i"ituui" itansistor-ioi uie in this circuit is the

6.Ec. 6;" noise tYPe GETlo6' ̂  :" fiil'rrt"u.pritt't^it tuituut" for'use with lov"

i*;;eil;;i"iopt'on"t-iince il t'o' . ,1].,'lll'

il#;;;;; oi auout 600 oh.ms'. Th: P.llq:t 
'mpe-

ilf,;;fi;; ro ti*"t rtieher beiie iust,less than

iffi;fi;ffiouo ot 6'8Kbhms' The voltage gatn

is about 140 and ttt""itE""ttty response-is 30 c/s

i"o?iliAi;-i'Ton 
^'ii" 

uui' response mav be
extended by increastng^G values dt Ct' C2 and

c3.

The reasons for using a low collector current'

""it;;;;;i 
fiom batter! ttonotny' are to reduce

;;il ;#;;"ii""^"ta to'"nable a lirge value of R3

i;;";;;d ;h;bt increasing the output impe-

dance ancl the voltage gain'--Sh;"id 
it be conv-eni"ent to use a larger battery

"oitoe"'ittit 
may be done without any component

;#;;."i;;i'*iitt u corresponding increase in col-

i#;i;ff;"i. 
--ro. 

operition ai higher^v'oltages
but with the same coliector current the following

table of component uutott may be used' Cl' R2'

i[+. Cz, C3 rieed not be altered'
t

Voltaee Rl
6 *  4 7 K
7.5 56K
9 68K
12 10K

R3 Voltage gain
6.8K 140
8.2K 170
lOK 200
12K 250

It is also possible to operate the. preamp' from

" 
iouu.o battiry voltage lnd suitable component

values for l.5V and 3V'

Voltage Rl R2 R3 R4 Voltag-e gain

iit< 8.2K 3'3K 2'2K ql
i.s o.rir< i.:r l.sK lK 30

A: rnly be seen from the figures above the gain

"t'iV 
uiJ 

-t.s'r 
it consideriuly. reduced but it

l"^v.'n*"itf'telcss. be sufficient to be useful'
"'?iit;;;;;prinli *nu also be used with a hieh
impedance source such is a crystal microphone or
;i;i.;; i" this case u isor ohm resjstor should
#::i;";;a'in-i.ii"' with cl which mav be
iertuced to 0.1 microfarad'
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Fie. l7 shows a very much simplified circuit'
rtubi"lirtd Uv *"unt of L feedback fesistor, which
ir iiii"Ut. 

'for 
inclusion in a microphone case'

Th;;;*bt;-of co*pon.nts used hai been aept

to-a ,ninirnum to assist miniaturization and for

itt-tu*;';;;ton t}t" battery voltage is only l'3V

;ii.li';;"-iloutain"a froni a single mercury cell

;i l i; i l i."e,i-ue ;; larger than an.aspirin; the

ffi;li;J';;n 6"ing tt" "nultz which' despite its
il;;-t;;;, *ill"po*.t this amplifier.for 100

iiil;oF oit.tuiioi. Rl should b-e selected to

onouiO" 
-u 

iollector current of 300- microamps'
iit""J""-*ili-6; il the region of l00K but will

O.p.ill tp"" the transistoiused' The transistor
i#ff;"y'bi a normal small sEnal type.such as

iir;*ffiii^td OCT1 ot the GET106 used above'
;il;;;i";iy u tuurninluture hearing aid transistor
such as the-OC59 maY be used'

It is often desirable to use a high output' higl
im-oedance microphone of the crystal or ceramrc
ffie-iiili-;'ilng'ionn""ting lead between it and

it5-"tpiin.t.- ittii, howeier, is -rarelv practical
because any trny currints induced into fhe cable

itorn .uin,i wiring will result in an appreciable
;;ji;cffi;i;g'uppii.a to the .amplifi er. betause of

ii;'i:;h i;;"diirce ot the circuit' rhe problem

can be overcome' nowever' by reducing the impe-

;;;;"i iit" iignir before feeding it into the cable'

iftii *uV be aihieved either by a stepdown trans-

former br by using a common collector pre-

iilpfin"t.- iire torrier method results in a con-

riaitiUt"'voltage loss and is, therefore' not very

i"-."ptuUt.. 
-ifie 

transistor preamplifier' however'

;;;;fi; th. iequired impedance drop without anv

borresponding loss of voltage'

Fis. 18 shows a suitable common collector cir-

.uit'"*tti"tt i;t b" incorporated into the casing
oi-u 

"rv.tut 
or"ceramic microphone-' .The -output

i;il;'";;itrre unit is equal-to R2' i'q' lK ohm'
;;d-td;fit impedance is R2 tim-es the.current
;tr 

";T 
iiiS ttunrittor which mav be 3s-Ign .as

i06. "'$l;dil--iiuntittott are- -t4.e oS75, thq
dirrri-"i ti; ttdiliature oc59' Rl should
#;ailtt.d-io. u collector current of about
1 /3  mA.

If this preamplifier is used 1o drive a valve

urnprifrii fh" p"ifot*ance will be the same as a

;it;;^;;;;"tfun u"t*""n the microphone and the

"ul"r 
*itft the exception that -a l91e connecting

ffii; d;;'U-"s.0. wtt"n used- with a transistor

urnoiin"r, however, there will also be a consider'

iliffi;il c;in ui"aut" of the improved match'
ing of imPedances.

When using a single stage transistor pre-

amplifier in conjunction with a power amplifier
if--it oit.n inconvenient to have to provide a
rlourut", low voltage, power source for the tran-
sisior. This may be avoided by destgnmg the pre-
amolifier to op'erate from 250V which may- b9
;ffii;;a oit.itiv from the valv-e. amplifier' Such

" 
iiti iii, designed by Mullard Limited is. shown

iu Frs. i'9, It-will oferate satisfactorily- with any
;;;"1? uoitue" betwein 100 and 275 volts' The
;;TA*;" eai;ls 330 and the input and output impe-
d;;;; ii" zoo ohms and 5K ohms respectivelv'
th" fr"qo"ncy response with a source impedance
;fi0;h';t it" ts i/s to 13K c/s t 1}dB and the
iotuitruit"onic distortion is 0.4%' The.total cur'
rent drain is 0.7mA' Since large varratrons rn
io*ponint values may tend to increase the col-
i"Joi:i*itt"r voltage [o a dangerous.lerel all the
;;;ilt"6 ihould vJ s% tolerince high stabilitv
types.

Multi Stage Transistor Preamplifiers

Where higher gain is required -and where tone
controls an-cl coirection networks have to be
applied it is necessary t-o use more than one stage
o'f^transistor preamplification. The number of

"ir.uiit 
that 

^ 
may 

- 
be employed . is virtually

uniitnit.O and it is normal 1o design each p19-
amplifier for a specific requirement'- For this
t."i"ti 

""tV 
a tew 

^typical 
cirduits are illustrated in

this book.

Fis. 20 illustrates a complete preamplifier for
uri "*ittt a crystal pickup. This incorporates a
ioi"tn" 

"ontiot 
Vni' a iariable treble c.ut, Vr2

and a variable bass boost Vr3. A low noise tran-
sistor, the GET106, is used in the-first stage at.a
l"fit"itJi 

"ti."nr 
ot'0.:.A, GET103's-are used in

the other two stages at slightly higher. current
iJ"ar. 

^' 
Di*.i "*iting 

is uJed between ̂the third
;;d^f;rtlt transist6rs io avoid the use of another
trinn-"itu. electrolytic capacitor' The circuit may
be- modified for use with a variable reluctance
ttifi;h;;; bv 

"ftuttging 
Rl to lOK ohms and add-

ins the extra iesponie iontrol components shown
il?il. zi.-oniv itt" values of the components that
il;;;i; 

"oi.ja-ui" 
given to avoid contusion' The

ouiiuff 
"uti.nt 

drain-ot tt" preamplifier is 3'5mA'

Fis.. 22 illustrates a very low noise, high impe'
danc-e preamplifier suitable for use between a

.iviiuf 
^pi"t-ub 

or microphone and a valve ampli-
#t:*tf,e;oi!"-it kept io an extremely low level
iiv 

"pii'^iiiie 
A; fiift transistor with- verv.little

collector current. fhe base current of Tr2 is the
ri-" it ttt.-i-ilt"t current of Tr1 so the collector
;;;;;tt ot ftZ is that of Trl times the current
gain of Tr2.
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Pbwer Output Stages

Transistor power output stages may be divided
into two groups commonly known as class A and
class B. In a class A output stage, which may
consist of one transistor or two in push-pull, the
power consumed from the battery is virtually
independent of the strength of the signal being
rmplified whilst in a class B stage, which must
always use two transistors in push-pull, the porver
consumption is proportional to the signal strength.
Output circuits exist which cannot be classified
into either of these groups and it is also possible
to combine a little of both functions into a single
circuit which is class A for part of its operation
and class B for the remainder. These are known
by the term " class AB ".

GlassA-OutputStages

Figs. I and 2 illustrate the basic forms of tran-
sistor output stages operating in the class A mode.
They both use the transistor as a common emitter
amplifier, not because a common collector or com-
mon base amplifier could not be used, but because
the latter two do not give as great a gain and have
no other advantages to ofter in a normal applica-
tion.

The bias of the transistor will determine the
amount of power that it can handle and the turns
ratio of the outout transformer must be a definite
value if the maximum amount of oower is to be
transferred to the loudsneaker.

P out

20mW

50mW
?5OmW

2W

3 W

If the quiescent collector current of the tlan-
sistor is Iq then the maximum current wil l be 2lq
and the minimum will be zero. The voltagc ex-
cursion wil l similarly be from O to 2Vce wherc
Vce is the quiescent collector emitter voltage. The
reason for the maximum voltage being 2Vce rather:
than just Vce is due to the back EMF produced
by the primary of the transformer. The iraximunr
possible output power is the product of the R.M.S.
of the voltage and the R.M.S. of the current. this
being ] Vce. Iq. Since the power consurnption of
the transistor is Vce. Iq. the maximum theoretical
efficiency is only 50/" and this would only bc
a0hieved if R3 and the resistance of the nrimarv
of the output transformer were zero.

The load resistance for given values of porver
output and collector emitter voltage can be cal-
culated from the formula RL: : VceJ

2P out
Where P out is the output power.

I f  the imnedance of  the soeaker is  Rs t l rc  t r . r rns
ratio of the output transformer can be calculater.l

/-m-
from the formula Tr : . | -

Where ir is the,urn3u,,It

For the sake of examDle thc tahlc fsllrq, sivc;
sui table component  values for  a rarrgc of  hr i tcry
voltages and output powers. Pdis is thc collector
dissipation.

R3 Tr

47 crhms 12: I

47  ohms I0  :  I

5  o h m s  3 :  I

I  o h m  2 . 5 :  I

I  o h m  1 . 5 :  I

P dis Ic:

5 5 m W  l l r t t A

l l0mW 22.m4

1. lW 300mA

4.8W 700mA

7W lA

\ /

6

6

9

t 2
.)

R l  R 2

5,6K 470 ohms

3.3K 470 ohms

220 ohnrs 22 ohms

50 ohms 6 ohms

6E ohms 8 ohms
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PRACTICAL TRANSISTOR

The turns ratio given applies to a 3 ohm loud-
speaker in each case. The transistor chosen must
be able to handle the figure given in the P dis
column. The figures apply equally to both Fig.
23 andFig.26 but in the case of the higher power
amplifiers transformer coupling is preferable to
avoid input losses. The values of the coupling and
decoupling capacitors. will depend upon the fre-
quency response required.

In circuits where the collector-emitter voltage
of the transistor is equal to or less than half the
battery voltage, i.e. Vce S I Vcc, complete ther-
mal stability is automatically achieved because
Vce : I Ycc being the condition for maximum
collector dissipation, any increase in temperature
results in a reduction in dissipation. This fact,
known as the half-supply-voltage principle, may
be used in simple output stages of the type shown
in Fig. 25.

The collector of the transistor is connected
directly to a high impedance speaker and R is
adjusted until Vc is half the battery voltage. Since
half the D.C. power is dissipated in the load the
maximum theoretical efficiency is only 25"ii,.
However, since no transformer is used, the differ-
ence in overall efficiency between this circuit and
that of Fig. 24 would only be very slight.

A degree of stabilization is achieved by obtain-
ing the base bias via a resistor R from the col-
lector. Because R is directly connected to C this
does not result in any negative feedback at signal
frequencies. Since the value of R depends upon
the gain of the transistor it must either be a pr€set
type or must be selected for each circuit. Since
the leakage current will be only a small propor-
tion of the total base current the stability will be
sufficient. Thermal runaway cannot occur but
there will be a reduction in output power as the
temperature rises. The table below gives compon-
ent values and performances for a large range of
battery voltages and loudspeaker impedances.

Rs is the speaker impedance in ohms, V is the
battery voltage, Ic is the collector current, R is the
valueiof the presdt resistor and P out is the output
power at room temperature.

\ t RS Pout  Ic  R

9  3  3 W  1 . 5 A  l K

9 l0 B00mW 450rnA 5K

9 15 600mW 300mA 5K

9 25 350mW 180mA 10K

AUDIO AMPLIFIERS

9 140

6 3

6 1 0

6 1 5

6 2 5

35 250mW l30mA 10K

70 l25mW 65mA 20K

65mW 32mA 50K

l . 5w  1A  lK

4-50mW 300mA 5K

300mW 200mA 5K

l60mW 120mA lOK

6 35 I l0mW 86mA lOK

70 55mW 43mA 20K

6 140 27mW 22mA 50K

4.5 3 750mW 750mA lK

4.5 l0 230mW 225mA 5K

4.5  15  150mW 150mA 5K

4.5 25 85mW

4.5 35 70mW

4.5 70 35mW

25 35mW

35 25mW

90mA lOK

65mA 10K

33nrA 20K

60mA lOK

43mA 10K

4.5 140 16mW 17mA 50K

3 3 350mW 500mA lK

. l0 100mW 150rnA 5K

15 60mW 100mA 5I(

3

70 12mW 22mA 20K

3  140  6mW l lmA 50K

As may be seen. the above table gives figttres
for a complete range of amplifiers varying in
power output from 6mW to 3 Watts. The maxi-
mum collector dissipation will be twice the power
outDut in each case and the transistor used must
be ielected with this in mind. The value of C wilt
depend upon the circuit values used and pn the
frequency response required but will normally be
about 100 microfarads.
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Class B - Push-Pull Output Stage

, As was stated in the introduction to this chaprer
class B out-put stages always require two transisiors
rn push-pull. This is because a transistor in class
B only amplifies one half of the signal and two
are therefore required for complete implification.

The principle behind the class B push-pull cir-
cur t  ls  a s lmple one.  -  The s ignal  is  sp l i t  in to two
slgnals ot  oppost te phase,  normal ly  by a sui table
transformer, and eaCh of these is uied io drive ono
of the transistors. The outputs of the transistors
are then recombined in the output transformer or
loudspeaker. Each transistor ii biased so that it
will only amplify a signal which is negative with
respect to its emitter. In other wordi the tran-
sistor has virtually zero base bias in the quiescent
condition. When one transistor receives^ a nosi-
tive signal the other transistor receives a neqative
one thus only one transistor is conducting ai any
instant. Since the quiescent collector cirrent is
theoretically zero, the current consumption rises
with. the.strength of the signal ancl is al*ays pro-
portional to it. The maxjmum theoreticat effic-
ie:cy is 78..5% but, because the average operating
efficiency is also very high. the advan-tage over a
class A stage giving the same output powir is very
much greater than this would indicite. In faci.
with normal music or speech, the efficiency of
a class B stage is l ikely to be as much as 5 times
as high-as_ a class A stage and may be considerably
more if the amplif iers are used well below their.
maximum volumes as is normally the case.

In practice the bias on a class B onerated tran-
sistor should not be zero. A srnali amount of
forward bias is applied to avoid cross over distor-
tion which is due to the change in the eains of
the transistors at low levels of 

--collector 
durrents.

The most common form of push-pull circuit is
shown in Fig.26. The transformer Ti has a centre
tapped secondary which provides signals of
opposite phase for Trl and Tr2. The outnuts of
the two transistors are combined bv T2'which
drives the spe-aker. T-2 may be reflaced by a
centre tapped loudspeaker although this normllly
results in h slight loss of efficienc! because of thl
dissipation of D.C. power in the sbeaker windinss.
Rl and R2 provide the necessaiy forwarcl bias
to the transistors and R3 ensures thermal stability.

This amplifier eircuit uses the common emitter
mode of amplification. The common collector
qode may also be used and gives better quality.
However,-the gain is much lo-wer so that a muih
higher drive voltage is required and for this reason
the common emitter mode is used most frequently.
The common base mode is not suitable because it
provides a current gain of less than one which
means that power gain can only be achieved if the
output iqlpedance is greater than the input impe-
dance. This is not practical with normal batterv
voltages.

. It. is sometimes possible to reduce the cost of
the Inte_rstage transformer by accepl.ing a higher
value of D.C. resistance in th-e secoridaiy windlngs
than would normally be used. This makes t[e
bias circuit of Fig. 26 unsatisfactory and the alter-
native method shown in Fig. 27 should be used.
In this circuit the D.C. resistance of thc trans-
former winding forms the lower half of the ooten-
tial divider for each stage.

Since each of the transistors in a push-null cir-
cu i t  ampl i f ies only  hal f  the s ienal  i t  is  imrronanr
that they should both provide-the same deiree of
gain. For fhis resson push-pull pairs of traisislors
are normally matched by tie manufacturer. This
nta.tching means that, ideally, the dynamic charac-
teristics of the transistors should be very similar
over the whole of the operating range.

Another form of push-pull circuit rvhich is both
tuseful and popular is shbwn in Fig. 28. This is
usually callecl a single ended outbut stage. In
this type af circuit the transistors are in series
acros-s the power supply and a split secondary
transformer is used to drive them. The outputs of
the two transistors drive a high resistanie. un-
tapped loudspeaker which is connected to a cenrre
tap on the battery or to the junction point of two
similar batteries. Rl and R2 form the ton halves
of  the potent ia l  d iv ider  as in  the last  c i r iu i t  and
thc transformer secondaries of the transformer
form the bottom halves. R3 and R4 nrovide ther-
r r ra l  s tabi l izat ion.

Since the transistors are in series across the
power supply in this circuit the total battery vol-
tage requirecl for a given performance is double
that of the symmetrical type of circuit shown in
Figs. 26 an<l 27. The efficiency, however, is sup-
erior since the losses incurred in a transformer or,
alternatively, in a centre tapped loudspeaker are
avoided.

In som'e cases the need for two batteries in this
circuit_ may be something of a disadvantage par-
ticularly since this involves a double-pole ori-oft
switch. To avoid this the circuit of Fig. 29 may
be used. Here the speaker is returned to earth
via the electrolytic capacitor rather than via the
battery. Trl now charges the capacitor on its half
of the cycle and Tr2 draws off this charge through
the loudspeaker on the other half. The capacitor
must be_ sufficiently large to pass the base frequen-
cies with a minimum of attenuation.

Fig. 30 illustrates an interesting, though rarely
used, compromise between the high gain of the
common emitter circuit and the good reproduction
of the common collector circuit. The load is
divided between the collector and the emitter and
this gives rise to the name " split load ". The drive
voltage required for a given output is greater than
in a common emitter circuit but the crossover
distortion that arises when the battery voltage
drons is less.
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-Another. rarely used but perfectly feasible type
of circuit is that shown in Fig. 3L which uses a
tlansistor phase splitter in place of a transformer.
If a loudspeaker is used with a centre tap the cir-
cuit bccomes entirely transformer free.

Fig. 32 shows another form of transformerless
push-pull output stage based on the principle of
complementary symmetry. The circuit is ex,
tremely simple but rather difficult to realise
becaus_e_ matched pairs of transistors comprising
one P.N.P. and one N.P.N. type are stil l h'ard t6
obtain. The principle of operation of the circuit

AUDIO AMPLIFIERS

is based on the fact that a cut ofi P.N.p. transistor
requires a negative signal to cause it to conduct
whilst- an N.P.N. type requires a positive signal
thus the output transistors form a phase splitter
themselves.

Practical Transistor A.F. Amplifiers Book 2
contains complete circuit diagrams, with compon-
ent values, for a wide range of amplifiers. it is
divided into four sections dealing with amplifiers
of up to l0mW, l00mW. I watt and 20 watls our-
put_ respectively. There is also a chapter dealing
with available transistors.
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