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PRACTICAL TRANSISTOR AUDIO AMPLIFIURS

CHAPTER 1

Biasing and Stabilization
A transistor has to be supplied with the correct

power if it is to operate efficiently and provide
maximum 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 self compensating, that is to say,
the circuit must be stabilized. The need for
stabilization is increased by the fact that two
transistors of a given type can differ very consider-
ably in their 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

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 mainly as a match
between a high output impedance and 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 R1 and V and the current gain and
leakage current of the transistor. Since the resist-
ance between the base and emitter is extremely
small, being that of a forward biased junction
diode, the current flowing from the base to the
emitter is V /R1 plus the leakage current, the latter
being the small current flowing from collector to
base which is similar to the current flowing in a
reverse biased junction diode. The collector cur-
rent will then be the base -emitter current multi-
plied by the current gain or beta of the transistor.

The equation for obtaining the collector current
is, therefore :

Ic = BV + BI'co

R1
Where Ic is the collector 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 a
corresponding change in the collector current. At
normal room temperature the value of Ico is
usually small enough to be neglected but as the
temperature rises it increases considerably and, in
fact, doubles for every rise of about 10° C. 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 : 1 or more. For
example, the B of an 0071 might be anything
from about 20 to 70. This variation means that
changing transistors in the circuit of Fig. 1 without
altering the value of R1 may result in a consider-
able change in the collector current.

It will be seen then that the type of circuit
shown in Fig. 1 can only be used when selection
is made for the value of R1 for each transistor or
when the collector current is not at all critical.
Such a situation may occur when a simple, low
power preamplifier is required in which the gain
is not very important but even in this type of case
the temperature range which the transistor is sub-
jected to must be limited.

A very simple form of stabilized circuit is shown
in Fig. 2. Although the degree of stabilization
is insufficient for many applications the circuit is
very useful where space is limited and the number
of components used must be kept to a minimum.
It also has the advantage of being economical but
this is not normally significant becauseof the small
number of components involved.

The circuit differs from that of Fig. 1 only in
that R1 is connected to the collector of the tran-
sistor instead of to the negative side of the battery.
Now if the collector current tends to increase, for
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PRACTICAL TRANSISTOR AUDIO AMPLIFIERS

any of the.reasons given above, Vc will drop, the
base emitter current will be lowered proportion-
ately and the collector current will tend to return
to its previous value. In other words, although
changes in B or I'co will still affect the collector
current 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
much 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 R1 into two halves and
grounding the junction point to earth, as far as
A.F. signals 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. 1
and Fig. 2 is given by :

B(V + IcoR I)
Ic =

RI + BR2
The higher the value of R2 and the lower the

value of R1 the 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.

Fig. 4 shows the normal emitter resistor and
potential divider method of stabilization. Because
of the high degree o stability possible and because
of the relative indOendence of 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 R1 and R2. The value of Ve will
always be very nearly that of Vb because if it
tended to be much lower 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 would be reverse
biased, the collector and emitter currents would
be low and Ve would also he low. For the pur-
poses of calculations, therefore, Ve can be assumed
to be the same as Vb. But if the emitter current
can easily be determined by Ohm's law if both
Ve and R3 are known and since the collector cur-
rent is greater than the emitter current only by Ico,
normally a negligible amount, we can calculate Ic.
The significant point about this being that no men-
tion has been made about the current gain of the
transistor so that this circuit is virtually indepen-
dent of it and a very high degree of stability is
possible. If we assume that Vb= VE and

Ic = Ie we obtain the following equations :
R2 V VE

VE = Vb - and Ic - IE =
RI + R2 R3

combining these results in :
R2 V

Ic -
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 capacitor C to prevent
negative feedback at audio frequencies.

For maximum stability R3 should be as high
as possible to provide considerable negative D.C.
feedback and RI 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 RI and R2 are effectively in
parallel with the input they cannot be made very
low without significant loss of signal. Low values
of R1 and R2 also cause unnecessary battery
drain.

In arriving at approximate values for R1, R2
and R3 in a circuit the following steps may be
taken.

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

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

the ratio of R.1 to R2. This is obtained
from :

V R1 + R2

VE R2
4. Decide how small R1 + 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 transformer coupled stage.
The considerations given above in relation to Fig.
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 R1 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-
ling the bottom of the transformer to the emitter.
The input signal is then floating but the perform-
ance of the circuit is identical to that of Fig. 5.
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CHAPTER 2

Interstage Coupling
The coupling between two transistor stages may

be made in one of four ways: R -C (resistor -

capacitor) coupling, transformer coupling.
(choke - capacitor) coupling or direct coupling.
Each of these methods has its own particular
advantages and disadvantages and to give an
impression of these they are listed below.

R - C Coupling
Advantages 1. Low distortion.

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

Disadvantages 1. Much lower gain than trans-
former coupling.

2. Higher battery voltage re-
quired than with transformer
coupling.

Transformer Coupling
Advantages 1. Maximum possible gain.

2. Minimum voltage required.
3. Good stability.

Disadvantages 1. Rather high distortion unless
a large transformer is used.

2. Bulky.
3. High cost of transformers.

L - C Coupling
Advantages 1. Higher gain than R - C

coupling.
2. Lower battery voltage may be

used.
1. Higher distortion than R - C

coupling.
2. Bulky.
3. More expensive than R - C

coupling.

Disadvantages

Direct Couplin
Advantages

Disadvantages

g1. Very economical
ents.

2. Very compact.
3. Minimum battery drain.
1. Often tricky to design.
2. Sometimes less stable than

other forms of coupling.

R C coupling and transformer coupling are
used far more frequently than the other two forms
and, for this reason, the latter are often neglected.
This is undesirable since in certain types of cir-
cuits they are better.

on compon-

Fig. 9 illustrates 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 matching
components. Losses also occur in the collector
resistors, RI and R2, and in the coupling capaci-
tors C3 and C5 but these are smaller amounting
to only 3dB or so per stage. For a transistor
having a beta of 30 the power gain per stage will
be (V 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-
quency 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 Ri.
For example, if RI is 2K and the lowest required
frequency is 100 c /s the value of C3 should be 1
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
point between stages. Rd and Cd form the de -
coupling components in Fig. 9 and they would be
necessary if Tr 1 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 stages are used the common
load will result in positive feedback from each
stage to the transistor two stages before it. This
positive feedback normally causes " motorboat "
oscillations 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 which does not increase greatly
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 impedance of Tr 1 , about 20K
ohms, is efficiently 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 V20 : 1 or about 4.5 : 1. In addition
to this each transistor is presented with a high
impedance low resistance load which reduces the
losses incurred. The power gain of this type of
stage, assuming a B of 30, will be about 10,000
times or 40dB.

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 respect to R -C coupled circuits also
apply to transformer 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
R1 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 required to amplify down to 100 c/s the
capacitors C1 and C3 need only be 0.08 micro -
farad and if beta is 30 in each case, C2 and C4
need be no more than 2.4 microfarads. The values
of the chokes L 1 and L2 must be such that they
offer a reactance of 20 K ohms to the lowest fre-
quency required. If this is 100 c / s as before they
should have inductances of 35 Henries.

Direct coupling, as the name implies, involves
a direct connection between successive transistors
without any intervening blocking capacitor. Since
this means that two transistors coupled in this
way are D.C. coupled as well as A.C. coupled
their bias components cannot be considered inde-
pendently. This makes it impossible to have a
typical direct coupled stage several of which can
be coupled together 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 described here. The circuit shown in Fig.
13 is a fairly popular form and may be compared
with Fig. 9 as regards economy of components.
Fig. 13 has 3 less resistors and one less capacitor
without any sacrifice in performance. In fact the
gain is slightly higher since the losses in the coup-
ling components are less and the frequency
response is better. The battery voltage, however,

has to be somewhat higher because the emitter
voltage of Tr2 must always be about the same
as the collector voltage of Tr 1.

The method of operation of the circuit is rather
ingenious since the transistors are interdependent
as far as bias is concerned. Tr2 acts as part of
the potential divider to supply the base of Tr 1 and
R5 acts as an isolating resistor. Tr2 in turn
obtains its base bias from Tr 1. Any increase in
the collector current of Tr 1 over the design value
will increase the voltage dropped across R1
thereby reducing the collector current of Tr2 and
hence the voltage across R4. This will reduce the
current supplied to the base of Tr 1 and tend to
restore the collector current of Tr 1 to its original
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 component values for the
circuit is fairly straightforward. Having decided
upon the collector currents required and the vol-
tage of the battery the values of R1 and R2 can
be decided remembering that the collector voltage
of Tr2 must be above that of Tr 1 by an amount
equal to the collector -emitter voltage (Vbe) of Tr2.
A value can now be chosen for R4 to give the
required Vbe for Tr2. This will determine the
base voltage of Tr 1, R5 being 2 or 3K ohms or
sufficient to prevent too great a shunting of the
input to Tr 1.

It is possible to further simplify the circuit of
Fig. 13 by omitting R3 and Cl. In this case the
base emitter current of Tr 1 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 can 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 amplifier. 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 are
biased as if they were a single unit by the method
shown in Fig. 3. This is possible because there
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is an overall phase change of 180° between the

base of Tr 1 and the collector of Tr3 and because
the amplifier handles D.C. as well as A.C. varia-
tions. Since the D.C. gain is high the stabilization
is very effective. The collector voltages of Tr I

and Tr2 must always be the same as the base

voltages of Tr2 and Tr3 respectively and, for this
reason, their collector -emitter voltages can never
be greater than a few hundred mV. This means
that the collector -emitter voltage is not much
above the normal knee voltage of the transistor
and it may often be below it. However, at low
levels of collector current, the knee voltage occurs
at a much lower level than normal and operation

at low levels of collector voltage becomes possible.

For this reason the collector currents of Trl and

Tr2 must be very low. The input resistances of

these 2 transistors must be fairly high. These re-

quirements mean that the circuit is somewhat
limited in its application and that selection of com-
ponents, and possibly transistors, may be neces-
sary. Within these limitations, however, the

circuit is extremely useful and has been success-
fully applied commercially by several hearing aid

companies.
The degree of component economy achieved by

the circuit of Fig. 15 may be judged by comparing
it with Fig. 9 with a third stage added. The two

circuits will then give comparable performances
except that Fig. 15 will have rather more gain.

However, ignoring the input and output capacitors,
Fig. 9 with three stages would use 12 resistors and

5 capacitors whilst Fig. 15 uses only 5 resistors

and 1 capacitor. The only advantages of Fig. 9
are that it is very much more versatile and the
components are not critical.

CHAPTER 3

Transistor Preamplifiers
Transistor preamplifiers are used very widely

for such purposes as boosting the signals from
microphones and pick-ups and for matching

impedances between signal sources and power
amplifiers. They are frequently used in conjunc-
tion with valve amplifiers as well as with transistor
power amplifiers and they can easily be designed

for virtually any preamplifier requirement. One

particular advantage they have over comparable
valve preamplifiers is their ability to operate from

a very small battery for a long period of time.
This makes it possible to install a transistor pre -

am. inside a high impedance microphone to pro-

vide a low impedance output thereby making

feasible the use of a long connecting cable.

Single Stage Preamplifiers
Fig. 16 illustrates the most commonly used type

of single stage preamplifier. With the component

values shown and a 4.5V battery the total current

consumption is only 400 microamps and the bat-
tery life may be as long as the normal shelf life.

A suitable transistor for use in this circuit is the
G.E.C. low noise type GET106.

This -preamplifier is suitable for use with low

impedance microphones since it has an input
impedance of about 600 ohms. The output impe-

dance is some 10 times higher being just less than

the collector load of 6.8K ohms. The voltage gain

is about 140 and the frequency response is 30 c/s

to 40 Kc/s ± i dB. The base response may be

extended by increasing the values of Cl, C2 and

C3.

The reasons for using a low collector current,
quite apart from battery economy, are to reduce
noise generation and to enable a large value of R3
to be used thereby increasing the output impe-
dance and the voltage gain.

Should it be convenient to use a larger battery
voltage this may be done without any component
changes but with a corresponding increase in col-
lector current. For operation at higher voltages
but with the same collector current the following
table of component values may be used. Cl, R2,
R4, C2, C3 need not be altered.

Voltage R1 R3 Voltage gain
6 47K 6.8K 140

7.5 56K 8.2K 170

9 68K 10K 200

12 10K 12K 250

It is also possible to operate the preamp. from
a lower battery voltage and suitable component
values for 1.5V and 3V.

Voltage R I R2 R3 R4 Voltage gain
3 27K 8.2K 3.3K 2.2K 65

1.5 6.8K 3.3K 1.5K 1K 30

As may be seen from the figures above the gain
at 3V and 1.5V is considerably reduced but it
may, nevertheless, be sufficient to be useful.

This preamplifier may also be used with a high
impedance source such as a crystal microphone or
pickup. In this case a 250K ohm resistor should
be connected in series with Cl which may be
reduced to 0.1 microfarad.
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Fig. 17 shows a very much simplified circuit,
stabilized by means of a feedback resistor, which
is suitable for inclusion in a microphone case.
The number of components used has been kept
to a minimum to assist miniaturization and for
the same reason the battery voltage is only 1.3V
which can be obtained from a single mercury cell
which need be no larger than an aspirin; the
smallest cell being the RM312 which, despite its
minute size, will power this amplifier for 100

hours of operation. R1 should be selected to
provide a collector current of 300 microamps.
Its value will be in the region of 100K but will
depend upon the transistor used. The transistor
itself may be a normal small signal type such as
the Mullard 0071 or the GET106 used above,
alternatively a subminiature hearing aid transistor
such as the 0059 may be used.

It is often desirable to use a high output, high
impedance microphone of the crystal or ceramic
type with a long connecting lead between it and
the amplifier. This, however, is rarely practical
because any tiny currents induced into the cable
from mains wiring will result in an appreciable
voltage being applied to the amplifier because of
the high impedance of the circuit. The problem
can be overcome, however, by reducing the impe-
dance of the signal before feeding it into the cable.
This may be achieved either by a stepdown trans-
former or by using a common collector pre-
amplifier. The former method results in a con-
siderable voltage loss and is, therefore, not very
acceptable. The transistor preamplifier, however,
provides the required impedance drop without any
corresponding loss of voltage.

Fig. 18 shows a suitable common collector cir-
cuit which may be incorporated into the casing
of a crystal or ceramic microphone. The output
impedance of the unit is equal to R2, i.e. 1K ohm,
and the input impedance is R2 times the current
gain of the transistor which may be as high as
100. Suitable transistors are the 0075, the
GET113 or the subminiature 0059. R1 should
be adjusted for a collector current of about
1/3 mA.

If this preamplifier is used to drive a valve
amplifier the performance will be the same as a
direct connection between the microphone and the
valve with the exception that a long connecting
cable can be used. When used with a transistor
amplifier, however, there will also be a consider-
able power gain because of the improved match-
ing of impedances.

When using a single stage transistor pre-

amplifier in conjunction with a power amplifier
it is often inconvenient to have to provide a
separate, low voltage, power source for the tran-
sistor. This may be avoided by designing the pre-
amplifier to operate from 250V which may be
obtained directly from the valve amplifier. Such
a circuit, designed by Mullard Limited is shown
in Fig. 19. It will operate satisfactorily with any
supply voltage between 100 and 275 volts. The
voltage gain is 330 and the input and output impe-
dances are 200 ohms and 5K ohms respectively.
The frequency response with a source impedance
of 50 ohms is 15 c/s to 13K c/s ± 11dB and the
total harmonic distortion is 0.4%. The total cur-
rent drain is 0.7mA. Since large variations in
component values may tend to increase the col-
lector -emitter voltage to a dangerous level all the
resistors should be 5% tolerance high stability
types.

Multi Stage Transistor Preamplifiers
Where higher gain is required and where tone

controls and correction networks have to be
applied it is necessary to use more than one stage
of transistor preamplification. The number of
circuits that may be employed is virtually
unlimited and it is normal to design each pre-
amplifier for a specific requirement. For this
reason only a few typical circuits are illustrated in
this book.

Fig. 20 illustrates a complete preamplifier for
use with a crystal pickup. This incorporates a
volume control VR1, a variable treble cut, Vr2
and a variable bass boost Vr3. A low noise tran-
sistor, the GET106, is used in the first stage at a
collector current of 0.3mA, GET103's are used in
the other two stages at slightly higher current
levels. Direct coupling is used between the third
and fourth transistors to avoid the use of another
high value electrolytic capacitor. The circuit may
be modified for use with a variable reluctance
microphone by changing R1 to 10K ohms and add-
ing the extra response control components shown
in Fig. 21. Only the values of the components that
have been added are given to avoid confusion. The
overall current drain of the preamplifier is 3.5mA.

Fig. 22 illustrates a very low noise, high impe-
dance preamplifier suitable for use between a
crystal pick-up or microphone and a valve ampli-
fier. The noise is kept to an extremely low level
by operating the first transistor with very little
collector current. The base current of Tr2 is the
same as the emitter current of Tr 1 so the collector
current of Tr2 is that of Trl times the current
gain of Tr2.
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CHAPTER 4

POwer 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
Amplified whilst in a class B stage, which must
always use two transistors in push-pull, the power
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 ".

Class A - Output Stages
Figs. 1 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 offer 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 output transformer must be a definite
value if the maximum amount of power is to be
transferred to the loudspeaker.

If the quiescent collector current of the tran-
sistor is Iq then the maximum current will be 21q
and the minimum will be zero. The voltage ex-
cursion will similarly be from 0 to 2Vce where
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 maximum
possible output power is the product of the R.M.S.
of the voltage and the R.M.S. of the current, this
being >x Vce. Iq. Since the power consumption of
the transistor is Vce. Iq. the maximum theoretical
efficiency is only 50% and this would only he
athieved if R3 and the resistance of the primary
of the output transformer were zero.

The load resistance for given values of power
output and collector emitter voltage can be cal-
culated from the formula RL2 = Vce

2P out
Where P out is the output power.

If the impedance of the speaker is Rs the turns
ratio of the output transformer can be calculated

from the formula Tr =
RL

Rs
Where Tr is the turns ratio.

For the sake of example the table below gives
suitable component values for a range of battery
voltages and output powers. Pdis is the collector
dissipation.

V P out R1 R2 R3 Tr P dis Ic

6 20mW 5.6K 470 ohms 47 ohms 12 : I 55mW 11mA

6 50mW 3.3K 470 ohms 47 ohms 10 : I 110mW 22mA

9 750mW 220 ohms 22 ohms 5 ohms 3 : 1 1.7W 300mA

12 2W 50 ohms 6 ohms 1 ohm 2.5:14.8W 700mA

9 3W 68 ohms 8 ohms 1 ohm 1.5:17W IA
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9 3 3W 1.5A 1K

9 10 800mW 450mA 5K

9 15 600mW 300mA 5K

9 25 350mW 180mA 10K

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 and Fig. 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 i Vcc, complete ther-
mal stability is automatically achieved because
Vce = Vcc 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%.
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 preset
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
value of the preset resistor and P out is the output
power at room temperature.

9 35 250mW 130mA 10K

9 70 125mW 65mA 20K

9 140 65mW 32mA 50K

6 3 1.5W lA 1K

6 10 450mW 300mA 5K

6 15 300mW 200mA 5K

6 25 160mW 120mA 10K

6 35 110mW 86mA 10K

6 70 55mW 43mA 20K

6 140 27mW 22mA 50K

4.5 3 750mW 750mA 1K

4.5 10 230mW 225mA 5K

4.5 15 150mW 150mA 5K

4.5 25 85mW 90mA 10K

4.5 35 70mW 65mA 10K

4.5 70 35mW 33mA 20K

4.5 140 16mW 17mA 50K

3 3 350mW 500mA 1K

3 10 100mW 150mA 5K

3 15 60mW 100mA 5K

3 25 35mW 60mA 10K

3 35 25mW 43mA 10K

3 70 12mW 22mA 20K

3 140 6mW 11mA 50K

V RS P out Ic R As may be seen, the above table gives figures
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
output in each case and the transistor used must
be selected with this in mind. The value of C will
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 chapter

class B output stages always require two transistors
in push-pull. This is because a transistor in class
B only amplifies one half of the signal and two
are therefore required for complete amplification.

The principle behind the class B push-pull cir-
cuit is a simple one. The signal is split into two
signals of opposite phase, normally by a suitable
transformer, and each of these is used to drive one
of the transistors. The outputs of the transistors
are then recombined in the output transformer or
loudspeaker. Each transistor is biased so that it
will only amplify a signal which is negative with
respect to its emitter. In other words the tran-
sistor has virtually zero base bias in the quiescent
condition. When one transistor receives a posi-
tive signal the other transistor receives a negative
one thus only one transistor is conducting at any
instant. Since the quiescent collector current is
theoretically zero, the current consumption rises
with the strength of the signal and is always pro-
portional to it. The maximum theoretical effic-
iency is 78.5% but, because the average operating
efficiency is also very high. the advantage over a
class A stage giving the same output power is very
much greater than this would indicate. In fact.
with normal music or speech, the efficiency of
a class B stage is likely to be as much as 5 times
as high as a class A stage and may be considerably
more if the amplifiers are used well below their
maximum volumes as is normally the case.

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

The most common form of push-pull circuit is
shown in Fig. 26. The transformer T1 has a centre
tapped secondary which provides signals of
opposite phase for Tr 1 and Tr2. The outputs of
the two transistors are combined by T2 which
drives the speaker. T2 may be replaced by a
centre tapped loudspeaker although this normally
results in a slight loss of efficiency because of the
dissipation of D.C. power in the speaker windings.
R1 and R2 provide the necessary forward bias
to the transistors and R3 ensures thermal stability.

This amplifier circuit uses the common emitter
mode of amplification. The common collector
mode may also be used and gives better quality.
However, the gain is much lower so that a much
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 impedance is greater than the input impe-
dance. This is not practical with normal battery
voltages.

It is sometimes possible to reduce the cost of
the interstage transformer by accepting a higher
value of D.C. resistance in the secondary windings
than would normally be used. This makes the
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 the trans-
former winding forms the lower half of the poten-
tial divider for each stage.

Since each of the transistors in a push-pull cir-
cuit amplifies only half the signal it is important
that they should both provide the same degree of
gain. For this reason push-pull pairs of transistors
are normally matched by the manufacturer. This
matching 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 which is both
useful and popular is shown in Fig. 28. This is
usually called a single ended output stage. In
this type of circuit the transistors are in series
across the power supply and a split secondary
transformer is used to drive them. The outputs of
the two transistors drive a high resistance, un-
tapped loudspeaker which is connected to a centre
tap on the battery or to the junction point of two
similar batteries. R1 and R2 form the top halves
of the potential divider as in the last circuit and
the transformer secondaries of the transformer
form the bottom halves. R3 and R4 provide ther-
mal stabilization.

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

In some cases the need for two batteries in this
circuit may be something of a disadvantage par-
ticularly since this involves a double -pole on -off
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. Tr 1 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
drops is less.
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Another rarely used but perfectly feasible type
of circuit is that shown in Fig. 31 which uses a
transistor phase splitter in place of a transformer.
If a loudspeaker is used with a centre tap the cir-
cuit becomes 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
because matched pairs of transistors comprising
one P.N.P. and one N.P.N. type are still hard to
obtain. The principle of operation of the circuit

is based on the fact that a cut off 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 10mW, 100mW, 1 watt and 20 watts out-
put respectively. There is also a chapter dealing
with available transistors.
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