
THE
o o

PART 4. SIMPLE CIRCUIT DESIGN
BY CHARLES NORMAN

Last month we proved for ourselves that there is

.no difficulty about achieving a voltage gain with a

transistor. Now look at Fig. 4.1.

One thing you should notice about the circuit is

that the emitter is connected to ground and is common
to both base and collector circuits. Because of this

a transistor connected in this way is said to be con-

nected in the common or grounded emitter configura-

tion. If we accept the analogy between emitter and
cathode, this corresponds to a normal triode amplifier

which could be called a grounded cathode triode.

If this was a valve amplifier, we could calculate

the gain of the stage provided we knew the amplification

factor and anode characteristic of the valve. As the

input impedance of a valve approaches infinity it

throws little or no load on the signal circuit if it is

properly biased, and no current flows in the grid-

cathode circuit.

But a transistor depends Tor its operation not on a
voltage applied to the input but on the current flowing

through it. As a voltage is actually applied, the input

current will depend on the input impedance. Con-
sequently, this parameter has an important bearing on
stage gain and must be taken into consideration.

CHARACTERISTICS
So, out of the bewildering array of parameters to be

found on a complete transistor data sheet, this gives

us three characteristics to consider when we calculate

gain. These are the current gain (known as /? or a.')
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Fig, 4,1, Grounded emitter, or common emitter, connection
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the input impedance, Zjn, and the output impedance,

Zout. For an a.f. transistor the listed data are usually

measured at 1,000 c/s with the device working well

within its normal range at a temperature of 25°C
ambient. They are called the "small-signal" charac-

teristics and should be used for normal calculations.

A full transistor data sheet will also contain "large-

signal" or d.c. characteristics, maximum ratings, cut-

off frequency, average or design centre characteristics

and quite a lot more information including a few set

of curves, but we need only consider the small-

signal characteristics.

COMMON EMITTER
Now let us see how we can use them. The output

impedance for a transistor in the common emitter

configuration is usually well above 10,000 ohms, often

in the region of a megohm. This is useful because the

load, Ml is, so far as the signal is concerned, connected
in parallel across the output from the collector. As
the load is usually much smaller than the output

impedance its connection in parallel shunts this and
we can say

Zout =» Rl
The output signal voltage will of course be given

by
Vout = IcRl

where h is the collector signal current.

The signal input vm will produce a base current

ib-

1 _ vin
lb iy

If we write this the other way round we get:

Viii = itiZin

So voltage gain,

Vout _ icRt

Vln IbZin

But icjib (the ratio of output current to input current)
is of course /?, the current gain of the transistor. So
we get

Gain = ft**
1

Not very complicated really, is it? This is an
approximation of course, since it assumes that the
output impedance of the transistor itself is so high
compared with the load, that it need not be taken into
consideration. But it gives the voltage gain within
20 per cent which, as many of the components in the
average circuit have a 20 per cent tolerance, is as
much as we can expect if we base our calculations on
face values.



You may remember that all transistors made by the
same process are very much alike in beta and input
impedance. The average low-power germanium trans-
istor in use today has a beta of about 50 and an input
impedance of between 700 and 2,000 ohms, giving an
average of 1,300 ohms.
The listed characteristics of an OC7I are: beta =

47; Zin in common emitter configuration = 800 ohms;
Z ut = 12,500 ohms.
You should have noticed that the values of the

coupling capacitors are very much higher than those
in a valve circuit doing the same job. This is because
a transistor operates as a low impedance device,
hence the value of the capacitor needs to be higher to
pass low frequency currents.

STABILISATION
The resistor in the emitter circuit is very important.

It is intended to give an automatic bias in the same
way as it would if it were in the cathode of a valve,
but it serves another important purpose, i.e., limiting
the current through the transistors. The number of
current carriers, holes or electrons, in a semiconductor
increases with temperature because heat tends to
disturb the stability of the electron orbits. The effect
of heating the transistor is to set free extra current
carriers, so increasing the current and raising the
temperature. This sets free yet more carriers and
creates a snowball process which causes the current
to grow so rapidly that the transistor can be destroyed
in a moment.

All this current must flow through the emitter
resistance, producing a voltage drop which increases
with current. This drop is of course a bias tending
to cut off the transistor. So the current is held stable
and the transistor does not tend to run away with
itself. The resistor by itself would produce negative
feedback, so it is by-passed by a large capacitor which
takes the signal straight to ground without interfering
with the d.c. action of the resistor.

How can we make provision for an input bias
current? We could do this by connecting the base
via a suitable resistance to the collector supply, but
usually a potential divider as shown in Fig. 4.1 is

used. This helps to hold the base voltage at a constant
d.c. level, and so introduces a further measure of
stability. The calculation of these values is com-
plicated, but those given will answer for almost any

low power a,f. transistor. If you are making up
circuits there is no harm in experimenting, provided
that you start with a low bias current and watch the
emitter current carefully. Once you get used to them,
transistors lend themsleves to experiment even more
readily than valves.

GROUNDED BASE
The common emitter configuration is not the only

way in which a transistor can be used. In a grounded
grid triode circuit, the grid can be connected to ground
and the signal applied to the cathode. There seems
no reason why the same kind of thing could not be
done with a transistor. Fig. 4.2 is the basic circuit

of a grounded-base amplifier.

As you can see, it corresponds closely to the
grounded grid triode so far as the connections are
concerned. The transistor though needs some slightly

different mathematics.
To start with, the beta current gain no longer applies.

We have seen that only one in fifty of the current
carriers from the emitter flow into the base circuit.

The remainder cross this thin layer to the collector

giving us our ft of about fifty. But in the grounded-
base configuration all the transistor current must flow
in the base circuit instead of in the emitter circuit.

And this current must be shared by collector and
emitter. If you look carefully at the circuit diagram
you will see that this is the only way in which current
can flow.

As the current carrying capacities of base-emitter
and base-collector circuits are the same, we have only
changed the connections, not the transistor. About
one carrier in every fifty will flow in the emitter circuit

and the rest will go to the collector. So if the base
current was, say, lrnA, the collector current could
be only about 0-98mA. The ratio of the two currents
is called the alpha (a) or current gain of the transistor.

Since the current gain is really a small loss, it appears
that this connection will not give a voltage amplifica-

tion.

But if we apply the same reasoning to this as we did
to the common-emitter circuit we get:

Vout _ Jou tJJL

Via JinZin

But the ratio of input to output is now the alpha
current gain,

<xRl
Ztn

Gain =

Fig. 4J2. Grounded base transistor and grounded grid triode

The input impedance ofa transistor

in the common-base configuration is

much lower than that of the common
emitter, but the output impedance
is higher. This is logical, since the
emitter, into which the signal is fed
in a common base amplifier, carries

the entire transistor current and
must offer a lower impedance than
the base. The collector, on the other
hand, is separated from the emitter
by the grounded base so that its

potential can have little effect on
transistor current. So the approxima-
tion Zout = Rl becomes much more
accurate.
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On this basis, assuming an input impedance of say
50 ohms, load of 4,700 ohms and a of 0-98, we can
calculate the gain of a common-base amplifier,

Gam = 4i=°-?i£ 4.™=90
Zio 50

This, for a small load, is a high gain, but the high
output impedance of the common-base configuration
makes the use of a higher load convenient. Also,
we can get a very close approximation by calling

alpha unity. So a 10,000 ohm load would give a
voltage gain of 200. The secret of course is the ratio
of output to input impedance. The output current
is very nearly as great as the input current, and so
must produce a much greater voltage drop across the
high collector load.

The common-base circuit has a more stable gain
than the common emitter and is less likely to run
away with itself. But its low input impedance is a
serious drawback. Imagine connecting 50 ohms
across a sharply tuned circuit! So for normal pur-
poses the common-emitter amplifier is more popular.

EMITTER FOLLOWER
The final transistor configuration is the grounded

collector circuit, which is sometimes called an emitter
follower. It is drawn in Fig. 4.3 with its valve analogy,
the cathode follower. Its characteristics differ from
those of the grounded emitter and grounded base
circuits. The collector, although it is taken to the
collector supply line, is of course grounded so far as
the a.c. signal is concerned.
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Fig. 4.3. Grounded collector transistor (emitter follower};
and grounded anode triode (cathode follower)

As the signal is applied to the collector, which has
the highest impedance of all the transistor segments,
the input impedance must be high. Conversely, the
output is taken from the lowest impedance, the emitter,

so the output impedance must be low. The common
collector circuit gives a large current gain but its

voltage gain is slightly less than unity but, unlike the
cathode follower, it does not invert the phase of the
signal.

All of this has just scratched the edges of a complex
subject, but it is a start. However, readers who have
been following this short series will probably have
more confidence in making an amplifier. If you
made up the diode receiver described in the second
article of this series, there is no reason why you should
not add a stage of a.f. amplification, using the head-
phones as collector load.

With a little practice you will find that transistors

are just as easy to experiment with as valves.
-fa
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SPORTS EVENTS TIMER
continuedfrom page 483

ESCAPEMENT MECHANISM
A shelf mounted on fixing blocks must be provided

at the back of the face to mount the escapement
mechanism (or clock movement) for the sweep hand.
It is advisable to keep the weight of the moving parts

to a minimum and for this reason the hand is made of
balsa wood using a strip |hi wide tapered to a point
and painted black. This has proved to be better

than the original hand which was of 18 s.w.g. alumin-
ium and counter-balanced.

Another point learnt from experience is the desir-

ability of keeping the operating solenoid away from
the multivibrator relay. For convenience these were
originally together on the same box but it was found
that the heavy field produced by the solenoid RLB
acted on the relay coil and caused a "chattering"

effect.

Rear view of the clock showing the units in position and
the leads to the 12V car battery which is required to ener-
gise the actuating mechanism. The small box houses a
press-button switch for remote start and stop

OPERATING THE TIMER
On/off switching can be performed from distances

up to 100 yards from the clock, using ordinary twin
flex. A push-on/push-off single-pole switch fixed

either to a small board or in a small box is the most
convenient control to operate and is almost foolproof.

When setting up at the start of a function it is ad-
visable to switch the oscillator on and allow it to run
for about 10 minutes. Then check the speed with a
stop watch and adjust the fine speed control VR1 so
that the hand just completes a circuit in 60 seconds.
Note the reading on the fine speed control scale for

future reference.

An occasional check with the same stop watch
during the period of the event is a worthwhile pre-

caution, although in practice this device has been found
to maintain extremely accurate time. ^-




