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Reference voltage is stabilised at 30 volts with a type BZX70/C30
zener diode, fed via a 220 ohm resistor. In channel A", thisis a

% watt resistor but in channel *B”, a § watt resistor is used. This is
necessary because of the difterent situation under short-circuit output
conditions, where a high current is passed through the 220 ohm
-resistor. Additional filtering is achicved with a 1000 uF 35VW electro-
lytic across the zener diode.

A 5k 2W wire wound potentiometer is connected across the zener diode
and the derived voltage is fed to the base of TR1, which sets the voltage
at the output terminals. A 100 ohm 1W resistor is connected in series

. with the Sk potentiometer in each case. This is added to avoid excessive
dissipation in the potentiometer for settings close to that end of its
travel. The added resistor shightly restricts the available voltage to the
base of TR1 but due to a small voltage rise across TR1, any loss 1s oft-
set.

It may also be seen that there is a 270 ohm resistor at the other end of
the potentiometer in channel **A™. This is added to ensure reliable
starting of this system at low voltage settings. It prevents the output
voltage from being set to zero.

Transistor TR1 must be a PNP type, capable of withstanding 35 volts
or so between collector and emitter, and it must also be capable ot
dissipating the power dictated by the settings of the voltage and current
controls. A suitable transistor for this position is the TT800, or any
similar type,

Transistor TR2 must be able to pass the maximum output current, it
must also be able to dissipate the power resulting from the output
current and the voltage drop between emitter and collector. In addition,
it must also be able to withstand about 35 volts between collector and
emitter. A logical choice here is the 2N3055, which is ideal. It may be
scen that there is a silicon power diode between emitter and collector
of TR2. This is added to protect TR2 from damage in the event of an
external “same polarity™ voltage being applied to the output terminals
when thesupply is switched off.

In channel “A", TR3 normally passes only a modest current, and as
the transistor is saturated, the power dissipation is negligible. However,
under short-circuit conditions, the full emitter voltage of TR1 will
appear between collector and emitter of TR3. This can be anything

up to about 30 volts, according to the sctting of the voltage potentio-
meter. Again, a TT800 or similar is satisfactory.

The major difference between channels “A™ and “B” is that TR3 and
the 32 uF electrolytic capacitor arc dropped from channel **B” and
replaced with a silicon power diode between TR1 base and TR2
collector.
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The subject of metering was one which presented us with a number of
problems. Two meters, one for each channel, would be a convenient
measure and make for easy switching. However, a considerable saving
in cost results from the use of only one meter, although the switching is
a little more involved. As may be seen, we settled for one meter and
this has worked out quite well.

Having decided on one meter, the next question was just how best to
make use of it. As the maximum voltage and current per channel would
be 30 volts and 2 amps, it is obvipus that these ratings should be
provided for each channel. For convenient reading of lower voltages, we
selected a 10 volt range as well. In addition, for low current readings,
another range should also be added. This presented some rather complex
switching problems and we finally added a 100 mA range, not as sep-
arate positions on the metering switch, but by the addition of two press
buttons. With the 2 amp range selected and by pressing the appropriate
push button, the meter reads 100 mA full scale.

Even after the general outline of metering had been decided, there were
still problems to be solved. Due to the fact that readily available rotary
switches are of the shorting type, measures had to be taken to avoid un-
desirable interaction between circuits during the actual process of
switching. For the voltage ranges, it was necessary to split the multiply-
ing resistors into two halves in each case, with a resistor on each side of
the switch. Also, to avoid tying the two channels together momentarily
when switching from one channel to the other, a blank position had to
be provided on the switch. This necessitates a 7-position switch rather
than one of 6-positions.

So much for the overall approach to metering. A few comments relating
to the resistor requirements for metering may be of assistance, Once
again, to keep costs down, we found that the ordinary S pc preferred
range of resistors were quite good and accurate enough in most cases.
The 100 ohm resistor in series with the meter is an ordinary S per cent
type, as are the two 10k multipliers. The 4.9k multipliers were obtained
by paralleling a 5.6k and a 39k. The 0.1 ohm shunt was obtained by
paralleling two 0.22 and a one ohm together. The 1.9 ohm shunt was
arrived at by paralleling 2.2 ohms with 15 ohms.

If you have no means of cross checking the meter readings given for
each of the ranges, then those given with the resistors quoted should be
fairly close in most cases. On the other hand, if you have access to a
meter of known accuracy, you may check the readings given by the
power supply meter and make any corrections where this may be found
necessary or desirable.

The complete unit is built into a case whose measurements are 30.5 cm
wide x 16.5 cm high x 11.5 cm deep. This accommodates the compon-
ents without any crowding, or undue waste of available space.















































































































POWERPAC — A LOW COST GENERAL-PURPOSE
BATTERY ELIMINATOR

Anyone who had a battery-operated record player or cassette recorder
knows that battery replacement can become monotonously frequent
and downright expensive if the machine is used often. Ideally, the
machine should be powered from the AC mains where possible. Here is
a low cost mains adaptor which we have called the “'powerpac'; it uses
only two economy stlicon transistors.

Powerpac is a conrpact, regulated power supply whose output can be
set by screwdriver to any voltage between 3 and 12VDC. Maximum
current is about SOOmA at 12V, with higher currents available at lower
settings. Hum and noise output is very low and the unit is protected
against accidental short circuits.

Most cassctte recorders require a DC supply of between 6V and 9V at
up to several hundred milliamps. Normally, this is supplied from the
requisite number of “'C" size carbon-zinc cells. At the level of current
required, the batteries do not last very long at all, especially if the
machine is used for long listening or recording sessions.

It was mainly to satisfy the power requirements of these machines that
the Powerpac was designed. However it is also suitable for powering
transistor radios with DC rails of 3 to 12V, portable (battery operated)
record players and automotive cartridge players — although some car-
tridge players may require heavier current than the Powerpac can supply.

As well as powering the above audio appliances, Powerpac can also be
used to provide a SV rail for digital logic circuitry. The circuit could
also be used as the basis for a simple variable power supply with op-
tional metering circuitry added.

As the accompanying regulation curves show, the performance of the
prototype Powerpac is quite good considering the circuit simplicity. At
12V, the supply delivers SOOmA before coming out of regulation. At
the point where regulation stops, the ripple (100Hz) superimposed on
the DC increases very rapidly. Voltage change, from no load to full load

at SO0mA, is 0.35V.

At the 9V setting, the performance improves; regulation ceases at

600mA for a load voltage drop of less than 0.25V. At this current, the

100Hz ripple js only 10mV peak-to-peak, as shown by the curves. More

current again can be delivered at the lower voltage settings.

A simple method has been devised to protect the Powerpac from short
circuits, by limiting the current into a short circuit to 1.2A. This means
that the maximum surge current supplied to a load when first switching
on is also 1.2A. While the Powerpac is thus protected against inadver-
tent short circuits, a short circuit should not be maintained for more
than about five minutes, otherwise the Powerpac will become very hot
and damage could possibly result.
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CONSTRUCTION: The Powerpac is conveniently installed in a box
measuring 165 x 115 x S1mm (6% x 4% x 2 inches) which may be a1
diecast case or a sheet steel box with “biscuit tin™ lid. Whatever box is
-used, make sure the transformer fits before purchase.

Mount the transformer at one end of the case. Then mount the power
transistor on its heatsink. This is made from a piece of 16 SWG alumin-
jum measuring 90 x 66mm bent so that it has a 66 x 38mm mounting
flange. It is sccured to the case with one screw and nut, plus a lock-
washer. All screws should have lockwashers otherwise they become
loose before very long.

Use a mica washer and plastic bushes to insulate the transistor from the
heatsink. Both the mounting face of the transistor and the appropriate
area of the heatsink should be lightly coated with silicone compound.
The rest of the hardware may now be installed.
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Trl is a normal series regulator, controlled by Tr2 and with it forming a
Darlington pair whose current gains multiply together to give a high
overall sensitivity. The base current of Tr2 is subject to further amplified
control by the collector current drain of TrS, whose base receives from
the positive output rail the error voltage which is to be corrected. TrS
and Tr6 form a differential amplifier of the so-called “‘long-tailed pair
type.

Any error voltage occurring at the positive output rail is fed through
variable resistor VR to the base of TrS, where it is compared against
the fixed voltage of Tr6 base and thercby amplified in the collector
circuit of TrS in the proper sense to change the voltage drop across R1.
This consequently changes the base current of Tr2 and emitter current
of Trl to the extent needed to correct the output voltage error. The
voltage between Tr6 base and the emitter supply rail for TrS and Tr6 is
held constant at 4.3 volts by ZD1, which also ensures that the base-to-
emitter voltage rating of these transistors is not exceeded.

VRI1 controls the regulated output from zero to maximum voltage,
minimum resistance giving minimum output, and it should be wired to
give clockwise increase of resistance. VR2 serves to adjust the maximum
output voltage, and once set correctly is not disturbed again. Capacitor
C1 ensures smooth control of output and also feeds back residual hum
voltage in the output to the base of TrS, giving a very useful degree of
cancellation.

Looking now at Tr3 and Trd4, these provide the overload protection in
conjunction with R3 and VR3 Tr4, whose base is connected to its
collector, is used as a diode with a very low slope resistance and its
characteristic base-emitter voltage drop of 0.6 volt, together with the
similar drop in Tr3, provides a base bias sufficient to keep Tr3 normally
cut off. However it will be seen that the total output current flows
through R3, setting up a proportional positive voltage at its upper end,
amounting to 1.5 volts for an output of 1 amp.

A portion of this voltage is tapped off by VR3 and applied to the base

of Tr3, and when it exceeds about 1.2 volts Tr3’s collector circuit begins
to draw current, thus increasing the voltage drop across R1 and robbing
Tr2's base of current, thereby increasing the voltage drop through Trl
and limiting any further rise in output current. This control is quite
effective; when supplying a load drawing the rated maximum of 1 amp,

a dead short-circuit across the load will not increase the current beyond
1.15 amp, and this current can be supplied continuously without damage.

Switch S2 permits meter M to serve either as a voltmeter reading 0-10 or
0-30 volts full scale, or as an ammeter reading 1 amp full scale. The meter
is a standard 15/8 inch square voltmeter, scaled 0-10 volts and drawing
one milliamp for full-scale deflection, the resistance of the moving coil is
100 ohms.
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so that the operation can be checked scparately for proper voltages and
polarities, before connection to the rest of the circuit with almost
certainly disastrous results if an error has occurred. And double-check
the correctness of the anode and cathode connections of the silicon
rectificrs being used.

The prototype used a case having a base chassis 2% inches deep and a
cover 6 inches high above the chassis. All of the present circuitry,
except the power transformer, was mounted under the chassis and on
one face, leaving the upper space empty except for the transformer.
This is because it is hoped later on to add a variable high-voltage
regulated supply, probably using valves to give around 500 volts at
100 milliamps, and an AC heater source. The idea is to make a sort
of universal “‘experimenter’s powerhouse™ in a single unit.

Table 1 gives a general voltage analysis which may be helpful in
preliminary testing or fault-finding.

TABLE 1: VOLTAGE ANALYSIS

NOTE. Tha negative output terminal 1 tregted as the nautral point t=r this analysis.
Output control sat to 30 voits. No l0ad. Measured with 50k ohms / voit meter.

Neutral 10 ragulated nagstive ral -4 9V
Neutrel 13 TrS ena Tr emittars -0.6Vv
Noutral to unreguiatod nagativa supply -29.5V
Noutral 1o TrS Sase oV
Neutral to unregulatad positrve supply +35.5v
Neutral 1o Tr3 amtter +305v
Neutral to Tr3 ana Tr5 ccllactors +31V
Positive unregulated sucply rail to Tr2 base +4.0v
Positive unregulated supply rorl 1o Tr2 emitter + ;gz
* 9.

Positive unreguiated aupply rail to Trl emitter

Before first switching on the unit, it is recommended that one end of
resistor R4 should be disconnected and a millammeter inserted tem-
porarily in this circuit, With the output control set to zero, the mill-
iammeter should show 11 to 12 milliamps, if not, reduce or increase
R4 until this current is obtained. For good regulation it should not be
allowed to fall below 10 milliamps. Any change in R4 will not be
large unless a fault exists.

Next, adjust the maximum output voltage. Set switch S2 to the 30 volt
position 2, turn the output control to maximum, and adjust VR2
until the meter reads full scale.

Finally, set the overload limit. Connect a 25-ohm 20 watt resistor to
the output terminals, set S2 to position 3 to read current, and with
the output control at maximum adjust VR3 until full scale reading

(1 ampere) can just be obtained before limiting commences. The onset
of limiting can be observed very clearly as VR3 is turned slightly to
and fro around the desired position.

This completes the setting-up. The output control VR1 should now
give smooth variation of voltage when unloaded from zero up to

30 volts and up to 24 volts on a 1 amp load. The unit will be found
very simple and easy to use, and the prototype has proved perfectly
reliable. 77




Editor’s Note: It would appear to be possible to improve the
regulation of this unit slightly, by incorporating the current shunt

R9 into the regulator feedback loop. This could be done by connecting
the rotor and “top” end of VR1 to the output end of R9, rather than
to the junction of R3 and R9 as at present.

PARTS LIST FOR POWER SUPPLY

1 Power Transformer, (sce text).

1 Toggle switch, SPDT.

1 Rotary switch, 1-pole 3-position, shorting or non-shorting contacts.

2 Terminals, 1 red, 1 black.

2 Two-pin polarised sockets.

1 Heat sink, finned, T0OS type.

1 Heat sink (may not be needed; see text).

1 Metal case to suit.

M Voltmeter, 0-10 Volts DC, 15/8” square face, meter resistance
100 ohms;

SEMICONDUCTORS

Trl 2N3055, AM291, BD130, BPX10, 2N378 or equivalent.
Tr2-6 2N697, BSX45-45/10, BSY44-51, 2N2218, R§276-2009
or equivalent.

ZD1 Zener Diode, 4.3 Volts, 300 mW.

D1-D2 Silicon rectifier, 1 Amp 100 PIV or larger.

D3-DA4 Silicon rectifier, 100 mA, 100 PI'V or larger.

RESISTORS

R1 3.3k, %W, 10pc.

R2 5.6k, %W, 10pc.

R3 1.5 ohms, 2W, 10pc.
R4, RS 390 ohms, %W, Spe.
R6,500 ohms, 2W, 10pc.
R7 20k, %W, 2pc.

R8 9.9k (see text).

R9 0.1 ohm (see text).

VR1 2.5k, wire wound.
VR2, VR3 100 ohms pre-set trim-pots.

CAPACITORS

Cl 50 uF, 50 VW electrolytic.

C2, C3 6,000 uF, 35 VW electrolytic, (see text).
C4, C5 220 uF, 50 VW electrolytic.

C6 220 uF, 50 VW electrolytic.

MISCELLANEOUS
Two knobs for controls, mica washer for TR1, mains cord and plug, etc.

NOTE: Resistor wattage ratings and capacitor voltage ratings are those
used for the prototype. Components with higher ratings may generally
be used providing they are physically compatible. Components with

lower ratings may also be used in some cases, providing the ratings are -

not exceeded.
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The behaviour of the circuit will, however, depend heavily on the base
current of the transistor. If it varies in proportion to the emitter load
current and becomes large enough to affect significantly the voltage

at the potentiometer tapping, then the regulation of the supply will
be poor.

We tried out the idea using a single 2N3055 power transistor but it
became obvious that the current drawn by the base circuit would,
indeed, be too high with a heavy output current being drawn from the
emitter.

We had set an arbitrary figure of SO0mA on the maximum current to be
drawn from the supply, and to obtain this current under worst-case
transistor parameters (the lowest gain of a 2N3055 1s 20) we would need
about 500/20 or 25mA base current. We could not expect to draw any-
thing like this amount of current from the potentiometer without upsett-
ing regulation.

So we thought of another idea — the “Darlington pair' circuit. To make
a Darlington pair, we connect two transistors together as shown in Fig2
and treat them as one. The gain of the pair is equal to the product of
both the transistor gains and, as the TT801 transistor we chose to con-
nect to the 2N3055 has a gain of 40 (minimum) the pair have a gain of
at least 800!

The pair thus require a base current ranging up to less than 1mA for
500mA out, and we can afford to take this order of current from across
the zener and potentiometer with very little effect on the base voltage,
as set.

Now let’s turn to the main circuit diagram of Fig3 and see how the
Darlington pair has been incorporated — with refinements.

To minimise the amount of AC ripple across the zener diode, we have

added a 100uF capacitor in parallel. Fairly obviously, any ripple in the
zener “‘reference’ voltage would be transferred very faithfully into the
output voltage!

To the base circuit we have added a silicon diode — we used an EM401
— which prevents damage to the transistor base-emitter junctions by
breakdown.

The diode affords protection because its breakdown voltage is very
much higher than that of the transistors.

Because there are now three P-N junctions involved, (two transistors and
a diode) the difference in voltage between that at the potentiometer
wiper and the emitter of the 2N3055 will not be 0.6V, but about 1.8V.
For this reason we have specified two 6.8V zener diodes in series — we
want to be as close as possible to 1.8V above 12V, in order to obtain an
effective 12V supply. If we used a 12V zener, the maximum output volt-
age would be limited to about 10.2V.
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Fig. 1: The basic ‘emitter
follower” circuit described
last month, with added zener
voltage divicer to make the
supply variable.

Fig. 2: The “Darlington pair”
configuration used jo keeo
base current to a minimum.

Now the disadvantage of the series regulator is its liability to damage
with a short circuit. However here the 1.5 ohm resistor and fusc should
provide the necessary protection. The resistor will limit the short circuit
current to less than 9 amps, whereas the transistor is capable of passing
15A without damage. If the short is maintained for more than an instant
the fuse will blow, thus preventing damage to the rectifier diodes or
transformer.

In other words, a momentary short — such as often happens on the work-
bench — will not worry the supply at all. A sustained short will simply
blow the fuse.

Two other components are worthy of comment: a 1000uF capacitor and
a 1k resistor across the output circuit. The capacitor contributes to filter-
ing and also helps meet peak current demands by (for example) a class B
audio amplifier.

The 1k resistor across the output is to provide a small load on the supply.
This assists the emitter follower section by providing a return path at all
times — not just when a load is connected.

Let us now look at the construction of the circuit from the power point
to the transformer.

We start with a standard 3-pin plug and a 3-wire mains flex, which is
brought into the case at the bottom of the rear panel. The hole through
which it comes must be grommeted and, immediately after entry the
cord must be clamped. It must then be separated into its 3 leads: active,
neutral and carth. The active and neutral lcads must screw into a terminal
block while the carth lead must make reliable mechanical contact with
the case of the supply, usually per medium of a solder lug fastened by a
brass nut and bolt. /
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POWER SUPPLIES FOR TRANSISTORS
IN VALVE EQUIPMENT

When transistor circuitry is to be incorporated into equipment originally
or predominantly using valves, provision must usually be made for a
suitable low-voltage power supply. Described in this brief article are
some of the many possible approaches.

Possibly the simplest means of obtaining a suitably low supply voltage is

a resistive voltage divider connected to the HT line, as shown in figure
1(a). However, in general this approach can only be used where the current
drain of the transistor circuitry is quite modest, where the HT power
supply circuit of the valve equipment is capable of supplying the addition-
al current involved.

With this circuit the values of the two divider resistors R1 and R2 are
determined both by the voltage and current requirements of the transistor
circuit, and by any further requirements regarding loading regulation,
npple filtering or signal decoupling (note that the line voltage regulation
remains fixed and equal to that of the HT voltage supply).

Broadly speaking the ratio of the two resistors determines the output
voltage, while their absolute values both directly determine the ripple
filtering and decoupling, and inversely determine the loading regulation.
Low values give good regulation but poor filtering and decoupling, and
vice-versa. It should also be borne in mind that low resistor values give ¢
increased loading of the HT line. |

From theory the effective output circuit of a simple resistive divider may
be represented by a battery whose voltage is a fraction of the HT voltage
given by R2/(R1 + R2), in series with an AC generator whose output is |
a similar fraction of any signal or ripple on the HT line, together with a i
series resistance equal to the value of R1.R2/(R1 + R2). The latter com-
ponent will determine the load regulation of the divider, and also in con- {
junction with capacitor C the ripple filtering and decoupling. 4

For typical applications in which the load current is modest and ripple i
of minor concern, a convenient rule of thumb is to allow resistor R2 to 4
draw a current equal to that of the transistor circuit load. This permits {
simple calculation of R2, whose value will be given by the load voltage
V divided by the load current. Similarly R1 may be found by dividing )
the difference between the HT and transistor load voltages (HT-V) by i
twice the load current.

Capacitor C may be an electrolytic type with a value as large as necessary
to satisfy filtering and decoupling requircments, and with a working vol-

tage rating cqual to or exceeding V. The resistors should have dissipation

ratings adequate for the job, of course; the dissipation of R1 will be given
by (HT-V).21, where I is the load current. .






If the current drain of the transistor circuit load is substantially constant,
and the main concern is to stabilise its supply voltage despite variations
in the main HT voltage, then R should have a value such that Z still re-
mains in the breakdown state when the HT voltage is at its minimum
value. Typically this will mean that R will have a value equal to

(HTmin —V) divided by a current of about 3 or 4 milliamps larger than
the load current. Naturally Z will have to be a device capable of dis- |
sipating the appropriate maximum power when the HT is at its maxi- {
mum value.

On the other hand if the HT supply is substantially constant while the
load current is subject to variations, then R should have a value such
that Z still remains in the breakdown state when the load current is a
maximum. In the typical case this will give a value for R of (HT-V)/I,
where I is a current about 3 or 4 milliamps larger than the maximum |
load current. As before, the zener will have to have a dissipation rating

adequate for the maximum dissipation condition, which will in this

case be when the load current 1s a minimum.

The loading regulation of a zener diode divider will tend to be significant-

ly better than that of a simple resistive divider, due to the stabilising action

of the zener diode. The latter also gives a significant measure of line volt- .
age regulation, together with intrinsic ripple filtering and signal decoup- i
ling.

As a result of the ripple filtering and decoupling action of the zener
diode itself, capacitor C may not be required in less critical applications;
however, when used it will give improved performance. Note that in
contrast with similar regulator circuits employing gaseous discharge
tubes, there is in general no tendency for a circuit of this type to prod-
uce relaxation oscillations.

In some types of valve equipment, provision of simple or zener HT
voltage dividers may be rendered unnecessary as a result of the availab-
ility of low voltages at power valve cathodes. Where only moderate
currents are required, such points can provide a convenient and quite
satisfactory source of low voltage supply, as illustrated in figure 1(c).
In most cases the voltage available at a power valve cathode is well
regulated and filtered, due both to the low impedance of the cathode,
components and to the high effective impedance of the valve itself.

When the current required by the transistor circuit load is slight com-
pared with the power valve cathode current, this type of supply need
typically consist of nothing more than a simple R-C filtering and de-
coupling circuit, as shown. The value of the resistor R will be dictated
largely by the allowable voltage drop, which will depend in turn upon
the available cathode voltage and the required transistor supply volt-
age. Once the value of R has been fixed, the value of capacitor C may
then be determined on the basis of adequate decoupling and ripple
filtering.
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