
TWIN POWER SUPPLY
By G. S. SCHAJER

The use of integrated circuits has made it possible
to make a high quality regulated supply incor-

porating a current limit facility using a surprisingly
small number of components. Since the supplies
are so simple and inexpensive, a twin power supply
unit is a practical possibility, and is extremely useful
especially in development work.
The current limit facility is one which is not found

except in the most expensive power supply units, and it

will be found to be extremely useful—sometimes in
rather unexpected ways. Apart from its use as an
overload protection and as a constant current source,
the author has found it to be an excellent way of
testing Zener diodes!

The current limit facility is nearly as accurate as the
voltage regulator and, if required, the unit may be
used as a constant current source.
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CIRCUIT DESCRIPTION
The integrated circuits used are the 741 operational

amplifiers (op amps) which are cheap and readily
available. The operational amplifier differs from the
ordinary-amplifier in as much as that it has two inputs,
an inverting one (marked with a minus sign) and a
non-inverting one (marked with a plus sign).

If there is a small difference between the voltages
applied to these inputs, the output will change according
to the magnitude and polarity of the difference. The
op amp may therefore be used as a difference amplifier.
This is the case in the circuit shown in Fig. 1 , which
shows a voltage follower circuit.

The output of the op amp is controlling a transistor
in the supply rail of an unregulated supply. It is

comparing a reference voltage and the output voltage
and amplifying the difference. If the output voltage
falls, the input to the transistor is increased, tending to
restore the output to its original value. Similarly an
increase in output will cause less current to the transistor
base and thus decrease the output.

Since the op amp has a very high gain, the input
need only change by a small amount for it to produce a
substantial restorative action. The output thus follows
the reference voltage with a high degree of accuracy.

CURRENT LIMITING
Fig. 2 shows a basic current limiting circuit. It

functions in exactly the same way as the voltage
regulator except that instead of the output voltage the
voltage drop across RA (and thus the current) is
compared with the reference.
The current at which the circuit limits is dependent on

the reference voltage and the value of the resistor
according to the relationship:

Current limit = Reference Voltage
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Fig. 3a. Circuit diagram of one half of the electronics of the Twin Power Supply

IFICATION
Two identical supplies with complete isolation
Fully variable Output voltage 2 to 15V
Fully variable current limit 35mA to 1

A

Ripple at 15V, 1 A 4mV
Voltage regulation 0-1%

If the circuit is operated in the region of current
limiting it makes a good constant current source. Its

accuracy is nearly as good as that of the voltage

follower. The slight deterioration is due to the

thermal instability of the resistor.

FULL CIRCUIT DIAGRAM
The voltage follower and the current source may be

used together as shown in the full circuit diagram,
Fig. 3a. The reference voltages are made adjustable so
that the output voltage and the current limit may be
adjusted.
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Fig. 3b. Mains input and switching arrangement for the complete Twin Power Supply
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COMPONENTS

Resistors
R1

R2
R3
R4
R5
R6-R9
R10
R11

R12

3-3kn
ma
680Q
tkfi

22kQ
10kn {4 off)

201QW wirewound
4-7kfi

47Q
All +10% ±W carbon except R10

Potentiometers
VR1 5kft linear

VR2 5kfi linear

Capacitors
C1 2,000^F 50V elect.

C2 50^F 25V elect.

C3 50^xF 15V elect,

C4 0-VF 250V polyester

C5 0-VF 250V polyester
C6 50^F 25V elect.

Integrated Circuits
IC1.IC2 741C(2ofT)

Transistors
TR1 OC83
TR2 OC36
TR3 ACY19
TR4 2N3055
TR5 2N3053

Diodes
D^-4
D5
D6

1 N4001
1 N4001
16V 400

(4 off) or 2A bi idge rectifier

mW Zener
D7 12V 400mW Zener
D8 1 N4001

Switches
51 D.P.D.T, mains toggle
52 5 pole 3 way, make before break, rotary wafer
53 Push to make release to break, pushbutton
54 D.P.D.T, toggle

All the above components are for one half of
the Twin Power Supply except S1 and S2,
only one each of these being required

Miscellaneous
T1 Douglas MT127 0-24-30-40-48-60V 2A
-ME1 1A f.s.d. 3in meter
ME2 20V f.s.d. 3in meter (or 15V if available)
PL1, SK1 Bulgin P360 mains plug and socket
PL2, SK2 B76 plug and socket
PL3, SK3 B7G plug and socket
LP1 Mains neon with integral resistor
FS1 2A fuse and holder (2 off)

FS2 500mA fuse and holder
Terminals (4 off)

0-1 Sin matrix edge connectors and Veroboard
(optional)

Case, plastic feet, paxolin panel, Veroboard,
printed circuit board, power transistor insulating
set (4 off)

A germanium transistor (TR1) biased by a silicon
diode (D5) is used as a constant current source to feed a
Zener diode (D6) thus giving a very stable reference
voltage. Since the output voltage cannot be taken
below 2V a resistor, R3, is connected in series with the
potentiometer VR1 to make the minimum reference
voltage also 2V.
The current limit reference Zener diode (D7) does

not need similar stabilisation as it only operates when
the load current is constant and hence the rail voltage is

not changing. A maximum of 2V is required for this
voltage and this is obtained from a 12V Zener (D7) and
a resistor R5 in series with VR2 to produce the required
voltage at the potentiometer wiper.
The outputs of the op amps do not run directly to the

output transistors but via driver transistors in the super
alpha pair configuration. This prevents overloading
of the op amp output which can only supply 25mA.
The 741 has indefinite short circuit protection which is

comforting during testing.

Under extreme conditions one or other of the output
transistors is dissipating nearly the full power input of
the supply from the transformer, i.e. about 20W. The
need for heatsinking is obvious and should be taken
into account when deciding the output power required.

OUTPUT VOLTAGE MONITORING
The connection from the inverting input of IC2 is

connected directly to S4 (Fig. 3b) so that the voltage
drop in meters, switches and wiring does not affect the
regulation of the supply. When S4 is closed the input
to the op amp is connected to the output terminal and
so any voltage drop across the switch due to contact
resistance will similarly not affect the regulation.
When the switch is off the supply is disconnected

from the output but the high impedance op amp input
is still connected to the supply by R12. This enables
the supply to operate so that the voltage and current
limit may be set when S4 is off. The current limit set
switch S3 is independent of S4.

c
A reverse biased diode D8 is connected across the

"output terminals to protect the supply from back e.m.f.
when disconnecting a reactive load.

Resistor Rl 1 is included so that the supply has a load
in the absence of any external load. C6

. protects
against high frequency oscillation and C5 reduces
mains borne interference.

THERMAL EFFECTS
The 2fl resistor in the current limiting circuit should

be a high wattage type to prevent excessive heating
which causes resistance variations. A 10W type
drifts by about five per cent which is reasonable; a
higher wattage should be used for greater stability.
On the prototype the rail voltage off load was 28V.

Under no circumstances should this voltage be exceeded
by using a higher voltage transformer as this will
damage the integrated circuit. On a 1A load the rail
voltage drops to 21V.

Meters are provided to measure the voltage and
current output of the two supplies. It is possible to
switch them from one supply to the other, but without
breaking the continuity of either supply, and yet
maintaining the isolation between the supplies.
The circuit shows the switching arrangementrequired.

A five pole, three way, make before break switch is

used. The centre position is "off". A make-before-
break switch is essential, otherwise there will be a break
in continuity during switching.
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Copper broken at FB t

Direction of capper strips!

Fig, 4. Printed circuit board carrying the integrated
circuits and associated components shown full size
from copper side. Also shown is the Verohoard
carrying the Zener diode circuit

CONSTRUCTION
The method of construction is a matter of personal

choice, dictated to some extent by the materials

available. Some thought should be put into planning

the layout of the components and a little extra care

when making up the unit is well worth the effort.

Some details are given of the construction of the

prototype, together with some of the points to remember
when building the supply. They are given merely as a

guide and need not be adhered to rigidly.

The integrated circuits and associated components
are mounted on a printed circuit board which is shown
in Fig. 4. The two rows of holes for the i.c.s are easily

drilled by clamping a small piece of Veroboard (01 in

matrix) to the printed circuit board and using its holes

as a template. Holders for the i.c.s may be used if

desired.

The Zener diodes and associated components are

mounted on the front panel, attached to the tags of the

potentiometers. The stabilisation circuitry for the

Zener diode D6 is made on a small piece of Veroboard
(01 Sin matrix) which is mounted on the back of VR1
by means of its connecting wires. If the potentiometer
has a metal case steps should be taken to prevent the

Veroboard shorting.

The layout of the front panel is shown in the photo-
graph (Fig. 8). This was made from a piece of white
Perspex -rVirt thick. Detailed drilling details are not
given as some of the components will vary according to

availability. The meters shown are not generally avail-

able but SEW series 65 meters are a suitable type to use.

It is a good idea to connect the spindles of potentio-

meters VR1 and VR2 to the negative rails of the

supplies as this reduces hum pickup. Use thick wire
for the current carrying sections of the supply to
reduce heating effects.

TRANSFORMER
The power is supplied by a single transformer with

two isolated 18V, 2A secondary windings. This is not

Photograph of the
completed Twin
Power Supply
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Fig. 5. Layout of the components on the back panel. Details of board A are given in Fig 4 TR2 andTR4 are mounted under the boards on the panel

Fig. 7. Layout of the components on the Paxolin board
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Fig. 8. Layout of the components on the front panel. Board B is shown in Fig. 4
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Fig. 6, Diagram showing modification to the Douglas
MT127 transformer

available in this form but a simple modification to a
Douglas MT127 will give the required result. The
MT127 has taps at 0-24-30-40-48-60 volts and these

are connected to tags.

The connections to the tags marked 30V and 48V
should be carefully unsoldered and the end of the 30V
winding should be connected to the beginning of the

48V winding. This is shown diagrammatically in

Fig. 6.

One 18V supply is available at the tags of the 30V and
48V and the other at the tags of 24V and 60V. Check
that the correct windings are being used with a con-
tinuity meter and make sure that there is complete
isolation between the two windings. Alternatively

two 18V, 2A transformers may be used.

PAXOLIN PANEL
The transformer, rectifiers and capacitors are mounted

on a Paxolin panel which fits into the bottom of the

case, Fig. 7. Discrete diodes soldered to squares of
stick-down copper sheet form the bridge rectifiers but it

is probably more convenient to use a ready-made
2A bridge.

The back panel is a piece of 14 s.w.g. aluminium
painted matt black and this acts as a heatsink for the

four power transistors, Fig. 5. The p.c.b.s carrying the

i.c.s are also mounted on this panel. Mica washers to

insulate the transistors as well as plastic bushes on the

bolts should be used to ensure that the transistors do
not make contact with the panel.

On the prototype, both the front and back panels

were made removable by using offcuts of Veroboard
and edge connectors to form plugs and sockets. The
mains input is kept completely separate by using B7G
plugs and sockets to make the connections between the

front and back panels of the transformer.

TESTING THE SUPPLY
Should the supply not function check the reference

voltages as any fault here will be reflected in the output.

ff they are alright then the fault must lie in the op amps
or associated components. ^

TFtANSFORMERS
MAINS ISOLATING SERIES

Primarv M
TaDE •d (120V) and Earth Shielded

*LSO AVAILABLE WITH II5.M10V SBC. WINDING
Ref. VA Vreifftt Size em, PAP
No. (WotU) 16 ox ^aEBafaaaata.
07 20 1 II 70 x 60 x 6-5 1 77 30 W 1
100
61

60
100

3 8
5 12

89 x 60 x 7-7 2 62 36
10-2 x B-9 • 8-3 2 88 52

'pLtASt NOT£

30 200 9 8 12 • 10 3 • 10-0 4-83 52 WW ADDRESS
62
55

250 12 4
350 15

9-5 x 12-7 xll-4 6 38 67 i AS BELOW
14 0' 10 8 . 12-4 8 55 82

63 500 27 17-1 x 11-4 >: 15-9 12 32 * '^H HF
92 1000 40 17 Bx 17 1 «2I 6 22 70 * ^Baa"*^
128 2000 63 24-1 x2l-6x 15-2 37-50 *

AUTO SERIES (NOT ISOLAT1D)
R«f. VA Weifh Stie cm. Auto Topi P S, P
Ho. (Wottt) lb oz

73 x 43- 4 4 0-115-210-240 091 2§113 20 II

64 75 1 14 70- 64 - 6 0-1 15-210-240 182 30
4 ISO 3 89x 64- 7 6 0-II5-2OO-220-240 2-20 36

66 300 6 102 x 10 2 x 95 „ „ 4-28 S2
67 500 12 8 14 Ox 10-2 x 114 „ „ 6- 35 67
84 1000 16 114- 140 x 14-0 „ .. M '54 82
93 1500 28 9 13-5 x 14-9 x 16-5 .. ,, 16-72 *

95 2000 40 17-8 x 16-5x21 '6 ., ., 2182 •

73 3000 45 8 17 4x18 1x21-3 .- >• 2970 *

TOTALLY ENCLOSED 1 15V AUTO TRANSFORMERS
1 15V 500 Wm totally enclosed auto transformer, complete with
mair s lead and two 15V outlet sockets, £8-63. PAP 67p.
Also available a 20 Watt version. £1-84. PA P22p.

LOW VOLTAGE SERIES (ISOLATED)
PRIM/ 200-250 VOLTS 12 AND. OR 24 VOLT RANGG
ft*. Amp*. MAtJfft Sire em. Seeondory Windings P&I"
No. 12V 24V lb or £ P
1110 5 0-25 12 7-6 x 57 - 44 0-l2Vat0 25Ax2 93 22
213 10 0-5 1 B3x 5 1 •- 5-1 0-12V at 5A -2 III 22
71 1 1 1 70 x Mk 57 0-l2VatlA>2 1-46 22
IB 4 2 2 4 S3- 70* 7 0-l2Vat2A>2 204 36
70 6 3 3 12 1

0-2 x 7-6 * 8-6 0-1 2V at 3A x 2 2-46 42
108 a 4 5 4 100 x 6 3 x 8-2 0-l2V*i4Ax2 2-73 52
72 10 5 6 3 79x10-8x102 0-I2V at SAx2 3 23 52
17 16 8 7 8 121 x 95x10 2 0-l2Vat8Ax2 4-99 52

115 20 10 II 13 12-1 x 11-4x10-2 0-l2VatlOAx2 6-35 67
187 30 15 16 12 13-3x12-1*12 1 0-l2Vatl5Ax2 11-73 62
226 60 30 34 I70x 145 > 125 0-I2V at 30A x 2 21-57 •

10 VOLT RANGE
nef. Amps, lVeifht Size cm. Secondary Topi PiP
No. J > OI £ P
112 05 1 4 8 3 x 3-7 X 4-9 0-I2-I5-2O-24-30V III 22
79 10 2 70 x 6 4 x 60 ,, ,. 1 48 36
3 20 3 2 B 9 x 70 x 7 6 2-21 36

20 3 4 6 10 2 x 8 9 8 6 272 42
21 4-0 6 10 2 x 10-0 x 8-6 323 52
51 50 6 8 121 > 100 ;: 8 6 402 52
117 6-0 7 8 12-1 10-0 10-2 4 80 52
88 80 14-0x. ||-7xl0-0 610 «
89 100 1 2 2 140x102x11-4 785 67

50 VOLT RANGEm Amps. 1Weifh t Siie em. Seeondory Tops P A P
No. 1 b ez £ P
102 05 1 li 7-0 x 70> 5-7 0-1 9-25-3 3-4O-50V 146 30
103 10 2 10 8-3 x 73x 7 ., ,. 213 36
104 20 5 10-2 x 89 . 8-6 , 296 42
105 3 6 10-2 x 10-2 x B-3 4-01 52
106 4 9 4 12-1x11-4x10-2 531 52
107 6 1 2 4 121 x III < 13-3 785 67
118 80 1 8 9 13-3 x 13-3x12-1 10 IS 97
119 100 9 12 165 x M-4x 15 9 , 12-85 97

60 VOLT RANGEm Amps. \Veifhl Size em. Secondary Topi PAP
No. 1 > oz £ P
124 05 2 4 B-3 x 9-5 x 6-7 0-24- 30-40-48-60V 148 36
126 f'O 3 89 x 7-6 X 7-6 „ ,, 206 36
127 20 5 6 10-2 x M x 8-6 „ 3-13 42
125 30 8 8 1 1-9 x: 9-5 x 100 ,, „ 4 92 52
123 40 1 6 11-4 k 9-5xi|-4 .. „ 6-35 67
120 60 1 6 12 133 x 12-1 xl2l „ ,, 9-20 82
122 100 3 3 2 16-5x12-7x16-5 „ „ 15-23

LEJ D ACID BATTERY CHARGER TYRESm Ampt. VVeifht Size em, P * P
No. 1 b oz < P
45 1-5 1 9 7-0 x 60x 60 \ 147 30
5 40 3 II 10-2 y 70 x 8 3 1 Pleaae note, thtie 2-23 42

86 60 5 12 10-2 x B-9 - 8 3 } units do not in- 3 37 52
146 80 6 4 8 9 x 10 2 x 10-1 elude rectifiers 384 52
50 12-5 1 1 14 13-3 x 10 8 x 12- 1 1 5-71 67

All ratinti are cont nuoui. Standard construction: open with jolder
[•ft and wax impregnation . Enclosed styles to order.

PULL SPEC. TRANSISTORS (E.G.)
BC 107 I 9 lOpe ach.

J
2N 3055 60n each j ADI6I 162 60p pal?

I + mica and bushes 1 + mica and oushes

Carriage via B.H.S.

• Q«jantity prices on application

ELECT*DSIL RESISTORS • AVOMETERS
plea:StE ADD 10% FOR V.A.T.

INC. P. a- P.

BARRIE electronics
3,THEMINORIES, LONDON EC3N 1BJ

TELEPHONE: 01-488 3316/8
NEAREST TUBE STATIONS ALDGATE & ALDGATE EAST
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