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Usingthe723todemonstratea
comprehensive 25V 2A powersupply.

great variety of integrated circuit
power regulators and indeed com-
plete power supply systems are available
these days, and earlier on we looked at the
78/79 series and their applications as fixed
voltage regulators. It sometimes happens
that we have a voltage regulator which has
a first class specification, but does not
supply us with as much current as we
wouldlike,

The LM723 14-pin DIPregulatoris a
case in point; it has a good ripple rejection
with excellent load and line regulation,
and an in-built current limiting facility.

STEVEKNIGHT

But its current output is restricted to a
maximum 150mA.

This month we conclude the series by
looking ata power unit design that makes
use of the 723 as a driver unit for a beefier
control system, one which will give us an
output current of 2A while retaining the
otherdesirable featuresof the 723 intact.

Regulator

The LM723 regulator, the pin con-
nections of which are shown in Fig. 1,isa
complete circuit system of the type al-
ready described, containing a series of

emitter-follower controller, a current
limiting transistor, together with an error
amplifier and reference voltage. Most
parts of the circuit are made available at
the pins and a variety of different connec-
tions can be made to provide a variety of
stabilized output voltages.

The basic internal circuitry of the 723
isshowninFig. 3. By now, this shouldbea
familiarsystem.

Thereference voltage is derived from
a constant current source and is available
at pin 6. By connecting pin 6 to pin 5, the
reference voltage can be applied to the
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Fig. 1. Pinoutdetails of the 723.
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Fig.2. Internal circuitry ofthe 723.

Fig. 3. Basic circuit using the 723
regulator to provide an adjustable low-
current output. 21



Stabilized Power Supplies, Part 4

non-inverting inputoftheerroramplifier.

The inverting input is brought out to
pin 4 and if this is controlled by a voltage
derived from the outputof the powersupp-
ly, the difference will be detected by the
amplifier and its output used to control the
internal series regulator TR A. This output
is also brought out to pin 13 so that acom-
pensating capacitor can be connected to
the inverting input; this capacitor reduces
the high frequency gain and maintains
stability over the internal feedback sys-
tem.
A current limiter, TR, is provided to
take care of the effects of heavy load cur-
rents or short-circuitsat the output, pin 10.
This transistor senses the voltage
developed across a resistor in series with
the output(whichinturndependsupon the
current being drawn) and begins to con-
duct when the voltage is about 0.65V. As
TRB conducts, it puts a low resistance
bypassacross the base- emitter junction of
TR, rendering itinoperative and shutting
offthe supply of currentto the output.

So we have here, with the addition of
a few external components, a complete
power unit which will, using the values in-
dicated in Fig, 3, provide us with an output
ranging from about 5V to 25V. However,
there are problems of dissipation to think
about — we cannot expect to be able to

draw large currents from a small IC pack-
age.
Aswehavenoted, the 723 hasamaxi-
mum permissible currentrating of 150mA
and a maximum permissible power dis-
sipation in TR A of 660mW at an ambient
temperature of 25°C. This derates by
5.6mW/°C, so if we operate at the maxi-
mum temperature of 70°C allowed for by
the manufacturers, we have lost about
250mW of ouravailable power as internal
heat. At 150mA output, we need have only
660/150 = 4.3V across TRA before the
powerratingisexceeded.

In the circuit of Fig. 3, if we set the
outputto 5V, then there will be 25V across
the regulator and the maximum current
will be restricted to 660/25=26mA. Soon
its own, the 723 is rather restricted in its
capabilities. This does not mean that the
723 is notan effective regulator in its own
right; it is, and for outputs requiring rela-
tively small currents it is an excellent
device.

Strictly speaking, circuits of the kind
shown in Fig. 3 should be used to provide
fixed outputs rather than variable./ This
then enables the maximum current to be
calculated and so reduces the chances of it
being inadvertently exceeded, as might
wellhappen witha variable output.

Increasing Output Current

‘We can boost the output current if we use
the 723 to drive an external emitter-fol-
lower as a series regulator. The internal
current limiting facility can be retained
and fromthis wecanarrange aseries of dis-
cretecurrent limiting levelsat the output.

This has an advantage over the pre-
vious designs in this series; while the ear-
lier circuits had short-circuit protection,
there was nothing to prevent the full out-
put current flowing into the load when a
fault condition appeared, whether ac-
cidental ornot. Soalthough the power unit
was protected, the attached current was
not. A heavy current could still be capable
of doing some damage in whatever piece
of equipment was attached to the power
supply.

In this design, the current output in
the event of a short- circuit or excessive
load,canbe limited toany level youcare to
choose within the total range of current
available, thatis. 0to2A. Theactual levels
are simply a matter of your own personal
preference.

Variable Stabilized Power
Supply

The PSU is variable from 1.5V to 25V,
with four switched current limits of 0.5A,
1A, 1.5A and 2A. The circuit diagram of
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Fig.4.Complete circuitdiagramfor the 1.5VI25V Variable Power Supply. The solid circles refer to circuit board connection points.
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Fig. 5. Ripple voltage caculations for
capacitor C1 selection.

the2A powerunitisshowninFig.4.Herea
conventional bridgerectifier feedsthe 723
(IC1) which in turn drives the power
booster combination of transistors TR1
and TR2. Transistor TR 1 (a2N3055)isthe
conventional series emitter-follower con-
troller which is itself driven by TR2, a
small power transistor, type TIP31A. This
isnecessaryasthe outputofIC1(723)isin-
sufficienttodrive TR 1 directly.

Resistor R6, in conjunction with
diode DS, forms the current sensing resis-
tor and a portion of the voltage developed
across this arrangement is tapped off by
oneof the potentiometers VR3 to VR6and
applied to the current sensing input pin 3
of IC1. This determines the point at which
the currentoutputis limited.

The effect of diode D5 is that, being
non-linear, the effective resistance of the
sensing combination increases with lower
current outputs and maintains a sufficient
voltage across the potentiometers to en-
sure proper operation of the limiter in the
723 regulator. By selection of the poten-
tiometers by ganged switches S2a and
S2b, four current levels canbe preset.

The output voltage is adjusted be-
tween about 1.5V and 25V by VR1 which
connects to the inverting input (pin 4) of
the error amplifier. This compares output
variations with the internal reference,
selected by the divider chain made up of
resistorsR1andR2, and adjusts the output
at the base of Transistor TR2. TR2 drives
TR1 which then compensates for the out-
put change, so stabilizing the output.
Potentiometer VR1 is a reverse log type
which allows a closely linear relationship
between rotation angle and output volt-
age. A linear potentiometer leads to
crampingatthe lowerend of itsrotation,

The bridge rectifier (D1-D4) is made
up from four discrete diodes, types
1N5401, which are 3A devices rated at
100Vrms. Smoothing is carried out by
capacitor C1. This capacitor has to be
rather large if a 2A output capability is re-
quired; taking it that the maximum input
ripple voltage to the 723 regulator should
not exceed 2V when the full current is
being drawn, then since ripple gradient
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Fig. 7. Using longnose pliers, bend the
diode leads to suit hole spacing.

dV/dt=1/C (see Fig. 5)anddV =2V, dt=
10ms for 50 Hz supplies, we get C= (2 X
10%)/2=10kuF.

Wealsoneed aripplecurrentrating of
atleast twice the average worst case ripple
current we are likely to draw from the
capacitor. Therefore, for this unit we need
aripple rating of at least 4A. The specified
capacitor has arating of 5A which givesus
something in hand. If you use an alterna-
tive capacitor, keep these figuresin mind.

It is suggested that both voltage and
current meters be fitted to the complete
unit. A voltmeter is almost certainly
necessary and an ammeter is well worth
inclusion. The circuit for the two meters is
shown between the Volts Adjust control
and the output terminals in Fig. 4. These
are wired between the board output ter-
minalsand the frontpanel of the unit. If the
specified meters are used, no rescaling is
necessary.

Construction

All components are mounted on a single-
sided printed circuit board except the
mains transformer T1, the power control-
ler transistor TR 1, the OQutput Voltage Ad-
just control VR1 and the Current Limit
switchS2.

The printed circuit board component
layout and a full-size copper foil master
pattern is given in Fig. 6, with an indica-
tion of the wiring from edge Vero pins to
the various external components and con-
trols. The lettering on the board matched
that shown on the circuit diagram and Fig.
10.

There are one or two points of impor-
tance to be noted about mounting com-
ponents on the board. The first concerns
capacitor C1. ThisisaPCB mounting type
of capacitor and the component used has
five fixing pins. Only two of these are for
the positive and negative connections, the
otherthree mustbe leftisolated.

If you use the specified component,
the board positions will be correct.
However, you may obtain, or already
have, an alternative capacitor; in this case
the board will have to be drilled to accom-
modate the alternative pin arrangement.

Fig. 8. Alternative heatsink dimensions
forICl,

Parts List

Resistors

R1RS51k

R2390

R3220

R4100

R60.222.5W

R7180

All 0.25W metal film, except
wherestated.

Potentiometers
VR1 10kreverselog.
VR2 1k min. preset, hori.
VR3-VR6470 min. preset, hori.

Capacitors
C110,000u40V 5A
C2 Inpolyester
C34n7 polyester
C4 10utantalum35V
C50ul polyester

Semiconductors
D1-D51N54013A 100V rec.
TR1 2N3055 or 2N3771 npn

power
TR2TIP31A npnpower
IC1LM723 regulator

Miscellaneous
S1DPDT powertoggle
$2 3-pole4-wayrotary
T1 25V/3A transformer, centre-
tapped
ME10-25V movingcoilmeter
ME22A movingcoil meter
LP1220-250V neonindicator

PCB; case, 305mm X 159mm X
133mm; heatsinks; 14 gauge
aluminum (see text), clip-on (for IC1,
RS434-059) and finned (for TR2, RS
403-162); SK1, SK2 4mm type, 1
black, 1 red; S00mA cartridge fuse;
connecting wire; solder, etc.
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Fig. 6. The printed circuit and parts over-
lay for the 25VI2A supply.
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Fig. 9. Dimensions and drilling details
for the heatsink.

This may necessitate linking up to the
positive and negative copper rails on the
board with a short length of wire but this
should not be toodifficulttocope with.

The essential thing is the physical
size of an alternative; heightis not too im-
portant, but diameter is. If the diameter is
greater than some 45mm, there may be a
problem ofaccommodation.

Diodes D1 to D4 and the solitary D5
have rather thick (1.3mm) connecting
wires and great care must be exercised in
bending these to suit the board spacing
holes. Itisbest to grip the wire close to the
body of the diode with a pair of thin-nosed

pliers and then bend the wire at right
angles with the fingers. Fig. 7 shows the
necessary dimensions.

Fit these diodes snugly into their
board positions, noting the polarities, but
leave a space of about 3mm (1/8in) be-
tween them and the board; do not press
them down hard on to the board. The same
appliesto the 2.5W resistor R6; let it stand
clear of the board by atleast Smm (3/8in).

Heatsinks

The regulator IC1 needs a standard 14-pin
DIPholder and aheatsink, The driver tran-
sistor TR2 alsohasaheatsink.

The regulator IC1 should have a clip-
on type of heatsink but if this is not avail-
able, apiece of 16 gauge aluminum bentto
the dimensions shown in Fig. 8 will do.
This is simply glued to the top of the IC
using a thin layer of a quick setting epoxy
resin,

Transistor TR2 is attached to a small
finned heatsink which is designed to fit
into the board and soldered at the two
points X-X (see photographs). When fit-
ting TR2 to its heatsink (and to the board)
take care that the three connecting leads
arenotshorting outtothe heatsink.

Preset potentiometers VR3 to VR6
should be the enclosed rather than open
skeleton types, but you can use the latter if
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Fig. 11. Wiring from the current-limit
switch 82 to the circuit board.

you can’t get hold of anything else. The
rest of the components need no special
comment. The usual care in soldering
must be followed for the whole of the as-
sembly, and watch out all the time for
solder bridges and splashes, particularly
around the IC connections and all parts
where the copper track spacingare close.

Main Heatsink
The main heatsink for the power transistor
TR1 is made out of a piece of 14 gauge
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Fig. 10. Interwiring from the circuit bpoard to the front panel components, TR1, fuse and transformer. Note that capacitor C5 can be

wired directly across the output terminals or across the voltmeter terminals.
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aluminum sheet measuring 152mm by
102mm plusa 13mm turn-over. You may,
if you wish, use acommercially made one,
butitshouldhavearating of atleast2°C/W.

Itisnow simply a matter of fitting the
controller transistor TR1 to the heatsink
and providing the connection from the
board to TR1, the actual positioning of
board and heatsink inside a suitable box is
notparticularly critical.

Bend the aluminum to the dimen-
sions shown in Fig. 9. If you cannot get
hold of 14 gauge aluminum or have bend-
ing troubles, use 16 gauge but it might be
advisable to add an extra “inch or two” to
the widthif youdothis.

Either before of after “blacking” the
heatsink, lay the insulating washer on it
and mark through the three pinout hole
positions on the heatsink. Drill the heat-
sink and mount the 2N3055 transistor
slightly below center on the heatsink,
using the insulating kit.

Position the heatsink at one end of the
baseof the case and mark through and drill
suitable mounting holes in the bottom of
the case. Mount the mains transformer at
the otherend of the case as indicated in the
photographs.

There should now be enough space
between the heatsink and mains trans-
former to take the completed circuit
board. Lay the circuit board in position
mark through the mounting holes onto the
bottom of the case. Remove the board and
drill suitable mounting holes in the bottom
ofthecase.

The circuit board should now be
mounted in position on about quarter to
half inch spacers. Just prior to mounting
the board, solder the base, emitter and col-
lector wires to TR1 pins and bring these
down so that after the board is screwed to
the base of the case, these wires can con-
nect to the appropriate Vero pins B, E and
Contheboard.

Boxing Up
The case used for the prototype was one of
the vinyl covered types. This is a simple
two-piece box which makes assembly
veryeasy. Strictly speaking, itisabitlarger
than is necessary for this job, but plenty of
room never did harm, and the only thing to
waichoutforif youuseanalternative isthe
height whichshould be atleast 102mm.

The reason for thisis that the heatsink
panel should be mounted vertically. You
can mount it horizontally if you wish, but
thecoolingisn’tsoefficient.

The only parts bolted to the floor of
the case are the heatsink, circuit board and
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the mains transformer. Everything else is
on the front panel, apart from the fuse
which is best mounted at the rear,
alongside the entry point for the mains
cable.

A suggested front panel layout is
shown in the photograph above. As the
box is a plain aluminum finish, itis well to
give a coat of suitable spray paint before
attaching Letraset style lettering. The
“current limit” ranges are shown as 0.5A,
1.0A,1.5Aand2.0A. Thesecan,infact, be
any values you like, so if you want other
levels, mark your panel accordingly. Set-
ting these levels upisdiscussed later.
Interwiring
The interwiring connections are made in
accordance withthecircuitdiagramFig. 4,
board layout Fig. 6 and Fig. 10. Itisbestto
start by wiring up the meters and connect-
ing these to the positive (+) and negative (-
) output points on the board. Use flexible
16/0.2mm wire for this.

Next, connect the pins L, M and N on
the board to the Voltage Adjust control
potentiometer VR1, noting that the maxi-
mum output voltage is obtained when the
slideris at the VR2 end of the track. As al-
ready indicated, this control should be a
reverselogpotentiometer.

Wire two of the current limit switch
poles or “wipers” to points S2a(w) and
S2b(w),and their associated switch tags to
a— hboard points. It is as well not to use
Vero pins for the latter eight positions but
to solder the wire directly to the board.
7/0.2mm is a suitable gauge here and
preferable to single strand wire. Thisis the
only place where a wiring connection
might gowrong,socareisneeded.

Theswitch S2isa3-pole,4-way com-
ponent, of which only two of the poles are
used. The switch is numbered and lettered
A, B and C for the three sliders and these
connect respectively to the contacts 1-4,
5-8and 9-12 as the switch is rotated clock-
wise. If youfollow Fig. 11, there shouldn’t
be any confusion, Keep all these wiresina
neat bundle on their way across to the
board; they donotcarry heavy current.

The mains transformer secondary
winding is now connected to the AC ter-
minal pads and the primary wiring (neon
LP1, fuse FS1 and on-off switch S1) com-
pleted. The fuse should not be more than a
1A rating. And, as always with any mains
wiring, treat this side of the system with
respect.

Setting Up
To setup the unit, first of all turn all preset

potentiometers to the middle of their
tracks. Set the output voltage control VR1
tominimum (fully counterclockwise) and
the current-limiting switch S2 to its first
(0.5A) position. Then shut your eyes and
switchon.

When you open them, the neon in-
dicator should be lit and the voltmeter
ME]1 should be indicating a small output,
typically 1.5V, This is the normal mini-
mum output from this unit. The ammeter
ME2 should remainatzero.

Advance the voltage control VR1
carefully and check that the output voltage
increases. When the control gets to its
maximum position, adjust preset VR2 so
that the voltmeter reads 25V. this com-
pletesthe voltage setting.

Current Limiting

If all this has happened uneventfully and
there hasbeennosignofcircuitdiscontent,
wecannow geton with setting up four cur-
rent-limiting stages. Thisprocedureisbest
done fairly quickly, not thatany damage is
goingtoresultif you happentobe slow, but
unnecessary heating will be avoided.

Make sure that the current limit
switch is in its most counterclockwise
position (corresponding to the 0,5A limit),
then put a temporary short circuit across
the output terminals. Adjust VR6 (nearest
the top of the board) until the ammeter
reads 0.5A. Switch to the next position
(1.0A) and adjust VRS until the ammeter
reads 1A. Repeat this procedure for the
1.5A and 2A positions of the switch.

While this is going on, of course, the
voltmeter will read zero. Remove the
short circuit and the unit is now ready for
use.

You may wish to set up alternative
current limits, for instance, you might
prefer 0.25A, 0.5A, 1.2A and 1.8A for
some reason. Just follow the above drill,
adjusting the potentiometers to suit the
limits you want. Do not exceed a maxi-
mumcurrentof2A, however.,

Keep in mind when using this power
unit, that once the current limit on any of
the four ranges is reached, the voltages
output will stay put and cannot be further

_ increased. Forexample, suppose you have

a load connected whose resistance is 20
ohms. Thenon the 0.5A limit position, the
greatest voltage you can have before 0.5A
isreached is 10V, so the voltmeter will not
gopastthe 10V position.

This completes our series of articles
on power units and I trust you have found
something that fits your requirements
amongthem.

E&TTJanuary 1990





