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_Regulated power supply is
“adjustable from 0 to 38 V

by Frank P. Miles
Rochester, N.Y.

Through careful biasing of the error-sensing and the
output driver for a 723C voltage regulator, a power sup-
ply that is variable from 0 to 38 volts can be designed.
The stability of the circuit over both time and tempera-
ture is excellent, depending only on the internal refer-
ence of the chip and being essentially independent of
output level. And finally, the circuit requires few com-

ponents; most notably, it requires no zener diodes exter-
nal to the 723C.

The schematic shows how simple it is to custom-de-
sign the supply. R; is a 2.5-kilohm potentiometer, cho-
sen to keep the reference current below 5 milliamperes.
Ri = Ry and Ry = Rj for best bias stability and out-
put-range swing. The leakage-limiting resistor Rg has a
value of 47 ohms; it increases the safe operating area of
Qu

The maximum output voltage is given by
Vourmax = (R2/Ri1)Vrur.

where the reference voltage Vrgr, a characteristic of the
723C, is typically 7.15 v. Resistor R; is picked to be
high enough to minimize loading of R, but small
enough to avoid bias-current problems at the error-am-
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Regulated power supply. Setti'ng of R, gives output voltage as low as O V, or as high as Vg minus small drop across ;. Value of Vi must
not exceed 40-V limit of the 723C. Components shown here are for 0-20-V, 2-A supply.
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plifier inputs. Resistor R is then calculated from
Re = (Voutman/ VrEr)Ra

93

Rs 50.65/11_,]1\111-

The other resistors are calculated from straight-
forward circuit considerations. Resistor R; limits the
output drive of the 723C to about 10 mA because the in-
ternal zener diode is used. Its value, in kilohms, is

R7 &0.1 VIN -0.62

where Vyy is the unregulated voltage out of the rectifier.
(The value of Vv must not exceed the 40-v limit of the
723C.) Rs, calculated in ohms, provides the proper cur-
rent-limit point:

where lingr is the maximuni output current (in am-
peres). The pass transistor characteristics and heat sink
are also determined by the-value of Irmnr. Resistor Ry,
calculated in kilohms, maintiins zener regulation for
Iow output currents: : :

Ro#~5V - 31

The output voltage from this supply can be as low as
0V, or as high as Vi minus a small drop across the pass
transistor. The component values shown in the circuit
diagram are chosen for a 0-20-v, 2-A supply. O




Dc-dc power supply
regulates down to O volt

by P.R.K. Chetty and A. Barnaba
135F, Bangalore, india, and CNES, Toulouse, France

In most dc-input, regulated power supplies, regulation
is poor when the desired output voliage is less than the -
source’s internal reference voltage. In addition, circuit
considerations wusually limit the minimum reference
voltage attainable and consequently the minimum regu-
lated output voltage possible. This circuit, however, with
a configuration that can bring the reference voltage to
virtually zero, overcomes both problems.

The LM723 voltage regulator shown, which provides
12 volts at 1 ampere, must be biased with a negative
supply voltage at its — V;, port (pin 5) for proper opera-
tion. This voltage is provided by the switching inverter
shown within the dotted lines.”

The LM111 voltage comparator is configured as an
astable multivibrator that oscillates at a frequency of
about 10 kilohertz. With the aid of the l-millihenry
inductor, which generates the counterelectromotive force
required to produce a negative potential from a
switched-source voltage, the inverter delivers a well-
regulated —7.5 v to the — V,, port of the 723.

The magnitude of this voltage is essentially equal to
that of the regulator’s internal reference voltage, Vg,
appearing at pin 4, and properly biases its voltage-
reference amplifier. This condition in turn precipitates a
condition in the amplifier whereby Vger clamps to
ground potential. Thus the output voltage may be
adjusted throughout its maximum possible range by
potentiometers R, and R,. Although the potential of
Vrer as measured with respect to ground has been
changed, the circuit will retain the regulating properties
of the 723. Both the line and the load regulation of the
supply are 0.4%. O

Designer's casebook is a regular feature in Hectronics. We invite readers to submit original
and unpublished circuit ideas and solutions 1o design problems. Explain briefly but thoroughly
the circuit's operating principle and purpose. We'll pay $50 for each item published.
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Dual Tracking Power

Supply

A lab-quality power sup-
ply with one output
voltage tracking the
other; it features 0-50
volts and 2.5 amperes
per output. £

By David Bedrosian

A POWER supply is required in almost
every electronic circuit, whether it is a
small LED flasher or 'a high powered
amplifier; this makes a power supply one
of the most useful pieces of test equip-
ment. To be able to fully test a circuit, the
supply must put out enough voltage and
current to properly run the circuit under
test; as well, the supply must remain stable
for all possible load conditions. To pro-
tect the circuitry under test, the supply
must have a continuously variable output
voltage down to zero volts, and must pro-
vide some form of current limiting. An
added requirement when testing
amplifiers which require dual polarity
supplies {Do6th positive and negative
voltages with respect to ground) is that the
supply must be capable of generating a
negative voltage which tracks the positive
voltage. If, for example, the output
voltage is varied upward from 0 to plus 20
volts the negative supply must vary
downward from 0 to minus 20 volts.

The power supply described in this
article is a dual tracking supply capable of
producing up to plus and minus 50 volts at
an output current of up to 2,5A., The max-
imum current before limiting is adjustable
between approximately 50mA and 2.5A
for both the positive and negative out-
puts, using the two knobs on the front
panel. The positive voltage is varied using
a ten-turn potentiometer, and the
negative voltage tracks the positive output
with a ratio adjustable between 0 and 100
percent. Two LEDs on the front panel in-
dicate when the supply is operating in the
constant current mode, and two meters
accurately monitor the output voltages
and currents,
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Dual 1;(acking Power Supply

The project also contains the
necessary information to modify the ex-
isting circuit depending on the availability
of parts and the requirements of the
builder. The maximum output voltage
and current values can be changed accor-
ding to the transformers, transistors and
heatsinks available, the negative supply
can be made totally independent of the
positive supply, or it can be omitted
altogether.

Construction

The resistor values given in the Parts List
are appropriate if the power supply is go-
ing to have the same output voltage and
current as shown in this project, and if
XFRMRI and XFRMR2 put out between
50 and 60VAC under no-load conditions,
and if the meters used to indicate voltage
and current both require 100uA for full
scale deflection. If the supply is going to
be modified, refer to Parts Selection and
Modification to determine the ap-
propriate part values before beginning
construction,

The circuit board designs shown are
recommended to speed construction and
minimize wiring errors. It is also recom-
mended that resistors, diodes and tran-
sistors be tested before being soldered into

The interior of the power supply unit.

can actually save a considerable amount
of time later if troubleshooting is re-
quired. Diodes will have a wvery high
resistance in one direction and low in the
other; transistors should have a high
resistance between both the base and emit-
ter leads and the base and collector leads
in one direction, and a low resistance in
the other. The resistance between collec-

tor and emitter will be high in both direc-
tions.

Construction begins with the main
circuit board. First solder in the three
jumpers and the IC sockets; the leng
jumper should be insulated. Next install
all of the quarter and half watt resistors.
The capacitors and power resistors can
now be soldered in place; be sure to check

place; this may seem time-consuming, but
COMPUTER AND
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Fig. 2 The schematic of the power supply

the orientation of the -electrolytic
capacitors, as a reversal can cause serious
circuit damage when power is applied.
The 5W resistors should not have to
dissipate more than one or two watts, and
can therefore be mounted directly on the
PCB. The seven trimpots are next
soldered onto the board; provision has
been made for both the upright and the
flat types. If 25-turn upright trimpots are
available (Bourns series 3299W) they can
be used to allow for finer adjustment. The
bridge rectificrs, diodes, and transistors
can now be soldered into place. Note that
the iwo bridges are oriented differently;
look for the plus signs on the circuit board

overlay to ensure correct insertion. Be
sure to differentiate between zener diodes
and the rectifiers. Before soldering in Q1
and Q101, attach a small heatsink to each
device; silicone grease is not necessary and
the heatsinks need not be insulated from
the collectors as long as they don’t touch
any other metallic object (each heatsink is
at the full input voltage of 75V, so
beware). The op amps (Ul, UlM, and
U104) should not be inserted vet;
however, the wvoltage regulators (U2,
U102, U3, and U103) can be soldered in
place without heatsinks. This completes
the assembly of the main circuit board.
The small circuit board should be

completed next. This board may need to
be modified if different sized capacitors
are used for Cl, C2, Cl101 and Cl102;
otherwise assembly should be straightfor-
ward. After completing both boards, they
should be thoroughly inspected for poor
solder joints or bridges.

Construction now begins on the
cabinet; the following description assumes
the recommended Hammond cabinet is
being used. Start with the back panel; drill
holes for the fusecholder, the power cord
(or connector), and the heatsinks. Tem-
porarily mount the heatsinks and mark on
the back panel where the power tran-
sistors will come through. The four power

XFRMR 101 Swa

£

110 VAG
XFRMR 1

Fig. 3 Component location for the small printed circuit,
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Dual Tracking Power Supply

transistors should then be mounted; each
transistor should then be isolated from the
heatsink using a mica insulator with
silicone grease on both sides. If transistor
sockets are not used, the bolts holding the
transistor must be insulated with a plastic
sleeve and shoulder washer. The heatsinks
can now be permanently fastened to the
case, and the power transistors should be
tested with an ohmmeter for possible
shorts to the heatsink or cabinet.

The main power transformers, the
large bridge rectifiers, and the small cir-
cuit board should be bolted to the bottom
of the cabinet and wired with at least 18
gauge wire, The power cord ground lead
should be attached directly to the cabinet
with a ground lug between a bolt and the
cabinet. The bridge rectifiers should be
mounted directly on the cabinet, which
will act as a heatsink; silicone greaseis not
required. Do not wire in the power switch
yet; instead run two wires to the front
cabinet of sufficient length to reach the
power switch. The three wires to the main
circuit board should not be soldered in
place yet. The wiring in this section is
critical, so be sure that all wires are
mechanically sturdy and connected to the
proper location.

The front panel can now be drilled
and all parts should be mounted. Only the
power switch should be wired at this time
to allow for testing of the main power
supply. With a 3A slo-blo fuse installed,
apply power to the supply and measure
the voliage at the output of the small cir-
cuit board (the voltmeter leads can be clip-
ped across R1 and R101). If no voltage is
present or it is very low, measure the AC
voltage to the input of each bridge; they

The rear panel, showing the transistor and emitter resistor mounting.

should have about 55VAC each to their
inputs, depending on which transformer is
used. If there’s a problem, check the wir-
ing and fuse,
With approximately plus and minus
75VDC at the output of the small board,
- the power supplies on the main board can
be tested. Mount XFRMR2 and
XFRMRI102 in the cabinet and wire their
primary windings to the switched 115VAC
connected to XFRMRI1 and XFRMR 101.
Temporarily connect the secondary win-
dings to the main circuit board and run
three wires from the small circuit board to
the main board for @, plus 75, and minus
75V, Apply power to the circuit and
measure the voltages at Ul, Ui0l, and
Ul4, The voltage at pin 4 of Ul with
respect to the positive output {clip onto
the cutside end of R11 or R12) should
read 12V plus or minus 0.5V, the voltage

at pin 11 should read -12V plus or minus
0.5V, and the voltage at pin 5 should be
6.2V. The voltage at pin 4 of U101 with
respect to the negative output should be
{clip onto the outside end of R111 or
R112) should read 12V, the voltage at pin
11 should be -2V, and the voltage at pin
10 should be -6.2V. Pin 7 of U104 should
be at about 4V with respect to ground
{clip onto the inside lead of R1 or R101)
and pin 4 should be at -55V, again with
respect to ground.

The main board should be removed
from the cabinet and the ICs inserted.
Suitable length wires should be soldered
to the main circuit board for connection
later to all of the front panel parts, the
power transistors, the small circuit board,
and the low voltage transformers. The
wires to the power transistors, the small
circuit board, and the output binding
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Fig. 5 The component location for the large printed circuit.

posts should be 18 gauge or larger; all
other wires can be a lighter gauge. The
main circuit board can now be fastened to
the cabinet and the wiring can be com-
pleted. The chassis ground binding post is
wired directly to the cabinet using a
ground lug. The OR2 5W resistors (R2,
R3, R102, and R103) can be attached
directly to the emitter terminals of Q2,
Q3, Q102, and Q103. The voltage control
pot, R21, and the tracking ratio pot,
R137, should both be wired so that
clockwise rotation gives maximum
resistance.

The final step in constructing the
power supply is to replace the voltmeter
and ammeter scales with the ones shown;
these scales should work well for most
2.5’ meters,

Testing and Adjustments

Before turning the supply on, check that
both M1 and M2 are zeroed, and then
connect an external voltmeter between the
positive and the ground binding posts.
Switch on the power supply &nd turn the
voltage control pot clockwise; the output
volitage should increase, Set the output
voltage to exactly 25V and adjust R29 un-
til M2 reads 25V; be sure SW2 is in the
+ 50V position when making this adjust-
ment. Turn the output voltage up to 50V
and see that M2 also shows SOV, If the
output veltage will not go up to 30V, ad-
just R20 until it does; this trimpot should
be set to give an output voltage about  or
2 volts above 50V with the voltage control
pot fully clockwise. Turn the voltage back
down to 25V and connect the external
voltmeter to display the negative output
voltage; also switch SW2 to the -50V posi-
tion. Turn the tracking pot clockwise; the
output voltage should become more
negative, With the tracking pot set fully

Electronics Today July 1985

clockwise, adjust R136 until the output
voltage is exactly 25 percent (100 per cent
tracking). Turn the positive output up to
50V and check that the negative voltage
goes down to -50V; if the output will not
go this low, the negative supply to U104 is
not negative enough and D114 must be
changed; refer to the Part Selection sec-
tion. The tracking ratios can be adjusted
to 25, 50, 75, and 100 percent and ap-
propriate markings added to the front
panel.

To set the current limiting, adjust the
positive output to about 2V and connect a
ammeter between the positive output
binding post and the ground binding post;
be sure the ammeter is set 10 a current
range greater than 2.5A. The positive out-
put current limiting LED should be on.
Turn the positive current limiting pot
clockwise; the current should increase; set
the pot at 1/2 rotation and adjust R16 un-
til the output current is approximately
1.3A. Also adjust R8 until Ml reads the
same value as the ammeter (SW1 must be
in the + 50V position), Turn the current
limiting pot fully clockwise and adjust
R16 for a current output of 2.5A. The
same procedure should be followed for
the negative supply, adjusting R116 for a
maximum output current of -2.5A and
adjusting R108 so that M1 displays the
correct current. Lines can be added to the
front panel for both current control pots
to indicate plus and minus 1, 2, and 2.5
amperes. This completes the testing and
adjustment of the power supply.

Troubleshooting

If the op amp supply voltages or the
reference voltages are not present, refer to
Table 1 for assistance in locating the pro-
blem. If all of the required voltages are
present but the supply does not function

properly, use the schematic and carefully
measure the voltages around the circuit.
The voltage between the inverting and
non-inverting terminals of each op amp
should be 0V within a few millivolts unless -
the output of the amp is saturated to + 12
or -12V. The output voltages of ULC and
U101C should be equal to the collector
voltages of Q4 and Q104 respectively. The
output voltages of UlA and UIOIA
should be within 1 or 2 volts of the
positive and negative outputs respectively
when the supply is operating in the cons-
tant voltage mode. The outputs of UIB
and Ul0iB should be approximately
equal to the respective output voltages
when operating in the constant current
mode. The voltage across R21 should be
the same as the positive output voltage,
and the output of U104 should be the
negative of this voltage. The base voltages
of Q2 and Q102 should be within 1 volt of
the respective output voltages.

Part Selection and Modification
If some of the recommended parts are not
available, or if the supply does not fulfill
the requirements of the builder, the ex-
isting circuit can be modified quite easily.
The most expensive componentis are
the transformers and are the most likely to
be substituted; the transformers selected,
however, will greatly affect the available
output voltage and current. Choose a
transformer that has an AC output cur-
rent approximately 1.5 times the required
DC output current, and an AC voltage
several volis above the required DC out-
put voltage, Operating a transformer
above its maximum rating for long
periods of time will cause the transformer
to overheat, and is not recommended.
The selection of the power transistors
and the heatsinks should be based on the
output rating of the supply. The MJ15003
and MJ15004 transistors used will work

. well for most configurations with currents

up to 10A and voltages up to 100V;
however, as the current and voltage
ratings are increased, the size of the heat-
sinks must be increased. The maximum
power dissipated by each pair of tran-
sistors is equal to the product of the max-
imum output current and the collector
voltage. For this supply, the maximum
power dissipation is about 200W (75V x
2.5A) for each pair of power transistors.
If the temperature rise is to be kept to 100
degrees C, the heatsinks must have an ef-
ficiency of 0.5W/deg C in free air convec-
tion; alternatively, smaller heatsinks could
be used with a cooling fan. Instead of the
MJ15000 series transistors, a pair of
2N3055s and a pair of MJ2955s can be us-
ed for Q2, Q3, Q102, and QI03 respec-
tively if the input voltage to these tran-
sistors is kept below 50V.

If the power supply’s voltage or cur-
rent ratings are changed, the formulas
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Dual Tracking Power Supply

gHOW IT WORKS o

It's best to refer to the block diagram. The
AC input is converted to plus and minus
75V by the bridge rectifiers and the filter
capacitors, and applied to the collectors of
Qs+ 1 and Qs — . Ignoring the negative sup-
ply, the base of Qs+ is driven by Ulaif the
supply is operating in the constant voltage
mode, or Ulbif it is in the constant current
mode. Vref sets up a constant current
through RI and R17 and through RV and
R21; the cutrrent through R21 produces a
voltage directly proportional to the
resistance of R21. Ula attempts to keep this
voltage and Vref equal by generating an er-
-ror signal proportional to the difference
between the voltages. If the load resistance
decreases and the output voltage drops,
Ula increases the conductance of Qs+,
causing the output voltage to return to its
previous level. Similarly, an increase in out-
put voltage causes UUla to reduce the drive
to the base of Qs+. The output fégulation
is very good because the high gain of Ula
produces a large error signal for even very
small input voltage differences.

Op amp Ulb compares the voltage at
the wiper of R17 to the voltage across
R17/R12, the latter voltage being propor-
tional to the output current, If the output
current increases past a certain point, the
output of Ulb goes negative and reduces

two output voltages from Ula and Ulb to

- ply to operate in the constant voltage mode
until the output current exceeds the value
set by R17, at which time Ulb will take over
ang switch the supply to constant current,

To provide the negative supply with
tracking, the positive supply voltage is in-
verted by U104 and applied to U101a. The
gain of U104 can be varied between ) and
-1 by adjusting R137, thus giving a tracking
range of 0 to 100 percent. The output of
Ul01a is an error signal which tries to main-
tain a constant voltage. The current limiting
operates in the same way as the positive
supply, except that the OR circuit now
selects the higher of the output voltages
from Ul01a and U101b.

The operation of the negative haif is
much the same as the positive. Referring to

sistors and Q1 is the driver; resigtors R2 and
R3 help compensate for differences beg-
ween transistors. The base current for Qi
comes from the OR circuit, 12, D3, and
R6; this circuit selects either Ula or Uib as
controller, depending on which has the

drive current actually comes from R6. -

is biased by D7-D10 and R22. C8 provides
a soft start when the supply is switched on.
The reference voltage is buffered by Ulc.
The reference voltage generates a cons-
tant current through R21; the developed
voltage is compared to the output and any
difference controls Ula, R20 allows adjust-
ment of the current through R21 and C5

stabilizes the voltage; C4 provides extra
compensation against oscillation.

The voltage at the non-inverting input
of Ulb is taken from the wiper of R17;
when the voltage across resistors R11/R12
exceeds the voltage set by R17, the output
of Ulb will drop from 12V to a voltage
which will maintain the current at the
limiting vahe,

The plus and minus 12V for the bias

circuitry is provided by XFRMR2, U2 and .

U3. This voltage is referenced to the
positive output because the outputs from
the op amps must swing around the power
supply output voltage. C13 prevents oscilla-

tion, and C12 and R30 are included to pre-
vent the supply from putting out its full
voltage when first switched on. The
negative supply requires that the positive
12V come on first, so C112 and R130 are
added to the negative regulator.

€9 and Cl109 improve the overall
stability of the power supply. D11 and
D111 protect the supply from an accidental
connection of another power supply wth
the opposite polarity. D1 and D101 protect
the supply if it is turned off with another
power supply of the same polarity still con-
nected.

the drive to Qs+, reducing the output cur- :
rent. The OR circuit selects the lower of the

" drive the base of Qs+ . This causes the sup- -

the schematic, Q2 and Q3 are the pass tran-" - ’

lower ocutput voltage. The high gain of the . §
op amps ensures a sudden transition; the -

The reference voltage is provided by ...
D6 and constant current source Q4, which - |

Fig. 6 The main printed .circuit.
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The front panel, showing the meter and control wiring.

given in Table 2 can be used to calculate
the new resistor values. This table also in-

cludes the formula to calculate new series |

resistors for the meters if the recommend-
ed ones are not used. In the table, Vmax
and Imax are the maximum output
voltage and current of the supply, respec-
tively. Imeter is the current required for
the full-scale-deflection of the ap-
propriate meter.

A change in the output voltage also
requires a4 change in the zener diodes D113
and D114, Choose two IW zeners that
sum to approximately 5V more than the
maximum output voltage., Note that the
MC1436 has a maximum supply voltage
of 60V, R133 must also be changed in
order that each zener diode dissipates
about 200mW.
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R133 = 4 x Vz x (Vsupply - Vz)

where Vsupply is the magnitude of the
negative input voltage from C10! and
C102, and Vz is the sum of the zener diode
voltages of D113 and D114,

The voltage reference diodes D6 and
D106 are temperature compensated Zener
diodes; however, ordinary 6.2V {1N4735)
zener diodes can be used with some loss of
temperature stability. The current
through these diodes should be increased
by decreasing R22 and R122 to 75R.

If the negative supply is to be fully in-
dependent of the positive supply, U104
and its associated circuitry can be replaced
with a duplicate of R19, R20, R21 and C5
off pin 8 of U101. If the negative supply is
not required, all the 100-series parts can
be deleted.

The 10-turn potentiometer (R21)} can
be replaced with one or two single-turn
pots; if two pots are used, one should
have a value of 50k for coarse voltage ad-
justment, and the other in series should be
1k for fine adjustment.

There are many other options
available to the user, such as providing
terminals for remote sensing when long
leads are used, or replacing XFRMRI1 and
XFRMRI101 with one larger transformer;
however, these are left to the ambitious
builder.

Use

Using the power supply is very easy; the
maximum output currents are set on the
current limiting pots (this can be done by
shorting the output of the supply and ad-
justing the current limiting pot until the
desited current is reached). If there is a
problem with either load, assurning both
positive and negative supplies are being
used, the current limiting circuit will over-
ride the voltage control pot and keep the
current constant. As the output voltage is
increased, the output current also in-
creases until the limiting current is reach-
ed. At this point the output voltage will
not go any higher because the current
would not remain constant, If the
resistance of the load decreases, the out-
put voltage will also decrease to keep the
output current constant, With a short cir-
cuit, the output voltageis zero.

When the positive supply is current
limiting, the negative supply will be
limited to the output voltage of the
positive supply regardless of the operaling
mode of the negative supply (the negative
supply voltage can go below this voltage,
of course). In other words, the magaitode
of the negative supply can never exceed
the magnitude of the positive supply.

+

Fig. 7 The small printed circuit for the capacitors.
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. Dual Tracking Power Supply

mmPARTS LIST |
Resistors (All resistors 1/4W unless other-
wise noted)
RLRICL ..ot 10K 1W
R2, R102, R3, R103, R11, R111,
RIZ,RII2 (L. i OR25W
R4,RIOA. ..., .. ieeiviiiiinn 47R
R5,RIOS .. ...t 2K7 5W
R6,RIO6. ...l 2K7
RTLRIOT. ... i 680R
RE,RIOB.............ccovnts SK trimpot
R9, R109,R13, R113,R134 . .. ........ 1K
R10, R110D, R14, R114, R26
RI2Z6,RI35. ... e 10K
RIS,RIIS. ... iiia i 10K
RI16,R116.................. 50K trimpot
RIZ,RU17 . ... ... oo, 1K pot
RIGRIIB. ... e 10R
RI9 . 4K7
R20 ... e, Sk trimpot
L7 50K ten turn pot
Bourns # 38405-1-503
RZ2,RI22. .......ciinee.. ... 270R
R2I,RI23. ... e 2K2
R24,RI24,R25, RI25 .............. 47K
R27,RI27 ... e A4T70R0.5W
R28 270K
R29 e SO0K trimpot
R3O,RIZ0 ........ ...l 1K0.5W .
R3L s 200R 0.5W
R132.. .. i 3K35W
RI33 .. 4K3 0.5W

RI3G .o eiin e ans 50K trimpot Integrated Circuits
24 I N 50K pot ULUI0L. ... i LM324
U2,UI02, . e LM7812
Capacitors o U, UL03. . e LM7912
C1,C104,C2,C102 .......... 2200u 100V ULDd Lttt MC1436
C3,C103,C4,C104 . ... .ooe ool 470p
O e 470n Miscellaneous
Co,Cl06 ... 100n BRI,BRIOL......... KBPC602 (6A 200V)
CL,CI07T ... i 1u25V BR2,BRI102........... WO2ZM (1A 200V)
C8,Cl08 ............... PR 47u 25V XFMR1, XFMRI01 ......... 50V @ 3-4A
CO,CI09 ... .. 100u 100V Hammond # 167-P50
€19, C110, Cil, C111, XFMR2, XFMRI102 ...... 20VCT @ 0.3A
Ci2,Cl12.................... 00w 25V Hammond # 166-F20
C13,C113 .. e cas 4y7 tant, LED1, LEDI101 ., .green panel mount LED
LED2 ............. red panel mount LED
Transistors MI,M2.......... 100uA 2.5°" panel meter
Y TIP31C SWLSW2 ... ... DPDT switch
QIO1. ... ... .. TiP32C SW3 SPST switch
Q2,03 ... i MJI15003 Cabinet ............. Hammond # 1426Q
QL02,Q103 ............ii MI15004 4 binding posts
Q4, Q105 ... 2ZN3906 4 knobs
Q5, Q104 .......... .l 2N3904 2 small TO-22( heatsinks
2 large TO-3 heatsinks
Diodes 2 14 pin IC sockets
D1,DI101, DI, DI ........ .. e 1N4004 1 & pin IC socket
D2 - D5, Di02 - D105, 4 TQ-3 transistor sockets
D7-DI10,DI07-DI1C............ 1N914 1 panel mount fuse holder
De,DIOG. ... ... ... INB21A 1 5A slo-blow fuse
D2, ... ..o, IN4731 (4.3V IW)
P13 ...l IN4TST (51V IW)
Dli4................. 1N4731 (4.3V IW)

continued from page 17

For Your Information

F8AB 80 FF #F
FBAB C9 FF
F8aD D8 F3
FBAF 48

Fane

F3B0

FaEe

om0

FaBg

760

F3B8 FF E£2
FBB2 F8 &9
F8RB4 F8 8F
F8B4 F8 Al
FBBS

F8B8

F3B3

FaB8

FaBs

F388

FBES

Fega

FFE3

FFE3

FFE3 AP &C
FFES @b F7 OF
FFES A® FC
FFES 8D F§ DF
FFED 4% FF
FFEF 8D F9 OF
FFF2 A9 88
FFF4 8D FF BF
FEF?

FFE?

FFF?

FFPa

FFFA

FFFA

FRFA G2 F8 88
EFED F8 B8 £8
Zeee

178 5TA QUTPORT

179 CHP HSFF 1QULT IF BYTE I3 #FF
b3:2) BNE OPTEST

81 g

182 (¥%¥¥ COMMOND TABLE ‘CTABLE

183

184  SUBHOUTINE IMDBICATEL WILL BE EXECUTED WHEM CORRESFONDING
185 ;COMMAND BYTE 1S RECEIVED:

184 (NGTE: ALL COMMAND BYTES MUST BE EVEN:

187 .

188 C(TABLE  DBY EXEC-! 310

ig? GBY RRAM-1 %92

199 DBY SRIOT-1 3564

191 DEY OPTEST-1 404

192

193

194 ;¥¥¥% SUBROUTINE "EXEC”

195

196 jMAPS RAM ADDRESS SPACE TD $F8B8-$FFFF ANC PERFORMS
197 ¢INDIRECT JUMP TO ($FFFC) [.E. HARDMWARE RESEY VELTOR
1?8 ;LOCS. $DFF7-% PUERMhITTEN IN RAaM

199 3 &

208 QRG $FFE3

28} 0BJ $8FE3

z82 EXET LDA WS40 s0P-CODE FOR “JMP «$FFFC) -
283 5TA DFF? sTQ END OF RAM AT $DFF7
284 LDA W$FC

285 STA $DFF8

pra- 1.3 LDA WSFF

207 STA $DFF?

288 LD& #$80 ;CLEAR MODE BIT THERERT
26% Y8 TXPORT sHAPPING 2K RAM

218 jINTO $F30@-$FFFF, AND DISABLING ROM

211 ;AT THIS POINT ROH IS OISABLED AND INDIRECT JUMP IN RenM
212 WILL BE EXECUTED

213 ORG $FFF&

214 OBJ $eFFR

213 $SET NMI,RESET & IRQ VECTGRS TOQ “RESTART”

216 ADR RESTART,RESTART .RESTART

247

END

DARK ROOM TIMER ROM

Q000: JE CF D3 03 3E 80 D3
0010: OE 30 79 E& OF 59 37
00203 3C 3E 40 B3 00 DD 21
0030: 03 C3 FA 00 DD 21 7A
0040: FE OF 28 0B FE 07 CA
0030: 30 D3 ¢0 DB 0Q E6 OF
0060: 00 3E 30 B3 00 DB 00
0070: C3 FA 00 DD 21 21 €O
0080: OF 47 DB Q0 E6 OF RS
00%0: 00 06 Q0 21 C5 0O 7E
00AQ: 18 F4 DD 21 21 00 DY
DOBO: CB 21 CB 21 Bl 4F 3E
00C0; 20 F& C3 12 0¢ 57 6E
00D0: 3E BO D3 00 AF BY 20
00EQO: 7B B2 CA 12 00 FE FF
Q0F0: DB 00 &6 08 CA 21 00
0100: 7E D3 01 DB 01 E6 80
0110: D3 01 DB 01 E6 80 20
0120: 7D 07 7F 6&F 3F 29

3E CF D3 02 3E OF D3 02
3A CB 3A CB 3A CB 3A 06

IE 60 D3 00 DB 00 E6 OF
00 F6 60 08 €3 FA 00 3E
OF 28 06 F6 50 08 C3 FA
OF FE OF 28 06 F6 30 08
FA 00 08 D9 4F D3 00 E6
08 DD 21 21 00 DY C3 ¥A
FF 28 07 B9 28 0C 23 04
FA 00 78 D9 CB 21 CB 21
D3 00 DB G0 E6 OF FE OF

16 0A 05 20 OF 06 3C 1D
03 1E 09 15 0D 21 DA (0
FA 00 21 1A 01 7A 85 6F
FA 21 14 01 7B 85 6F JE
DD E& 3F 06 5B 4F 66 6D

Probotics, Toronto’s personal
robot user’s association, will hold
its first robot contest in the after-
noon of Saturday, October 26,
1985. The contest will be open to
robots whichk will have been
designed and built by members of
the club, and prizes will be award-
ed in each of two categories. The
first category is for robots that can
learn their way through a maze;
the robot making a second pass in
the shortest time wins. The second
is for speech-recognition systems.
Robots are required to be able to

tell ieft from right when one of the
words is spoken, which is more
than some people can do. Robots
must be home-built; anyone who
feels that their robot has too litdle
design and too many commercial
parts should contact Probotics
prior to the contest. A third
category, that of robots which
must negotiate the Don Valley
Parkway at rusk hour, has been
eliminated. Write to Probotics, 38
Arlene Crescent, Scarborough,
Ontario M1P 319,
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Bench Top Power Supply

Heres a high-performance power supply
to help get your designs off of the drawing board and on to a PC board!

EVERYONE WHO WORKS WITH ELEC-
tronics needs a powcr supply, but a com-
mercially-produced variable-voltage cur-
rent-limited power supply can take guite a
chunk out of your pocketbook. So we
decided to find a better way. Our power
supply provides any voltage between 3
and 30 velfs, at any maximum curtent you
desire less than 1000 mA. In addition, our
supply provides short-circuit protection,
load swilching, and switchable voltage/
current metering. Further, all parts are
readily obtainable and inexpensive, and
the supply is easy to build and calibrate.

Onc feature that really sets our design
apart is that it’s capable of providing a full
amp of power over most of its range of
oulput yoltage. Many comparable power
supplies can provide one amp of current,
but only over a restricted range of output
vollage.

Output voltage is selected by means of
a range switch with two posilions: 3-15
and 13-30 volts. A potentiometer varies
voltage continuously throughout the se-
lected range. Similarly, current limiting is
selected by a switch providing ranges of
150400 and 400-1000 ma, and by a po-
tentiometer that allows current to be var-
ied continuously over the selected range.
Actually, both current and vollage ranges
overlap slightly to ensure that there are no
gaps in cutput,

*Adapted wilh pEran ol Electronics Australia

GREG SWAIN AND FRANCO UBAUDI*

The graph in Fig. 1 illustrates the high
performance you can obtain from our
power supply. As you can see¢, maximum
load current (one amp) is maintained up to
27 volts, after which the load curve falls
away due to transformer losses. Other
specifications include load regulation that
is better than 0.2% from zero o full load,
and output ripple that is less than 2-mv
ms.

Design considerations

Initially we considered using an LM317
three-terminal varable-voltage regulator
as the basis for our supply, but we soon ran
into difficulties. Despite various ap-

30

25 N

20

QUTPLT VOLTAGE-VOLTS
@
|

0 0z 04 05 08 1 1.2
LOAD CURRENT-AMPS

FIG.1—POWER SUPPLY CAN SUPPLY ONE amp
of current all the way to 27 volts, where output
drops to sbout 0.75 amp.

proaches, we were unable to come up with
a cost-effective circuit that would deliver
one amp over the entire voltage range. The
problem was thermal limiting in the
LM3I17 with a high input voltage and a
low output voltage. Another drawback
was that an additionai op amp was re-
quired to provide current sensing for the
current-limiting circuitry, and that would
have increased both cost and complexity
of the circuit.

So we rejected the LM317 and adopted
the LM723. It requires a current-boosting
transistor, but it has built-in current limit-
ing. The guts of the 723 are shown in Fig.
2. It consists of a series-pass transistor, an
error amplifier and a voltage reference.
The error amplifier compares a portion of
the output voltage with the internal refer-
ence voltage and continually regulates the
base current that is applied to the series-
pass transistor. That’s what provides regu-
lated output.

The 723’s buill-in series-pass transistor
can deliver a maximum of 150 mA of
current, so, in order o obtain more cur
rent, an external power transistor is re-
quired.

One particularly useful characteristic
of the 723 is its built-in current-Hmiting
circuitry. When output current reaches a
preset value, the current-limit transistor
turns on and that reduces the base drive to
the series-pass transistor. The output volt-
age s thereby reduced.

9861 INNMI
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LM723

“| TEMPERATURE | REFERENCE
* | compensaTeD & AMFLIFIEg
ZENER DIQDE
CONSTANT
CURRENT
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SERIES
AMPLIFER PASS

ERRDR

CURRENT
LIMIT

power supply built right in.
‘ e
Circuit details

The schematic of the complete power
supply is shown in Fig. 3. A tapped trans-
former drives a diode bridge (D1-D4) and
two 2500-uF filter capacitors (C1 and
C2). That provides a no-load voltage of 37
or 47 volts, depending upon the position
of switch 82-a. The unregulated DC is
then fed to a pre-regulator stage com-
posed of QI and D5, Those components
protect IC1 {the 723) from an over-voltage
condition; the 723 can’t handle more than
40 volts.

The LED (ILED1) and its 2.2K current-
limiting resistor (R1) provide on/off in-
dication. The current through the LED
varies slightly according to the trans-
former tap selected, but that’s of no real
consequence.

The series-pass transistor in IC1 drives
voltage-follower Q2, which provides cur-

FIG. 2—THE LM723 REGULATOR has most of the circuitry necessary for a compiete current-

fimited

rent amplification. That transistor can
handle lots of power. It has a maximum
collector current of 15 amps and a max-
imum Vi of 70V, both of which are more
than adequate for our supply.

Heat dissipation could have been a
problem when drawing high current at

. low voltage. We solved that problem by

switching the secondary winding of the
transformer. For outputs greater than 15
volts, S2-a selects the 30-volt tap on the
trangformer, and for outputs less than 15
volts, S2-a selects the 24-volt tap. :

Voltage regulation

Now let’s examine in detail how the
voltage-regulator section works. The er
ror amplifier in the 723 is connected as a
non-inverting amplifier with variable
gain. The input to that amplifier is fixed at
about 2.8 volts by R3 and R4, which are

FIG. 3—SCHEMATIC DIAGRAM OF OUR POWER SUPPLY shows how the LM723 can be put to good
use with little more than a current-amplifying transistor (Q2).

fed by the 723’s internal reference volt-
age. Capacitor C3 is included to reduce
output noise. ’

On the 0-15V range, switch S2-b is
closed, so feedback resistance—the resis-
tance between the output of the supply
-and the inverting input of the error ampli-
fier—can be varied between 100 and 5000
ohms, That corresponds to an amplifier
gain ranging from 1.1 to 6.1, and that

" corresponds to an output voltage ranging

from 3.1 to 17.1 volts. With switch S2-b

- open, the gain of the amplifier is adjusta-

ble from 5.8 to 10.8, and that cotresponds
to an output voltage ranging from 16.2 to
30.2 velts.

The current-limiting circuit depends on
the position of S3. That switch causes
load current from the emitter of Q2 to flow
through either R14 or R15. The resulting
voltage is applied to a voltage divider net-
work composed of R12 and R13. The volt-
age developed at the junction of those two
resistors depends on the setting of front-
panel control R13, curreNT LiMiT. That
voltage is then applied to the current-lim-
iting transistor in the 723.

In the interests of economy, we elected
to use a single meter and to switch be-
tween measuring voltage and current. It
would be nice to have a separate meter for
each, but cost is prohibitive. Meters are
expensive, and a larger case, which is aiso
more expensive, would be necessary to
provide the necessary front panel area.

Our metering circuit is straightforward.
When measuring voltage, the parallel
combination of a R16 and R17 provides an
effective resistance of 30K. That resis-
tance is in series with the one-mA mov-
ing-coil meter, so it can measure a
maximum of 30 volts full scale. When
measuring current, the meter is shunted
by the 0.5 ohm resistance provided by the
parallel combination of R5 and R6. Trim-
mer potentiometer R7 is used to adjust the
meter for accurate readings.

There’s not much else to the circuit.
Capacitor C6 prevents switching tran-
sients from being delivered to the output,
and D6 protects the power supply from an
accidentally-applied reverse voltage—
from a charged capacitor, for example.
Capacitor C5 ensures stability of the sup-
ply under all conditions.

Construction

Except for the front-panel switches,
potentiometers, etc., and the power trans-
former, all components are mounted on a
PC board that measures about 4% X 434
(inches). A foil pattern for the board is
shown in “PC Service.”

No special procedure need be followed
when assembling the PC board, although
the job will be much easier if the lower-
profile components are installed first. Re-
fer to the parts-layout in Fig. 4 to install all
components; be careful to install IC1, the
diodes, the transistors, and the elec-



trolytic capacitors in the correct orienta-
tion. Also, mount transistors Q1 and Q2
without trimming their legs; the full
length will be necessary if you use the
heat sink arrangement shown in Fig. 5.

The power supply is housed in an at-
tractive plastic instrument case that mea-
sures about 7% X 63 X 234 (inches). If
you purchase the kit from the source men-
tioned in the parts list, you’ll receive spe-
cial front and rear panels.

The layout of the front panel is shown in

Hg. 6. Note that, if you use a different
meter than the one specified in the Parts
List, you’ll have to alter the drilling di-
mensions accordingly. The kit includes
Scotchcal artwork that you can affix to the
front panel and then spray with a hard-
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FIG. 4—ON- AND OFF-BOARD COMPONENTS are mounted and wired as shown here.

setting clear lacquer to protect the art-
work, which can then be used as a tem-
plate.

You’ll also have to drill holes in the rear
panel for the fuse holder, the power cord,
and the heatsink. But, don’t drill the heat-
sink holes yet.

Secure the PC board to four internal
mounting posts using self-tapping screws,
and bolt the power transformer to the case
using machine screws and nuts. Include a
solder lug under the nut nearest the rear
panel.

Use medium-duty hookup wire (16
gauge) for all wiring that carries the full
supply curmrent, and light-duty hockup
wire for the potentiometer, the meter, and
the LED.

Install the rear panel and then mark the
positions of the holes for the power tran-
sistors. Drill those holes, and then you
can use the rear panel as a template for
drilling the heatsink mounting holes. The
heatsink may have to be trimmed to fit the
rear panel. Both transistors must be insu-
lated from the rear panel using mica wash-
ers and insulating bushings. Smear
heatsink grease on all mating surfaces,

including the rear of the heatsink, and
then bolt the assembly together using ma-
chine screws and nuts as shown in Fig. 7.
Finally, use an ohmmeter to make sure
that there is no conductivity between the
metal tabs of the transistors, and the rear
panel, or the heatsink.

Anchor the 117 VAC power cable to the
rear panel with a cable clamp. Solder the
“hot™ 117 VAC lead to the fuseholder, the
neutral wire to the power transformer, and
the ground-wire to the solder lug beneath
the transformer. In -addition, separate
ground leads should be run to both the rear
and the front panels.

We recommend that vou use heat-
shrink tubing over all 117 VAC connec-
tions to the fuseholder, the transformer,
and the power switch. That will prevent
you from being shocked while doing the
testing and calibration discussed below.
Use wire with thick insulation for the 117
VAC circuit, and do not use a miniature
metallic switch for poweR switch Si.

Shown in Fig. 8 is a meter scale you can
use to replace the scale that comes with
the meter. Being careful not to bend the
meter’s needle, gently pry the plastic

9861 INOP
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FIG. 5—INTERNAL VIEW OF THE POWER SUPPLY reveais its neat, clean, design.
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21 . CIJR ENT § voLFAGE
SRRY 138 iirg 153[1\; 3
ArLPs
780N -] “? e ™
N 1t | 5/ L_RANGE V0|LTS LORD 17,
«;;i——?/a 3/44|‘3/4+<—14 /4 114 B/ | — ] 21
15/8

FIG. 5—DRILL THE FRONT PANEL OF THE POWER SUPPLY according to the dimensions shown here,

FIG. 7—ATTACH Q1 AND Q2 to the rear panel
and the heatsink as shown here. Use heatsink
grease on all mating surfaces.

cover off the meter and glue an enlarged
copy of our scale over the present one.

Testing and calibration

Connect a volumeter across the output
binding posts, tum the supply on and
close the Loap switch. If all is well, the
powER LED will light up and you will be
able to vary the output voltage from three
to 30 volts using the RANGE switch and the
OUTPUT VOLTAGE control.

Verify that the voltage reading on the
supply’s meter and on your meter are
identical. Note that we left room on the
PC board for an additional trimmer re-
sistor that, if used, would parallel R16 and
R17. You can install an additional high-

VOLTS

g 2 18 24
\ \\\nII‘IIHlHHI,’ /

AMPS

FIG. 8—ENLARGE OR REDUCE THIS METER
SCALE to fit the meter you use, and then glue
our scale over yours.

valued resistor there to increase the ac-
curacy of the voltage displayed by the
meter, if necessary. Just use Ohm’s law to
calculate the appropriate value.

Assuming all is well, open the load
switch, select the 0-15 volt range, and
then turn the OUTPUT-VOLTAGE
potentiometer fully counter-clockwise.
Now set the CURRENT-LIMIT control to the
middie of its rotational range, the cur-
RENT-LIMIT switch to the one amp range,
and the voLTs/AMPS switch to amps, Now
connect a one-amp ammeter directly
across the output binding posts and close
the load switch.

Your meter should indicate a current of
about half an amp, although the supply’s
meter may show something different now.
Adjust the CURRENT-LIMIT control so that
the multimeter reads 1A, and then adjust
trimmer resistor R7 so that the supply’s
meter reads the same.

Finally, vary the CURRENT-LIMIT
control and verify that the meter reading
corresponds closely to that on the multi-
meter throughout its range.

Applications

Why is adjustable current limiting
useful? First, it protects the power supply
in case its outpuf is inadvertently short-
circuited by improper circuitry. Second, it
helps prevent that circuitry from being
damaged by excessive cuirent due to a
fault condition.

Why is a separate LoaD switch useful?
It allows you to remove load voltage with-
out turning the supply off. The latter can
cause switching transients that might
damage the power supply, the circuit un-
der test, or both.

So, when testing out an untried circuit,
turn the Loap switch off, and the voltage
and current controls all the way down.
Connect the supply to your circuit, tum
the Loap switch on, and gradually in-
crease output voltage to the required volt-
age. Next set the meter to measure current
and turn the CURRENT LiMIT control up
siowly while monitoring the meter. If the
needle of the meter seems to jump at all
throw the LoaD switch quickly. But if the
needle moves smoothly as you rotate the
control, most likely the circuit has no se-
vere powerrelated problems. In other
words, you’re not likely to fry anything!
So now you're ready to start the real
work—testing and troubleshooting your
circuit. But that’s another article.  R-E
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EXPERIMENTERS'
POWER SUPPLY

Versatile, two version bench supply — no

workshop is complete without one!

THIS ECONOMICAL POWER SUPPLY
gives the full range 0 to 15 V.

_In addition this supply features

metering {or you can use the cali-
brated scale on the second version if
you don't have a spare meter} to
enable accurate setting of voltage or
current,

Construction

Commence by assembling the pe board
with the aid of the component overlay
diagram. The main filter capacitor C1
is normally a chassis-mounting type,
but we mounted this satisfactorily by
passing the [ugs through the large holes
in the pc board, bending them flush
with the copper and soldering. Check

"the polarity of the capacitor before

fitting, as it cannot be seen later. The
transistor Q3 is fitted, along with its
heatsink, with the two mounting

screws. No insulation is used between

the transistor and the heatsisfk but pass

a small piece of tubing over the base
and emitter leads where they go through
the heatsink, to prevent shorting. [f

the meter is not required RV3, RV4 and
R10 are not used,

The front and rear panels can now be
drilled. Note that the mounting bracket
of the transformer has io be cut back
ghout 12 mm on one end to altow it to
fit easily. N

Assemble the front and rear panels
and wire the unit according to Fig 3.

The wires to and from the power switch
can pass the pc board via the chamfer on
the lower left hand side, Other wires
from the pc board to the front panel can
be connected onto the copper side of
the board. .

76

SPECIFICAHON

Output Voltage 0-15 V variable

Output Current 01A

Current Limit approx 1.2 A

Load regulation 35mV 0 to 1 A load ’
Line regulation 20 mV 220 to 260 V input

LED indication of current overioad

Electronics Tomorrow — Winter 1977
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The 240 V mains is reduced to 18 V
inT1, This 18 V ac is then rectified
by D1-D4 and filtered by C1 to give
about 25 volts dc {on no load). The
voltage reference for the supply is
ZD2, which gives about 5 V dc.
However, due to the large variation
in voltage across C1 (caused by load
changes) additional regulation is
used, Incorporating ZD1, and the two
circuits give the stability required.

The regulator is a ‘serigé-pass’ type
with the positive rail common and
the negative rail variable. We have
done it this way to achieve outputs
down to 0 V. The comparator IC
{LM301} cannot work with its input
less than about 2 volts above the
negative rail, but it can work with
the inputs at the positive supply
raii. However this will not work
with all types of op amp — s0 do not
substitute the 301 with a 741 or
similar. :

The output of ICI controls the
output transistors, Q2 and Q3. A
level-shifting zener ZD3 is used in
the output of IC1 as its output
cannot swing low enough. The out-

Fig 1. The circuit diagram of the power supply.

HOW T WORKS

put voltage is divided by R8 and

R9 and is taken to ICT which com-
pares it to that set on RV1. I1C1
then adjusts the drive to the output
stage until the two voltages are the
same. RV2 is used to compensate *

~ for variations in the voltage of ZD2.

In the event of an overload the
voltage drop across R3 will forward-
bias Q1, which will bypass current
away from the output transistors.
This causes the output voltage to
fall, the comparator sees this error,
and the output of IC1 goes to the
positive supply rail {trying to
compensate). Q1 however will con-
tinue to bypass any extra curfent,
holding the output current constant
at about 1.2 A. However, the addi-
tional current out of IC1 will for-
ward bias LED 1 and it will indicate
the averload.,

With such high gain in the circuit
additional frequency stability is
needed and C3 and C5 provide this,
For metering, we simpiy use a 1 mA
movement meter and measure the
voltage across the output (via R10
and RV4) and across B3 {current).

Elgctronics Tomorrow — Winter 1977

Setting Up

1. Without Méter — With this version we-
rely on the potentiometer to be linear.
tn practice it is not linear at the two
ends of its travel. Calibration is done by
adjusting the knob position and RV2.
Set the output to one volt and
position the knob to read one volt. Now
turn the knob to 16 V and adjust RV2
to give 15 V output. Recheck the 1 V
setting and repeat the procedure, if
necessary,
2. With Meter — Connect the output to
an accurate voltmeter and turn the pot
to maximum. Adjust RV2 to give 16 V.
Adjust RV4 until the meter reads 16 V
{with RV 2 switched to volts). Now
connect a toad and an ammeter. Set
1A on the ammeter and then adjust
RV 3 until the power supply meter
reads 1 A.

AMPS L
tmA F50

Fig 2. The meter scale used.
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1k %W 5%
OR47 5H5W B%
10k kWE | ]
100 P
R? 470 roon
RB ) i - —.gzkgi ” ”ll
CR10* 2k "
RV1 10 k lin rotary
RV2 . 2k2 Trim
RV3 * 1k
RV4 * Bk *
Capacitors
C1 © 2800 pelectrolytic 1§
Cc2 33 p ceramic
€3.5 100p "
c4 10026 V
electroiytic
Semiconductors
D1.D4 _ Dicdes 1N4001
ZD1 Zener 12 V 400 mW
2D2.3 Zener 5,1 V 400 mW
LED1 TIL 209 with clip

PARTS LIST==—

Q1 Transistor BC548

" BD139
Qa3 " 2N3055
Ic1 Integrated eircuit LM301

Miscellaneous
PCB ETI 132
Transformer 240V — 18 V 2A

Case .

Power cord and clamp

Heat sink '

Two 2 pole 2 position 240 V Toggie
Switches

Two terminals

Meter 1 mA FSD *

Knob

*If meter is not required delete RV3,
RV4, R10, the meter and one switch

Electronics Tomorrow — Winter 1977




Fig 4. Printed circuit layout Full size 132 x 66 mm.

Electronics Tomorrow — Winter 1977
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WHILE NUMEROUS BENCH POWER SUPPLIES
have emerged over the years, few
combine the performance, flexibility,
and low cost of the version described
here. This article describes a well-
regulated, modular, lab-grade power
supply with dual 0-50-volt, O-5-amp
DC supplies, and a single 5-volt, 3-
amp DC supply. It uses two identical
custom PC boards, ont for each 50-
volt supply. There’s also a customized
heat sink with space for both PC
boards that minimizes point-to-point
wiring in the 50-volt supplies. How-
ever, because of the modular design,
you can customize the configuration
as needed. See Table 1 for a perfor-
mance summary.

Circuit description

Figure 1 is the schematic of the
power supply. The value of the design
lies in the use of IC1, an LM317HVK
adjustable series-pass voltage reg-
ulator, for broad-range performance.
The “HVK” suffix specifies the high-
voltage version of the regulator. The

remainder supplies
voltage-seiting and
current-limiting func-
tions. The input to to
IC1 comes from the
output of BR1, which
is filtered by Cl and C2
to about + 60-volts
DC, and the input for
e current-sense com-
parator IC2 comes from BR2, which
also acts as a negative bias supply for
regulation down to ground.

The purpose of ICI is to maintain
the our terminal at 1.25- volts DC
above the apy terminal. The current
drain at the ADs terminal is very low
(nominally 25 pA) and, as a result,
R15 and R16 (the coarse and fine volt-
age adjustments) and R8 form a volt-
age divider, with 1.25 volts appearing
across R8. The bottom end of RIO
connects to a — 1.3-volt reference
level generated by D7 and D8, letting
the R8-R15 divider set the output volt-
age all the way down to ground when
R153+R16=0 ohms. In general, the
output voltage is determined by:

(Vour—1.25+1.3)/
(RI5 +R16) = 1.25/RS8.

Thus, the maximum value from
each variable supply board is:

Vour=(1.25/
R8) X (R15+ R16)=50.18 volts DC.

Using potentiometers R15 and R16

LABORATORY
OWER
UPPLY

This universal power supply
offers high performance and flexibility
at low cost.

REINHARD METZ

to control the voltage, V1 ranges
from 0-50 volts DC. As current de-
mand increases, the drop across R2

increases, and at about 0.65 volts
(which corresponds to about 20 mA),
Q1 and Q2 turn on, becoming the
main current path. Also, R3 and R4
ensure that Q1 and Q2 share the load
equally. Current limiting is provided
by IC2. Its noninverting input uses
the output voltage as a reference, and
its inverting input is connected to the

0661 HOUYW
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voltage divider created by R6 and cur-
rent-limit potentiometers R13 and
R1i4.

The drop across R6 is about 1.25
volts, the reference voltage mentioned
above as being the difference between
the ouT and aDs terminals of ICt, Cur-
rent from Q1 and Q2 flows through
R9, creating a drop across R13 +R14.
Thus, IC2 trips when the drop across
R9 creates current through Ri3 and
R14, causing the voltage at the non-
inverting input to exceed Voip

That sets the current limit point at:
Tourx 0.2)/(R13+R14)=1.25/
100K; Igyr=0-5 amps. That corre-
sponds to a range of about 0-5 amps.
At the current limit point, IC2’s out-
put goes low, pulling the api lead
down via D2 and lightin®.ED1. Ad-
ditional current for D3 is provided by
R5. As the aps lead is pulled low, the
output follows, until the output cur-
rent drops to a level corresponding to
the setting of R13 and R14,

Since the output voltage can be
anywhere from 0-50 volts, the power
supply for IC2 must track that range
using D3, D4, and Q3. Next, D9 en-
sures that the output voltage doesn’t
rise when the supply is shut off, while
DIO protects against supply back-
feeding. Finally, M1 monitors voltage
and M2 monitors current. The power
supply is modular; each PC board is
used for one 50-voit supply, and in-
cludes ail parts other than those for
the front panel and the 5-volt supply.
Since a dual 50-volt version may be
popular, T] accomodates two supplies
and the 5-volt supply, and a custom
heat sink for the two PC boards is
available.

Construction

The transformer is mounted on a
6- X 5- X I-inch L-braeket in the cen-
ter of the supply, and the heatsinks for
IC1 and BRI go on the back of the
transformer bracket. A
6- % 8- X 6-x ll-inch U-shaped cover
of Yie-inch aluminum completes the
assembly. Complete all drilling and
preparation before assemnbly, but in-
stall only the transformer and its
bracket for now, to make wiring easier
for you.

Next, assemble the PC boardi(s) for
the 50-volt supplies; Fig. 3 shows the
parts placement diagram. Install all
components except Ql, Q2. and ICI.
Check resistor values as you go, and
mount the heat sink for BRI before
installation. Don’t forget to observe

FIG. 2—POWER SUPPLY HEAT SINK LAYOUT, All marked dimensiaons are in millimeters,
all mounting holes are Y-inch in diameter, zll lead holes are ¥s-inch in diameter, and add 3

mm to all dimensions with an (*) to align the PC hoards.

-
¥,

T {ReDAvEL)

> 42
> YA

S (RED/YEL)|--
120
el (BLUNEL

= 17

= VAC

(BLU/YEL

FIG. 3—PARTS PLACEMENT DIAGRAM FOR 50-volt supply. Only one primary and the two

relevant secondaries of T1 have been depicted, for brevity,

FIG. ——PROTOTYPE OF THE POWER SUPPLY. Note the custom PC board heatsink at
right, and how 51, F1, LMP1, and R21 are wired.

polarities on all the electrolytic capac-
itors. Use the alignment holes with
6-32 screws for the PC board(s). In-

stall Ql, Q2, and ICl, using mica
insulators, heat sink compound, and
6-32 screws. Check for shorts from

0661 HOHYIN
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£ RADIO-ELECTRONICS

FIG. 5—PRIMARY HEAT SINK ASSE!

LY CLOSE UP. You can see how O a

‘1 are

attached, the silicone grease used for heat transfer, and how the heatsink is attached to
the PC boards. The mica insulators aren’t clearly visible from this perspective.

Q1, Q2, or ICI to the heatsink. Note
that BRI and BR3 have different pin

connections than BR2.
A variety of meters can be used

with this design. Sensitivity dif-
ferences are compensated with PC-
board-mounted resistors and potenti-
ometers. The values in the parts list
call for 50 . A/2500 ohms for M1, and
100 wA/700 ohms for M2. In most
cases, panel meters require some
faceplate disassembly or removal to
mark them for 50 volts and 5 amps DC
at full scale. Assuming sensitivities
of I, and R, for M1 and I; and R, for
M2, the resistor values are:

® RI9 = 25/1,, R20 = 2XR..
® Ri7 = 2x(1.0,—Ry), for 5 amps
full-scale.
® RI8 = 2x(0.V,—Ry, for 0.5
amp full-scale.
& RI8 = 2x(0.2/1;—R)), for l amp
full-scale.

Proceed with the point-to-point
wiring from the PC board to the front

panel. Those wires should all termi-
continued on page 69



D PCP105—MAKE

MONEY FROM HOME RE-
CORDING ..... $10.00. Now
that you've spent a fortune
on all that recording gear,
MIDI and ail, wouldn't you

like to get some of it back? -

This book shows you how,

O TELE—THE INVEN-
TION OF TELEVISION ...
$9.95. How television came
1o be. Packed with history:
36-pages of photos and -
lustrations of early equip-
ment. A collectorsy delight.

[ P106—SYHN-
THESIZERS FOR MUSH
CIANS $10.00. Al
current popiffar forms of
synihesis explained. LA,
additive, phase distortion,
FM and sampling. Get the
SouNds you want.

686L 11V

POWER SUPPLY

continued from page 34

nale in a row on one end of the PC
board. Figure 4 shows the general
chassis layout, and Fig. 5 shows the
Juncture between the PC boards and
the custom heatsink close up. Use 16-
gauge or heavier wire for the leads to
JI-J4, and twisted pairs to RI3-Ri4
and R15-R16. If you’re including the
S-volt supply, install BR3, Clo, C1i,
and IC3 with the secondary heatsink
using point-to-point wiring. Connect
T1, wire the primaries, and mount the
primary heatsink and front panel. You
should now be ready to twrn on the

supply.

Checkout
Install F1 and F2, apply power, and
check for + 60 volts DC across Cl and

C2. Check for a bias supply of —25

DIGITAL VIDEQ STABILIZER|

ELIMINATES
PROTECTIONS

While watching rental
movies, you will notice an-
neying” periodic color
darkemng, color shift, yn-
wanted lines, flashing or

edges, This s
by the ecopy protec-
tion jamming signals &m-
bedded in the video tape,
such as Macrovision copy
protection, Digital Vides
Stabilizer: RXN completety
eliminates an copy protec-
tions and Jamming signals
and brings you crysial clear
piciures,

FEATURES:

®Easylo use and a shap

to Install
@ State-of-the-ar in.

tegrated circuit fechnol-

L] ?gg% aulomatic - na

heed for an
troublesome adjust-
ments I al

® Compatible 1o a)) ¢ Des
of VCAs and TVs 4

#® The best and most excit-
ing Video Stabilizer jn
the market

®Light weight (@ ounces)‘
and Compact (1x3,5x5

ALL VIDEO copPY

WARNING :

SCO
Electronics and
RXil dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
rental movies
or copyrighted
video tapes.
RXlI is in-
tended to stabi-
lize and restore
crystal clear
icture quality
or private
home use only,

6 INCHES

UNIVERSAL POWER SUPPLY FOIL PATTERN.
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5V
OUTPUT

MPS6515

: Voo
Q1. Any PNP power transistor

Stabiliser For Battery Supplies

The accompanying circuit, is useful
when voltage sensitive devices (such as
TTL 1Cs} must be battery operated; |t
uses very little power from a good
battery; whilst with a flat battery, the
output voltage is within 0.1V of the
battery voltage.

ZD1 should be selected to obtain
approximately the desired output
voltage; for fine trimming, R2 may be
selected between 470 ohms and 3k3.
With the components shown, the output
voltage varies less than 2% for battery
voltages from 5BV to 8V and output

currents from zero to 200 mA. For
higher currents, R1 may need to he
decreased.

Always use a power transistor for
Q2 or it will overheat when the battery
is nearly flat. Both Q1 and Q2 should
have a current gain of as least 40, while
the gain of Q3 should be as high as
possible.

| b

- 4% INCHES

IF YOU WISH to etch your own board for the 30-volt power supblv. use this pattern,

TS’WI:’}’_ on page 59 in this tssue.

OUT OF TUNE

Experimenter's Short-Proof Power Supply (Febru-
ary, 1968, page 54). In Fig, 1, the golder dot at
the junction where the base of Qg, the collec-
tor of Q3%, and the collector of @f meet was
accidentally omitted. This is a common point
for these three transistors and their associ-
ated components. The printed circuit board in
Figs. 2 and 3 is correct.

POPULAR ELECTRONICS




1 megahertz, Naturally, a faster clock is needed if big-
ger numbers are to be multiplied. The number of clock
puis’:b required to multiply two n-bit numbers (where n

netudes the sign bit) 18 Zodn-1), Adduson.aily, larger
avribers will mean more registers in the multiplier eir-
Ty and 1nore counters in the control-signal cn‘culiry

InH

Regulating supply voltage
all the way down 1o zero

hy Brother Thomas McGahee
Dan Beseo Technical School, Boston, M’agi.

Precision monelithic voitage regulators make it fairly v
casy 10 design a high-performancs power supply with a
minimnm of external components, These regnlators
have one general favls, however—they cannot regulate
to any voliage lower than their reference, which is usu-
alky #hout 7 V. Sometimes, voltage divider can be used
to radues the referencs voltage, but if the reference volt-
age 1s rf"iuccd below approximately 2 v, good regu-

lation zan na longet he maintained.
'f"' ¢ circult shown in the figure, on the other hand, al-
lows the reference voliage to be adjusted all the way

down to *‘19 offset voltage of the regulator’s internal
Op amp, REGULATOR, and its assocsated circuitry form
a bias supg)ly that provides a voltage of about -7 v for
the V- terminal of the main reguiamr {REGULATORz).
Since the nopinverting input of this regulator is con-
nected 1o the common ground of tha cireuit, its refer-

- ence woliage appears to be +7 v with respect to this
Y- tpr":,'}al

™~
: T
(Some minor circuit changes must also be made.)

There is a useful rule of thumb to keep in mind to
minimize modification when the multiplier is expanded.
Choose the factor 2{n-1} to be the nearest larger integer
power of 2 and then set the extra bits introduced in the
multiplicand and the multiplier to zero. 1

There will be a 7-v drop across resistors Rz and Ra.
When R js set to its mintmum value, the circuit’s out-
put veitage will be equal to the reference voltage. If the
output iz measured with respect to the V- terminal of

, REGULATORz, it will be 7 v, But if it is measured with

respect to the common ground, it will be zero.

The maximum voltage available at the output is de-
termined by the value of resistor Rz, For the component
values shown here, the maximum voltage may be set
anywhere from 16 to 39 v, But voltages above 30 v wilt
not be regulated very well because the supply is using a
24-v wansformer (Te}.

The equation for the cutput valtage is:

Vour = RiVe/(R2+ Ra)

where Vg i3 the absohute value of the bias voltage (7 v
in this case). The bias supply normally will be produc-
ing about 12 milliamperes of current. Under worst-case
conditions, however, it may be reguired to provide 2
maximum of 40 ma. Transformer Ty, therefore, should
be a 12-v nnit capable of supplying at least 30 ma
(since REGULATOR; will require some current itself),
The transistor at the ontput of REGULATOR: boosts
the circuit’s output current. Resistor R4 acts as the cur-
rent-limniting resistor, 1
f)’é;}gn-:r';a casebonk s 2 requiar 1aulureal—\l"_|lél¥x.?mﬂ|c&3 Wa imate readers g cutmi original

and unputiishad circuit tdeas and soliions to design probiems. Explen brgity but thor.
oughly the circud's aperaing priacpte and purpese. Wa'll pay §50 for ecach itern puthshed

HEATAS!NK -y ZNSBSEV 0.63 S04 N {4}
DIDRES: T
2A, 150 V :
Va I
' + v 25 QUTPUT
b n-30v
500 o f = M v b AT A
{50 V) REGULATOR, 55 1)
Yy~ comp
e
y ¥
____.__}__ﬁ ' é Ry (G
- ’ 1.8 ke
Ve Vour R
YV AEGULATOR,
Sl Vaer "
. -REGULATORS: 723 E b
i 5 ] 47 +
T 12V, 360 mA i = T g
Ty 24V, 124 220 uF ~ caMP--—-:r
‘Ry: UNEARPOT .- mulues- R .
Ryt PUROARD POT 14, 5 -

Verfatie supply, This power supply, which employs two I1C voltage regulators, produces a regulated outpus voltage of between O and 30 V.

BEGLILATOR, provides the hias voitage for REGULATOR, so that the latter device can operate with respect to a common ground. The lowest

regifated output voltage, then, is approximataly zero, rather than the

.

ey

112,

reference veitage ot REGULATOR,.

ElectronicesJdune 27, 1974




