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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, 0-5-amp
DC supplies, and a single 5-volt, 3-
amp DC supply. It uses two identical
custom PC boards, one 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 ICI, 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-setting 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
currcnt-sense com-
parator IC2 comes from BR2, which
also acts as a ncgative bias supply for
regulation down to ground.

The purpose of ICI is to maintain
the out terminal at 1.25- volts DC
above the Aps terminal. The current
drain at the Aps terminal is very low
(nominally 25 pwA) 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 RI16
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

R15+R16=0 ohms. In general, the

output voltage is determined by:

(Vour—1.25+1.3)
(RI5+R16)=1.25/R8.

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

VOUT: ( l 25/
R8) X (R15+R16)=50.18 volts DC.

Using potentiometers R15 and R16

LABORATORY
WPOWER
UPPLY

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

REINHARD METZ

TABLE 1—PERFORMANCE
SUMMARY
Characteristic Capability
Number of 2 {fully
supplies floating)

Voltage range . 0—=50 vDC
Current range 0-—=5A
Coarse vs. fine 110 :
. control ratio

{both current

and voltage)

0.01% line,
- 0.1% load

Voltage regulation

Current limiter

05%

NOTE: (a) There's a current-
- limiting LED; ‘
{b) Has internal +5 VDC,

05—3 A supply.

to control the voltage, Vg, 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),
Ql and Q2 turn on, becoming the
main current path. Also, R3 and R4
ensure that Q1 and Q2 share the load
cqually. Current limiting is provided
by IC2. Its noninverting input uses
the output voltage as a reference, and
its inverting input is connected to the
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voltage divider created by R6 and cur-
rent-limit potentiometers R13 and
RI14.

The drop across R6 is about 1.25
volts, the reference voltage mentioned
above as being the difference between
the ouT and Apy terminals of IC1. 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 R13 and
R14, causing the voltage at the non-
inverting input to exceed Vo 1.

That sets the current limit point at:
(Iour X 0.2)/(R13+R14)=1.25/
100K; 1oy, =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 apr lead T
down via D2 and lighting LEDI. Ad-
ditional current for D5 is provided by
R5. As the apy 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
D10 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-volt supply, and in-
cludes all parts other than those for
the front panel and the 5-volt supply.
Since a dual 50-volt version may be
popular, T1 accomodates two supplies
and the 5-volt supply, and a custom
heat sink for the two PC boards is
available.

FIG. 2—POWER SUPPLY HEAT SINK LAYOUT. All marked dimensions are in millimeters,
all mounting holes are Y-inch in diameter, all lead holes are %s-inch in diameter, and add 3
mm to all dimensions with an (*) to align the PC boards.

17
VAC

(BLUTYEL)

FIG. 3—PARTS PLACEMENT DIAGRAM FOR 50-volt supply. Only one primary and the two
relevant secondaries of T1 have been depicted, for brevity.

Construction

The transformer is mounted on a
6- X 5- X I-inch L-bracket in the cen-
ter of the supply, and the heatsinks for
IC1 and BRI go on the back of the
transformer bracket. A
6- X 8- X 6- X I1-inch U-shaped cover
of Vie-inch aluminum completes the
assembly. Complete all drilling and
preparation before assembly, but in-
stall only the transformer and its -
bracket for now, to make wiring easier
for you.

Next, assemble the PC board(s) for
the 50-volt supplies; Fig. 3 shows the
parts placement diagram. Install all
components except Q1, Q2. and ICI.

FIG. 4—PROTOTYPE OF THE POWER SUPPLY. Note the custom PC board heatsink at
right, and how S1, F1, LMP1, and R21 are wired.

Check resistor values as you go, and
mount the heat sink for BRI before
installation. Don’t forget to observe

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
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RADIO-ELECTRONICS

3

S

All resistors are Yi-watt, 5%, un-
. less otherwise indicated.
. R1--5000 ohms, 1-watt
 R2—33 ohms
R3, R4-—0.1, 3-watt
. R5—680 ohms
. R6—115,000 ohms, 1%
- R7—220 ohms
R8-—--274 ohms, 1%
. R9-—0 2 ohm, 5-walt
- R10--24,000 ohms
- B11—360 ohms
. R12-—-2400 ohms
. R13-—100,000-ohm potentiometer
- R4, R15—10,000-ohm
. polentiometer
- :R?GF—-‘EOOO-th potentiometer
- m7-~20 000-ohm PC-board-
_ mounted potentiometer
. Ri&—SDO»ohm PC-board-mounted
__ potentiometer
. R19—470,000 ohms
R20-—5000-0hm ?C—board-mounted
potentiometer

Ct, C2—4700 p.F 100 volts (Panw
_ asonic PB430) '

peaye .
84'4-—1[4.?63\/0!18 .
10 uF 500 volis
- CB--0.001 uF ceramic disc
© C7-—-100pF mica ~
€8, €910 pF, 50 volts -

pﬁ ceramtc dlSC

FIG. 5—PRIMARY HEAT SINK ASEMBLY CLS UP. You can see how Q1 and IC1 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.

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

21~thermistor m#ush protector k

; cammoo y.F 50 volts, Panasomc ;

22,000 ., 16 volts {Panasbmc ‘

PARTS LIST

Semiconductors

iC1-—L M317HVK adjustable, series-
pass, high-voltage regulator

IC2—LE357A JFET input, 8:-pin DIP
comparator

IC3 -1 M323K 5-volt DC regulalor in
TO-3 case

Di, D2, D7, D8, D9—1N4148 ger
manium diode :

D3, D4--1N4744A, 15-volt, 1-walt
Zener diode

DB-—1N4736A, 6.8-volt, 1-watt Zener
diode

D10—FR802 8-amp, 100-volt fast-re-
covery silicon recnfter {(TO-220
package)

BR1, BR3-MB102 10-amp, 200-volt
bridge rectifier

BR2—DB103 1-amp, 200-volt bridge
rectifier

Q1. Q2-MJ5023 or ECGE8 PNP sil-
icon transistor

Q3--ECG128 or 2N3700 1 walt gen-
eral purpose NPN sificon transistor
LED1—yeliow light-emitting diode

- Other components

F1--8-amp fast-blow fuse

F2—6-amp fast-blow fuse

T1—600 VA transformer; 120-voit AC
primary; two 42-volt, 5-amp sec-
ondaries; two 17-volt, 250-mA sec-
ondaries; and one 7-volt, 3-amp
secondary

PL1—120-volt AC pilot light

- M1—50 mA meter {GC Electromos

20-1110)

 M2-100 pA meter (Jewell 81T)
. 811200l 10~amp DPST switch
: Sa—SPDT switch

connections than BR2.
A variety of meters can be used

41, J3, J5—red banana jack

J2, 44, J6—black banana jack

Miscellaneous: 8-inch wide X 6-inch
high x 11-inch deep aluminum case
with Y-inch predrilled aluminum
plate as front panel (including holes
for handles) and 8- X 11- x %z-inch
steel plate with a 1-inch lip on the
hottom, two front-panel-mounted
case handles, 6-x 8- x3-%&-inch
dual-supply main heatsink, heat-
sink for 5-volt DC regulator with
TO-3 case, heat sink for BR1, 3-
wire power cord, knobs, four rubber
feet, panel-mounted fuse holder
{for F1), two PC-board mounted
tuse clips for F2), PC board (Digi-
Key #FD40), three TO-3 transistor
insulator kits; silicone grease, wire,
solder, etc.

NOTE: The following parts are
available from A&T LABS, PO.
Box 552, Warrenville, IL. 60555;
plated PC board with partls
placement silkscreen, $19.00;
600 VA custom dual-supply
transtormer (T1), $66.00; custom
dual-supply main heatsmk
$42.00; LM317HVK (iC1), $8.00;
MJ4502 (Q1 and Q2), $6.00; M1,
$16.00. Send check or money
order, except for COD orders via
UPSinthe U.S. Hyoudon'torder

 Ti, add 5% shipping and han-
dtmg for U.S., and 10% for Cana-

 da. f you order T1, add 12% for
U.S, and 17% ior Canada;
- lllinois residents add 6. 7‘5%

‘ ~sa¥estax

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 wA/2500 ohms for M1, and
100 .A/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 Ry, for M1 and I; and R for
M2, the resistor values are:

® RI9 = 25/, R20 = 2xR,,.
® R17 = 2x(1.0,—Ry), for 5 amps
full-scale.

® RI8 = 2x(0.VI;—Rp), for 0.5
amp full-scale.
e RI8 = 2x(0.2/I;—Ry), for  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




NEW FROM ETT

OPCP105—MAKE

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

like to get some of it back? -

This book shows you how.

[J BP182—MID! PROJ-
ECTS ..... $6.95. How to in-
tertace popular home com-
puters with MIDI systems.
Also covers interfacing
MID! gear to analog and
percussion synthesizers.

[0 BP85—INTERNA- ww 1
TIONAL TRANSISTOR

EQUIVALENTS GUIDE .....
$7.50. Find possible sub-
stitutions for a popuiar user-
oriented selection of mod-
ern transistors made by
more than 100 manufac-
turers.

{1 TELE—THE INVEN-
TION OF TELEVISION .....
$9.95, How television came
to be. Packed with history.
36-pages of photos and il-
lustrations of early equip-
ment. A collector's delight.

[ PCP106-—~SYN-
THESIZERS FOR MUSI-
CIANS $10.00. All
current popular forms of
synthesis explained. LA,
additive, phase distortion,
FM and sampling. Get the
sounds you want.

;
| mipi
i Projects

!

R

{1 BP255—INTERNA-
TIONAL RADIO STA-
TIONS GUIDE ..... $8.95.
Essential reference work for
the casuai listener, amateur
radio DXer and the profes-
sional radio monitor.

MAIL TO: Electronic Technology Today, Inc.

P.0. Box 240

Massapequa Park, NY 11762-0240
SHIPPING CHARGES IN USA AND CANADA

$0.0110 $5.00 ...
$5.011010.00 ...

$20.01 to $30.00 $4.00

SORRY, No orders accepted outside of USA and

$1.25 $30.01 to $40.00 $5.00
$2.00 $40.01 to $50.00 $6.00
$10.01 to $20.00 $3.00 $50.01 and above $7.50
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Canada

Total price of merchandise . .. .. $

Shipping (see chart) ......... $
Subtotal ................. $

Sales Tax (NYSonly) ......... $

Total Enclosed .............. $

Name

Address

City State Zip

POWER SUPPLY
continued from page 34

nate 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
J1-J4, and twisted pairs to R13-R14
and R15-R16. If you're including the
5-volt supply, install BR3, C10, CI1,
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 turn on the

supply.

Checkout
Install FI and F2, apply power, and
check for + 60 volts DC across C1 and
C2. Check for a bias supply of —25
volts DC across C3. Vary RI5 and
R16. and observe the output voltage
change. When the current limiter is
fully counterclockwise, the output
voltage may be zero, regardless of
adjustments. When current limiting
occurs, LEDI should glow.
R-E

PROTECTIONS

While watching rental
movies, you will notice an-
noying periodic color
darkening, color shift, un-
wanted hnes, ﬂashmg or
jagged edges. This is
caused by the copy protec-
tion jamming signals em-
bedded in the video tape,
such as Macrovision cop
protection. Digital Video
Stabllizer: RX!t completely
eliminates all copy protec-
tions and jamming signals
and brings you crystal clear
ictures.
FEATUR

®Eagy to use and a snap

1o install
® State-of-the-art in-

tegrated circult technol-

L ] ?gz% automatic - no

need for any
troublesome adjust-
ments

@ Compatible to all types
of VCRs and TVs

@ The best and most excit-
ing Video Stabilizer in
the market

@Light weight {8 ounces)
and Compact (1x3.5x5%)

@ Beautiful deluxe gift box

@ Uses a standard 9 Volt
battery which will last 1-
2 years.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY

y people to use

WARNING :

SCO
Electronics and
RXIl dealers do
not encourage

the Digital
Video Stabilizer
to duplicate
rental movies
or copyrighted
video tapes.
RXll is in-
tended to stabi-
lize and restore
crystal clear
Ficture quality
or private
home use only.

{ Dealers Welcome }

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 o 516-694-1240
Visa, M/C,COD  M-F: 96
N SCO ELECTRONICS INC.
Dept. CAE 581 W. Merrick Rd. Valley Stream NY 11580
Unconditional 30 days Money Back Guarantee

(battery not included)
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—— Choose from 33 ——
Career Opportunities

Get Your Specialized Associate Degree
or Career Diploma at Home in Spare Time
Now without attending college
classes and with no previous experi-
ence, you can train for a money-
making career...even get a degree.
Send for free facts and color bro- *
chure on employment opportuni-
ties in the field that interests you
most. See how easy it is to train at g
home for a great new career or
advancement on your present job. &4 » .h

Dept.
D, 1:800-228-5300
CALL ANYTIME—Operators 1o take your call 24 hours a day,

7 days a week. No cost. No obligation. No salesman will visit.
_OR MAIL COUPON TODAY!

' lntematmnal Correspondence Schnﬁs_ N

o Dept.DES20,925 Oak Street, Scranton, PA 185151

] Please send me free facts, color brochure and full information §
1 on how | can study at home for the career | have chosen. 1
I understand 1 am under no obligation and no salesman will visit.

CHECK ONi BOX ONLY!
ASSOCIATE IN SPECIALIZED SOCIATE IN SPECIALIZED

| BUSH N_BS DEGREE PROGRAMS TEHNOLDGY DEGREE PROGRAMS I

l § Eu::t:uEm ent Elmré . Technol Catalog

I i oton n P, & 5%@%'%“ o Visa, M/C, COD or send money order to:

I ﬁm -l " owTechnol '

I bl e EAREER DIPLOMA PROGRAMS e I US Cable TV Inc. Dept. KA1

I 5 Afoietares g sopecsing I 4100 N.Powerline Rd., Suite F-4

urveying pping D Motorcycle Repair
L _ I GaterngSqunel Cooking | Pompano Beach, Fl 33073
S %gmgﬁm; élOf\@'Viﬁﬁﬂ D Personal Computr Specialist ’

15 Vo ce Sciences O Fitness & Nutriion ‘5'

| § ped s 5 W ) 1-800-445-9285

I 2’5‘,?'&&‘_‘3‘?“ Managemert 3 ternary Assisiant | |Please have make and model number of the

I G flctrones Repair 9 Joumaismshot sy witng. | | | equipment used in your area ready.

| . : No Florida Sales!

1 c“y,sm, Zio_ {| [lt's not the intent of US Cable TV Inc. to

L_Phone { defraud any pay TV operator and we will not
17,‘:‘ ary of Nt B =l assist any company or individual in doing so.

{4

Oak N-12 (w/VS)..
Scientific Atlanta..

Pioneer

Panasonic converter........
73 channel converter

We Beat Anyone’s Price!
30 Days Money Back Quaranty

CIRCLE 189 ON FREE INFORMATION CARD

CIRCLE 198 ON FREE INFORMATION CARD
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