
A SIMPLE 
PRECISION 

POWER SUPPLY 
for your workbench 

BY FRAN HOFFART 

Adjustable (114 to 33 volts) supply delivers up to 
114 amperes with excellent regulation 

ONE ITEM that belongs on every ex¬ 
perimenter’s work bench is a 

source of clean, regulated dc. The ideal 
hobbyist supply would be relatively inex¬ 

pensive, easily built, adjustable over a 
fairly wide range of output voltage, and 

capable of sourcing an ampere or more 
of dc. In addition, it would have a high 

degree of line and load regulation and 

contain such protection as automatic 
current limiting, maximum power limit¬ 
ing, and thermal shutdown. 

The project presented here satisfies 
these requirements handily. It is built 
around an LM317, a monolithic variable- 

voltage regulator 1C that can provide an 
output voltage from 1.25 to 40 volts. The 

supply can generate output currents up 
to 1.5 amperes at 1.25 to 33 volts. It has 
a low parts count and is rugged enough 
to withstand the abuse to which most 
bench supplies are subjected at one 
time or another. 

Before we examine the power supply 
circuit, let’s first look at the LM317 vari¬ 
able-voltage regulator 1C. Because this 
chip is the essence of the supply, a prior 

understanding of its operation will sim¬ 
plify our later discussion of the power 

supply as a whole. 

The LM31 7 Regulator 1C. Shown in 
Fig. 1 is a simple schematic which illus¬ 

trates the basic operation of the LM317. 
The integrated circuit keeps the voltage 
drop between the output terminal (the 
case of the regulator, which is housed in 
a TO-3 package) and the adjustment 
terminal (Pin 1) a constant 1.25 volts. In 

practice, resistor R1 is connected be¬ 
tween these two terminals, thereby set¬ 
ting up a constant adjustment current. 
The magnitude of this current and the 
setting of potentiometer R2 determine 
the output voltage of the regulator. 

If the adjustment current is sufficiently 
large, the output terminal is always 1.25 
volts more positive than the adjustment 

terminal. Accordingly, setting the wiper 
of R2 so that the adjustment terminal of 
the 1C is grounded causes the LM317 to 
act as a 1.25-volt regulator. Rotating the 
control shaft of R2 elevates the adjust¬ 
ment terminal above ground, simultane¬ 

ously increasing the voltage at the out¬ 
put terminal. 

Any voltage greater than 1.25 volts 

can be obtained at the output terminal 
simply by increasing the resistance be¬ 
tween the adjustment terminal and 

ground. Although the manufacturer (Na¬ 
tional Semiconductor) rates the IC’s 

maximum differential input-to-output 
voltage at 40 volts, the LM317 can be 
used to provide higher regulated volt¬ 
ages. However, such operation necessi¬ 
tates the inclusion of additional compo¬ 
nents to protect the regulator from 
excessive differential voltages. 

Note that the LM317 has no ground 
terminal. This means that all quiescent 
operating current for the 1C must flow 
through its output terminal, and necessi¬ 
tates that a minimum load current be es¬ 
tablished if the regulator is to function 

properly. Shown in Fig. 2 is a plot of the 
minimum operating current required 
against the differential input-to-output 
voltage. A convenient way to satisfy this 
minimum-load-current requirement is to 
select a value for the adjustment cur¬ 
rent that is suitably greater than the 
quiescent operating current of the 1C. 

The internal design of the LM317 

makes possible a wide variety of ap¬ 
plications other than that of a series- 
pass voltage regulator. These include 
tracking preregulators, switching regula¬ 
tors, ac voltage regulators, two-terminal 
current regulators, and power regula¬ 
tors, to name just a few! 

Even more important than the inher¬ 
ent simplicity and flexibility of the three- 
terminal regulator 1C is its ability to pro¬ 
tect itself from practically every type of 
overload condition, thereby greatly in- 
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Fig. 1. Basic circuit showing 

the operation of the LM317 
regulator integrated circuit. 
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POWER SUPPLY . . . 
(Continued from page 96.) 

enough room to wire the switches, 
potentiometers, etc. 

To relabel the meter faces, first 
remove the meter covers. Then use a 
pencil eraser to carefully remove the 
existing numbers and a dry-transfer let¬ 
tering kit to relabel the meter faces. 

Although the wiring of the supply is 
simple and straightforward, several pre¬ 
cautions should be taken to ensure the 
best possible load regulation. One lead 
of R1 should be connected directly to 
the case of the TO-3 package, the out¬ 
put terminal of the regulator 1C. A sepa¬ 
rate heavy wire is connected from the 
case of the regulator directly to the 
positive output jack. Finally, the wiper 
of the voltage adjust control and the 
potentiometer lug connected to it 
should be wired directly to the negative 
output jack. This improves load regula¬ 
tion by providing remote ground sensing 
directly at the output of the supply. 

In Conclusion. The finished supply 
will prove to be a worthwhile investment 
for any home lab. Although the goal of 
simplicity guided the design of this pow¬ 
er supply (less than 25 components 
were used), its performance is more 
than adequate for most bench work. 
With the voltage adjust control set for 
15 volts, a 1-ampere load current will 
typically result in less than a 15-mV 
drop at the output and less than 1 mV 
peak-to-peak of ripple. Varying the ac 
from 90 to 125 volts causes less than a 
10-mV output change. Output voltage 
drifts of 0.01%°C can be obtained if 
stable components are used for R1 and 

R2. 
With a few additional parts, the out¬ 

put can be made to go down to zero. 
This is accomplished by connecting the 
wiper (and the lug connected to it) of 
the voltage adjust potentiometer to a 
stable —1.25-volt reference. Output 
current can be increased by replacing 
the LM317 with either an LM350 (3 
amperes) or an LM338 (5 amperes). If 
this is done, the power transformer and 
rectifier must be replaced with compo¬ 
nents that have increased current-han¬ 
dling capabilities. If a bipolar dc power 
supply is needed, you can build two 
supplies and connect the positive out¬ 
put post of one to the negative output 
post of the other. Alternatively, you can 
build a modified version of this project 
incorporating both an LM317 and a 
negative-voltage LM337. 

WORST CASE . . . 
(Continued from page 119.) 

5000 ohms. (If you were making only 
one circuit, you could hand-select the 
components to make it work, but this is 
not a safe approach to use in a con¬ 
struction article.) Now note twQ when 
Cext is 1000pF and Rext is 10,000 ohms. 
The width of the pulse can be between 
2.76 and 3.37/is. Hence, the value can 
range from 4-8.9% to —11.2% of the 
typical specified value for the given R 
and C values. Note also that the spec 
sheet does not tell you that this error is 
linear throughout the twQ range. For all 
we know, this may be the best point on 
the curve. So, when designing such a 
circuit, make certain that your design 
can accommodate this type of tolerance. 

Note the column in Table II headed 

Norn (nominal). This value is the one for 
which you should strive, but you may 
find that it is not possible to obtain or 

hold it through the design. 
It should be understood that one 

parameter may affect another. For ex¬ 
ample, consider the effect of varying 

the power supply voltage on the output 
sinking current (lOL). The output sinking 
current is a linear function of the power 
supply voltage, as shown in Fig. 2. 
When the supply potential is 4.75 volts, 
The output can sink 15 mA. A similar 
condition can be observed in Fig 3, 
where the maximum input forward cur¬ 
rent (lF) is shown as a function of input 
voltage. Here again, the variation of one 
parameter can affect another. 

At this point, you should realize that 
you must know which characteristics 
are important so that you can design 
with a knowledge of their probable vari¬ 

ations. To do this, you must know just 
what will affect a given parameter. 

All of the parameters thus far dis¬ 
cussed have been of the type that can 

cause circuit failure, not failure of a 
component. Most 1C data sheets carry 
a set of catastrophic characteristics, 
such as those listed in Table III. With 
resistors and capacitors, characteris¬ 
tics like maximum power dissipation 
and breakdown voltage should never be 

exceeded. 

Summing Up. If you use the tech¬ 
niques detailed in this article, or keep 
them in mind, your circuits will work and 
so will other circuits built from your 
design. If you build projects from maga¬ 
zines, steer clear of broad-tolerance 
components, especially in critical com¬ 

ponents. 

NOTICE TO READERS 

We consider It a valuable service to our 

readers to continue, as we have in previous 

editions of this guide, to print the price set 

by the manufacturer or distributor for each 

item described as available at presstime. 

However, almost all manufacturers and dis¬ 

tributors provide that prices are subject to 

change without notice. 

We would like to call our readers attention 

to the fact that during recent years the Fed¬ 

eral Trade Commission of the U.S. Gov¬ 

ernment has conducted Investigation of the 

practices of certain industries, in fixing and 

advertising list prices. It is the position of 

the Federal Treade Commission that it is 

deceptive to the public, and against the law, 

for list prices of any product to be specified 

or advertised In a trade area, if the majority 

of sales of that product in that trade are 

made at less than the list prices. 

It is obvious that our publication cannot 

quote the sales price applicable to each 

trading area In the United States. Accord¬ 

ingly, prices are listed as furnished to us by 

the manufacturer or distributor. It may be 

possible to purchase some items in your 

trading area at a price that differs from the 

price that is reported in this edition. 

The Publisher 
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4.5 

INPUT/OUTPUT differential(v) 

Figure. 2. Plots of minimum 

load currents vs. differential 

input-to-out voltage. 

creasing reliability. Output current is lim¬ 

ited to 2.2 A to protect the 1C as well as 
the power transformer and rectifier. 

Safe-area protection limits the maximum 

power dissipated by the regulator to 
approximately 20 W, thus guarding the 
series-pass transistor located on the 
chip against a destructive secondary 
breakdown. The safe-area protection 
circuit decreases the maximum possible 

output current as the differential input- 
to-output voltage increases, thereby 

limiting the power dissipated to a safe 
value. A plot of output current limiting 
versus differential input-to-output volt¬ 

age is shown in Fig. 3. 
Thermal protection built into the 

LM 317 limits the maximum chip temper¬ 
ature to approximately 170°C. This pro¬ 
tects the regulator from overheating, re¬ 

gardless of the type of overload or the 
amount of heat sinking provided. The 
temperature is sensed on the chip at a 
point near the series-pass transistor, en¬ 

abling the regulator to shut down quickly 

if a potentially destructive overload con¬ 
dition occurs. Once the overload has 
been corrected and the chip cools down, 
the regulator turns back on and resumes 
normal operation. 

All these protective circuits remain 
functional as long as an input-to-output 
differential of at least 2 volts exists, even 
if the adjustment terminal is accidentally 

disconnected from the rest of the circuit. 

About the Circuit. The complete 
schematic of a 32-volt, 1.5-ampere 
bench power supply is shown in Fig. 4. 
Using the LM317 voltage regulator 
greatly simplifies the design and con¬ 
struction of the supply but keeps perfor¬ 
mance and reliability at high levels. 

INPUT/OUTPUT differential(v) 

Fig. 3. The 20-watt safe-area curves 

for the LM317 regulator IC at 

three operating temperatures. 

Power transformer 71 is a “universal” 
multiwinding unit. Switch S2 selects one 
of two primary winding configurations, 

causing the ac input to the full-wave 

bridge rectifier to vary from 18 volts in 

the low position to 32 volts in the high 

position. This minimizes power dissipa¬ 

tion by the LM317 regulator. It also al¬ 
lows full output current to be generated 
at low voltages by reducing the input 

voltage to the regulator when the supply 
is being used at low output-voltage lev¬ 

el—3900-p.F. 50-V electrolytic 

C2,C4—0.1 -p.F disc ceramic (C2 optional) 

C3—20-p.F, 50-V electrolytic 

D1.D2—1N4002 

FI — I-A slow-blow fuse 

ICI—LM317K TO-3 voltage regulator (Na¬ 

tional Semiconductor) 

11.12—15-V pilot lamp 

J 1 ,J2—Color-coded 5-way binding post 

MI — 1-mA, 2-inch (5.1-cm) panel meter, re¬ 

labeled to read 0 to 1.5 A. 

M2—1-mA, 2-inch (5.1-cm) panel meter, re¬ 

labeled to read 0 to 30 V. 

Rl—75-ohm, 1%, 14-W metal-film resistor 

R2—2000-ohm. 10-turn potentiometer 

R3—Select for individual meter used (approx¬ 

imately 30,000 ohms for 1-mA meter move¬ 

ment) 

R4—0.1-ohm. 5%, Vt-W resistor 

R5—Select for individual meter used (typical¬ 

ly 10 to 100 ohms for 1-mA meter move¬ 

ment) 

RECTI—2-A. 100-PI V modular bridge 

rectifier 

S1 ,S2—Spdt miniature toggle switch 

Tl—30-V, 2-A secondary “universal “ power 

transformer (Stancor RT-202 or equivalent) 

Misc.—Suitable aluminum enclosure 

(LMB-564 or similar), heat sink, TO-3 

socket and mica washer, silicone thermal 

compound, line cord, fuse holder, control 

knob, rubber feet, dry-transfer lettering, 

hookup wire, solder, hardware, etc. 
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els. An added benefit is a cooler-running 
heat sink. 

Filter capacitor Cl keeps the peak-to- 

peak ripple voltage under 2 volts at the 
input of the regulator, resulting in less 
than 300 microvolts rms of ripple at the 
output. Ceramic disc C2 should be locat¬ 
ed close to the 1C regulator and, al¬ 
though it is designated in the Parts List 
as optional, it is required if filter capaci¬ 
tor Cl is located more than 4 inches 
(10.2 cm) from the 1C. It is good practice, 
however, to include C2 even if Cl is 
close to the LM317 regulator. 

Resistors R4 and R5 are the current 

shunt and calibrating resistors, respec¬ 
tively, for milliammeter Ml. Note that R4 
is located on the input side of the regula¬ 
tor rather than the output side, so that it 
will not degrade load regulation. The ex¬ 
act value of R5 will depend on the char¬ 

acteristics of the particular meter used 
for Ml. It will usually be between 10 and 
100 ohms if a 0-to-l-mA meter move¬ 

ment is employed. 
Precision metal-film resistor R1 estab¬ 

lishes an adjustment current of 16 mA 
which flows through voltage adjust 

potentiometer R2. Adjusting R2 for max¬ 

imum resistance places the adjustment 
terminal of the 1C at 32 volts above 

ground. This sets the power supply out¬ 
put voltage at 33.25 volts required. For 

a high degree of resolution in adjusting 
the output voltage, a ten-turn potentio¬ 
meter is specified for R2. However, a 
lower-cost, single-turn potentiometer 
could be substituted if your budget won’t 
accommodate a precision component or 
if you have difficulty procuring one. 

Capacitor C3 filters out any ripple volt¬ 
age appearing at the adjustment termi¬ 
nal, increasing the ripple rejection at 

high output voltages. Transient re¬ 
sponse and stability of the power supply 
are improved by the addition of C4. Di¬ 

ode D1 provides a discharge path for C3 
in the event of a short circuit at the sup¬ 
ply output. The 1C regulator is protected 
by D2 against reverse voltages that 
might be accidentally applied to the out¬ 
put of the supply. 

Fig. 6. Rear view of heat sink 

on prototype. A mica washer 

provides good thermal contact 

between regulator and heat sink. 

Resistor R3 is the calibration compo¬ 
nent for the output voltmeter M2. Both 
this meter and Ml are standard 1-mA 
meter movements with the meter faces 

relabeled. The exact value of R3 will de¬ 
pend on the characteristics of the in¬ 
dividual meter used for M2. It will be 

approximately 30,000 ohms if a 
0-to-l-mA meter movement is em¬ 

ployed. Incandescent lamps II and 12 il¬ 

luminate the supply’s meters and act as 
pilot lights. 

Construction. The 1.5-ampere bench 
supply was constructed in an aluminum 
enclosure measuring 4"H by 6"W by 5"D 
(10.2 x 15.2 x 12.7 cm). The back of the 
case was removed and replaced with an 
aluminum heat sink containing thirteen 

1-inch (2.5-cm) fins. An interior view of 
the author’s prototype is shown in Fig. 5. 
The heat sink selected must be of suffi¬ 
cient size to limit the regulator tempera¬ 
ture to no more than approximately 75°C 
above ambient when dissipating a max¬ 

imum of 25 watts. 
A mica washer will provide good ther¬ 

mal conductivity between the case of the 
LM317 regulator and the heat sink while 

maintaining electrical isolation. Be sure 
to apply a layer of silicone thermal com¬ 
pound on each side of the mica washer. 

Also bolted to the heat sink of the au¬ 
thor’s prototype is the bridge rectifier, 
RECTI. The rectifier, however, is 
mounted on the inside of the modular 
heat sink and is not visible in the rear 
view of Fig. 6. 

After drilling holes for the various 
components, and cutting the front panel 
for the meters, the cabinet was painted 
and labeled with dry-transfer lettering. 
Next, using suitable hardware, all com¬ 
ponents except the filter capacitor and 
the meters were mounted. This provided 

(Continued on page 126) 

Fig. 5. Interior view of the author9s prototype. 

Heal sink must limit IC temperature to 75°C above ambient. 
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