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THE ORA WING BOARD 
Voltage regulators and power supplies 

ROBERT GROSSBLATT 

ONE THING THAT EVERY ELECTRONICS 

hobbyist who builds or designs his own 
equipment will eventually have to con­
tend with is a power supply-it doesn't 
matter whether you're working on a space 
shuttle or on an electric toothbrush. It's 
obvious that there are tremendous differ­
ences between the power requirements of 
a rocket ship and those of a toothbrush, 
but the point is that if you're designing 
your own equipment, you're going to 
have to spend some time thinking about 
what you want your power supply to do. 

It's true that most of the things we'll be 
discussing in this column can be powered 
by nothing more complicated than a fresh 
battery and a pair of alligator clips. From 
the point or view of elegance however, 
that· approach .leaves something to be de­
sired. The power supply you use in your 
d~signs can cto a lot more for you than just 
supply power. Most notably, the power 
supply can provide protection. 

Even the most carefully designed pro­
ject in the world can blow up the first time 
power is applied. But a well-designed 
power supply can go a long way toward 
saving you· from having to repeat the work 
you've done in the event of a mishap. It 
can guard against short circuits; it can 
limit the current and/or voltage; it can 
offer protection from transient spikes, 
and so on . In short, it can be an extremely 
valuable friend when your project is still 
in the development stage . Let ' s look at 
some of the many possibilities. 

Series regulators 
There are many different approaches to 

power-supply design, but this time we' re 
going to see what we can do with the 
simple series regulators that we' re all 
familiar with. Those are three-terminal 
devices that are set up internally to pro­
vide a fixed output-voltage of a particular 
polarity. 

The 78xx series of positive regulators 
(and the 79xx series of negative regula­
tors) are usually used by themselves to 
provide basic voltage regulation in small 
electronic systems. Like most things 
though, those IC' s can be made to provide 
as many exotic features as we want, in­
cluding the ability to handle much more 
current than their basic rated capacities 
would seem to indicate . 

Just about everyone is familiar with the 
circuit shown in Fig. I , a basic five-volt 
regulator. Capacitor C I is the huge filter 
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FIG. 1 

capacitor that sits across the output of the 
rectifier. It's used to smooth out the 
spikes (ripple) on the line and to "brute­
force'' regulate the voltage going into the 
7805. Even though the regulator was de­
signed to reject noise, (referred to in the 
specs as " ripple rejection"), it can only 
cope with noise that is a certain propor­
tion of the input voltage. Put simply, the 
bigger the input-voltage fluctuations, the 
more noise at the output. 

Capacitors C2 and C3 are also filter 
capacitors. They are generally less than 
one ,uF and provide the regulator with 
local help in dealing with transients. If the 
regulator is physically far away from the 
large filter capacitor (C I) , a voltage, 
however small, can develop on the line 
connecting the rectifier and the IC. The 
job of C2. therefore, is to make sure that 
those small voltage transients are elimin­
ated before they reach the regulator. 
That's why C2 is always located as close 
to the regulator as possible- in some sys­
tems it will be soldered right to the regula­
tor pins. Capacitor C3 does the same job 
at the output of the device. 

Capacitor C4 can be called the "surge 
capacitor" because its job is to take care 
of the sudden surges that show up on the 
system + V line during power-up or 
power-down. The size of those surges , 
and consequently the size of C4, depends 
on the current drawn by the system . Typi­
cally though, the value of C4 is some­
where between I 0 and I 00 ,uF. 

The 78xx family of regulators (and 
most other series regulators) is designed 
to be as foolproof as possible . The regula­
tors monitor their internal temperature; 
and if they get too hot, they turn off. Short 
circuits will also cause the IC's to shut 
down . The trip point isn ' t a definite figure 

because it depends on the input/output 
voltage difference and the temperature . 
In general, a 78xx-series regulator that is 
well heat-sinked will be able to handle 
about an amp-but that's really the upper 
limit. 

Now that we understand the circuit in 
Fig. I , let's see what's wrong with it. As a 
side note here, one rule of design is at­
wars to design with worst-case operation 
in mind. Remember Murphy's Law and 
don't forget that one of the drawbacks to 
original design-work is that the responsi­
bility for backing the warranty is yours. 

Problems 
Someone once said that there's no such 

thing as a free lunch , and that applies 
here . We're using capacitors to help the 
regulator minimize noise and transients, 
but capacitors cause another problem. A 
rapid reduction in either the input qr out­
put voltage will cause. the capacitors to 
discharge. How much discharge current 
is generated depends on a lot of 
variables- the values of the capacitors , 
the rate of voltage reduction, and so on . 
Most regulators are built to withstand a 
certain amount of discharge current, but 
the unpredictability of the amount of that 
current makes for a real problem. In order 
to put things in perspective, consider that 
a I 0 ,uF capacitor can develop 20-amp 
spikes when it ' s shorted. 

If you're designing a power supply 
only for low-current systems, that doesn ' t 
present much of a problem. But if you're 
going to need a healthy amount of cur­
rent. something has to be done to protect 
the regulator against accidental capacitor­
discharge. 

It will help to think of the regulator as a 
bunch of control circuits with a beefy 
pass-transistor at the output. In Fig . 2 we 
show only C I and C4; since C2 and C3 
are relatively small, we don' t have to pay 
as much attention to them. 

In the case of an input short, we have a 
big problem with C4. When the input 
short occurs , C I will discharge through it 
and the input voltage to the collector of 
internal pass-transistor Q I will rapidly 
fall to zero. That means the output voltage 
will be greater than the input voltage . 
Since C4 will have stored a nice, healthy 
charge , it will start to discharge . Some of 
the discharge current will go through 
R" - the equivalent resistance of the reg­
ulator' s protection circuitry. If the current 
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is substantial enough, R,c isn't going to 
pass it fast enough and .the emitter-base 
junction of Q I is going to be reverse 
biased. If the current is great enough, Ql 
is going to break down and the regulator 
will be-to use a technical term­
zapped. 

.._ ___ ..-._'Fici."'2 _____ __. 

Fortunately, an output short isn't any­
where near as serious. In that case, C4 
will discharge across the output short and 
the input voltage will be greater than the 
output voltage. Luckily. the regulator 
was desicned to deal with that. It will start 
to pass ~ore and more current until its 
thermal-overload point is reached and it 
shuts down. Remember, the regulator 
was designed to source current, not sink 

Line 
fused. 

Line Regulation: .±.0.1% max. for 
.±.10% change. 

Load Regulation: .±.0.2% max. 
50/100% Rated Load. 

Ripple & Noise: Typical 1% P·P max., 
all outputs. 

Drift: Less than 3% after 10 minute 
warm up (A & c Series) . 
Less than 1% after 10 minute 
warm up ( 8 & D Series). 

Converter Frequency: 
RCC System, 30kHz (A & C Ser ies). 
FCC System, 50kHz (B & D Series). 

Efficiency: 65% • 75% Typical. 
Temperature Range: 

Operating, -1ooc to +sooc. 
Storage, -zsoc to +sooc. 

Over Current Protection: All outputs 
short circuit protected by current 
foldback with automatic recovery 
after fault removal. 

Over Voltage Protection : All outputs 
limited to 130% of rated voltage 
in event of internal failure. 
(A Series, not provided). 

Recovery Time: Less than 300 l.lS 
to within 0.5% final value Ctvo). 

M.T.B.F.: Excess of 35,000 hours. 
Metal Enclosure: Anodized matte tan. 
Hold·up Time: 35ms (max) after toss 

of normal AC power. 
CALL TODAY (617) 682-6936. 

0Utput1' 

A-0503 SV-JA 
A·I:2TA3 12V·1.3A 
A-1501 TSV·IA 
A·24R7 24V'0 7A 
8.()505 5V-5A 
B--0510 SV-IOA 
H104 'f2V-4A 
8-1500 15V-JA 
C-0506-2 +5V-6A 
C--122A5--2 +12V-2.5A 
C-1502-2 +15V-2A 
C-0506-3A 5V-6A 
C0506-3B 5V-6A 
COSOS-3C 5V-5A 
C0504--30 5V-4A 
D-0520 5V-20A 
D-1208 12V·8A 
0-TS6A5 15V-6.5A 
0-2404 24V-4A 
0-0510-A-4- SV-fOA 
0--0510-84 SV-10A 
0-0508-C4 5V-8A 

0Ufl'Ut2 Output3 0uTPUt4 o~• 

59.95 49.16 41.97 
59.95 49.1 6 41 .97 
59.95 49.16 41.97 
59.95 49.16 41.97 

89.95 J3.76 62.97 
119.95 9S.J6 83.97 
119.95 "'" 83.97 
119.95 98.36 83.97 

-5V-6A 139.95 114.76 97.97 
-12V-25P. 139.95 114.76 97.97 
-15V-2A 139'.95 114.76 97.97 
.-t2V-1 A -12V-1A 129.95 106.56 90.97 
~15V'IA -1SV-1A 139.95 11476 97.97 
~12V·1.5A -1 2V-1.SA 139.95 114.76 97.97 
+15V-1.5A -1SV-1.5A 149.95 12297 104.97 

189.95 155,76 132.97 
189.95 155.76 132.97 
189.95 156.76 132.97 
189.95 155.76 132.97 

-SV-TA .,.J2V-1 SA -12V-1. 5A 199.95 163.96 139.97 
-SV-1A -.TSV -1.5A -15V-1. 5A 199.95 16J.96 139.97 
~12V·IA -12V-1 A -.24V·I.5A 199.95 163.96 139.97 

I ~· )iili=n:-:C::-1-s_45_o_s_G_o_o_o~s~T~ .• ~u~N~,;;;;T::1:1A:::L.:!N;:o~.!A;!:N~o::o::v::e::R;.;:M~A;;!o;!;1s:;;4;;:;s!:: 
0-0508-04 5V-8A -.1SV- IA - ISV-I A -.2411- l.SA 199.95 163.96 139.97 
0--0510-E4 5V-10A -.12V-1.8A -12V-1 A !SV-TA 199.95 163.96 139.97 
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it. That's why an input short is so much 
more potentially dangerous than an out­
put short. 

In order to protect against input shorts, 
we have to find a way to provide an es­
cape path for the discharge current of C4 .. 
We'll add a diode as shown in Fig. 3. 

Adding protective diode D I gives us a 
really slick solution to the problem. If the 
input shorts out now, the discharge cur­
rent from C4 will forward bias the diode 
and all the "bad" current will be shunted 
to ground through the input short. You 
may wonder why the diode doesn't bleed 
off some of the "good" current when the 
regulator is operating normally. But 
we're out of space, so you'll have to wait 
until next month for the answer. R-E 

Send check to ISCET, 2708 W. 
Berry St., Ft. Worth, TX 76109. 
Name ________________________ _ 

Address 
City ___________ _ 

State Zip 
__ copies @ $5.00 ea.__ ___ _ 

Send material about ISCET 
and becoming certified. 
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