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THE DRAWING BOARD 
Finishing up about regulators 

AS YOU'RE PROBABLY AWARE BY NOW, 

there's a lot more to consider when you're 
building a power supply than how to get a 
battery out of a blister pack. Over the last 
few months we've gone through the de­
sign considerations necessary to build a 
voltage regulator complete with all sorts 
of bells and whistles. Before we wrap up 
this project, be aware that we've just 
barely scratched the surface. There are 
lots of different sorts of power supplies 
and we've been looking at only one par­
ticular kind. There are design engineers 
who do nothing else in their professional 
lives but design power supplies. (That 
may strike you as being a bit boring but it 
certainly gives you an idea of the size of 
the subject.) 

Where's the surprise? 
Figure I is the full schematic of the 

regulator circuit we've designed. The 
values for all the components are shown, 
and if you look closely you'll see that 
we've added something to the short­
circuit protection we discussed last 
month. We've put in a switch, Sl, and 
broken Rs into two parts. The reason that 
was done is the surprise I promised. 

I told you that there was a way around 
trying to locate a 0.13 ohm resistor. You 
probably realized that we would parallel a 
few resistors to get the value we wanted 

2Rs = -2112.,2 WATT5 

ROBERT GROSSBLA TT 

TABLE 1 
Rs Rs+Ra 
0.135{1 2.1350. 

~R11 at 01 turn-on 
305mA 

PRa 
0.185 watts 
0.163 watts .270. 2.2700. 286mA 

and that's exactly what I did. When we 
close S1 we put the two resistors in paral­
lel and arrive at a value of 0.135 ohms­
nothing really surprising about that. Op­
ening S 1 puts on! y one of the resistors in 
the line and lets us change the trip point of 
Q2 to two amps. We can now switch­
select the short circuit trip-point to be 
either 2.4 amps or 4.8 amps. The real 
treat comes when we do the arithmetic 
necessary to calculate the wattage we 
need for the resistors. 

Let's assume that we have the full 
value for R5 • We saw that it takes a 0.65 
volt drop across the emitter-base junction 
of Q2 to make it conduct. The short cir­
cuit trip-point would be: I = E/R = .65/ 
.135 = 4.82 amps. 

That's pretty close to our original target 
of 5 amps. Now let's calculate the wat­
tage we need for R5 : P = JZR = 
(4.82)2(.135) = 3.14 watts. 

In the interest of safety, and with 
proper respect for Murphy's law, let's 
call it 4 watts. This makes Rs a pretty 
hefty resistor, and probably not too easy 

to find. It is easy however, to find a 0.27-
ohm, 2-watt resistor, so we'll put two of 
those in parallel. Since the wattage adds 
when resistors are in parallel (do you 
know why?) we have 0.135 ohms at 4 
watts when S 1 is closed and 0. 27 ohms at 
2 watts when Sl is open. If you want to 
verify the calculations for the circuit with 
S I open, follow the format I've just used. 
It's satisfying to see the numbers work out 
so neatly. 

More about component values 
If you remember last month's discus­

sion of R8 , you'll recall that we had to do 
some math to arrive at a value of 2.47 
ohms. A look at Fig. I will show you that 
R8 is now specified to be 2 ohms at half a 
watt. Changing the value to 2 ohms from 
2.47 ohms was done in the interests in 
reality. The only place you'll be likely to 
find a 2.47-ohm resistor is the same place 
you'll find a 0 . 13-ohm resistor­
nowhere . You may be considering the 
idea of using a trimmer potentiometer in 
place of a fixed resistor. Don't do it- it's 
a bad idea. 
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There are two no-no's as far as Rs and 
R8 are concerned- trimmers are a bad 
idea, and so are wire-wound resistors. 
The reasons for avoiding those things 
have already been discussed and you 
should realize what they are. Go back 
through our discussion of regulators so far 
and figure out the answer. When you get 
the answer, let me know. The first person 
to get it right will have the dubious honor 
of being credited in this column and will 
receive a prize of four million dollars . 
The first person to get it wrong will have 
to come up with the prize money. Only 
joking, folks- but I will give credit to the 
first person with the right answer. 
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SOY The calculation of the wattage I'm go­

ing to leave as an exercise for you. To be 
fair, though, I'll give you the answers. 
They are shown in Table I . Make the 
same assumptions we did last month 
about the transistor "resistance" and see 
if you can work out those values. 

As you can see, calling for a half watt 



I 
I 
I 
I 
I 
I 

TO MAGAZINE RETAILERS: 
Radio-Electronics Magazine is pleased 
to announce its "Retail Display Allow­
ance Plan " available to retailers in­
terested in earning a display allowance on 
Radio-Electronics Magazine . To obtain 
details and a copy of the formal contract, 
please write to the Marketing Depart­
ment, Kable News Company, Inc., 777 
Third Avenue , New York, New York 
10017, our national distributor, who will 
act as administrator of our plan . Under 
our Retail Display Allowance Plan , in con­
sideration for fulfilling conditions of the 
agreement, you will be entitled to receive 
a display allowance . This plan will be­
come effective for all issues you receive 
subsequent to written acceptance on our 
behalf of your application. 
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that fit into the 1 K machine . 96pp . $5.75 postpaid. 

0 ART OF PROGRAMMING THE 16K ZX81. 
How to use your 16K RAM pack and ZX printer to 
the ful l. 144 pp . $6.95 postpaid. 

0 ART OF PROGRAMMING THE ZX SPECTRUM. 
Everything you need to know to put the ZX 
Spectrum to work for you . 144 pp . $8 postpaid. 
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SPIKE-SPIKERSr. ••• The Solution! 
Minimize equipment damaging spikes and conducted RF noise 
to or from sensitive equipment. Transient surge protection 
plus low pass RFI hash filtering. All units 120V 15A. 

DELUXE $79.95 
Dual 5-stage filtered 

ckts. 8 switch sockets 
main switch, fuse , light 

MINIII $44.95 
Wall Mount 

3-stoge filter 
2 sockets 

QUAD II $59.95 
Wall mount. Dual 3-stoge filter 

4 sockets & light 

lalglo Electronics Co., Inc. 
65 84 Ruch Rd. , Dept. re 
Bethlehem, PA 18017 

Order Factory Direct 

215-837-0700 
Out of State 

DEALERS INVITED 800-523-9615 
PARes . Add 6% • COD add 13.00 +Shipping 
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for R8 is a bit of overkill , since the calcu­
lated value never even reaches one­
quarter watt . When we started this ex­
ercise in design I told you that one of the 
cardinal rules of design was always to aim 
for worst-case Qperation. By specifying a 
half-watt resistof we're adding a safety 
factor of more than two. If you can get 
your hands on a one-watt resistor of the 
right value it wouldn't hurt to use that 
either-you can never have too many 
watts . 

The transistors listed for Q 1 and Q2 
have the collector-current maximums the 
circuit calls for. Since they're being used 
as switches we don't have to worry about 
any of the parameters we'd have to con­
sider in an analog circuit (frequency com­
pensation, gain, and so on) . It's really just 
a matter of finding some silicon transis­
tors of the right polarity that can handle 
the calculated current. The MJ2955 can 
handle 15 amps at its collector, and' our 
circuit only calls for 5 amps-the safety 
factor again. 

As we saw last month, Q2 has to be 
able to stand the combined short-circuit 
currents of both the regulator and Q 1-
that means a collector current of 0. 035 + 
4. 82 = 5 _ 13 amps . A 2N6594 can handle 
12 amps. I called for those transistors 
because they're easy to find . If you want 
to substitute other transistors, that ' s 
okay-just watch the collector ratings, 
and make sure you use silicon transistors. 
If you want to use germanium ones , all 
the calculations we 've done will have to 
be redone . You tell me why. 

Other components 
I've called for a 7 41 as the op-amp to be 

used for IC2. Actually you can use just 
about any op-amp there. The 741 seemed 
to me to be a good choice because it's 
cheap (always an important design con­
sideration), available, and has internal 
current-limiting and frequency com­
pensation . If you have some other op-amp 
lying around, use it. The higher the input 
impedance the better. Since it's only a 
buffer, the requirements aren ' t at all cri­
tical. 

The last thing to look at is C5. It han­
dles the transients from the negative sup­
ply, if you use one, to lower the range of 
the circuit following the guidelines we 
developed last month . It goes without 
saying that if you go this route the connec­
tion shown in Fig. I between the - V 
input and ground should be ignored-so I 
won ' t say it. 

There's nothing sacred about the 
choice of IC 1. If your voltage require­
ments are going to be consistently higher 
than five volts use one of the other regula­
tors in the series-the 7812 or 7815 for 
example. Try giving the the op-amp a bit 
of gain by putting some resistance on the 
feedback line from pin 6 to pin 2. The 
point of these columns is for you to 
learn-and there are only two ways to do 

continued on page 101 
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that. Read everything you can get your 
hands on, and get your hands in every­
thing you read. Components are cheap 
enough so that blowing a few up is still 
less expensive than going to school. .. and 
more instructive as well. 

You should have learned enough to 
design your own negative supply. Try it 
and let me see what you come up with. 
Just be careful. You're playing around 
with circuitry that can deliver a lot of 
power. If you heat-sink everything-and 
you should-you're looking at circuitry 
that can melt the tip of a screwdriver! 

The BCD counter has "1," "2," "4", 
and "8" output lines, and all you have to 
do is to hang an LED on each one. Of 
course, you will have to replace each of 
the original digits with a counter (each 
with four LED 's). You could tie the 
LED's to ± 5 volts or to ground (through 
appropriate resistors) , depending on 
whether you want to read LED 's that are 
on or off. If you use the latter, you' II 
really have a conversation piece--even 
with those visitors who recognize the 
BCD readouts! The tens-of-hours digit 
can be replaced with a single LED if the 
clock is the 12-hour type. 

The third type of clock has separate 
counters and decoders instead of the com­
bination counter/decoders of the previous 
one . You 're in luck if you have this 
type-it 's by far the easiest to modify. 
Now, all you have to do is disconnect the 
decoders (cut the lines as is shown in Fig . 

3) and hang LED's on the lines of the 
counters that are already there . Could 
anything be simpler? 

That should be enough guidance, Joe, 
for you to get the job done. Arrange each 
set of four LED's in a row or column and 
have some fun by daring the uninitiated to 
read the time. 

Model speed 
Rick McQuillan (Wisconsin) is look­

ing for a way to time the runs of slot cars 
and pinewood derby cars. Rick , look 
back at " Hobby Comer" in the January 
and February 1981 , and December 1982 
issues of Radio-Electronics and you will 
find some information that should solve 
your problem. If you don ' t keep your 
magazines (and I can't understand why 
you don't) , then you'll have to check with 
your local library. R-E 

We'll end this discussion of voltage 
regulators with a problem. I told you that 
there were other ways to create a negative 
supply besides using a center-tapped 
transformer. There are some MSI chips 
developed specially for this , but that's not 
what I'm talking about. Anyone who has 
ever needed a few measly milliamps from 
a negative supply knows how real the 
problem is. 

If you can dream up a way to create a 
negative supply-a true negative 
supply-using only a two-terminal trans­
former, write and tell me about it. I know 
what I would do-let's see what you 
would. R-E 

ELECTRONIC 
SALES 

1-7 8 UP 
----

•2114- $3.45 $2.75 
•2708- 5.65 4.50 
•2716- 6.90 5.95 
•2732- 7.50 6.50 

• 8o6oA $345 
• 8062A $275 

•4116- 2.50 1.95 • 8022B $143 
•4164- 5.75 5.50 • 8020B $193 
•Z80ACPU- 4.50 3.75 • 8024B $247 

CONNECTORS 
•DB25P(RS232)- $1.95 
•DB25 FEMALE- 2.50 
•HOOD - .89 

BECKMAN 

•300$109 
• 310 $129 
• 330 $199 

OHM/VDC V-0-M 

•DC/ AC VOLT TO 
1 KV 

•FUSE & DIODE 
PROTECTION 

•TC-100ST XCELITE'S 
BEST CONTAINS 
53 TOOLS $329 

•TC-150ST SMALLER 
VERSION $279 

\ $16.88 

• 1476P-10MHZ 
DUAL TRACE $439 

• 1477P-15MHZ 
DUAL TRACE $495 

• 1479BP-30MHZ 
DUAL TRACE $609 

• 1570P-70MHZ 
QUAD TRACE $1079 

PRICES INCLUDE PRO 

46 CHANNEL VCR 
CONVERTER WITH 

FINE TUNING $27.88 

6.5MHZ OSCILLOSCOPE AT ONLY 
$188.00 

•75MM ROUND SCREEN 
•10mV/DIV. SENSITIVITY 
•INTERNAL OR EXTERNAL SYNC 
•XY VECTORSCOPE CAPABILITIES 
•8'12 LBS . LIGHT & COMPACT 

• ONE YEAR WARRANTY • 

VIDEO PROCESSING CENTER 

STABILIZER•IMAGE ENHANCER 
VIDEO FADER•RF CONVERTER 

DISTRIBUTION AMPLIFIER 

•17 RANGES ON 
MIRROR SCALE 

•LEVER SELECTOR 
RANGE SWITCH 

REMOTE CONTROL ACCESS 
OF ALL VIDEO, TV OR CABLE 

INPUTS TO TV SET. WATCH ONE CHANNEL 
AND RECORD ANOTHER 

ONE UNIT DOES IT ALL $99.88 
$19.88 ONE-YEAR WARRANTY 4 INPUTS TO ONE OUTPUT 
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