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A
while back, I received current (I) flowing from one the polarity of the voltage By John J. Yacono 
a letter from someone main terminal to the other across the Triac is reversed, 

that had a question about and the voltage M across which is represented by the 
a Triac-operated project them. Lers consider quad- lower half of the plot. In that 
that appeared in this mag- rant 1-the upper right--of situation, applying voltage 
azine. Apparently the the graph first. Thafs where to the gate still reduces the 

Triacs and sender was concerned that the conventional current break-down voltage, but 
once a Triac was· activated, flows from MT2 to MT1. and the gate voltage must be 

Power Control it wouldn't shut off unless the voltage at MT2 is more more negative than main-
the power was cut off. That positive then the voltage at terminal 1. As you may have 
letter and another (which MT1. guessed this is called quad-
will appear here this month) As you can see, the main rant Ill operation. 
prompted this months top- terminals do not conduct For the sake of simplicity 
ic: Triacs and power control. significant amounts of cur- and brevity, I won't discuss 
As usual, I'll throw in a circuit rent until the voltage quadrant II and quadrant IV 

with an inventive twist to reaches a certain value operation since not all Tri-
further illustrate their opera- called the "breakdown volt- acs can operate in those 
tion before we get to this age." At that point the modes. Suffice it to say that 
month's letters. Triac's resistance suddenly for such operation the 

Triacs are useful devices drops, allowing current to gate-voltage polarity will 
because they can switch flow freely with very little be just the opposite of what 
current on. They are multi- voltage drop across the it is for the quadrant I and 
layered three-terminal sem- main terminals. The Triac is quadrant Ill modes. 

then said to be "on." As you If you use a Triac to con-
can see, that behavior trol the flow of current in a 

MTl 

forms a "knee-bend" in the 60-Hz AC circuit since the 
characteristic curve. Cur- current drops below the 
rent will continue to flow in holding-current level 120 
such an uninhibited fashion times a second (i.e, during 
unless it falls back down each alternation of the AC 

MT2 into the knee-bend region. line), the Triac must be 
The current level at that turned back on 120 times 

Fig. 1. Triacs are multi- transition point is called the each second. 
layered, three-terminal 

"holding current' because it Furthermore, the gafe semiconductor devices. Each 
is the minimum current voltage must be positive terminal has a different 
needed to hold the Triac with respect to MT1 when function. 
on. MT2 is more positive than 

iconductor devices. The If a voltage is applied to MTt and negative with re-
three terminals consist of a make the gate more spect to MT1 when MT2 
gate and two "main termi- positive than main-terminal becomes more negative. 
nals" (denoted G, MT1, and 1, current flows through the That is almost always ac-
MT2, respectively) as shown gate. The flow of gate cur- complished by connecting 
in Fig. 1. When using Triacs, rent causes a decrease in some electrical component 
don't get confused be- the value of break-down or components between 
tween the two main voltage needed to turn on MT2 and the gate. That has 
terminals, they perform en- the Triac. You can increase the effect of pulling the 
tirely different jobs in most the gate current to the gate voltage toward MT2, 
circuits. Always remember point where the knee-bend and thus away from MT1, 
that MT1 is always illustrated is hardly noticeable. At that providing the necessary 
closer to the gate in a point it only takes a small potential with the right po-
schematic. voltage across the main ter- larity between the gate 

To help you to under- minals to turn on the Triac, and MT1. 
mstand how they do their job, so the Triac acts like a low- A good example of that 
mtake a look at Fig. 2, which value resistor. That is called technique is shown in Fig. 3. 

is a "characteristic curve" of "quadrant-! operation." In that circuit when the·LED 
m 

a Triac. The plot illustrates The same knee-bend be- in the optoisolator receives 
the relationship between havior can be seen when current it lights up. The light 
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Protei Easytrax 2 ·· 

Outstanding value in Printed Circuit Board/CAD 

for your Macintosh and PC 

Protei Easytrax 2 is a new, low-cost design package for PC and 

Macintosh users that includes everything required to produce 

professional quality Printed Circuit Board artwork. 

Our easy-to-learn menu-driven design system breaks the 'expert 

barrier'- you'll be designing in minutes, not hours. Our 

comprehensive tutorials guide you through the program's extensive 

features that take the tedium out of hoard layout. 

• Comprehensive library of Through-hole devices 

... • Gerber photoplotting and N/C drill tapes 

• On-the-fly library components creation

• Intelligent Pad to Pad autorouting

• Switchahle Metric/Imperial grid 

• Auto-panning 

• PostScript 
'" 

printing 

• Powerful user-definable Macros 

• Independent print/plot program 

• Multi-layer boards of up to 32 X 32 inches. 

At Protei, we offer free technical support, 24-hour BBS, and 30-day 

money back guarantee. Prices start at 

Free Evaluation Package 

Toll Free: 800-544-4186 

$450 

Protei Technology, Inc. 
50 Airport Parkway, Sanjose, CA 95110 
Tel: 408-437-7771 Fax: 408-437-4913 

CIRCLE 6 ON FREE INFORMATION CARD 

QUADRANT II 

BREAKDOWN 
VOLTAGE 

+I 

BREAK DOWN 
VOLTAGE 

QUADRANT IV 

Fig. 2. T his is the characteristic curve of a Triac without gate 
current. It is a plot of the voltage across the main terminals 
versus the current through them. 

it produces reduces the re­

sistance of the photo­

sensitive Triac driver pack­

aged with it. That pulls the 

voltage of the gate closer 

to the voltage of MT2, turn­

ing on the Triac. 

However, there is a way 

to apply a potential of the 
right voltage and polarity 
between MT1 and the gate, 

without the assistance of 

MT2. The circuit in Fig. 4 

demonstrates the concept. 

Ignoring R1 for the moment. 

if a device plugged into 

S01 starts to draw current. 

the current flows through 

the diode network. Current 

will flow through one string 

of three diodes during 

positive alterations of the 

AC line, and through the 

others during negative al­

ternations. 

As you probably know, 

there is a voltage drop 

across any diode even 

when ifs forward biased. For 

common rectifying diodes, 

TO 
CONTROL 
CIRCUIT 

{ 1 

U1 
MOC3010 

LOAD 

TR1 117 VAC
ECG-5616 SOURCE 

MT1 HOT 

Fig. 3. Triacs can be controlled by low-power circuits through 

Triac-driver optoisolators as shown here. 

TO 117 
VAC 

R1 
10K 

01 

02 

03 

SOl 

04 

05 01-06 
1N4004 

TR1 
ECG-5616 
6A 
400 PIV 

Fig. 4. T his circuit to generate a trigger signal for a Triac looks 

odd, but it works very well. T he diodes provide the Triac gate 

with a voltage-limited gate signal. 

that forward-voltage drop is 

around 0.8 volts. So when 

the three diodes on the left 

are forward biased, each 

drops 0.8 volts, giving a 

total of 2.4 volts across the 

entire string of three (3 x 
0.8). When the string of di­

odes on the right is forward 

biased, it also drops a total 

of 2.4 volts, but with the 

opposite polarity. 

That voltage looks ver y 

much like an AC square­

wave if viewed on an 

oscilloscope. That square­

wave is sent to the gate of 

the Triac and used as a 

trigger signal. To summarize, 

if current flows through the 

device connected to S01 

the diode network supplies 

the Triac with a voltage­

limited gate signal of the 

proper polarity. The Triac 

then turns on and supplies 

power to S02. 

There are brief intervals 
when the voltage across 
the diodes is above - 2.4 

volts, but below + 2.4 volts. 
During those times both sets 

of diodes do not conduct. 

That would cause the Triac 

to shut off briefly once the 

current through the main 

terminals fell below the 

holding-current value. Re­

sistor R1 allows some 

current to flow during those 

intervals so the Triac can 

deliver almost continuous 

current to S02. Note that R1 

can be a low-wattage unit 

because it never sees more 

than ± 2.4 volts. 

The nice thing about the 

circuit is that it will supply 

the same gate signal to the 

Triac regardless of the load 

connected to S01. There is 

another advantage that is 

not readily apparent: the 

timing of the gate signdl is 

so precise that the Triac 

generates almost no elec­

trical noise when it turns on 

(an annoying characteristic 

of most Triac-based circuits). 

I use a circuit based on 

this strange concept to 

power my computer set-up. 

My computer is plugged 

into S01 and its peripherals 

are plugged into sockets 

controled by a Triac just like 

S02 is. I leave all the pe­

ripheral's power switches in 

the "on" position so when 

my computer draws current 
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(i.e., is turned on) the pe­
ripherals "come to life" as 
well. 

If you plan to play with 
Triacs, there are a few safe­
ty precautions that you 
should follow: First, any con­
nections that carry heavy 
current should be made 
with 12-gauge wire. Also, 
keep in mind that substan­
tial current through a wire 
junction tends to raise its 
temperature. Since solder 
will melt at relatively low 
temperatures, any connec­
tions between leads 
carrying respectable cur­
rent should be made with a 
wire nut, not solder. Last, irs 
always a good idea to add 
a heat sink to all Triacs that 
you use. 

Now let's look at a few 
power-control circuits sub­
mitted by some of you 
readers. As usual, their 
efforts will be rewarded 
with a Think Tank II book, or 
something similar from our 
selection. 

WHAT IS IT? 
I have a circuit (see Fig. 

5) that I found recently at a 
yard sale. I bought it for 
only $1, but I' ve spent $100 
in pure agony trying to fig­
ure it out. It seems to 
reduce the power to lamps 
and also works well as a 
wattage control for my sol­
dering iron. Before I got it, 
my soldering iron would get 
hot enough to lift the traces 
right off a circuit board. 

I really like the circuit be­
cause it adjusts my 
soldering iron trom very low 
heat for IC's, to ver y high 
heat for chassis-grounding 
connections. Maybe this cir­
cuit would be of great use 
to other technicians, if only I 
knew what type of transistor 

(J) TR1 was. Please help if pos­(.) 
sible. 

-James Lancaster, 
f­(.) Waco, TX 
w No problem (especially 
w 

since you provided the ECG 
number)! The part you've 
labeled TR1 is a Triac. It 
receives a gate signal from 

R4 TR147K
TO

117 VAC TO LOAD 
SOURCE 

R2
330K 

Fig. 5. T his circuit is very useful for controlling power to lamps 

and soldering irons, but what is TRJ? 

a delay circuit composed 

of C1, R1, R2, and R3 at the 

junction of C1, R1, and R2. 

MT1 is connected to the AC 

line and MT2 is connected 

to the load. The delay cir­

cuit turns on the Triac during 

each alternation of the AC 

waveform. The longer the 

delay circuit takes to trigger 

the Triac (which is deter­

mined by the setting of R1), 

PL1 

the later the Triac turns on 

in each alternation. The 

later the Triac turns on, the 

less average power is deliv­

ered to the load. 

KEEPING IT COOL 
I installed a compact ice 

maker in an enclosure be­
neath my wet bar. When 
making a large amount of 
ice cubes, the cabinet be­

R1* 
Hl 

S01·b
COMPRESSOR 

came unduly warm. My 
solution was to have .the ice 
maker turn on an exhaust 
fan when it operates. My 
first idea was to connect 
the fan supply leads directly 
across the ice-maker's com­

. 	pressor motor. Upon 
inspection, that proved to 
be more of an undertaking 
than it originally seemed. 
My ultimate solution was to 
have a Triac turn on the fan 
when triggered by the cur­
rent drawn by the ice­
maker's compressor motor 
(see Fig. 6). 

In the circuit, the value of 
R1 (2 ohms) was chosen so 
that the current to the com­
pressor (about 2 amps) 
develops 4 volts across it. I 
used two 1-ohm 25-watt 
aluminum-cased resistors in 
series to produce that resis­
tance. Their high wattage 
allows them to withstand 
the current surge of the 
compressor. 

Resistor R2 is used to limit 
the current surge to the 
gate of the Triac, and was 
also selected for my par­
ticular application. The Triac 
was selected to easily han­
dle the power requirements 
of the fan. 

I installed R1 in the bote 
tom of a 2-inch deep metal 
duplex outlet box that acts 
as a heat sink for R1 and 
the Triac (which is insulated 
from the box with a mica 
wafer). The sockets are on a 
standard duplex unit with 
the jumper tab on the hot 
terminals removed so that 
the sockets operate inde­
pendently. 

-James W Dowell, 


Chula Vista, CA 


Very nice. Everybody 

should keep in mind that 

this circuit was designed 

only for your particular 

compressor and fan. To use 

it on other equipment will 

take some experimentation 

on the par t of the builder. 

A SUPER TIMER 
I' ve been reading Popu­

lar Electronics for several 
(Continued on page 86) 

Fig. 6. When this Triac circuit senses current flow through SOJ­
a, it activates the device plugged into SOl-b. T he values of the 
resistors must be chosen for the specific devices to be plugged in. 

Tl914 

R1

20K 


TRIGGER 

Fig. 7. T his handy timer circuit has a turn-on delay and a turn­
off delay. You can modify the circuit qy replacing the optoisolator 
with a Triac-driver type and a Triac to control AC devices. 
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ple but elegant circuits. 
Well, here's one that I came 
up with (see Fig. 7). Irs a 
delay timer with mucho ver­
satility. 

Both 556 sections are 
configured as monostable 
timers and are triggered 
simultaneously. Since both 
of their outputs go high 
when they are triggered, 
the optoisolator remains ini­
tially off. Assuming U1-b's 
period is set shorter than 
U1-a's, when U1-b times out 
it acts as a current sink 
while U1-a acts as a current 
source for the optoisolator, 
turning it on. The period of 
U1-b acts as a turn-on de­
lay. The optoisolator will 
remain on until the re­
mainder of U1-a's period 
passes. 

You can use the circuit to 
control AC devices by re­
placing the transistor-output 
optoisolator with a 

· MOC3010 Triac-driver op­
toisolcitor and a Triac . With 
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PE1291 broken-now /' 1/ never turn on 
the TV set." 

a few modifications, this 
type of circuit can be used 
for many jobs. Think irs 
worth a book? 

-Mike Houston, 

Ridgecrest CA 

I certainly do think irs 

worth a book. For those of 

you interested in using this 

circuit for AC-power control, 

replace the optoisolator 

with the circuit in Fig. 3. 

WelL that takes care of 
another month. Remember, 
if you wish to participate in 
the fun, just write to Think 

Tank, Popular Electronics, 

500-B Bi-County Blvd., Farm­
ingdale, NY 11735. • 

To order any of the items indicated above, check off the 
ones you want. Complete the order form below, include 
your payment, check or money order (00 NOT SEND 
CASH), and mail to Popular Electronics, Reprint De­
partment, P.O. Box 4079, Farmingdale, NY 11735. 
Please allow 4-6 weeks for delivery. 
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