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Learn to apply power semiconductors in practical power 
Cf'ntrol circuits and control appliances, motors, and relays. 
S O LID-STATE ELECTRONIC CO N 

tr~J circuits stand between you 
arj.d the AC power line in appli
ances from washing machines 
to air conditioners . You'll also 
find them in light-switching cir
cuits, power tools, and all man
ner of industrial equipment. 

,AC-powered equipment with 
e ~ectronic controls can be 
sWi tched on and off by sensors 
m at respond to changes in tem
perature, light level, pressure. 
air flow, liquid level. and other 
physical variables . 

The low cost and ready avail
ability of solid-state electronics 
has made switching the AC line 
co nvenient and economical. 
Tihe miniature circuitry oc
cupies very little space within 
the host applia nce or product. 
a ;nd it consumes very little 
power on its own. 

An article in last month 's 

Electronics Now discussed 
power semiconductor devices
how they work , how they are 
made, how they are packaged, 
and their applications. 

This artice will continue the 
"power control" theme by intro
ducing a selection of practical. 
basic. ON/OFF AC power switch
ing circuits . 

Sync vs. async switching 
Triacs are solid-state bidirec

tional thyristors that can oper
ate in the 120-volt or 240-volt 
AC line and swi tch either polar
ity. A triac can be triggered 
(turned on and latched) either 
synchronously or asynchro
nouslv with the AC line. How
ever. the triac will be turned off 
automatically a t the end of each 
AC half-cycle (180 electrical de
grees) as its term inal current 
falls below the device's mini-

mum holding value. Asynchro
nous circuits can generate sig
nificant radio-frequency inter
ference (RFI) , particularly at 
initial turn-on 

Synchronous circuits, which 
will be covered always turn on 
at the same point in each AC 
half-cycle (usually just after the 
zero-crossing point) and gener
ate minimal RFI. 

All of the circuits in this arti 
cle perform asynchronous 
power switch ing. Figures 1 to 8 
show a variety of asynchronous 
triac power-switching circuits 
that perform basic ON/OFF AC
line switching. 

Triac switching circuits 
Figure 1 is the schematic for a 

simple AC power switch that in
cludes a triac. This circuit can 
switch AC power to lamps, heat
ers. motors, or many different 
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FIG. 1-SIMPLE AC POWER SWITCHING 
circuit with a triac that c?n be triggered 
from the AC line. 
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FIG. 2-AC POWER SWITCH whose triac 
can be triggered with line-derived DC. 

kinds of appliances and ma
chines . However. the triac for 
this circuit must be selected 
with the necessary rating to 
switch AC power safely for your 
intended application. Caution: 
The components for all of the 
schematics in this article have 
been selected for switching only 
120-volt. 50/60 Hz AC. 

In Fig. 1. the triac is off and 
acts like an open switch when 
S l is open. However, it acts like 
a closed switch that is gated on 
from the AC line through the 
load and Rl shortly after the 
start of each AC half-cycle, when 
Sl is closed. The triac's main 
term inal voltage drops to only a 
few hundred millivolts when the 
tr iac turns on. so Rl and Sl con
sume very little current. 

Keep in mind that the triac's 
threshold is not synchronized 
to the AC line when Sl is ini
tially closed, but it becomes syn
chronized on all subsequent 
half-cycles. Resistor Rl and ca
pacitor Cl form a snubber net
work that (as was described last 
month l suppresses voltage 
spikes that occur when induc
tive loads are switched and cur-

rent and voltage a re out -of
phase. Snubber networks a re 
included in a ll of the triac cir
cuits presented in this a rt icle. 

Figure 2 shows how the triac 
functions as a power switch 
that can be triggered by the AC 
line-derived DC supply. Capaci
tor C 1 is charged to + 10 volts on 
each positive line half-cycl e 
through resistor Rl and Zener 
diode Dl. The charge on Cl trig
gers the triac when S l is closed. 
Notice that resistor Rl is sub
jected to close to the full AC line 
voltage at all times . C on
sequently. it must have a h igh 
power rating (5 watts here). 

Caution: All parts of this cir
cuit are " live" so the circuit 
poses a life-threateni n g elec
trical-shock hazard. Moreover. 
th is circuit is difficu lt to inter
face with external control cir
cuitry because it does not 
include an isolator or matching 
device. 
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Isolated input control 
Figure 3 sh ows how the cir

cuit in Fig. 2 can be mod ified so 
that it can easily be interfaced to 
external control circuitry. Here. 
swit ch S l is replaced by bipolar 
junction transistor QI. which is 
·d riven by the ou tput stage of a n 
optocoupler (or optoisolator) 
!Cl. It consists of an infrared 
light-emitting diode (IRED) op
tically coupled to a phototran
s is t o r. An y o f a numb er o f 
ind us t ry-standard t ra n sistor
output optoisolators will work 
here. 

These include the T!Ll 11. TIL 
112. 4N27. and 4N28 . The op
tocoupler can be d riven from a 
5-volt or g rea ter DC supply 
through resistor Rl. The triac 
turns on only when the input 
circuit supply is connected to 
the 5 -volt or greate r powe r 
source by switch Sl. 

As wa s pointed out in la st 
mon th's article. op tocouple rs 
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FIG. 3-0PTICALLY COUPLED AC power switch with a triac that can be triggered by 
DC input. 
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FIG. 4-0PTICALLY COUPLED AC power switch with a triac that can be t riggered by 
AC input. 
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FIG. 5-AC POWER SWITCH with transistor-aided DC triggering and transformer 
isolation 
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FIG. 6-0PTOISOLATED-INPUT AC power switch with DC triggering and transformer 
isolation. 
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FIG. 7-TRANSFORMER ISOLATED AND COUPLED triac AC power switch with a 
unijunction transistor 

have typical isolation ratings 
(V150 ) of 5 000 volts AC, a n d 
some have ratings as high as 
7500 volts AC. This means that 
the input circuit (thin k of it as 
the "coil" circuit of an elec
tromechanical relay) is fully iso
lated from the AC line-driven 
triac output circuit (think of it 
as the "contact'" circuit of an EM 
relay). 

This basic circuit can be de
signed to give any desired form 
of automatic "remote" triac 
switching by replacing S 1 with a 
suitable electronic sensor. 

Figure 4 is a variation of the 
Fig. 3 circuit. In this schematic, 
the triac is AC triggered on each 
line half-cycle through capaci
tor Cl and resistor Rl in series 
and back-to-back Zener diodes 

05 and 06. The AC line imped
ance of Cl determines the mag
nitude of the triac gate current, 
but Cl's power dissipation is 
near zero. 

The bridge rectifier consist 
ing of DI. 02, 03, and 04 is 
connected across the series net
work of Zener diodes 05 , 06 
and R3. which is loaded by tran
sistor Ql. When transistor Ql is 
off, the bridge is effectively 
open, and triac TRI turns on 
shortly after the start of each AC 
half-cycle. 

When transistor Ql is con
ducting, a near short-circuit 
appears across 05, 06, and R3, 
inhibiting the TI-iac gate circuit, 
and triac TRI is off. TI-ansistor 
Ql is actually driven by the op
tocoupler from the isolated ex
ternal input circuit, so the triac 
is normally on, but it turns off 
when Sl is closed. 

DC triggering 
Figures 5 and 6 show several 

ways to trigger a triac power 
switch with a transformer-de
rived DC power supply and a 
transistor-aided switch. In the 
Fig. 5 circuit, the transistor and 
the triac are both driven on 
when Sl is closed, and they are 
off when Sl is open. 

Switch Sl in Fig. 5 can be be 
replaced by a sensitive switch 
that will respond to physical 
changes. For example, a ther
mistor can trigger the circuit if 
the ambient temperature falls 
below a specified set point. Sim
ilarly, a photoconductive cell 
can respond to changes in light 
level, a pressure sensor to 
changes in air or liquid pres
sure, and a flowmeter to 
changes in a liquid or air flow 
rate. Notice, however, that the 
Fig. 5 circuit is "live" and pre
sents a shock hazard. 

Figure 6 shows how the Fig. 5 
circuit can be modified for con
trol by an optocoupler. This will 
permit it to be activated by fully 
isolated external circuit. 

Unijunction triggering 
Figures 7 and 8 show several 

alternative ways to trigger a tri
ac from a fully isolated external 
circuit. In these two circuits the 
triggering action is obtained 
from a unijunction transistor 
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FIG. 8-TRANSFORMER-ISOLATED AND COUPLED trlac AC power switch with a 
unijunction transistor. 
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FIG. 9-AUTOMATIC TURN-OFF relay switching circuit. 
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FIG. 10-SIMPLE 6 TO 60-SECOND timer circuit. 

(UJT) configured in a pulse-gen
erating relaxation oscillator. 

In these two circuits, the trig
gering action is obtained from 
the oscillator circuit that in
cludes UJT Q2. It operates at a 
frequency of several kHz. and 
its output pulses are fed to the 
gate of triac TRI through pulse 
transformer Tl. which provides 
the desired isolation. 

Because of the UJT os
cillators's fairly high operating 

frequency. the triac Is trigp;ered 
on within a few electrical de
grees of the start of each AC 
half-cycle when the oscillator is 
on. 

(For more on the UJT refer to 
the sidebar "What is a Unijunc
tion TI-ansistor?"). 

The UJT Q2 forms a relaxa
tion oscillator when resistor R3 
is placed between its emitter 
and base B2 where positive volt
age is applied and a capacitor 

-

What Is A Unljunctlon 
Transistor? 

A Unijunction transistor (UJT) is a 
three-terminal silicon transistor with a 
single PN junction. Its input terminal is 
called the emitter and its two other termi
nals are called called base 1 and base 2. 
The important characteristic of the WT 
is its negative resistance that occurs 
when the emitter is properly biased. It is 
this characteristic that makes it useful in 
pulse formation, timing, triggering, and 
various sensing applications. 

The emitter of the N-channel UJT is 
connected to the P-type region of the PN 
junction and base terminals 1 and 2 are 
connected to the N-type region. The N
type region is lightly doped, giving it a 
high resistance in the absence of a 
positive emitter bias. 

• o 
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SCHEMATIC FOR AN N-channel UJT (a), 
functional diagram (b), and section view 
of a modern UJT made by the diffusion 
process(c). 

If the emitter is grounded, the PN 
junction is reverse biased, and a small 
emitter reverse current flows. However, 
with a positive bias on the emitter, cur
rent flows from the emitter into the N
type region, causing the resistance of 
that region to decrease, resulting in 
more forward current. The device con
tinues to conduct until the input is open
circuited or the emitter current is signifi
cantly reduced. 

The arrowhead points in the direction 
of conventional current for a forward
biased N-channel UJT (from the P-type 
emitter to the N-type region). There is 
also a P-channel UJT whose schematic 
symbol is identified by the arrowhead 
directed outward. 

C 1 is placed between the emitter 
and the base Bl. When the ca
pacitor voltage reaches a spec
ified level, the UJT conducts 
and rapidly discharges the ca
pacitor. The time for the capaci
tor to discharge can be calcu
lated, and the frequency of the 
sawtooth is approximately 1/ 
time. 

In the Fig. 7 circuit, Ql is in 
series with the UJT's main tim-
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FIG. 12-LIGHT ACTIVATED RELAY switching circuit with transient suppression. 
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Fl f . 13-PRECISION OVERTEMPERATURE relay switching circuit. 

ing resistor R3. so the UJT and 
triac turn on only when SI is 
c~osed . 

In the Fig. 8 circuit. Qi is in 
parallel with the UJT's main 
timing capacitor Cl. so the UJT 
and triac turn on only when SI 
is open. In both of these cir
cuits . Si can be replaced by a 
sensor or transducer to give 
some kind of automatic power
swi tching action as described 
eµrlier. 

Automatic control 
The triac circuits in Figs. 3 to 

8 can be modified to provide au
tomatic switching in response 
to a change in a physical varia
ble such as temperature. time 
or light intensity. These 
changes can be translated into 
signals that turn the triac cir
cuits on or off. 

Figures 9 to 13 show some ex
amples of automatic control cir
cuits. All of these circuits have 

electromechanical relay out 
puts. enabling them to switch 
AC or DC power directly. Never
theless. each circuit can be 
modified to drive a triac. 

Time control 
The most popular automatic 

control circuits respond to time 
delays. Figures 9 to 11 show cir
cuits that offer a simple "timer" 
response. In this response. the 
relay turns on as soon as the 
circuit is activated. but then it 
turns off again automatically 
after a preset period. 

The automatic turn-off 
switching circuit Fig. 9 works 
as follows: The NOR gate (one
fourth of an industry standard 
40018 quad. two-input CMOS 
NOR gate IC) acts as a digital log
ic inverter. Its output is sent to 
the relay coil through NPN bi
polar junction transistor Q 1. 
and its output is obtained from 
the junction of the time-con
trolled voltage divider formed by 
resistor R2 and capacitor Cl. 

When power is first applied to 
the circuit. C 1 is fully dis 
charged. As a result. the inver
ter input is grounded and its 
output is at the full positive
supply voltage. Consequently. 
transistor Ql and relay RYl are 
driven on . 

As soon as power is applied. 
Cl charges through resistor R2. 
and a rising exponential voltage 
appears at the inverter input. 
After a time delay determined by 
the R2-Cl time constant. this 
voltage rises to the threshold 
value of the CMOS inverter 
stage. As a result. the inverter 
gate output swings to logic low 
and switches Ql and the relay 
off. completing the action. Di 
ode Dl and resistor Rl ensure 
that Cl discharges rapidly as 
soon as power is removed from 
the circuit. giving the circuit a 
rapid reset feature. 

The circuit in Fig . 9 has a 
time delay of about 0.5 second 
per microfarad of Cl value. This 
relationship permits the circuit 
to be designed for delays up to 
several minutes with the proper 
Cl value. If required, the delay 
can be made variable by replac
ing resistor R2 with a fixed re
sistor and a potentiometer in 
series. 65 
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This circuit offers only mid
range timing accuracy. How
ever, greater accuracy can be ob
tained with a circuit that has an 
industry-standard 555 timer IC 
as its basic timing element. For 
example, consider the simple 6-
to 60-second timer circuit (For 
more information on the 555 
timer IC, refer to Radio-Elec
tronics, September, October, 
November, and December, 
pages, 58, 69, 61. and 62. re
spectively.) 

In the Fig. 10 circuit, a timing 
cycle is started when the START 

momentary switch Sl is closed. 
The contacts for relay RYl close 
immediately. and capacitor Cl 
begins to charge towards the 
positive supply voltage through 
resistor Rl and potentiometer 
R3 until. after a delay deter
mined by the potentiometer R3 
setting, Cl rises to two-thirds of 
the supply voltage. At that time, 
the ICl gate changes state and 
the relay turns off. The timing 
cycle is then complete. 

The circuit in Fig. 11 is a sim
ple relay pulse circuit that re
peatedly switches relay RYl on 
and off at a rate variable by ad
justing potentiometer R2 be
tween 26 and 80 cycles per 
minute through NPN transistor 
Ql. An astable multivibrator is 
formed by resistor Rl. potenti
ometer R2 and the two 4001B 
NOR gates. 

Hcatllight control 
Figures 12 and 13 are circuits 

that will activate a relay in re
sponse to variations in light or 
temperature levels. The circuit 
in Fig. 12 circuit acts as a dark
activated switch that closes the 
relay only when light intensity 
falls below a preset level. Poten
tiometer Rl and light-activated 
photoconductive cell R2 form a 
light-sensitive voltage divider. 

Photoconductive cells are also 
known as light-dependent re
sistors. light-sensitive r e
sistors, or photoresistors . In 
Fig. 12, the output of the photo
conductive cell is filtered to sup
press transients by the network 
consisting of R3 and Cl and fed 
to the input of the 4001B NOR 

gate. It functions as a logic in
verter to close the relay contacts 
through transistor Ql. 

Under bright light condi 
tions, the resistance of the pho
toconductive cell is low, so the 
inverter input is !ogre low, its 
output is logic high . and both 
transistor Ql and relay RYl are 
off. Under dark conditions, the 
photoconductive cell R2 has a 
high resistance. As a result. the 
inverter gate input is high. its 
output is low, transistor Ql is 
on and the contacts of relay RYl 
are closed. 

The precise illumination 
threshold level of the circuit can 
be varied by potentiometer Rl. 
The photoconductive cell in this 
circuit can be any with a cad
mium-sulfide resistive element 
whose resistance value is be
tween 2 kilohms and 2 
megohms at the desired il 
lumination threshold level. In 
addition, the adjusted resistive 
value of potentiometer R2 
should balance that of the pho
toconductive cell. (For more in
formation on photoconductive 
cells, refer to the July 1992 Ra
dio-Electronics, Page 63.) 

Figure 13 is a schematic for a 
precision over-temperature re
lay switching circuit that turns 
a relay on when ambient tem
perature exceeds a preset level. 
In this circuit, a 741 operational 
amplifier ICl and a PNP tran
sistor Ql are connected as a re
lay-driving precision voltage 
comparator. 

The noninverting input is 
taken from the voltage divider 
formed by the junction of re
sistors R3 and R4. and the in
verting input is taken from the 
temperature-sensitive voltage 
divider formed by thermistor Rl 
and potentiometer R2. 

The thermistor for this cir
cuit can be any resistive ele
ment with a n egative-tempera
ture-coefficient (NTC) that has a 
resistance value between 1 kilo
hm and 20 kilohms at the desir
ed threshold. The resistance of 
potentiometer R2 should equal 
this value at the same tempera
ture. This circuit can also be 
modified to act as a under-tem
perature switch by exchanging 
the positions of thermistor Rl 
and potentiometer R2. (For fur
ther information on ther
mistors, refer to Radio-Elec
tronics March 1992, page 52.) n 




