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FIG.1-SCHEMATIC SYMBOL for an n-base UJT.
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FIG. 2-A SIMPLE CIRCUIT using a UJT.
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Here's a look at UJT's, PUT's, SCR's, triacs, and a host of other semiconductor switching
devices.
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Part 2 IN THE L A ST PART OF

thi s se r ies , we saw
how transistors are used in switching ap
plica tions . Transistors, of cour se , are not
the on ly solid-state devices that can be
used in that way. Indeed , dev ices such as
UJT 's , PUT's , and SCR's can all be used
in switching circuits . Th is month , we' ll
take a look at those devices, and others,
and see what they are , how they work, and
how you can use them in your own de
signs.

The UJT
The UJT (UniJ unction Transistor ) is a

one-junction device that cons ists of a slab
of n-typ e and a slab of p-type semicon
ductor mater ial. In an n-type UJT, the two
base terminals are connected to the n-type
materi al. An emitter termin al is co n
nected to the p-type material. The sche
matic sy mbo l for the n-base UJT is shown
in Fig. I.

The n-type mater ial co nnec ting base
terminal BI to base terminal B2 has a
resistance of betwee n 5,000 and 10,000
ohms . It is conve nient to think of that

resistance as actually being made up of
two res istances . One , RB I, is between the
junction and BI; the second, RB2, is be
tween the junction and B2 . With that out
of the way, we ca n now talk about an
important characteristic of the UJT, the
intrinsic stand-offratio . That is defined as
RBl/( RBI + RB2) and denoted by the
symbo l 11 . The voltage at the junction ,
due to YBB, is eq ual to 11 YBB'

Circuits
The UJT can be used in a simple circuit

such as the one shown in Fig . 2. Pulses of
suffic ient voltage, YE , must be applied
between the emitter and gro und for the
UJT to conduct curre nt from + YBB to
gro und through the n-type slab . When it
conduc ts, outpu t pulses that are in step
with the input pulses are deve loped across
RI and R2, although R2's main purpose is
to kee p the circuit opera ting properl y de
spite variations in temperature .

We will show you how to choose the
values of R I and R2 shortly. In any event,
the values of R I and R2 are usuall y much

less than RB I and RB2. Because of that ,
the external resistors used aro und the UJT
can be ignored when analyzing the action
of the tran sistor.

Getting back to the performance of the
c ircuit in Fig. 2 , we want the UJT to
conduct when the voltage at the emi tter
reaches YE ' The device itself conducts
when YE is about Y2 volt higher than the
voltage at the junction . Tha t occurs when
YE is grea ter than 0 .5 + 11 YBB' That is
why the intrinsic stand-off ratio is a cr it
ical factor in determi ning the behavior of
the UJT.

Using that information, a relaxation os
cillator can be des igned. To do that , only
an R-C network need be added to the
circuit shown in Fig. 2. The resulting cir
cuit is shown in Fig. 3.

Let's see how that circuit works . Whe n
the supply voltage is initially applied , 0
volts is across C I; that voltage increases
with time . The time it takes for the voltage
to increase to the level required to turn on
the UJT is determ ined by R3, C I, and 11 ,
and is ju st abo ut equal to the product of
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FIG4-THE PUT.Its schematic symbol is shown
in a, while its internal structure is shown in band
c. The equivalent circuit for that device Is shown
in d.

shown in Fig. 3 would be to replace CI
with a phototransistor. The resistance of
the phototransi stor increases as the
amount of light reaching it decreases.
Thus. when there is very little light , the
resistance of the phototransistor is high.
Under those conditions , the UJT con
ducts and current flows. That current can
be used to trigger a relay and turn on a
light as night falls.

The PUT
The Programmable Unijunction Tran

sistor, or PUT, performs much like an
ordinary UJT. The big advantage with the
PUT is that 'fJ is not predetermined by the
internal characteristics of the device. In
stead, it can be set to a value between 0
and 1 using external resistors .

The PUT is a thyristor. It has three
terminals, as shown in Fig . 4-a. A positive
voltage is placed between the A (anode)
and C (cathode) terminals, No current
flows between the A and C terminals until
a pulse that is negative with respect to the
anode is applied to the G (gate) terminal.

Structure of the PUT
The device consists of four semicon

ductor slabs as shown in Fig. 4-b . To see
how the PUT works , it is easiest to think
of it as being split into two bipolar transis
tors--one NPN and the other PNP. The
internal structure then would be as shown
in Fig. 4-c . A schematic diagram of the
two-transistor equivalent circu it is shown
in Fig. 4-d .

Neither transistor is turned on when
voltage is initially applied between A and
C because current does not flow through
either base-emitter junction . When G is
made negative with respect to A, the base
emitter junction of the PNP transistor is

VOUT is the peak-to-peak output voltage
across R1. The value of R1 is usually
about 50 ohms and R2 around 500 ohms,
although at times the values chosen may
radica lly differ from those . An ordinary
bipolar transistor may be wired across the
resistor used to deliver the output from the
UJT; its purpose would be to provide suf
ficient push for the circuit to be driven by
the pulse(s).

Because the UJT keeps on oscillating,
repetitive voltages are developed across
CI, RI, and R2. The voltage across C1is a
rising ramp while C I charges and is a
relatively fast-dropping slope when it dis
charges . If that ramp is to be used to drive
another circuit, a high impedance must be
connected between the R-C network and
the circuit that is being fed by the ramp, so
that the driven circuit will not load the R
C network (and affect the frequency of
oscillation).

The UJT can be used in a switching
circuit because it does not conduct until
the capacitor is charged to a specific level.
If a mechanical switch is placed across the
capacitor and shorts it, the capacitor re
mains discharged . Under those condi
tions , the UJT does not conduct. The
capacitor begins to charge at the instant
the switch is opened . But the UJT does
not conduct until the capacitor is charged
to a voltage that exceeds 0.5 + 'fJVBB
volts; in other words , it behaves as a time
delay switch. Conduction ceases at the
instant the switch is closed and the capaci
tor is discharged .

Designing a UJT circuit
Let' s see how we can calculate the val

ues for the circuit shown in Fig. 3. As an
example, assume that for the UJT being
used , 'fJ is specified as 0.55 , but can vary
from 0.5 to 0.6. Similarly, Vv is specified
as 2 volts, but can vary from I to 3.5; Iv is
specified as 20 mA, but can vary from 10
to 30 mA, and Ip is specified as 8 fLA, but
can vary from 4 to 12. The internal resis
tance of the UJT, RB I + RB2, is equal to
9000 ohms. What we are looking for is a
2-volt output across R1 at a frequency of
500 Hz. For this circuit VBB will be 10
volts.

Start by determining the value of R3,
the resistor in the timing circuit. Sub
stituting into the equations for R3 noted
above, we find that the value of that resis
tor should be between 146,000 ohms and
1.800 ohms. A good choice for R3 is
50,000 ohms. Since f = IIR3C1, CI
should be equal to about l/Rf = 1/(50,000
x 500), or about 0 .04 fLF. Finally, sub
stituting into our equations for RI and R2
we find that they should be 2400 ohms and
820 ohms. respectively.

An interesting variation in the circuit

At

A2

+Vaa

E
A3

Cl

2(VBB - Vv)

Iv

Where Ip is the maximum curr ent flow
between the emitter and BI; Vv is the
valley voltage, the voltage between the
emitter and BI just after the device has
begun to conduct, and Iv is the valley
current , the current between the emitter
and BI when the voltage between those
points is Vv' In the equations, 'fJ and Ip
are the maximum values specified by the
manufacturer of the parti cular UJT being
used , while VB' and Iv are the minimum
specified values. The current reaches Ip

when VE reaches a peak; that peak voltage
is caned Vp . Voltage Vp is significantly
higher than VV"

TIle voltage and curre nt between the
emi tter and B I co ntin ue to increase
beyond Vv and Iv respectively because
RBI decreases as the quantity of curr ent
flowing through it increases. When CI has
discharged through the ernitter-Rls I cir
cuit, conduction ceases . The capacitor
then recharges and the sequence repeats.

Capacitor C I is selected to obtain the
desired oscillator frequency, after R3 has
been determined. Because the value you
select for CI depends upon the 'fJ (as well
as on other factors) of the specific UJT
being used, that capacitor may have to be
" tweeked" to get the exact desired time
delay.

If the UJT is to operate properly. R2
sho uld be abo ut eq ua l to (RB I +
RB2)/2'fJVBB. The value of RI should be
less than (RB1 + RB2 + R2)VOUT/(V BB
- VOUT)' In the equatio n for R1, the
values of RBI and RB2 are the minimum
resistances for this particular device as
spec ified by the manufacturer. Voltage

VBB (1 - '1) - 0.5

21p

R3 and Cl. The osci llator frequency is
about equal to the reciprocal of R3 x CI,
Of about l/(R3 XC I).

The ideal value for resistor R3 is some
where between:

FIG. 3-ADDING AN R-C network to the circuit
shown in Fig. 2 turns it into a relaxation osc illa 
tor.
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switching circuit.

FIG. 5-THE PUT is used here in an osc illator
circuit.

Circuits using SCR's
A simple circuit involving an SC R and

using an AC supply is shown in Fig . 7 .
Voltage is applied between the anode and
cat hode of the SCR . Dur ing the po sitive
half of the cycle , a pos itive pul se is fed
throu gh R I and diode Dl to the gate of the
SC R ~nd the device is turn ed o~ . Current
flows thro ugh RL • the load . Current stops
flowing when the current passing thro ugh
the SCR and Rl. dro ps below IH . During

the SCR not trigger under those condi
tions . Manufac ture rs therefore supply a
dVIdT spec ificatio n th at ind ica tes the
maximum voltage change in a specific
per iod of time that may be applied to the
SC R without tri ggeri ng it. Thu s. if dV /dT
is specified as ISOvolts-per-microseco nd,
the SC R wi ll probab ly be turned on by a
pulse that chan ges at the rate of 175 volts
per-micro second . To red uce the dV/dT
factor of the pulse and avoid triggering the
SCR. a 50 ,000-pF ca pac itor may be wired
between the C and G terminals of the
device .

If a voltage pulse that's applied be
tween the A and C term inals tri ggers the
SCR no damage will be done t"O~the de
vice . But it is ~i so possible to apply a fast
current pulse between the A and C term i
nals. That pul se may be used to trigger the
SC R or may simply be present after the
SCR has been turned on . But if that cur
rent pulse is faster than the dlld T limi t
spec ified by the manu facturer of the SCR,
the device can be de stroyed . You must be
sure that such current pu lses do not occ ur
at any time. To insure against such pul ses
a series R-C network ca n be co nnec ted
between the anode and ca thode of the
SCR .

Some prob lems arise even when nor
mal gate-triggering meth od s are used . If
theleakage current is high. the SCR may
be triggered inadvertent ly. To avoid that , a
resistor should be wired between the cath
ode and gate of the device . The value of
that resistor is normally spec ified by the
manu facturer and can be found on a da ta
sheet.

Precauti on s mu st also be taken so tha t
the ga te does not dissipa te more power,
PGM' than is allowed by the manufacturer,
or pass more current, IGFM' than it was
designed to do . Ca re must be taken so th at
the revers e voltage lim it , VGRM' between
the gate and cathode is not exceeded .

Avoid applying a positive gate-ca tho de
tr igge ring voltage while a large negati ve
voltage is at the anode of the SCR w ith
respect to its cathode. Other wise. the
SC R will dissipate an exc es sive amo unt
of power. To prevent failure, if that con
dition should occ ur. be sure to connec t the
diode-re sistor circuit shown in Fig . 6 be
tween the ga te and anode . That c ircuit
clamps the ga te to the anode thereby re
ducing the co nduct ion between the gate
and the cathode .

R1

R2

-v

A sea1

VOUT

D1

R1

R4

C1

The SCR
The struc ture of the silicon-co ntro lled

rectifier (SC R) looks like that of the PUT,
exce pt that the SCR gate is nea r its cat h
ode rather than its anode . The SC R is
co mposed of four semiconductor slabs ar
range d as shown in Fig . 4-b . The ga te is
connec ted to the second p-slab (the one
located between two n-slabs) rat her than
at the first n-slab (the one nearest the
anode). The equivalent tran sistor arra nge
ment show n in Fig . 4 -d still app lies, ex
cept th at the ga te terminal is now at the
base of the NPN device . A positive pul se
at the gate with respec t to C will turn on
the SCR and let current flow from A to C
when the anode is positive with respec t to
the ca thode . The SCR will kee p on con
ducting even after the trigger pulse has
bee n rem oved . Co nduction stops after the
anode-catho de current drop s below a par
ticular curren t level specified by the man
ufacturer of the SCR . That current is iden
tified as IH , the holdin g curren t .

Triggering methods and precautions
Altho ug h ga te triggering is the be st

me thod of turning on the SCR , it is possi
ble to do it using othe r method s . For ex
ample, the SC R will be turned on if it is
placed in a very hot environment. It will
also be turned on if a specified maximum
voltage that may be applied between the
anode and ca thode is exceeded. It will
also be triggered if a sha rp-rising voltage
pu lse is ap plied betwee n A and C. As for
the last case. it is frequ ently desired that

FIG. 6-TO KEEP AN SCR from dissipating too
much powe r when the polarities of the voltages
at its anode and gate are as shown, a series
res ist or-d iode combinat ion should be con
nected between those terminals.

v - V ( R1
)

G - BB R1+ R2

The equations for calcu latin g the tim e
delay and the value of the resistor in the R
C circuit (in th is ca se R4 ), are the same as
the ones we used when we discu ssed the
UJT. To determi ne R4 , set 1"] equal to
R l/ (RI + R2 ), use the values of Ip and Iv
provided on the device 's dat a shee t, and
let Vv be equal to abo ut .Y4 of VF (the
value of VF' the for ward voltage , can also
be foun d on the data shee t). The value of
Vv us ually ranges somewhere be tween
0 .6 and 1.2 volts so that 0 .6 may be used
for Vv in those equations witho ut causing
any unacceptable error.

On ce the voltage across CI is greater
than that at the ga te . the PUT co nducts
and current flows through R3 . The output
voltage that the curren t develop s acro ss
R3 is ca lled VO UT" That voltage depends
upon the voltage required to turn on the
PUT, which , in turn, is about I volt hi gher
than the voltage at the ga te . That , in t~l rn ,
is related to 1"] . which is determ ined by the
values cho sen for resistors R I and R2.

After the capac itor has been d ischarge d
and anode current has dropped below Iv,
curr ent ce ases to flow through the j unc
tions betwee n A and C. The capacitor
then ge ts rech arged so that the curre nt
pulses through the PUT keep rep eating .
As was the case with the UJT. a switch ca n
be placed across the capacit or to make this
arrang ement perform as a t im e-de lay

VGIG = --=-c=-=--,:",:,-,---=__:_:-
R1 R2(R1 + R2)

turned on. Curren t ca n then flow thro ugh
the co llec tor lead of tha t transistor to the
base of the NPN device . Bec ause the volt
age at the base of the NPN tran sistor is
now po sitive wi th respect to the voltage at
its emitter. current will a lso flow through
the base-em itter j unction of tha t device .
The NPN tra nsi stor is th e re fore a lso
turn ed on . Curre nt from its co llec tor flows
through the base-emitter junction of the
PNP device because its base voltage (and
the collector voltage of the NPN section)
is now negative wit h respect to its emitter
volta ge. Bec ause of that . the PN P transis
tor stays on even afte r negative vo ltage has
been removed fro m the gate ter mina l.
Co nsequently. the NPN device also re
main s on. Because the paths between A
and C have been co mpleted. current flows
from A to C. It ceases to flow when the
ano de current drops below Iv.

We can make a PUT act like a UJT by
placing it in the circuit shown in Fig . 5 .
The maximum ga te curre nt. IGII\IAXI' al
lowed for turn ing on the PUT is specified
by the manufac turer of the device and may
be in the vici nity of 50 mA . Just what IG
actu ally is in a partic ular circuit. depends
upon VBB , R l , and R2. and can be de ter
min ed from

where

(J)
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FIG. 8-THE CONDUCTION PERIOD of the SCR
can be varied by changing the setting of R2.
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Triac
As you can see in Fig. 12-a, the sche

matic symbol for a triac is very similar to
that of a diac. The difference, of course, is
that a gate has been added. The true dif
ferences between the devices can be seen,
however, in the structural diagram shown
in Fig. 12-b.

If you just cons ider the connections
that are made to the right halves of the
MTl, MT2 and gate terminals, and ignore

Diacs
In a diac, whose schematic symbol is

shown in Fig. II-a, the arrangement of
semiconductor slabs appears quite similar
to that of an ordinary PNP transistor (see
Fig. II-b). But there are two big dif
ferences between the diac and bipolar
transistor. First, there is no lead to the
center slab of the diac. Second, the same
amount of impurities due to doping are at
both junctions of the diac, while quan
tities differ at the twojunctions of an ordi
nary transistor.

If a very small voltage is applied be
tween the two terminals of the diac, MTI
(Main Terminal I) and MT2, the diac does
not conduct. The applied voltage must
exceed a specified value before the device
will conduct. After the diac is turned on,
current flowing through the device in
creases rapidly as the voltage across the
diac decreases. Regardless of which ter
minal is made positive with respect to the
other, the diac will turn on at the same
breakdown voltage. Should an AC voltage
be placed across the device (through a
resistor, of course, so that the diac will not
dissipate excess power), it will conduct
during each half-cycle after the break
down voltages have been exceeded.

across the resistor and there's just about
no voltage across the capacitor. In that
situation, a is equal to nearly 900

• 111e
relationship between VAC and VGC is
shown in Fig. IO-c.

Assume that the SCR will just trigger
when a voltage equal to that at the peak of
the VGC curve in Fig. IO-c is applied be
tween the gate and cathode. Turning to
Fig. 10-b, ~i th that small voltage require
ment, and noting the slope of the curves in
Fig 10-b, irs clear that the SCR turns on
soon after the applied voltage passes 00

because VGC reaches the trigger point
near 00

• In Fig. IO-c, the peak of the
trigger curve must be reached, before the
SCR turns on because of that curve's low
amplitude. Triggering therefore does not
occur until VAC is near 1800

• Trigger
points are made to Val)' between 00 and
1800 by changing the setting of R2. In all
cases conduction stops when the anode
cathode current drops to III' That is close
to the 1800 point on the VAC curve. Thus,
the trigger-point setting is used to deter
mine just how long the SCR will stay
turned on.

}
TO AC
POWER
SUPPLY

~MTl

~MTI

R2

MTl

MT2

($

capacitor lags the voltage across the resis
tor by 900

• The sum of the voltages across
the two components must be equal to the
voltage applied to the R-C combination,
or VA C' But that is the case only if the
addition takes the relative phases of the
two voltages into account.

111at is all shown in Fig. 10-a. 111e volt
age across C1, VGC' lags the applied volt
age, VAC ' by an angle a . When R2 is set
equal to 0 ohms, the entire applied voltage
is across the capacitor and a is equal to 00

•

Thus, the voltage across CI and at the
gate-cathode junction of the SCR is in
phase with VAC' That relatio nship is
shown in Fig. 10-b. Also, because R2 is 0
ohms, the magnitude of VGC is just about
identical to VA C'

When the value of R2 is made vel)'
large , the applied voltage is primarily

b

FIG. 11-THE SCHEMATIC SYMBOL for a diac is
shown in a; its internal structure is sh own in b .

FIG. 1Q--PHASE RELATIONSHIPS. The graph in
a shows that the magnitudes of VG C and VR 2 =
VAC only if the ir phases are taken into account,
The relative phases and magnitudes of VAC and
VG C in the case of a purel y resist ive load are
shown in a, and in the case of a purely capacitive
load in b .

SCR~LJfL} TOACR3 D1 _ POWER>11" ,"pp"

T
Cl

I
FIG 9-BY USING A PHASE-SHIFT NETWORK,
the range of triggering points of the SCR can be
extended.

SCR l

the negative half of the cycle-when the
anode is negative with respect to the cath
ode- the diode prevents any current from
passing to the gate, and the SCR remains
turned off.

In the circuit shown, current flows for
just about the full positive half of the
cyc le . Co nduc t io n starts when ju st
enough current is available at the gate to
turn on the SCR. The flow stops when the
anode-cathode current falls below IH , the
holding current . But the circuit can be
changed so that the conduction through
the anode-cathode circuit can be made to
start at any point during the rising 900

portion of the AC cycle and end when the
current flow drops below IH . Thus, the
conduction of the SCR can be varied be
tween a 1800 period (when the SCR starts
to conduct at the beginning of the positive
half-cycle) and a 900 period (when it starts
to conduct at the peak of the positive half
cycle).

The circuit in Fig . 8 can be used to set
the conduction period . Variable resistor
R2 sets the voltage applied to the R3-Dl
series circuit. The voltage at the wiper of
the potentiometer, in conjunction with
R3, DI, and RI, determines the amount of
current that flows into the gate of the
SCR. When R2 is set so that sufficient
gate current flows to turn on the device,
the SCR conducts. That setting can be
adjusted for conduction to start at any
specific instant in the rising portion of the
positive half-cycle .

The voltage being applied to the gate in
the circuit in Fig. 8 is AC. In a similar
fashion, a DC voltage can be used to de
termine the turn-on point of the SCR.

The turn-on points of the SCR do not
have to be limited to between 00 and 900

•

That range can be extended by adding a
phase-shift network consisting of a resis
tor and capacitor to the original circuit.
Doing so allows you to extend the range to
from just above 00 to somewhat below
1800

• Such a circuit is shown in Fig. 9.
Figure 10-a shows the phase relation

ship of the voltage across CI (between the
gate and cathode), VGC ' with the voltage
at the input to the R2-Cl circuit. The cur
rent in a capacitor leads the voltage across
that co mponent by 180 0

. The voltage
across a resistor is in phase with the cur
rent flowing through it. Because of that,
when an AC voltage is applied to a circuit
consisting of a resistor connected in series
with a capacitor, the voltage across the

87



C l network in the circuit in Fig . 9 . In that
exa mple, we only needed triggering dur
ing the positi ve half of the cycle bec ause
an SCR does not co nduct during the nega
tive half-cycle . But the triac conducts dur
ing both the positi ve and negat ive half
cyc les altho ugh that conduction ca n start
at differe nt poi nts in the negat ive half
cycle due to the device 's cha nging sen
sitivity to the ga te signa l. So, unt il R2 is
set so that there will be sufficient voltage
to trigger the triac in the negati ve half
cycle . it will co nduct onl y lip to 180°.
When R2 is set so that the triac triggers on
both half-cycles , conduction will take
place during a lon ger interval during the
first half of the cycle than in the second
half.

The range of triggerin g points can be
increased through the use of the circ uit
shown in Fig . 14-a . Th at arra nge me nt
uses two R-C phase- shift networks . With
it , triggering can take place between 0°
and 180° during positive half-cycle and
between 180° and 360° during the second
half-cycle .

The arrangement shown is similar to
the one used for the SCR and show n in
Fig . 9 . But the circuit shown in Fig 14-a
will not do anything to offset the dif
ferenc es in gate sensi tivi ty and the devic e
will trigger over different intervals during
the positive and negative half-cycles. That
situation changes when we add a diac to
the circuit as show n in l4-b .

In that circuit , both the gate and MT2
are eit her positive or negat ive with respect
to MTI . When the triac is operated in that
ma nner, a diac can be used to compensa te
for the difference s in the triac turn -on C UI~

rents. That is , if the characteri stic s of the
diac matches those of the tri ac gating cir
cuit, the triac wi ll turn on at relatively
equa l points during both halves of the
cycle and the per iods of conduction will
be more or less equal dur ing either half
cycle .

Other switches
The switching device s described above

are the ones most commonly used , but
there are many othe r type s of sem icon
ductor switching device s.

The sc he ma tic symbol for a CSCR
(Co mplementary SCR) is the same as that
used for the PUT, but the two are quite
differen t devices . The CSCR turns on
when a negative voltage is applied to its
gate wit h respect to its anode .

One big objection to use of the SCR , is
that no means is provided to turn it off.
The GSC (Gate Co ntrolled Sw itch) is a
device that overco mes that drawback. It
behaves as an ordinary SCR when a posi
tive pulse is applied to its gate . The dif
ference lies in the fact that it turns off
when a negative pulse is appl ied to the
same gate .

The SCS (Silico n Co ntro lled Sw itch) is
continued Oil page 114

MT2

G

}
TO AC
POWER
SUPPLY

}

TOAC
POWER
SUPP LY

MTl

T
Rl ~

G MTl
b

MT2

DIAC

a

MT2

G MTI

\

~ R2

I R3

~1

I
~ R2

~.---'
==" C2 :;::;:;:, Cl

needed to turn on the triac . If it is negat ive
with respe ct to MT I, at least five time that
CUITent is requi red to turn on the triac .
Should MT 2 be negati ve with respect to
MT l , at least 21GT is needed to tum on the
triac regardless of whether the gate cur
rent is positive or negative with res pect to
MTi . Considering that. it is obv ious why
when R2 is adjusted so that the triac will
turn on ju st at the positive 90° poin t it is
very unli kely that it will also turn on at the
negative 270 ° point. That will be true un
less a cons iderable amo unt of dri ve is
added to the ga te when the voltage goe s
negative .

In the case of the SCR , the 0°_ to- 90°
range of triggering po ints was extende d to
a 0°- to- 180° range throu gh use of the R2-

FIG. 13-A SIMPLE tri ac circuit. The device 's
triggering point is set by R2,

b

FIG.14-AS WITH THE SCR, the range oftrigger
ing points of the triac can be extended by using
the circuit in a. The conduction periods during
the positive and negative half-cycles can be
made sym metric by adding a diac as shown in b .

FIG 12-THE TRIAC. Its schematic symbol is
shown in a, its internal structure in b, and its
equivalent circuit in c.

anyt hing that 's co nnected to the left half
of those ter minals , what you have is a
PNPN SCR, wi th the ga te con nected to
the lowest p-sl ab . Conside r next the con
nections made to left side of those termi
nals, this time ignor ing the connections to
the right. What you have now is an NP NP
SCR . Con verting that into its equivalent
circui t gives you the two-SCR combina
tion shown in Fig 12-c .

When MT2 is positive with respect to
MT I and a pulse is app lied to the gate ,
SC R I in the eq uivalent circu it turns on. If
MT2 is negat ive with respect to MT I,
SC R 2 turn s on. Thu s , eac h SCR con
ducts on alterna te halves of a cycle . Un
li ke th e in di vidu al SC R, th e tria c
conducts curre nt in both directions . But
the SCR has one important adva ntage over
the tr iac: The SCR can operate over a
range of from 0- to several -hundred-Hert z
while the triac is useful only to somewhat
above 60 Hz.

A triac ca n be used instead of an SCR in
a circuit like the one shown in Fig. 7 .
Simply subs titute MT2 for the anode and
MT I for the ca thode . The diode is no
longer necessary for the ci rcuit to operate
properl y. The altered circuit is shown in
Fig. 13.

The waveform output by the AC power
supply is , of course , a sinewave . If a high
resistance po tentiometer is used for R2 , it
can be adju sted so that the gate current
wi ll j ust barel y tum on the triac when the
app lied signal is at its positive 90° poi nt.
It will stay on for the port ion of the cycle
from 90° to close to 180°. Near the 180°
point , the posit ive voltage acro ss the triac
is just about zero , so that the curre nt drops
below IH , the holding curre nt and con
duction ceases .

With the margin al turn-on sig nal avail
able du ring the positive half-cycl e , the
triac will not turn on between 180° and
270 °, the port ion of the cycl e when MT2
is negative with respect to MTI . Th at 's
because it requires a larger sig na l to turn
the triac on during the negati ve half-cycle
than it does durin g the posit ive half-cycle .
If sufficient current should be applied to
just-about turn the triac on dur ing that
negative half-cycle , it wi ll co nduct for the
negat ive portio n of the cycle between
270 ° and 360°. As was the case in the
positive half-cycle , co nduction will cease
whe n the negative current drops below,
- IH , the ho lding current.

Sho uld resistor R2 be set for a low
value , sufficient current will be applied to
the gate before the 90° point in the cycle is
reache d and the triac wi ll be turned on at
some poin t bet ween 0° and 90°. Then cur
rent would flow for more than one half of
eac h half-cycl e .

The re are four trigger ing modes used
for turni ng on the triac . In two of those ,
MT2 is posit ive wi th respect to MTI. If
the ga te is positi ve with respec t to MT I,
re la t ive ly littl e ga te c urre nt, 1m , is
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SWITCHING CIRCUITS

continu ed from pa ge 88

an SCR that can be turned on by either
applying the usual positive pulse at the
cathode-gate terminal with respect to the
cathode or by applying a negative pulse to
the anode-gate terminal with respect to
the anode. By reversing the polarity of
either pulse, the SCS can be turned off.
The device then is a sort ofcombination of
SCR and CSCR .

The four-layer diode has no gate . Its
forward breakdown characteristics are
similar to those of the SCR , as a specific
voltage must be exceeded before it con
ducts any current. Once it conducts cur
rent, the voltage across the diode drops to
a low value. Conduction increases at a
rapid rate, while the voltage across it rises
slowly. When the anode is negative with
respect to the cathode, it does not conduct
until a high voltage has been exceeded.
While conducting in the reverse direction,
the voltage across the device remains rela
tively constant, as if it were a zener diode.

There is also the LASCR (Light Acti
vated SCR) . In the dark, the LASCR be
haves as if it were an ordinary SCR with
gate triggering. If light reaches the de
vice, it will be triggered on even if no
pulse is applied to its gate .

Finally, there's the SUS (Silicon Uni
lateral Switch) and the SBS (Silicon Bilat
eral Switch). The breakdown voltage of
both devices is low-about 8 volts. That's
much lower than the breakdown voltage
for the SCR or the triac. While the SUS
conducts in only one direction after break
down, the SBS performs more like the
triac, in that it conducts in both directions
when gated with an AC voltage.

Applications
The circuits discussed can be used to

control motor speed, used as light dim
mers, and so on. Circuits can also be
arranged to apply power through a load
after different factors or conditions are
used to turn on the gated device. It may be
triggered by a thermistor in the gate cir
cuit to sense and report a rise or drop in
ambient temperature , by a circuit sensing
if a battery supply voltage has dropped
below a reasonable level, by a sick pa
tient's excessively high or low blood pres
sure when the device is used in medical
equipment , by an excessively high cur
rent flowing in a circuit, by excessive
leak age current flowing between the
power lines and ground, and so on.

Power supplies
Whatever the nature of a circuit , it's

sure to have one requirement-a source of
power from which to operate . We'll tum
our attention to power supplies when we
continue this series . R-E

COMPUTER CORNER
continued from page 111

Even if copying were possible in that
case, there is yet another hitch that might
throw a damper on multiple usage . Many
manufacturers require the signing of a li
censing agreement that guarantees the
software will only be run on one comput
er. Under such an arrangement , you
couldn 't, legally, even pass the disk from
one employee to the next (as cumbersome
as that might be) so that each could use it
at his own workstation.

To address the problems encountered
by users, a number of commercial prod
ucts exist that actually enable the " un
copyable" disks to be copied. The ethical
questions involved in producing-or buy
ing-such a product are undoubtedly
problematical.

The plight of the software manufacturer
who wishes to protect his rightful profits,
weighed against the plight of the user who
needs efficient operation at a reasonable
price, doesn't allow for easy answers . Un
less the issue goes to court- as it has in
the videocassette industry-you can only
weigh the various factors involved, and
make your own choice . R-E

COMMUNICATION CORNER
continued from page 102

suffice, that's too many parts .) Blanking
for a CB receiver with its limited frequen
cy-coverage was easily provided, but
imagine what would happen if the same
trick were tried with a 3-30 MHz com
munications receiver. How could we be
certain that the sidechain was receiving on
an unused frequency? Can you just imag
ine finding an " unused" frequency at 7
MHz, 10 MHz, 12 MHz, or any other
frequency that you are interested in? To
say the least, it's not very likely-es
pecially with the way things are these
days.

The modern all-band receiver uses the
same gating idea but eliminates side
chains by placing the noise-pulse detector
in the signal path between the first IF and
the noise gate. As with the sidechain sys
tem, the pulse-derived control voltage
turns the gate on and off.

Generally, the pulse detector requires a
relatively high IF to reduce spreading of
the noise pulse. (The signal interruption
caused by a spread pulse would be consid
erably wider than the noise pulse itself.
That would make the perceived distortion
intolerable. )

Generally speaking, putting a pulse de
tector in the signal path is not as effective
as using a sidechain, but it is far less
expensive. It's also the best system avail
able for today's multiband communic a
tions receivers. R-E




