
S~ECIAL PURPUS~ DEVICES FILE NO: ETllAL-HUl

rNTl{UDUCTl()~

~ince the development ot the tt'ansistor, continuous research in the field
of semiconductor~ ha~ provided many additional semiconductor devices.
~ome of these devices have been adopted to applications that were tormally
impossible. These devices, now considered as innovations in military and
commercial equipment, may become as commonplacc as the junction transistor
is today. Indications arc that development ot and application tor solid
state devices will continue to expand. In all cases, where other devices
were previously used, the solid state devices are smaller, more efficient,
less expensive, and more reliable. Two of thesc device~, the unijunction
t~ansistor, (UJT), and thc silicon controlled rectifier, (SCR), will be
discussed in detail durins this lesson. The S.C.H. (Silicon Cont~olled
Rectit"ier) and the U.J.T. (Unijunction Transistor) are classified in the
family ot elect~onic switches called thyristors. The clectronic switch is
taster, less expensive and la~t~ lonscr than thc conventiona] manual
switch. Thcy havc no arc or spa~k and arc thercfore, cxplosion proot.
Thy~islo~~ aloe used whcrcvc~ larsc amount~ of powcr are beins cont~ollcd.
II. thyristo~ is a tour-layer, PNf'N dcvice. This PN sandwich nuw ha~ i1
total 01 threc junction~. Thi~ device has two stable switchins ~tatcs,
the ON ~lale (CON1>UCT1~C) and the oft slate (NO~" CONDUCT1NC). Therefore
we have a switch ei thcr utJ or Oft".

'fhe S.C.R.

'rhl' most common thyristot' you ill encounter as a technician is lh~ ~i li.
con controlled rectifier. Il is widely used becausc it can handlc lat"scr
amounts 01 current and voltase than any other type of thyristor. Pres
cntly, £.~.k.'s can control currents greater than 1500A and vollagcs
sreatcr than 2.000V. The schematic symbol tor thc S.C.k. is shown in tiS.
ure lA. ~otice that the schematic symbol is like a diode in that it con.
ducts in only one direction, and also must be fo~ard biased from anode to
cathode for conduction. lt is unlike the diode in that it has an extra
element called a sate which turns the device UN (CU~DUCTING). The
$.~.R.'s switching operation is best understood by visualizing its PNPN
construction, as shown in tisure lB.

.

1



SPECIAL PURPOSE D~VICES
FIL~ NO: ETllAL-HOl

A

Anc)de. A

,.
Gate, G ~

KC.th~*, K

t'lGUl<~ lA l"lGUH~ II!

It we slicc the middle PN junction diar;onally. as shown in fir;ure 2A.
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We have formed two tt'ansistors (one PNP and one NPN) connected back to
back as shown in fi&ure 2B. A forwat'd-biased volta&e betwccn the &ate-
to-cathode leads turns on tt'ansistot' Q1. Transistor Ql conducts and its
collectot' volta&e be&ins to decrease. This decrease in collector voltage
i. also decreasing the base of Q2, actually increasing Q2's base/emitter
bias, which turns Q2 on. With Q2 conductint the emitter to collector
current flow also provides the base of Ql with a current path to LATCH Ql
and Q2 on. This re&enerative process only takes microseconds to complete
which drives both tt'ansistors into saturation immediately. The regenera-
tive action is termed LATCHING CURRENT because the tt'ansistors continue
to conduct even if the &ate-to-cathode voltage is removed. The S.C.R.
can handle large amounts of power efficiently in that when it is in the
off state it has no current flow thru the S.C.R. bccause the &ate--to-
cathodc junction has not been forward biased. Whf!n in the "on" state,
the fact that both tt'ansistors go to satut'ation theit' resistance is n\ini-
mum and therefore voltage drops are minimum. We can scc that regardless
of thf! current flow thru lhe S.C.R the voltage drop is one volt or less.
Fi&ure 3 shows a S.C.R. ;n series with a light. The cit'cuit uses a I2V
power source. Wh~n the S.C.R. is "&ated-on" curr~nl will flow through it
and lhe lihgt (II) will illuminate. Assume SOma of cut'rent flows whcn
S.C.R.l conducts and that the S.C.R. dt'ops IV. Applyin& OHMS LAW, wc scc
the majority of the power is developed by 11 and very little by the S.C.R.

P=I.E12VDC

11

1

PI1 .111 .El1

PI1 .SOmA .11v

PI1 .55Ornw

P.I.E
Pacr .Iscr .Escr

P8cr .SOmA .1Y

Pacr .5OIftw

FiGURE 3

The distinct advantage hcre is the ability to supply large amounts of
power to the load using a small amount of energy at the &ate. A &ood ex-
ample of this is the PC 5~A circuit card in which a small &ate voltage
will turn-on the S.C.R. and complete the current path for Ii, which will

at that time illuminate.
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Another vay of causing current to flov thru the S.C.R. is when th~ bias
volta&~ is increased high enough to cause a forward br~akdown condition.
This is caused vhen the voltage potential across the S.C.R. becunl~s so
high that il forces the electt"ons thru the S.C.R. without ar1Y polent.ial
being applied to thc &ate. As soon aH Ii voltag~ is applied to the
S.C.R., a small amount of cut"rent viII be&in lo flow, thiR Rmall amount
of current is caused by leakage betveen the thr'ee jun~t.ions. As the
voltar.~ on the anode and cathode is increased, the curr~nt vill continuc
to increaH~ sli&htly. As the anode cathode vnltage is increas~d it vitI
reach a point that vill alluv current to increase rapidly. This point. is
called the forward bt"eakover point. At. this point the current. increases
rapidly and the resistance of the SCR viii decreasc. Notice on fi&ure 4,
vh~n the fot~rd breakovet" point is reached, the voltar.~ drop acros~ the
SCR also dt"ops. At this point, the SCR becomes a conductc)[" and if t>nmc
type of protection is not placed in series vith the SCK to ) imi t. I.he
amount. of current passing thru thc SCR, it vill be de~t["oycd.
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FIGURE 4

Rormally, a resistor is placed in the circuit in series with the S.C.R
to limit lhe amount of current.
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When the S.C.R. is in the fotoward bt'eakover condition, It Rmlitl inct'ease
in volta&e will cause a large increase in current. Th~ S.C.R. will reo
main in this condition as long as the current remains constant., blJt if
the cut'rent is reduced to a small IImount, the S.C.R. will cut .off. A
point is reached at which the S.C.R. will still condu~t that is called
Latchin~ Current. This point is the minimum amount of curr~nt. lhat can
flow thru the S.C,R. and still hold it in the breakovf~r voltage slate.
The SCR also has a reverse breakdown poinl. Wh~n a reverse voltagc or
bias is applied across a S.C.R., lh~re will be Ii small anlount of lcakagc
current. This leakage current will remain constant unt.il th~ t'f:v~rse
volta~e b~comes hi~h enough to reach the revet'S~ breakdown point. The
S.C.R., when t'eversed bias, will act like a common PN junction tranf;is
tor. When the reverse bias becomes so hi&h, it reachcs a rcversc bt'cak-
down condition and current will flow. If this condition is allowed to
~ontinue, the S.C.R. will be destroyed.

S.C.R. CONTROL CIRCUIT PC .5~A

Whftn 12vdc is appli~d to pin 0, -9vdc to pin N, R~ adjusted fully
counter clockwisc and S2 in l111~ down (oul) position no currcnt f1c>ws in
lhf! circuit until R~ is adjusted lo th~ ri&hl in order lo p,.ovidc lhc
&lite with a positivc vo]ta&c. This positive vo]lagc will forwa("d bias
the &ale to-cathodc juncli.on and lut"n on lhc S.C.R. providing anot.hcr
curr~nl path from ~round thru lhc S.C.R., thru 11 lo lhc power supply
which wi]l illuminate 11. At this limc Cl will char&c negative on lhc
Bnode side of S.C.R.l and posilivc on lhe opposilc side. An alternate
wiiy to "~Rle. on" lhc S.C.R. is with a pu1.s~ (("om Ii limin~ curr~nl such as
our U.J.T. This pulsc (providing il has cnou~h ampliludc) hlis t.I..! ~;;lme
effect that the DC vo]t.ar.f! had on lhc circuit. To lu['n off lhc S.C.R.,
the latchinr. current thru lhc S.C.R. must be lowered below the current
required to tunl c>n the S.C.R. ln this circuit this action is accom-
plished by placin& S2 in lh~ up (resel) position. When S2 is p]aced in
the reset position, Cl dischar~es thru 11, the powf!r supply, ~round, up
thru S2 to its opposite plate. This effectively plac",s R~ in paral]f!l
wit.h S.C.R.t and al that lime rf!moves the current lhru the S.C.R. which
turns th~ device off. R3 is in lhf! r.ircuil for prolect.ion of thc p()~~r
supply, to prevent &round from bein~ placed on pin o.

5



FILE NO: ETl1AL-HOlSPECIAL PURPOSE DEVICES

SCR CONTROL CIRCUIT PC 52A
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TROUBI.F.SHOOTING

PC 52A

The individual S.C.R. can b~ checkcd with lhc OMM as if you wcre checkint
a transistor CHith power hold). K1t.houth tll~ only PN junction that can be
verifi~d is the talc calhodc junction. 1:he tale 'iTIOde junction cannot bc
checked because lher~ is two PN junctions Lhal must be forward bia~ed and
our OHM will not supply enough voltagc to accomplish the task.

The following
conducting-

is normal static vo llar.f~s while the S.C.R. ili nol-

TP.
TP2

DHM
DHM

11.6vdc
-B.Bvdc (R2 was adjusled fully C.C.W.)

With S.C.K. conduclin&.

TP.
TPl

DKH
DKM

.817vdc.

.88 vdc.

MALFUYCT1OY 1 11 does not illuminate!

"'P4
TP2

DMM
DMM

11.6vdc
.852vdc

Gate has forward-bias applied to it but anodc voltage indicated S.C.R.
waR not-conductin&. Thereforr S.C.R. mu~t bc def~ctive. Resistance
check on the &ate calhodc junction prov~s it's ~ood. Th~ ANOD~: therefore
has to b~ OPEN. Reca11 that there is two junctions that. must be biased
80 we cannot prove thi. with our DHM.

S.C.R. C1RCUIT PC 5lB

Th~ PC:."i?R ;s op~rated in thr AC: mode as a current control circuit. Thc
s.c.a. in this circuit controls th~ amount of current thru 11 which will
~nntrol the intensity nf t.hf!. lamp. A .Ov pk/pk sinewave is app] i~d to
pin G, as the positive altf!.nlation is bein, developed, current. flows from
,round to char&e C2 to the value of t.he alternation, less any drop ac:ross
R2 and a3 (notice a3 varies C2's char&e time a]lowin& it to char&e hi&h-
er and faster). Once C2 charles to approximately 600!',V AC the S.C.R.
conducts and we now have another path for current from &round thru the
s.c.a. to the power supply which li&hlS 11. Durin& the ne&alive alterna-
tion the S.C.R. is reverse biased and no current flows thru the s.c.a.
Rnd therefore 11 &O~s out, 11 wi]l &0 on and off at the rate of the in-
comin& frequency. C:1 prcvents any si&na' from bein& developed on the
cathode and in turn makin, s.c.a.1 &0 to saturation much fasler.
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JlC.'>2B

The followin& dynamic volla~es were present with S.C.R. not-conductin&.
(R2 adjusted fully CCW). The DHH was used in th~ AC M.ODF: to mea~\Jre

voltages.

40v pk/pk
1..3vac
14.2vac
.31 vac

TP4
"P4
""6
TP7

OSCILLOSCOP~
OHM
OHM
DMK

w;t.b S.C.R. conductint. (R'- fully cw).

TP4
TP4
TP6
TP7

OSC1LLOSCOPE -20v pk (Positive alternation removcd)
OHM 1.7vac
OM 6.1vac
OHM 6.1vac (Wiper-arm is adjusted to the top)

11 does not illum1.nale!MALFUNCTION 1

.Ov p'k/p'k sinewave
1..2vac
1..2vac

aSCI LLOSC:OPE
OM
OHM

TP4
TP6
TP7

Gate cathode junction has forward bias applied but S.C.R. does not con.
duct. S.C.R. tm1st be defective. Resistance ch~ck on thc S.C.R. proves
&ate-cathode OPEN.
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THE U.J.T. (UNIJUNCTION TRANSISTOR)

Although the unijunction transistor is not strictly a thyristor, we con-
sider it here because it is otten used to trigger the S.C.R. The
U.J.T.'s schematic symbol and construction are shown in figure 5.

Emltte, E 0 -~

A. Schematic Symbol B. Physical Construction

F1GUHt: 5

Tl..; U.J.T.'s physical constt'uction consists 01 B li&hlly doped block 01 N
m.~t~rial with a portion 01 P material fused to its side. Electrically,
the U.J.T. is illustrated best by thc circuit in fi&ure 6. The three
el~ments ot the U.J.T. are called base 1, base 2, and the emitter. The
resistance between the PN junction and 8] is desi&nated by R8 1; the re-
sistance betwcen the PH junction and 82 is called R8 2. The PN junction
is represented by a diode symbol.

82

FIGURt: 6

9



SPECIAL PURPOSE DEVICES FILE NO: ETllAL-HOl

In order to turn on the U.J.T. we 1tU1st raise the emitter volt.age 600mv
more positive than the junction of RB 1 and RB 2 (considering its con-
structed from silicon). Naturally we see that the position at which the
emitter is fuse'd to that junction is of great importanc~. Dep~nding on
where the P material is fused to the N material determines ho~! much
emitter voltage is nece~sary to turn on the U.J.T. Reter to tigure 7.

82

E

81

FIGUR~ 7

~inc( lhc 'J.J.T. is olten used in an oscillator, we will discus5 that
coni i&ural ion, as sho~.'n in t iture 8.
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UJT OSCILLATOR PC 51

flGUl{~ 8

When powcr is applied to thc circuit current flows fro~ ground thru R~.
Ql. R3. to thc power supply dcvelopin& volta&e£ at TP 2 and Tl'~. Recall
~lso that junction of P material to the N material within the U.J.T. Cl
:'c&ins to char&e at a rate determined by R2. If the emitter is fused in
..he center 01 Bl & 82 the junction would be 6vdc. so as soon as Cl
chnr&cs to 6.6vdc the U.J.T. would conduct and Cl would immediately dis-
charge thru R~. Bl. emitter and to its opposite platc. At this time the
U.J.T. is now off and Cl begins to char&e a&ain. Refer to ti&ure 9.

.
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1 1 11-
I I I I

/i/1/1/1/1
Ff~~tt::'

I I I I

-l l l l

FIGUHE 9

Thc wavefot~. on thc cmiltcr ir the char&c and dirchar&c of Cl, ~C sho~~
in tir.ure 10.

FIGURE 10

The waveform on base 1 is developed when Cl di8charses thru R~. This is
an increase in current lhru R~ which also increases the voltase drop of
R~ and thus a positive spike is senerated, as shown in fisure 11.
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F1GUK~ 11

The waveform on ba~~ l is developed wh~n C1 di~chartes lhru R4. Thc in-
crease in CUt'rAnt thnJ R4 causes lhe rcsislance nf RB2 lo decrt~ase and
therAfore less vollatc dropp~d by RBl. Thi,; is viewed with lhc oscil-
loscope as a netative spike. Refer to fitu~e 12.

!

F1GU1(~ L2

Thc p~~cedin& circuit i. only one half of the PC Sl ca~d. This ca~d con-
~icls of two U.J.T. oscillators with different component values so there-
fore dif(erent RC time constants produce different frequencies out.

13
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t".

~

UJT OSC1LLATOR PC 51

The tollo~ing static and dynamic voltag~s '~ere ~Ieasured

OSCI LLOSCOl'ETI'3

'l'P3
TP2
TP2
TP"
TP"

DHM
OSCILLOSCOPE
DHM
OSCILLOSCOPE
DHM

SAt?TOOTH at 25khz (Frequ~ncies depend on R2's s~tting)
with an amplitude ot 6v pk/pk.
5.01vdc
PO~lTIVE SPIKE at 25khz with 2.2v pk

.214vdc
NEGATIVE SPIKE at 25khz with 2.7v pk

lO.7vdc

MALFUNCTlON .1

no wavefonn
lO.7vdc
0 vdc
.191vdc
9.9vdc

OSCILLOSCOPE
DHM

DHM
DHM
DHM

T1'3

Tr'~
Tr3
TP2
TrS

Cl SHORTED

.
1"



Durin& thi. l...on wa have di.cu..8d the charact.ri.-
tic.. c~truction and u... of both the sca and UJT.
Th. 8ch-.tic .ymbol. of both were pre8ent.d to you ..wall.. 

how to trouble.hoot circuit. which contain.d
tn_.

SU8AB.Y:


