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Figure 3.14. Unijunction transistor.
s the interbase resistance (Ryg); and at 25°C has values in
ge from 4.7 k) o 9.1 k&

normal biasing conditions for a typical UJT are indicated m_.

5.15. 1f the emitter voltage, Ve, is less than the emitter peak
( ft;lgc‘ Vg, the emitter will be reverse biased and only a small

; T I I T 1 i [ | 1
L . -
+——TPeak Points = VP
5 Valley Points _|
| 1 | ] 1 1 | 1 | |
2 4 6 B 180 32 14 16 38 20

Emitter Current g — Milliamperes

Figure 3,15,

UJT biasing conditions,

reverse leakﬂge cnrrgnt. 13;7. will flow. When Vi is equal to V,, and
the emitter current, Ig, is grealer than the peak point current, I,, the
UJT will turn on. In the on. ‘condition, the resistance between the
emitter and hase-one is very low and the emitter current will be lim-
ited primarily by the series resxstaur.e of the emitter to base-one ex-
ternal cireuit,

 The peak point voltage of the UJ T varies in proportion to the in-
ter{nse voltage, Vi, acmrdmg to the equation:

V= W + Vi - (3.5)

The pax.mw er 7 is called thi, intrinsic standolT ratio. The value of n
lies between 0.51 and 0.82, and the voltage, Vs, the equivalent emitter
diode voltage, is in the order of 0.5 volt at 25°C, depending on the
particular type of UJT .

3. Iﬂ Comptemenlaryll.}mjuncnon Transistor (CUJT)

tmmntu: is u_‘nllum planar, monolithic
aracteristies with superior sta-
ie-stahdofl ratio distribution, and lower

ike those of a st.mdard UJT except that
plied to it are of opposite polarity. The
opposxte & be en so that standard npn planar pas-
sivated transistor proce Ssinétechmques can be used, CUJTs can be
used in most npplsmtmm 1at use standard UJTs. Their unique sta-
bility and uniform properties make them ideal for stable oscillators,
timers, and frequency dividers.
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- o
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I ; Vv
& Vg = 2k
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E' e =%
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(a} Standard Unijunction (b) Complementary Unijunction

Figure 3.16

ta) Standard unijunction.  h} Complementary unijunction.

— e

(c) typical firing circuit. {PL T

velaxahom ©F
Figure 3.17. Programmable unijunction transistor; (a) pnpn structure; {b) symbol; -
(c) typical [iring circuit.

{a) pnpn structure; (b) symbol;

3.11 Programmable Unijunction Transistor (PUT)

The PUT (Figure 3.17) is a three-terminal planar passivated pnpn
device in the standard plastic-low-cost TO-98 package. The terminals
are designated as anode, anode gate, and cathode,

The programmable unijunction transistor offers many advantages
over conventional unijunction transistors. The designer can select R1
and R2 to program unijunction characteristics such as 1, Rpp, I, and
I, to meet his particular needs.

The operation of the circuit is as foll lows: A dc,f'nlte voltage is
applied to the gate of the PUT through the voltage divider action of’
R2 and R1. The voltage is given by ;

E oL
R2 + Ri L }
The capacitor is charged to voltage V. from voltage E through R and
C. When the anode voltage V. exceeds the gale voltage Vpy, the PUT
starts conducting and triggers the SCR. ] ) e

/f UnHunction Trangistor Trigger @ircuits
Becansg of its unique cofubination of ¢ rmmy.Aﬂicily,

ness, low-power consumption, and higlfellective power gaip,

Vi =

WY
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Isolatlon of the telgger clreult

In many cases thyristors are used in circuits with a.c. mains vo[lagcl
supplied. The low voltage trigger circuits need to be isolated from these

mains yollages. Two methods of lchlevm; this isolation are considered
below: i

1. By current transformer, as shown in Flg .4(a).

2. By oprical Irolator, as shown In Fig, 7.4(b). The input s fed into a
llghl-emmmg diode (LED) and the light emitted is sensed'by a photo
transistor. This turns the transistor on and the resulting current pulse
generates a voltage across an external resistor which it connected to

the thyristor gale!cl!hode circuit, Isolation between the LED and the
photo diode can be up 10 2.5 kV

i ‘ :
From b o I
i | Lo d
circuit I i ’
@ (0]

g 7.4 lsotatlan of triger elrcult. (e) Chrcalt transformer; () optical Isolator.

Phase control of the thyrlstor In a.c. clrculfs

Here, the thyristor is uscd a3 a switch to control the current flowing in
- an a.c. load. The thyristor is swntchcd an by the first suitable pulse
during a positive half-cycle and remains on: for the rest of that half-
eyele. As the supply voltage falls to.zero the current is reduced below

the holding current level and the thyristor switches off. Tt renfains off :
during the negative half-cycle. The sequence repeats itself dunng ‘each

cycle, and the waveforms are shown in Fig. 75.
The trigger signals can be obtained from a unuuncﬁ’on relaxation

oscillator circuit as previously described, and if operated from a full- |

wave rectified circuit, will be' synchronized .to the a.c, “supply ‘of the
lh)frlslor so that for a given setting of CR .the thyristor will always
receive its trigger pulse at the same angle. The angle may-be varied by

changing the value of CR. In pm::lce this is achieved by making R a
variable resistor,

R &)

¥y Vs

1 (seconds) t {seconds)

¥y kG

Le 1

e

1 : t
(a) )

Fle. 78 Wevelnrme with nhew enatml fat 1 ats firdne anets: 7h) parle firine anste.

This method of control is used in speed and light control circuits, in.
power supp!y control replacing rectifiers and many other applications.
Theé main disadvantage is that ane half-cyche is lost. The second half-
cycle can be used if two thyristors are connected back-to-back in

parallel, ie., Inverse-parallel connection and fired on alternate half-
cycles,

“Full-wave rectified

1
' a.c. input
: ‘ q:

o—
. Fig. 78 Lamp dimming cireult.

Fig. 7.10 Full-wave (UJT trigger circult) trisc control,

Flg. 7.11 - Phase control of trisc~ssing diac triggeriog.

Fig. .13 Trise lamp dimeing clrenht, weng disc trigs o



-quency interference

< of the fast switching action of SCRs and triuss when they
1 Lo conduct into resistive loads, the circuit current rises 1o ils
1-a¢ very rupidiy. The sudden transient generales harmonics
could be a source of interference 1o other gquipments,
¢ the amplitude of the harmonics generated decreases with
cicy the prodlem is most acule at the lower end of the rif,
r-m. The interference may be radisted or carried via power
1o the affected equipment which has the same power source for
7ty voitage. The effect of the line induced interference can be
sed by placing a choke in series with the SCR or triac load.
“i¢ Lhe choke, in opposing current flow, stows down the rise of
wi when the device switches the effect of harmonic interference
‘uced. However, (o be effective the choke must be very large
swiiable alternative is to use an LC filier. A possible
someat s shown in Fig, 9.23,

— 15

SCR {iria)
2l i
Circuil

Fiy. 9.23 Use of an LC

filter 1o minimise radip
frequency interfurence.

firing '

< ul LC filters to suppress radio frequency interference (RF1)
- ccunomically viable for very large load currents, An

tive approach to switching the load voltuge ur some liring

¢ when the voltage, and hence the current, may be large is 1o
-3t [iring. 1n this arrangement the SCR or Irice is switched us *
Jilige source crosses the zero voltuge point and current is

7 to flow for an integral number of vycles before the device is

d GII. The device is also switched off us the vullige source

+ the zero voltage point, The waveform for a switched triug

s shuwn in Fig, 9.24,
Lovwer delivered into a resistive joad depends on the ratio of
nber of eycles when the device is on 1o the totul number of

A
o

_rig' 9.24 V;iu-—g'u wavelorm Vulu: : )

illustruting the concept of
burst firing.

" Fig. 9.25 Basic circuit for

burst firing control utilising
& zero<crossing swilch for
‘e trigger circuit,

v

©

-~
-
4

Pu'ﬁl off

Puwer on

~ Power va

=

cycles in a switching cycle. From Fig. 9.24 ithe switching cycle is four
_ eyeles of which only two supply power {9 the load. Hence the

‘ ;E%m‘ﬁppucd_ Power (o the [oad in this case is 2/4 X 100% or
A circui ulil ng the 2ero-crossing Yechnique is shown in 3
F Irigger circuit for this circuit is available in
mao The RCA@CAWSSJCA}OSWCAM??-QN 2ero-
voltage swi erating f ; urce voltuge of 24, 120 or
230 V at 50, 60 or 4 AB059/CA3079 are 14 in DIL (dual
in line) packs with plastic

capsulation while the CA30S8 is a

14 pin ceramic DIL package.

uits employing a diode limiter, a
» @ dilfercngial comparator and an
raling yoltages for the siages are
pply of sufficient current capability
therii.c.'s. The output. trigger
.gﬁtc_ot.'__a‘n SCR or trise, The

mal sensor be-inadvertently
_connection is available so
utput'drive. Apan from this
3079 the three devices are
ock diagram of the zéro-voltage switch
triac controlled switching circui is !

des T
e trigper clement in a
in Fig.9.20. o o
From Fig. 9.26 it can be seen that the zervsvoliage switch
1i'nfco'rjjwmlcs four functional blocks. Details of the blocks are as
ollows: ¥ ; L

own

1 R
I
|

| Currem
1 buwnst

MT,
| 9
a.c. inpul
voltuge MT,
Protection
vircus
Cy
100 & F

i A
NTC s:nwr-/

Negalivi

‘Fig. 9.26 CA3058 scries
zero voltage switch:
functional block diagram,

¢ temperuture cocfficiuni

(1) Limiter-pawer supply. Allows operation directly from an a.c
supply.
# (2) Differential on/off sensing amplifier. Tests the condition of
external sensors or command signals. Hysteresis or proportional
control capability may be implemented in this section.
(3) Zero-crossing detector, Synchronises the output pulses of th
circuit at a time when the a.c. cycle is at a zero-voltuge point, |
eliminating RFI when used with resistive loads.
(4) Trine gating circuit, Provides high-current pulses to the gate
the power-controlling thyristor device.

Additionally the CA3058/CA3U59 provide the following auxili
functions; -

(1) a built in protection circuit that miy be activated 1o remove
drive from the trine if the sensor opens or shorts,

(2) thyristor firing may be inhibiwed through the action of an
internal diode gate connected 1o terminal |,

(3) high pawer d.c. comparator action is provided by averriding
action of the zero-crossing detector, This may be achieved by
connecting terminals 7 and 12 together, Gate current (o the thyr
Is_continuous when terminal 13 is positive with respect to termin

Miscellaneous thyristor devices

The major componeals of the thyristor family, namely the SCR and
the triac, together with the diac have been covered in earlier y
sections, However, there are a variety of switching devices, maginly
used in the trigger circuits for the SCR or triac, that are reluted 1o

the thyristor family. Some of these devices will be discussed briefly
in this section,

" The Shockley diode

Sometimes called a reverse-blocking diode Thyrstor, this is a four™"
layer device, as shown in Fig. 9.27(a), wilr_l an apode and cathode
connection but no gate connection. Just as for the SCR, analysis of
the Shockley diode could be made in terms of two interconnected o
transistors, 1.e. & p-n;-p; and n,;-p;-n, device. Device symbol and
voltage-current characteristic is shown in Fig. 9.27(b) and (c) i
respectively. When a forward vollage Is applied (i.c. anode positive
with respect 1o cathode) only the np-p, junction is reverse plascd and
al a breakover voltage the junction avalanches to give device :
conduction. In the reverse bias.condition two junctions are TCVErse
biused and could avalanche if the breakover voliage is exgeeded in a
similar manner to the SCR. Application of the device is for SCR
triggering and in timing circuits bul to a great extent ils application
has been superseded by alternative components. It may still be

" found, however, in older existing cquipments.




