JFET (junction field-effect transistor)

, ld-cm“" (ransistor (fET) is a thfcc terminal semiconductor device in which the output
o fi¢ olled by an applied glcctrlc hc.:ld. Further the current in a FET is entirely due to the
oS whereas 10 Jur}cuon trqn\slstgr both majority and minority carriers contribute to
uss while the junction iransistor is bipolar, a FET is unipolar. There are two types of
imply FET). (if) metal oxide

;istors - ( junction field effect transistor (JFET or sl
stor (MOSFET). A JFET can be either of the n-channel type or of

: ]| here describe an n-channel JFET.
FET-Qt c7onsist‘s ofa channel (n-type) into which two p-regions are diffused. One
{led source (S) and the other end is called drain (D). The two

‘n- mmetric S

onnected together to @ third terminal called gate (G) (Fig. 38.1). The p-regions are
ared to the n-region. During operation, majority carriers (electrons in this case)

urce S and leave it through the drain D. The current is controlled by

biased.
Drain (D)
. Q n-channel

Depletion
region '
S

source (S)
| (b)

(@)
Fig. 38.1

DRAIN CHARACTERISTICS OF AN N-CHANNELJFET
‘ mA

SA curve plotted petween drain
rent iy and drain-to-source voltage
at a fixed gate-to-source voltage 0 o

¢ _is called the drain characteristics.
3.2 shows the circuit diagram for G

ermining the output characteristics. T
o is the gate bias supply and Vpp is ey g e

drain voltage source- :
Keeping V5 fixed at some value, y_ L L,%

dnin source voltage (Vo) 8 T

- mnepsmdtheoormponding +S
cument I, is noted. A group of My
- drain characteristics curves arc >
kawn by setting Vg at different

—
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" dhcterlatlo thus obtained.

~ voltage Vg till point 4 is reached.
= /,, reachie: ;
(i) When Vpg= Vp the current /) e region

e

Ph. 38,3 shows 8 famil

When Vpg is small

Vp, the current does not increase any fur

region.
(i) At a certain voltage Vi corresp-
onding to point C, current increases suddenly
due to avalanche breakdown. The covalent
bonds in the depletion region break up and
the current rises. This region is called the
avalanche region. In actual practice this
region is to be avoided.

Characteristic parameters of FET.
There are three main characteristic parameters
of a FET which describe its performance in
an electronic circuit.

() Drain resistance r, It is defined
as the ratio of the change in drain-to-source
voltage 1o the corresponding change in drain
current al a constant gate-10-SOurce voltage.

Al

= [_A_‘CQS_J
Vas

It is given by the reciprocal of th
(i Transconductance’g,,. It i
corresponding change in.gate~o-source vo

g (B
Mes )y

The transconductance measures the control
efined as f

(ifi) Amplification factor ™ It is d
ratio of the change in drain-to-sou,

y of drain chard

the channel fets

¢ slope of the dr'aihlcharacmﬁé. ‘_ ; ‘
is defined as the ratio of the change in drain current to
ltage at a constant drain-to-source voltage.

o L L

There are three distinct Togion ¥
: ¥in

cteristics.

gy @ resistor. The current lncfea.c, “neaf ,
of the chamctcrlatic is called the ohme m’;’ With e

' ’o"
aximum value, Ipse I Vpeis incregge

BC is called saturation region °Tp1,,e¥,°”df

Ohmle reglon
XI s el o N
nch off S ‘
,' regfon T /' Avalangp,

|
L7 f.mon v

V”=—4V o
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Fig. 38.3
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gl ansfer characteristics
(i drawn between drain current J

| e goPD e p and gat , ,

| The_g;ansfe r characteristics (Fig, 8.4 Bate to source voltage |
Pr

G 8t constant V¢ is
onstant value of Ve, [ i noted
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f

for 3¢

o5 2¢10. ThiS particular voltage Vow Yarying v

s The value of 1.

here / = s (=Ve) is varied till /,,
g’ i i 0= Y18 called pinch-off voltq e. The slope of the
.. Jine portion of the graph BIves the trangcopg, iclance g 4 voltag pe
o e
. Al

 ropsconductance g = 2D
Tmn AVGS v
\ t : os
ke transconductance g determineq from the A
‘ c[e{istic Curve.

gm = — =

BC Slope of the curve,

. The relationship between Ipand v i defined by Shockley s
ualiOIl.

Control varigble William Bradford Shockley (1910-1989),
co-inventor of the first transistor and formu-
lator of the “field-effect” theory employed in
the development of transistor and the FET,

(Photo courtesy of AT & T Archives.)

| The squared term in the equation resyls iy @ nonlinear relationship between /, and ¥y,
iproducing a curve that grows CXponentially with decreasing ma

gnitide of Ve,  J5m
EE] PRINCIPLE OF N-CHANNEL FET OPERATION

Case (i): When V=0 and Vps=0

When no voltages are applied between D and S and G and S, the thickness of the depletion
regions around the p-» junctions is uniform. So

a rectangular channel with uniform cross-section is
formed [Fig. 38.1 (a)].

Case (ii): Vs =0V, Vs Some Positive Value

A positive voltage ¥, is applied across the channel and the

gate is connected directly to the source
o establish the condition ¥ =0 V[Fig. 38.5 (a)).

! I :

L R i Saturation level
| ; Ves =0V
i \lncreasing resistance due
\ 1 narrowing channel
%
1
|
|
: n-channel resistance
:
V, —vhu

Fig. 38.5 (a) o

The result is a gate and 3 0 “’Z’&""d,"'m“" i o oential and a depletion region g e
low end of each p-material simil f the no-bias
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bt o A (he electrons 0r¢ drawn 10 the drain termingg oo ==
stant w V)8 lfed, (he elee N Thn ) 081 -~
instant the voltage ¥y, ( ) 19.0PP Jafined direction of i ,m,'.s. (1), The puth of ch:, livhiy,
. 1), The Nlow of charge jy rctl‘:,""""

|Vg|y .

the conventional current /, with the

reveals that the drain and source currents ure
ly by the resistance

uninhibited and is limited solely .
top of both p-type

depletion region iy wider near the |
| from 0 V100 few

e As the voltage ¥, . [y increasee ‘
okl crense 08 determined by

volts arrent will in !
o e 0 will appear

ool Vb
Ohm's law. The plot ol 1, versus Fpg WE BV
as shown in Fig. 18.5 (h). The relative gtraightness
Iy that for the region of low values @

ot revet
gf{‘t:: the resistance 19 cs-;cminlly'com;mnt,d /?3 ”
Y, Increases and, upproychcs i lcw’.l referred
us‘V,,, the depletion regions will w:dcnz causing
2 noticeable reduction in the channel width. The
reduced path of conduction causcs the resistance -

to increasc. The mor¢ horizonlal the curve, the
that the resistancc

equivalent (p =
of the y-channel between drain and yoyye k)
 The

mutcrluln.

higher the resistance, suggesting '
isgapproaching winfinite” ohms in the lfonzomal

{ to a level where it appears | Flg. 38,5 (c) ¥

PiﬂC'h'Oﬂ(Vos = () K VDS % Vn)’ g

rogion. If ¥ 18 increase

that the two depletion regions would “touch” as shown‘in Fig. ?8.5 (c), a condition referred
to as pinch-off will result, The Jevel of Vs that establishes this condition ig referred to ag L
i
P

the pin&h-oﬂ voltage and i denoted by Vp. |
¢ close encounter between the two depletion -

As Vg i8 increased beyond Vp, the region 0
I, but the level of /,, remains essentially the

[ ]

regions increases in length along the channe
same, ' 1
o lylsthe maximum drain current for a JFET and is defined by the conditions : (}3
Vo = 0V and Vs> Vpl- 22
Case (iif): Vs <0V ' o
The controlling voltage Vg i8 made more and more 1
negative from its Vs =0 V level. In other words, the gate i
terminal will be set at lower and lower potential levels as A
In Fig. 38.5 (d) negative voltage é’ =0A 1 /,'
bk ‘

compared to the source.
of - 2V is applied between
a low level of ¥, The effect of the a
is to establish depletion regions similar to those obtained

= 0V, but at lower levels of /g Therefore, the v, =-2V
result of applying a negative bias to the gate is to reach the 7
saturation level at a lower level of Vg, as shown in Fig.38.3 -
for Vgg=~-2V. The resulting saturation level for /;, has been

reduced and will continue to decrease as ;g is made more
and more negative.

the gate and source terminals for
lied negative-bias ~ + _ -
pp g 2V, %

Vos
with Vg

!
Fig. 38.5 (d)
FET AMPLIFIER f

R

5
[EEX] (COMMON SOURCEXFET AMPLIFIER
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pllas

" ken aCTOSS the load R, or across the FET,
F uput c voltage be v, for an input signal

E /.
“-m. On applying an alternating signal,
reverse bias of the gate changes. A small
b in e reverse bias gate voltage, produces a
3 dmgeindrainaumr_misfmmkam
* 1, of amplifying weak signal. The amplifying
. of FET can be explained using its transfer

stics (Fig- 38.7). T

<3

when the signal (v;,) is Dot applied, the gate to
- voltage is given by OA. The comesponding
L current is given by OF. When the sigpal is

v the reverse voltage on the gate increases (- V¢,
eases. Hence the drain current decreases to

% Thus, a small change in the gate to source
olage, produces a large change in drain current
jhencelatgechangeinoutpmvoltage.'l'hus,

FET works as an amplifier

_d during the positive half cycle of the input signal (+ v,,), the reverse b
Vo™ Vo) The gate to source voltage decreases from 04 to OC. Due to

ses. Hence, drain current increases from OF to 0G. During the negative half of the signal
—vp)mOB.DuetothiSthechanncl width

Fig. 38.6

ias on the gate decreases
this, the channel width

: When the signal voltage is positive, the gate
155negativewithxspecttomesoum.
T drain current is enhanced, causing a large —
Diag mmRmemm -ﬁ

PITIINZ l&wsiﬂem
Since an increase of the :
CCIEasE inthcdrainvohage,mexhsa'phase
shif oflSO"betwwntheixxpm
for Voltage Gain : :
WT:::;,vohagcsanmequd' ent circuit of FET amplifier
imeig%.S.FEfmbc@hcedby_ayolugcw
- 8/ mmwﬂmmr‘tds@gm
h&wmwkkmmacvomem‘fam
v - Mv’r . ‘
m:;ﬂ:mmchoﬂ"svolngehwmthcmn,

VYV VVY




870 i

Y ~H Vs
ds

R I Vs % RL

w L
vd‘ — ’J‘.}é“-
v Yy TAML
gs 2
: A = VA o ':E-Yé—
: - 2oL b |
Voltage gain Vo " ' |
' : gative sign indicates that there is a phase difference

rvoltage gain- Thene

This is the expression 5y output yoltages.

of 180° between the input and th

Advantages of JFET over BJT T FET |
: BJT Unipolar .
1. Bipolar Input impedance
, 2 ~ Input impedanlclz(liow Voltage controlled IE
3. Curent cc?nttrioby R Characterised by transconductance
|4, Characterise ise level very small
Noise level not small ._,_N-QI—SE—E’ CI'Y. = 500 kQ. If the ac
Mer has a load resistance Ry = 500 12 L

EXAMPLE i Comfnon-SOt;Cé FEng::gr{ (w) of the FET are 100 kQ and 24, respectively,
] 1 » ) and amplification '
drain resistance () an

in of the amplifier.
Jeulate the voltage gan of't
¢ BR, 24x500x10° 59

" So. e 100 x 10> +500 x 10°

| N
XAM J is changed from 0
7 7in-10- Itage if the gate-source voltage is
_ For a constant drain-to-source vo el
2EV chLjofre.é‘bonding change in drain current becomes 2 mA.Calculate the trans ndu
fo—2 Y,

" of the FET. If the a.c. drain resistance is 100 k€2, calculate alsq th
Sot. The transconductafice g, is giyen by

g =[-—————A'IDJ Pl
T

Again,  ~p=g,r,=1x1072x 100 10°=100.

The Equivalent Circuit for the FET (Low frequency
model)

~ Fig. 389 (a) shows the internal elements of a FET
arranged as a two-port circuit. We can reduce it to a
simpler equivalent form as in (b) by consideration of the
lative magnitudes of the resistances and the reactances.

The input element r,, is the reverse - biased junction
resistance of a JFET or the silicon-dioxide insulation
resistance of a MOSFET. These resistances exceed 10°
ohms. We will consider the input of a FET as an open
circuit.

- .

e amplification factor of the FET. ‘




N 814
Vo |2
gs%= 840 1‘(‘,‘,%5'] F i QIQ\

where g , is the value of drain conductance when the bias voliage Ve js ge
D : ly approximated by th 100
T an be closely app y the em
The variation of the 7 with Vs € : ’ Pirica] exp

et
d I“KVGS

ressi on
)

where r, = drain resistance at zero gate bias, an'd K = consfant, dependent yp, Fp

Thus, small signal FET drain resistance 7y varies with applied gate voltage o Ftype'
like a variable passive resistor ET

FET finds wide applications where;’VR ‘

: can

property is useful. For example, the ’
be used in Automatic Gain Control (AGC) H Ry Amplfier |
circuit of a multistage amplifier. ! Amge i

The VVR is used to vary the vo'ltage v C o b
gain of a multistage amplifier. 1f the signal  o— ransistor
is low then voltage gain of the stages can be c
increased and when the signal becomes high, |- '
the gain can be reduced automatically. I'n A, | m
this way, the general level of amplification 1S EEr
maintained fairly constant. _

ows the circuit -
Fig. 38.15

Circuit. Fig. 38.15 sb
the FET

armangement of AGC amplifier using
¢ Voltage Dependent Resistor (VDR).

as Voltage Variable Resistor (VVR) o
Working. The input signal v, is amplified by amplifier. It is then rectified and filtered 1o Produce ¥

a d.c. voltage proportional to output signal level. This voltage is applied to the gate of the FETs,

that the a.c. resistance between drain and source changes.
The capacitor C isolates the transistor from FET so that the bias conditions of transistor ape j

not affected. So, when output increascs, Vg also increases and R, changes so that the gain of he
wansistor decreases. Thus automatically the gain is controlled.

METAL OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTOR (MOSFET)

There are two types of MOSFETS.
(i) The Depletion MOSFET.

(4) The Enhancement MOSFET.
In both types, p-channel and n-channel versions exist.

e o e -

¢ [EERA e DEPLETION MOSFET

/ Construction
g e s s rcon ofan -chaniel depletion MOSFET. I consiss of a lghty

|
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1500, Layer

S - Source

p - Type Substrate

—— n-Channal

D-Drain
G- Gate

| Fig, 38.18

hey 1 scpmtefl by about 5 um, A lightly-
| pchannel i diffused between the source
; “ e drain. A thin (~ 0.1 wm) layer of insulating
. dioxide (Si0,) is grown over the surface
F - sructure. Holes are cut into the oxide layer
' e metallic contacts with the source and the
', ‘Then a metallic layer (say, of aluminium)
overlaid on the oxide layer, covering the entire
L nel region. This aluminium layer acts as gate
A Simultaneously, aluminium contacts are made
e source and the drain,

Fig. 38.17 shows the symbol of n-channel
iction-type MOSFET. Usually, the substrate
Lminal S is internally connected to the source
beminal 5.

tion

Suppose the applied voltage makes the gate nega
negative charge on the gate forces free clectrons
w of the channel,

A carrier-depletion region is formed on the
ce of the silicon at the oxide-silicon interface.
channel is thus constricted by a negative gate
e The resistance of the channel increases.
Men the gate is sufficiently negative, the depletion
on extends completely scross the channel and
with depletion region of the p-n junction on
other wide of the channel. Under this condition,
channel cannot conduct current between drain
wurce Thus drain and source become cut off
negative gate voltage when channel becomes
ing s the pinch off voltage |

A positive volage ¥, 18 4o applied across the drain /) and
the drain cnd of the channel
the

+ voltage drop slong the channel with
I Nather the deple
{ D RS T

‘OD

—08S

S
Fig. 38.17

. Suppose a potential is applied to the gate such that it s positive with respect to source. Then, the
witive charge on the gate attracts additional free electrons into the channel from the source. This
t of mobile carriers decreases the channel resistance.

tive with respect to source (Fig. 38.18). Then,

Fig 3818

the source § (Fig. 38 18) There

positive relative to the source

surface
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38.7.1. Static Characteristics of Depletion MOSFET \‘Eﬂi"m
1. Output or Drain Characteristics. Fig. 38.19 shows the draj, charg N
: Jhanne JEFT Clerjy,. :
versus V. at constant V) for an n-channel MOSEFT. Crigtj, o
% {‘
b
T VGS= +2V
Q V. =+1 4
E ge Enhancemen;
g Vas=0V e
3
o z,
£ Depletion
L | Vog=—1V ~mode
Vas=-—2 4
0
V,s (Volts) —>
Fig. 38.19

An n-channel MOSFET may be operated in either the enhancement mode or the depletiog
mode. The enhancement mode occurs for positive values of V¢ while the depletion mode occury
for negative values of V.

When no gate-to-source voltage is applied (V5 = 0), a significant drain current ip flows due
to the flow of majority carriers (electrons) in the n-channel from source to drain under Vps. As Vg
increases, i, increases to a saturation value. :

When the gate is made negative, positive charges are induced in the channel through the
dielectric Si0,. This causes depletion of electrons (majority carriers) in the channel. Therefore, the
channel becomes less conductive. Consequently, the drain current progressively decreases to almost

zero as V¢ is made more and more negative, at all values of Vs

ol

(mA)
Depletion mode —— | «—— Enhancement mode
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channel, thus cnhancingThe

= (), for all ¥pg

e, MOSFET

when the gate is made positive, negative charges are induced in the

Hence the drain current increases above its value at Vs

» niori(y.curricrs.
Thus, this MOSFET can be operated in depletion as well as in enhancement mode although it
med depletion type.
voltage F g 81 3

s fc
2. ﬁa{lsfer Characte.nstics. The variation of drain current /, with gat¢
B 1o ' # cisciind g Sinsia s’ B MOSFET (Fig. 38.20). I
g in current /, flows even when gate-bias ¥ = 0. When V., is made more an
ive, I, goes on decreasing. }{ 1) GS GS

€ :

ENHANCEMENT MOSFET

| cons
. may be s¢

more negat

: Construction
" Fig. 38.21 shows the constructi ‘
-~ of a lightly doped substrate of p-tl}(');eof % n;l:?;nd cnhancegz:z 2 M%S;E i
'~ licon. Two highly doped " regions are ,141 Sio, Layer
- giffused in the substrate. These two n' 2 o G
 regions act as source (S) and drain (D).
- thin layer of silicon dioxide (Si(()z));: ///
deposited over the substrate. Then a thin f
. fim of metal aluminium is deposited n i ha n'
. over Si0,. This aluminium layer acts as
o pate (O).
. Fig. 3822 shows the symbol of
| schannel E-MOSFET. The vertical
{ line (representing channel) is broken
1o represent that there is no continuous
' channel in an enhancement MOSFET. l 56
Flg. 38.21

| Operation
The metallic layer of 4/ and the upper surface of the substrate act as the parallel plates of a
s as the dielectric medium. When a positive voltage is

capacitor. The insulating layer of SiO, act
applied to the gate G relative to source S, the capacitor begins to charge (Fig. 38.23). Consequently
ffect an n-channel is

negative charges appear in the substrate between drain and source. Thus in e
created which allows the current t0 flow in source-to-drain circuit, Thus the MOSFET conducts only

when gate is made positive relative to the source.
D

t consists

p - Type Substrate
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The MOSFET can never operate with a negative gate voltage. The MOSFET is m-gﬁm
Vs=0. Y5 o :

38y. Characteristics of Enhancement MOSFET

§<“ 1. Outputor Drain Characteristics. Ip (mA)
Fig. 38.24 shows the drain characteristics '
of an n-channel enhancement MOSFET.
Each curve shows the variation of drain
Current [, with the drain-to-source

voltage (V) for a fixed value of gate-to-
Source voltage (V).

The - magnitude of the drain
current /;, is a function of Vps and V.
When VGS=>0,ID=0becauset\voblqk
to back p-n junctions between S and D
(onebetweensouroeSmdthembsnltc
and the other between the substrate and
thedminD)axerevetsebinedmdlm
of the value of Vos : :

Foraﬁxadpoﬁﬁnrc,,ummﬁtﬂm"
increuecforhigtu‘\nkuof?@- b(mA)

The minimum positive value of ¥/ at which
thedninamm'seﬂidadkalhdﬂn‘m
source threshold voltage’ ¥ or V.
showing the variation of drain current
gate-to-source voltage ¥/ forafixed v
is called the transfer c} b
cumfonn»d-ll’
is shown in Fig. 38.25. 1, flows

-
o

DRAIN CURRENT
o




| SILICON-CONTROLLED RECTIFIER (SCR) \

m SILICON-CONTROLLED RECTIFIER

¢ The SCR is a rectifier constructed of silicon material. Silicon is chosen because of its high

temperature and power capabilities. :
Construction: It is a four-layered device. It has three terminals. The graphic symbol for the

SCR is shown in Fig. 38.29 with the corresponding connections to the four-layer semiconductor
Structure,

(a) SCR Symbol (b) Basic construction
Fig. 38.29

As indicated in Fig. 38.29 a, if forward conduction is to be established, the anode must be
positive with respect to the cathode, This is not, however, a sufficient criterion for turning the device
on. A pulse of sufficient magnitude must also be applied to the gate to establish a turm-on gate

current, represented symbolically by 7.
Basic operation of an SCR ; _
The four-layer pnpn structure of Fig, 38.29 b can be splitinto two three-layer transistor stractures
[(Fig. 38.30 (a)]. 3 |
Fig. 38.30 (b) shows the SCR two-transistor equivalent circuit.
©, 15 a prp transistor.
@, 18 an npn wransistor.
The signal shown in Fig. 38.31 (a) is applied 1o the gate of the circuit of Fig. 38.30 (b).
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.[t " ¥ » of the N

7ol state of the SCR (When Gite Iy "| (L4
1))

U’)' ' :
the intorval 0 => 1
”‘“m'&/(; =0V v = 00l il o g
: _h\'-” (b ( ple N O vilent (o (o I (eromfml lwlljllu ’:U'”iu;, ;:‘“ g e
ll';.‘ LA
LA
rOAnode
oL i

| PR fpn
Qale
{ | Cathade
E : (b)
| Fig, 38.90
= (), and [, will bo um)roxlnmloly e

ront 4y,
= [y 8 00 small o turn @, on

Lo ®dg
4o base ourrent a0 i o
; - e “off" S1BL0 resulting in & high impedance between

. Both (ransitory 119

=0V,the base cu
the colleetor and the

Vi, = "800

or of each transistor: '
en-circult representation for the SCR.
v

} €

| pig3310@ shows 0P
i v ‘
: Vgato ‘. In & 'Co. &1 B,

High Impadance
opan-olmult)

lez ® leo (
; approxlmallon
A,

: ks (o)

(a) . :
Flg. 38.31
s applied *ve volta

¢ the SCR gate [
= ¥,). The colle

ge it Cathode)

(Fig. 38,32 (@)): The
ctor current of O

potential

¢ of the SCR (When gate
will then

@ pulse of g volts will appear 8
1 sufliciently large to turn (0, 00 (™

a value sufficiently large to wrn Q, on(ly = /c',)'
. * 3 I i i .
' nc,mm,, on'fl"‘ will increase, resulting in 8 corresponding increase in /g, The increase
at for (0, will result in a further increase in
ch transistor. The

net result is SR
lt wod:u:::limm"vc increase in the collector current of ¢d
ode resistance (Kgox ~ VIL,) 18 then small because 1, is large.

3832(b
) shows the short-circuit representation for the SCR.
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Low Impedance !
(shon-clrcult
approxlmatlon)
E;
I(cathode) = 1A {
;
(a) (b)
Fig. 38.32

® An SCR cannot be turned off by simply removing the gate signal. Only a special few can

be turned off by applying a negative pulse to the gate terminal at /=13 [Fig. 38.31 (a)].
Volt-ampere (V - I) characteristics of an SCR

The characteristics of an SCR are provided in Fig. 38.33 for various values of gate current. It is
the graph drawn between anode - cathode voltage (supply voltage) Vg and the anode current /, for
various values of gate current /. |
(/) Forward characteristics:
e As the supply voltage increases, the anode current remains very small at first and SCRisin
the “OFF” state. 2
e As the supply voltage increases further, the anode current also increases. At a particular
voltage (¥ ppyp)s called Forward breakover voltage, SCR is turned “ON” (fired). SCR
conducts heavy current. ' :
1. Forwardbreakovervoltage V,pp r is the voltage above whichj the SCR enters the conduction | ¢
region. The asterisk (*) denotes the letter to be added, which is dependént on the condition of the

gate terminal as follows:

A} I : |

L Forward conduction

¥ sk region

:
1
‘ Roverse Holding {
' breakdown current j
voltage 4 :
b “ a
orward
Reverse blocking Forward blocking  preakover ]
region region voltage |
F
4
|

Fig. 38.33




0 = open cireuit o
= Open circuit from G to K 3
S = short circuit from G to K
R = resistor from G to K
Vv = '
fixed bias (voltage) from G to K

: nt 1, is the val
oIding currelt Iy value of curre :
f e to the forward blocking region und:rts:);:wc O:c}ililfigntshe SCR switches from the

Zc'tio" std .
V! 4 blocking region is the regi

afrler that bIocksgthe flow : freglon corresponding to the open-circuit condition for the
of charge (current) from anode to cathode.

g, 7
© 4rect!
) yarying values of I
haracteristic having /g =
o FOf the cbe fore the “colla s%n G ﬂ_oa V- must reach the largest required breakover voltage
(Verr . psing” effect results and the SCR can enter the conduction region
com’,g,pondmg to the on state.
i the gate currer}t is increased to IG,', by applying a bias voltag
value of Ve regulred for the conduction (V) is considerably les
with increase 10 I; s
¢ gate cur'rel.lt is 1pcreas§d to /5, the SCR will fire at very low values of voltage et
The characteristics will begin to lapproach those of the basic p—n junction diode. e

() Reverseé characterist.ics: |
: ¢ is given negative voltage w.r.t cathode, the curve between voltage and cu

en anod :
185 reversé characteristic.
voltage increases,

ko As the reverse
i e voltage, avalanche breakdown

revers ¢
his maximum reverse voltage at wh

direction. it :
as “reverse breakover voltage -
ivalentto the Zener or avalanchereg

Reverse breakdown voltage is equi
player semiconductor diode.

" o Reverse blocking region
£, controlled rectifier that blqcb' the flow of chargc(

P SCR APPLICATIONS

e Static Switeh :
 Fig 38,34 shows @ half wave series

e to the gate terminal, the
s. Note also that 7, drops

the increase in anode current is very small. £
occurs and SCR conducts heavily in the
:ch SCR starts conducting heavi

is the region correponding to the

IO
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Fig. 827 (@) show «the basie construetion of o anijunetion transistor (UIT),
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P unetion iy } d
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Qhmia bane- v |
» |
contac! \ i |
|
rypofigh | |- 4 s
resistivity B, ;.
Si slab
(b) Symbollo ropranentation (0) Dinalng arrangamont

(@) Basic construction of a UJT
Flg. 38,37

It is a three-terminal device, A slab of' lightly doped (Increnned resistance oharnctoristic)
a-type silicon material has two base contuety attached to both ends of one surfhee and an
aluminium rod alloyed to the opposite suefhee, The pn junction of the device I8 (ormod ot the
boundary of the aluminium rod and the n=type silicon slab, The single p-n Junction nccounts for the |
terminology wnijunction. The aluminium rod is alloyed to the silicon slab at o point closer (o the
base 2 contact than the base | contact. Further, base 2 terminal is made positive with respect to the

base | terminal by Fyy volts.

Fig- 3837 (b)-shows the gircuit symbol of a UJT, Note that the emittor leg is drawn at an
angle to the vertical line representing the slab of n-type material. The arrowhead s pointing in the
direction of conventional current (hole) flow when tl;f device 18 in the forward-binsed, nctive, or

<

conducting state_ ] 6 & 5
) %N , |
0‘4’ - \
s = T an g {
> . i
Bottom view \ ;
|
Bottom view N

B,EB, B 8 .
(a) Resin-encapsulated UJT (b) UWJT In a metal can ¥
“The basic biasing arrangement for the unijunction transistor is provided in Fig. 38.37 @& P
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2 MOSFEYEER AND UJT
s SR
P y Jen rClllt ofa UJT e
= , ——— —— /
t‘l 0o (_‘lfCl.“t qu“\'illt‘nt Qf lhc lUl' i A_‘.——/'/—-_/
alent circuit: two resistors IS shown in Fig - “thi
“j:\.\\blc) and @ single diode. Ors (one fixed, :n[cl&" 18.38. Note the relative gimplicity of thif
s The pesistance of the silicon bar is .
(WO senes resistors: R["z 1s the resistance (;)f:ls]:‘nl;‘dd e “
lwﬂt’“' B =V
rho resistance Kg, s shown aa & variable resistor ¥ i 2
’ y Sl
oce it mag_mtude will vary with the current / SF‘Of E A%)
g1 rgsentatlve UJT’ REJ may vary from 5 mfi’o“?r .
0500 for a corresponding change of I from 0 to 53 B,
1 A Flg. 38.38
. interbase resistance i ]
‘Thu‘ o Ry is the resistance between terminals B and B, when Ig™ 0.
In cquatlon ’
Rgp = (RB| +R112)IIE=0 A
Typically, Ry 1aNEES from 4 to 10 k2.
The position of the aluminium rod will determine the relative values of Rg, and Rg, with /g =0-
Abattery Vzp s connected across B, B, of equivalent circuit of UJT. Part of Vg 1S dropped OVer
Ry and part 0B £51°
The magnitude of Vg 5 (with /g = 0 i.e., emitter open) s determined by the voltage»dividel‘ rule.
Ry, Vs
V = ______.L—-—“—’— =1 n V ”'(2)
Rs, Ry +Rs !
1 2 IE =0
Here, N 1S called the intrinsic siand-oﬂ'ratio of the device. It is defined by
R R
n = B, LB .13
RBI + REZ 15 =0 RBB
For applied emitter potentials (V) greater than Vg, 51 Vz5) bY the forward voltage drop of the
diode ¥, (0.35 0.70 V), the diode will fire: Assume the short-circuit rcpregentation (on an ifieal
0 through Rg- In equation form, the emitter finng potennal is given
4)

basis), and 7/ will begin t0 flo

by
Ke'm 1 Vs

OLEBAILQQ oF UIT

Fig 38.39 shows the basic circuit operation of UIT.
sitive voltage’

F, Normally the base 1 (B,)is 81O
;;la;;phcd at the base 2 (B;)- Whe? there is 10 emitter
5000 10 10503‘5“383 Vs produces 8 uniform &f
®ultans ey ohms internal resistapce of silicon bar The

1 ¥y betw e: : "?'Oush the bar will pro uce a voltage drop

poin, wh points A and B, of the bar where A denotes Ve
o, where the P region IS formed. SO long as the L
is less L

+Vp

ib.hgc ‘/l "pplcd
/ ied o the emitter With respect 1© B,
ins reverse

.

oV, (=
p (= 0 Vyy), the p-n junctio

o
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wased gt |4 {he Increast
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: from the eminer 10 base | The Presen of 'Mh thy
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STATIC EMITTER - CHARACTERISTIC cyypy
18,40 shows the characteristics of a representative Unijuney
Fig 8

If ¥y 18 made zero, and a voltage is applied 1o v
"

g the feSulting Curren
to base-| diode characteristic (/,, = (), - o ¥
m:oe that for emitter N e 1o of ¢ o 1 -
grester than /, (measured in mlcrocmpcfcs). Tl)c Current 'm corrcsponds very ¢ g
current /, of the conventiona| bipolar transistor. This peg; is o
on. Conduction is established af Ve= V. After Vo, an Altempt 1o Ve
minuuu,inemmtc‘mn‘ I wi . .
istance region, After the

in resi 4= 16 1) Thre

ndin In resistance (R | '

V, and 15. m is indicated on Fig. 38(;:(: i
of static emitter characteristic curves




The intersection of each curve with the vertical axis is the corre
alues of n and ¥, the magnitmde of V, will vary as Vg, that s,

.
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It consists of a UJT and a capacitor C which is charged through vy
Vgp i switched on. R, and R, are the external resistances such that R <«

The inclusion of these resi :
the UJT is used. The discharge of the capacitor through UJT develops a g

R and capacitor C are the timing components that set the circuit oscillating
Circuit operation

period, the voltage across capacitor increases‘ in an exponential relation tif] j¢
. voltage V. At this instant of time, UJT switches to its low resistance con
" capacitor C discharges suddenly through UJT and R,. Discharge time const
small value of R,. So C discharges abruptly. As the capacitor voltage moyeg
ceases to conduct and UJT is switched off. The capacitor starts charging
begins. The output saw-tooth waveform frequency can be varied by chang
“Frequency of oscillation
The frequency of saw-tooth wave can be calculated as follows :
The voltage across capacitor during charging at any instant ¢ i given by
v, = V(1=
where 1 is charging time constant =R C.
This voltage is applied to the emitter. So
: v, = Vp=Vyll-€™
When capacitor charges to peak voltage ¥, UIT triggers. The UJT trigg
If the capacitor takes a time T to charge to firing potential Vp, then
Vp = Vg1~ TFy

b

or ZE— = n:(l _e-T/CR)
: Vg
T = /CR ]oge [_l_}
. 1-n
Frequency of oscillation, f = e 1
I |
RC log, (_
1-1

o The oscillating frequency may be calculated using
- the above equation, which includes the UJT intrinsic

stand-off ratio n as a factor (in addition to R and C) in

the osgillator operating frequency.

(2) UJT as over voltage detector

Fig. 38.43 shows a simple d.c. over voltage detector.
A warning lamp L is connected between emitter £ and
B, circuit.

Principle

As long as the input voltage is less than peak-

point voltage ¥, of UJT, the device remains switehed

off. When the input voltage exceeds V), the device is

switched on. ;

stances provide spike waveforms. Here the negatj
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Outpy
rae m Ul
o |
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| csmtanceks'C%
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When the circuit is switched on, the capacitor C starts charging through

. Urin ;
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20.5 V-1 Characteristics of SCR \/ 3 st T
It is the curve between anode-cathode voltage (V) and anode current () g L

of an SCR at constant gate current. Fig. 20 - -
e ig. 20.7 shows the V-I chara - .
tics of a typical SCR. B Fig. 20.6

- called the forward charactcnsnc In Fig. 20.7, OABC is the forward characteristic of SCR at I =0.
- If the supply voltage is increased from zero, a point is reached (point A) when the SCR starts conduct-

" ing. Under this condition, the voltage across SCR suddenly drops as shown by dotted curve AB and
: most of supply voltage appears across the load resistance R;. 1f proper gate current is made to flow,
SCR can close at much smaller supply voltage. e

(i) Reverse characteristics. When anode is negative w.r.t. cathode, the curve between V and / is
- known as reverse characteristic. The reverse voltage does come across SCR when it is operated with
- ac. supply. If the reverse voltage is gradually increased, at first the anode current remains small (i.e.
- feakage current) and at some reverse voltage, avalanche breakdown occurs and the SCR starts con-

ducting heavily in the reverse direction as shown by the curve DE. This maximum reverse voltage at
. which SCR starts conducting heavily is known as reverse breakdown voltage.

“{i) Forward characteristics. When anode is positive w.r.t. cathode, the curve between V and / is
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20.6 SCR in Normal Operation
In order to operate the SCR in normal operation, the following points are kept in view :
() The supply voltage is generally much less than breakover voltage.
(ii) The SCR is tumned on by passing an appropriate amount of gate current (a few mA) and not &
by breakover voltage. 4
(#if) When SCR is operated from a.c. supply, the peak reverse voltage which comes during |
negative half-cycle should not exceed the reverse breakdown voltage. E |
(iv) When SCR is to be tumed OFF from the ON state, anode current should be reduced to ‘ |

holding current.
(v) If gate current is increased above the required value, the SCR will close at much reduced

supply voltage.

20.7 SCR as a Switch
The SCR has only two states, namely; ON state and OFF state and no state inbetween. When appro-
priate gate current is passed, the SCR starts conducting heavily and remains in this position indefi-
nitely even if gate voltage is removed. This corresponds to the ON condition. However, when the
anode current is reduced to the holding current, the SCR is turned OFF. It is clear that behaviourof ¥
SCR is similar to a mechanical switch. As SCR is an electronic devxce therefore, it is more appropri- -
m to call it an. electronic switch. 3
of SCR as a switch. An SCR has the following advantages over a mechanical or ¥
al switch (relay) : 1
@ hhi no wing parts. Consequently, it gives noiseless operation at high efficiency.
(@) hmw is very high upto logopemtmns per second.
_ MOverlarge current (30-100 A) in the load by means of a small gate current
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