|48

fid Efect Transistors 457
{ ’
i bipolar transi

(Win:; em‘ztter \'vhcn:lifstoar ;;es  current into its base to control a large current bees?
con"‘cwrbetwecn drain (= colle ET uses voltage on the gate’ ( = base) terminal to contro e
Cunﬂ::lteriscd by current _gwin w(:::rrga:nt? 33‘"‘"‘ = emitter). Thus a bipolar transistor gain 1S
hara ; ‘ e JFET pain i : ance L.€.
:he atio of change in output current (draj gain is characterised as a transconduct

N current) to the input (gate) voltage.
(v) In JFET, there are no junctions as in an or

: dinary transi nduction is through
an 1- LYPe or p-type semi-conductor material. For thi ary transistor. Th co

s reason, noise level in JFET is very small.
21.7. JFET as an Amplifier

Fig. 21.6 shows JFET amplifier circuit. The weak signal is appli
- . . | i d source
and amplified output is obtained in the drain-sourc:t':ca et ppled bt

circuit. For the.propcr operation of JFET, the gate
qust be negative Ww.r.f. source i.e., input circuit +Vos
could always -be reverse biased. This is achieved

ither by inserting a battery Vi in the gate circuit
orby @ circuit knowr:n as biasing circuit. In the present
case, we are providing biasing by the battery Zere)

A small change in the reverse bias on the gate
produces 3 large change in drain current. This fact
makes JFET capable of raising the strength of a weak
signal. During the positive half of signal, the reverse OUTPUT
bias on the gate decreases. This increases the channel SIGNAL
width and hence the drain current. During the nega- L

RL

ive half-cycle of the signal, the reverse voltage on ’-Il'r : &
the gate ‘increases. Consequently, the drain current Vag -

decreases. The result is the small change in voltage

at the gate produces a large change in drain current. Fig. 21.6

These large. variations in drain current produce large
output across the load R;. In this way, JFET acts as an arr\lpliﬁcr.

21.8. Output Characteristics of JFET

The curve between drain current (/p) and drain-source voltage (Vps ) of a JFET at con_staqt
gate-source voltage (Vis) is known as Output characteristics of JFET. Fig. 21.7 shows the circuit

Ib
A
— 1 | VGS = -]V 7
= : Vas = 2V
|
= ' Ves = 3V
R 1
_E l 0 ; —»Vos
. ) I
Fig. 21.7. Fig: 21.8.

for determining the output characteristics of JFET. Keeping Vg fixed at some value, say 1V,

* the drain-source voltage i changed in steps. Corresponding to each value of Vpg, the drain current
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Maracteristic of JEET at Voo o
Ip is noted. A plot of these values ives .mc ml;l"fl :;Illl‘(‘?l.'.:::l(ll‘r:(' voltnges can h(t:lstlllll\\’\l,li I:v ing
similar procedure, output clmrnctcr‘lsl.lcs at other p “TIR 2L
shows a family of output characteristics. AP

The following points may be noted from the (‘lllllll’l el ‘- -' | ’

(i) At first, the drain current /) rises rapidly \\Ifilh dfl-"":”."-“(.‘.:--(-“f::ﬁ:|:‘|ll|:‘\l' |’)lll\| they h‘.mm
constant. The drain-source voltage above which (In.nyln current becomes ! W Rnowy Piney
off voltage. Thus in Fig. 21,8, OA is the pinch off voltage. | |

(i) After pinch off voltage, the channel width Iu-cnm-cs.ml) "“.!.m,w Il mt tlf'lilcll(,,. Iy,
almost touch cach other. The drain current passes through the f""-‘[‘ passige betwee Il‘”l(‘.\‘(‘ hw“
Therefore, increase in drain current is very small with Vpyg above pinch off voltge, ( Ull‘i(‘qupmly'
drain current remains constant,

(iii) The characteristics resemble that of a pentode valve,

21.9. Important Terms |
In the analysis of a JFET circuit, the following important terms are often use
1. Shorted-gate drain current (/5)55)
2. Pinch off voltage (Vp)
3. Gate-source cut off voltage [Vsiom

1. Shorted-gate drain current (Ipssy 1t is the drain current \.w'rh source short-cireuiteq o
gate (i.e. Vs - 0) and drain voltage (Vyy5) cqual to pinch off voltage. 1t is sometimes called zero-blag
current.

ng 21.9 shows the JFEI cricuit with Vs = 0 de., source shorted-circuned (o pate, This
is normally called shorted-gate condition. Fig. 21.10 shows the graph between Ty and V) foy
the shorted gate condition. The drain current rises rapidly at first and then levels off u pinch off
voltage Vp. The drain current has now reached the maximum value Inss. When Vo is increased
beyond Vp, the depletion layers expand at the top of the channel, The channel now ety gy 0
current limiter and *holds drain current constant at Inss

ln( mA )
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Fig. 21.9 Fig. 21,10

*

When drain voltage equals Vp, the chann;l becomes narrow and the depletion layers almost touch euch
other. The channel now acts as a current limiter

and holds drain currentat a constant value of Ipss.
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The following pomnts may be noged carefully
nQinee Inee 18 Measuie ~ )

() Sinee Igs asured under shonged Rate conditions, it is the maximum diain curent

YO0 can et With normal operation of JERT

(i) There is 2 maximum diain voltage
; it voltage exceeds Viyeo o TRET would Y
| (itf) The region between V),

or active region. As long

Visgman]l that can e applied o a JPETNE the
eakdown as shown in Pl M0,

A ®

| ’

\H‘\:l \‘m(,,,,m (reakdown voltage) Ix called constant-current

g feg A8 Vg s Kept within this range, £y will remain constant for o
astant value ot Vg o other wounds, in the active e
\

\ plon, JEET behaves as a constant=curent
iice For proper working of JFET
W

l vibmust be operated in e active wegion,
| 2. Pinch oft Voltage (VP It b the minim

! um - drain-yource voltage at which the drain
qrent essentially becomes constan,
l A

_ﬂ—_-‘:r. \2 S WS \ '-‘ . ol Y » ¥ ' \ 1 i 4 T
Figure - I.‘II \}u W8 the drain curves of a JEET. Note that pinch off voltage is Vi, The
jighest curve is for Vs = 00 the shotted-pate condition, For values of Vi greater than Vi the
- gnin currentis almost constant, 1 is bee

ause when Voo equals Vi, the channel s effectively
dosed and does notatllow further increase i diin current. 1t may be noted that for proper
nction of JEET, 1018 always operated for Vg > Vy. However, \',\\-““l“‘"l‘| not exceed Vogguan
atherwise JFET may breakdown, ‘ o
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Fig 21.11 Fig 21,12

3. Gate-source cut off voltage Vsop: I is the gate-source voltage where the channel
Weompletely cut off and the drain current becomes ero. ;
The idea (;I' gate-source cut off voltage can be easily understood il we refer o (l\‘v transter
haracteristic of  JFET shown in Fig, 21120 As the reverse gate-sourvce voltage s increased,
¢ cross-sectional ared of the channel decreases. This in tun decreases the diain current, At
me reverse pate-source voltage, the depletion fayers extend complataly across the chpnel, In
is C()ndilion,'lhc channel is cut off and the drain current mlu‘cm lyn sero, The pate voltape “‘l‘
Yhich he channel is cut off (i.e. channel becomes non-conducting) is called pate-source cut ofl

Voltae Vosiop

v
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Notes. (i) It is interesting to note that Vs o Will always have the same magnitug , "

as V,,. For example if V, =6V, than Vg (o =~ 6V. Since thc.sc two values are always Qual 4
opposite, only one is listed on the specification sheet for a given JFET.

(ii) There is a distinct difference between V,, and Vgg (o). Note that Vp is e Value ¢
Vps that causes the JFET to become a constant current device. It is measured at Ves=oy
will have a constant drain current = /fg5. However, Vs (o) is the value of V¢ that Causeg
to drop to nearly zero.

Iy

21.10. Expression for Drain Current (/p)

The relation between Ipgs and Vp is shown in Fig. 21.13. We note that gate-source
off voltage [i.e. Viggom] on the transfer characteristic is equal to pinch off voltage Vp on e
drain characteristic i.e.

Vp = | Vas o |
For example, if a JFET has Vg = -4V, then Vp = 4V.
lo (mA)

loss o o

-Vas
(voLts) vy

Vbs
P {(VOLTS)

o
<

GS (off)

Fig. 21.13
The transfer characteristic of JFET shown in Fig. 21.13 is part of a parabola. A rather
complex mathematical analysis yields the following expression for drain current :

2
Vs
Ip = 1Dss[ 1- ]

Vs (o)
where Ip = drain current at givenVgg
Ipss = shorted-gate drain current
Vs = gate—source voltage

VGs (ofy = gate-source cut off voltage

Example 21.1. Fig. 21.14 shows the tran

- : jon
for drai r sfer characteristic of a JFET. Write the equa®
or drain current.

Solution
Referring to the transfer characteristic in Fig. 21.14, we have
VDSS = 12mA

Ves o = =3V
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