(4

‘,.,;f. e
r -
i Ve T
Ip = Ipss| - —=
L ‘GS.&; i
= <
2 .

Ip = 12] 1468 |

Eump‘c 21.2. A -lFET -“..‘J I":e‘ _7‘0.'.'0"'. iz:g paramesers:

_ 22mA s Vs = 3V 0 Vigs = 5V Find the value

:::T,T; curme ni. / e
X |
Solution / |
| Ves |
Ip = Ipss| 1-—=—|
2 S Vs | Fig. 21.14
[ (-45T
=321 1- —  mA
.

= 6.12mA
Example 213. A JFET kas a drain current of SmA. If Ipgs = 10mA and Vgg s = - 6V,
= ; e value of (i) Vs and (ii) Vp .

S

Solution
. b, B
Ip = Ipss| l‘y—bs—
L GS(!"{lj
= [ VesT|
- 1+-2 = 5710 = 0.707
6
Vgs = - 176V
xd Ve = = Vgs(om = 6V

IL11. Advantages of JFET

A JFET is a voltage controlled, constant current device (similar to a vacuum pentode) in‘
shich variations in inpul-\'ollagc control the output current. It combines the many advantages of
%otk bipolar transistor and vacuum pentode. Some of the advantages of a _JFET are :

(i) It has a very high input impedance (of the order of 100MAQ). This permuts high degree
of isolayy i : utput circuits.

&[T:,F:n"nt::u;z:a:ij::n '2?‘: j;i__ﬁ dfpendi upon the bulk m.u:r_i;zl current Camers 1h.1._1 do ‘noz
s junctions. Therefore, the inherent noise of tubes (due to0 Fugh-t:mpvmtur: operation) and
Bose of transistors (due to junction transitions) are NOL present in 3 SRS “+ aveads the risk of
. (i) A JFET has a negative temperature co-efficient of resistance. This avoids the nsk of
Cerma . l .

m-‘“:\;n:a;FH has a very high power gain. This eliminates the necessity of using dnver

Tages.

(v) A JFET has a smaller size, longer life and high efhciency.
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21.12. Parameters of JFET
Like vacuum tubes, a JFE
_.reuit. The main parameters of
amplification factor.
(i) a.c. drain resistance (ry): Corresponding
resistance in a JFET. It may be defined as follows :

It is the ratio of change in drain-source voltage (AVps) 1o the change in dry, clr,
Teny

T has certain parameters which determine ity Pettony,
Apyt ) b qaeqe Aral i I
a JEET are (i) ac. drain resistance (i) '"""5“""‘1"\‘l'ulw I
[ \
te Uf{)

o the a.c. plate resistance, we hyye |, :
€y
in

(Alp) at constant gate-source voltage i.c.

. : AVps
a.c. drain resistance 1y = —== at constant Vgs
D

‘
For instance, if a change in drain voltage of 2V produces a change in drain ey
0.02mA, then ol
: . 2V
- a.c. drain resistance, T = 002mA 100kS2
. Referring to the output characteristics of a JFET in Fig. 218, it is clear that ahoye (h
pinch off voltage, the change in I is small for a change in Vpyg because the curve is ulimoy []mc
Therefore. drain resistance ofa JFET has a large value, ranging from 10k€2 to IMQ, '
‘ (i) Transconductance ( gg). The control that the gate voltage has over the drain curey
is mewﬁsured by transconductance gy, and is similar to the transconductance g, of the tube, It my
be dclined as follows : :

It is the ratio of change in drain current (Alp) to the change in gate-source voltage (AV,,)
at constant drain-source voltage i.e. I =

AVigs

. Transconductance, 8 = at constant Vyyg
Thelr-ansconduclancc of a JFET is usually expressed either in mA/volt or micromhos, As
an example, if a change in gate voltage of 0.1V causes a change in drain current of 0.3mA, then

0.3mA

8 = 01V 3ImA/V = 3 X 107 AV or mho

Transconductance,

o2

= 3% 1077 x 10° pmhos = 3000 pmhos

(i11) /-smpliﬁcalion factor ( p ).Itis the ratio of change in drain-source voltage (AVpy) L

the change in gate-source voltage (AVg) at constant drain current i.e, ‘ |
_ AVps
AVgs

Amplification factor, u at constant /p

o dr?mphﬁc)ahoi]'fa?or of a J.FET indicates how much more control the gate voltage has
sl il]::wc':xrrugt'lmn 1as the drfnn vnlllugc. For instance, if the amplification factor of a JFET

0, ans that gate voltage is 50 times as effective as the drain voltlpe in controlling the
drain current. o
21.13. Relation Among JFET Parameters

The relationship among JFET paramelers can be established as under

_ AVps

AVis

We know I
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Alp = 1025 - 965 = 0.6md

Alp  06mA _ 3 = 3000
Transconductance, €5 = 3-‘—: =03 m pumho
L

3 -6 -
| (i) Amplifiquienrfactas = (32 % 10%) x (3000 x 1077) = 9¢

21.14. JFET Biasing
Fot the proper operation of JF ET, gate m
erther by inserting a hattery in the gate cirout of by
method 18 preferred because battenes are costly and =
I. Bias battery. Fig 2115 shows the biasing of a JFET by a bas battery Vi,
battery ensures that g;tr 18 always negative w 7.t source duning all parts af the signal
| 2. Biasing circuit. The basing Circuit uses supply voltage Vpp m. provide the necessy,
bias. Two most commonly used methads are (1) self-bras (11) potential divider method

(1) Self-bias. Fig 21 16 shows the self-bias method. The resistor Kg 15 the bias resisn,
: - h Rg produces the desired bas voltage Ty,

ust be negative w r.rsource. This can be achyg,,.
a crrcuit known as baasing circit. The [,
require frequent replacement

The d ¢ component of drain current flowing throug
capacitor Cy bypasses the ac component of the drain current.

N
Vg
< <
S Re
3n Z
Y b
‘U 4
. t”"\ -— g 'L-H Vp
=1 -, e s 4l
s Vo 2 .
S Ay o N |
h"s i :\: ﬂs% T(,g
Vea * ) )
Fig 21.15 Fig. 21.16
Voltage across Ky, Vi = IpRy

Since pate current 1s neghgibly small, the gate terminal 1s at d.c. ground ie., Vg =0
Vos = Vg - Vs = 0=IpRg
or Vas = = 1pKs
Thus bias voltage V¢ keeps gate negative w.r.t source.

Operating point. The operating point (1 ¢, zero signal Iy and Vpyg) can be easily dclcmunéf
Since the parametens of the JFET are usually known, zero signal I, can be calculated from ©
following relation

(v, 2
Ip = Ipss "T‘fi |
F)

Also Vs = Voo - Ip(Rp + Ry)

Thus d.c. condivons of JFET amplifier are fully specified.
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¢ Transistors

Field Effec
(i) Potcnfiffl divider method. Fig. 21.17

o poteﬂ‘ial dw,dcr method of biasing a JF}:?T e

sho ircuit is identical to that used for 4 l

This € .
¢ resistors Ry and R, form a voltage divider across

i supply VD_D- The voltage V5 across R, provides % Ro

465

transistor,

e necessary bias.
Vop
V, = —PD_
R TR

[ o S—

= Vgs+IpRs SIGNAL

o
[

Now

.(TD)

" Ves = Va—IpRs &

The circuit is so des.lgned that IR is larger Vs Ra
han V3 5O that Vgs 1s negative. This provides correct Rs —c
bias voltage. We can find the operating point as under: - -
I 2= Vs
p = —=_3
R

|
l||
||”

and Vps = Vpp—1Ip (Rp+ Rg) Fig. 21.17

21.15. JFET Connections
'There are three lez}ds in.a J_'FET viz,, source, gate and drain terminals. However, when
JFET is to be connected in a circuit, we require four terminals : two for the input and two for

the output. This difﬁC‘U“)’ is overcome by making one terminal of the JFET common to both
input and output terminals. Accordingly, a JFET can be connected in a circuit in the following

three ways :
(i) Common source connection (ii) Common gate connection
(iii) Common drain connection

+VDD

Ro

Ce
|1

—
OouTPUT

A
[ \_‘

SIGNAL ,-\_\ Rg
i’ Rs Cs

i

— —

Common source connection
Fig. 21.18

e -
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: _m ost widely
The common source connection is the m +Voo_.zov

connection provides high input imP"vd_z""‘:e'd f::cd
voltage gain and a moderate output 1mpe : .e'
However, the circuit produces a phasc.reversa. 2 u.t
output signal is 180° out of phase with the '“f’ml
signal. Fig. 21.18 shows a common source n-;l;an -
JFET amplifier. Note that source terminal is €O
mon to both input and output. . .

Note. A common source JFET amplifier 15
the JFET equivalent of common cmi%ter amP].lﬁer;
Both amplifiers have a 180° phase s_hlft from lnI-’Iil
to output. Although the two amphﬁe.rs serve the
same basic purpose, the means by which they Op- Ae
erate are quite different.

Example 21.7. In a self-bias n-channel
JFET, the operating point is to be set at Ip = 1.5mA
and Vs =10V. The JFET parameters are Ipss =
5mA, and Vp = — 2V. Find the values of Rs and
RD" Given that VDD = 20V.

|

Solution
Fig. 21.19 shows the circuit arrangement.

"
Ves )
[D = IDSS(I——VP—]

Vs 2
or 1.5 =5¢( 1+—2—)
V
or 1+—2?§ = V1.5/5 = 0.55
or VGS = -09V
NOW, VGS = VG—VS
or VS = VG— VGS
= 0-(-09) = 0.9V
Vs 09V
R = 7" = Toma = 0.6 KQ

Applying Kirchhoff's voltage law to the drain circuit, we have,
Vop = IpRp+Vps+IpRs

or 20 = 1.5mAXRp+10+0.9
_(20-10-09)V _
DS oma - oK

Example 21.8. In an n-channel JFET biased by potential divider method, it is desired 10
set the operating point at Ip = 2.5mA and Vg = 8V. If Vppy = 30V, R, = IMQ and R, = 500
KQ, find the value of Rs. The parameters of JFET are Ipss = 10mA and Vp = -5V.
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g 21,20 shows the conditiony of
lvmhlrl“‘ - . -/-""—.:/3-{'
m Vo 2 [
Gy 7
In = Toss| 1oy > -
r - -~ Hl,
1 2 [, A
Voo ¥ b3 ,
25 ¢ I(\[[ \ v;"\.] VO=20mk ¢
V(‘\' ' " “f—
“ U - ﬁ 1 —
, 1+ N2.5/10 = 0.5 R —r a V,, = &
N s
Voo i e
. Vy = wmemme X R v A
‘\ﬂ\\t 3 . ’\,l ' I\') 2 S ‘/‘ ”; '1;2 J— 14
- 5 5
B % () =
1000+ 500 = = 10V T ,}_ L
\’3 = v(;x'i‘ l“RS ’ - i
Fig. 21,20
o 10V = =25V 4 2.5mA % Ry
P = 10VA 2.5V 125y
STOO25mA T 25mA T S KQ

1,16, Voltage Gain of JFET Amplifier

Fig. 21.21 shows a typical circuit of a JFET amplifier, The JFET iy welf-bizsed by using
the biasing network Rg ~C. The d, ¢, component of the drain current flowing through the Surce
piasing resistance Ry produces the desired bias voltage, The capacitor €. by’pauzf:'.‘t!'m a.C. COM-
ponent of drain current. It may be noted that biasing circunt 15 similar lvr)) the cathode

n - . bias for 4
vacuum tube, The value of R can be determined from the following relation -

Vere
R¢ = — S
Iy

where Vs = voltage drop across Kg and Iy = current through R,

j_‘
&)

b

(J[)
NS
—F

{L—s\\'\\

-
8

1 Ry

Ly
]

-

Fig. 21.21
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: : i device. Therefore, the volt '
Like a vacuum tube, a JFET is a voltage d“"c'r‘ e el age paip f, |
JFET amplifier can be determined in the same manne ,

Voltage gain of JFET amplifier,

_BRy
- fd"'RL i
rd&fs R
Since l_l = rdngf o v = —_—rd+RL

If r; >> Ry, then the latter can be neglected as compared to the former. ,

R
rdgfr Lor AV = g_ﬁXRL
Td
Example 21.9. The transconductance of a JFET used in a v?llagf'-amplwer circui i 300
wihos and the load resistance is 10 kQ. Calculate the voltage amplification of the circuit aSStmip,

Voltage gain, A, =

that rg >> RL'

Solution.
g = 3000 pnhos = 3000 x 1078 mho and Ry = 104Q = 10,0009

As ry; >> Ry,
A, = gk, = (3000 107%) % (10,000) = 30

Example 21.10 In the JFET circuit shown in Fig 21.22, find (i) Vpg and (ii) V.

Solution.
+Vpp = 30V

Rp = 5kQ

Fig. 21.22

Vps = Vpp—1Ip (Rp+Rg) = 30-2.5mA (5+02) = 30— 13 = 17V

Vgs = —IpRs = = (2.5x 107%) x 200 = - 0.5V

Example 21.11. Figure 21.23 shows two stages of JFET amplifier. The first stage has Ip
= 2.15mA and the second stage has Ip = 9.15mA. Find the d.c. voltage of drain and source of

each stage w.r.t. ground.
Solution
Voltage drop in 8.2kQ

= 2.15mA X 8.2kQ = 17.63V
D.C. Potential of drain of first stage w.r.t. ground
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f Vo = Vi =
. D= Vpp=11.63 = 30-1763 = 1237V
+Vop=30v
8.2KQ 2KQ
\/2.15mA

——

+9.15mA
= ‘ :
f\ D OUTPUT
S S ?
AL 10MQ j 10MQ
5IGN 6800 T-—CS % 2200 R

— — r—— — L
— — - —
- - - br 7'

|
Il
&

q\“——o

— =

‘ Fig. 2123
p.C. potential of source of first stage to ground

VS=

IDRs = 2.15mA % 0.68KQ = 146y
Voltage drop i 2KQ

9.15mA x 2KQ = 18.3v
D.C. potential of drain of second stage to ground

VD = VDD— ]83 = 30" 183 = 11.7V
D.C. Potential of source of second stage to ground

Vs = IpRs = 9.15mA x 0.22KQ = 2.01V
y1.17. JFET Applications

The high input imped'ance and low output impedance and low noise level make JFET far
perior to the bipolar transistor. Some of the circuit applications of JFET are :

BUFFER SECOND
—p— {st STAGE |—e— S—— -
r AMPLIFIER ‘1 STAGE
HIGH Z;q LOW Zou
Fig. 21.24

(i) As a buffer amplifier. A buffer amplifier is a stage of amplification that isolates the
preceding stage from the following stage. Because of the high input impedance and low output
mpedance, a JEET can act as-an excellent buffer amplifier (See Fig. 21.24), The high input |
impedance of JFET means light loading of the preceding stage. This permits aimost the entire
output from first stage to appear at the buffer input. The low output impedance of JFET can drive

heavy loads (or small load resistances). This ensures that all the output from the buffer reaches
the input of the second stage. - '
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