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V,=0V = 0-state
Vs =3 V., T, conducting (low resistance)

Vi1 = 0V, Ty nonconducting (high resistance)

V,=5V = l-state

' we thus see that the circuit acts as an inverter; 1-state input produces 0-state output and 0-state inpi
Zduces 1-state output.

{1t is observed in this circuit that only one transistor is turned on in any of the output states. As
d, no current is drawn from the battery source in either of the two state

ly during state transition (either way). CMOS circuits, therefore, drz
sumption is very small. This is t

ansistors are series connecte
Syrrent is drawn from the battery on
atremely low power from the battery source and so their energy con

jor attraction why CMOS is used in digital applications.

IX.] FET BIASING

ng as this is most commonly
tics of the device, a Q-point
n, which fixes Vgsp and
d for the device under

e shall consider only voltage-divider biasi
dopted. By examining the drain characteris :
selected in the middle of the saturation reglo
. The biasing circuit resistors are to be selecte

conditions to operate at the Q-point.

6.6.] Voltage Divider Biasing

he circuit is drawn in Fig. 16.21. It is the same for any FET.
As per voltage divider
R, )Vpn (16.8)
Vo= | R + R,
(16.9)

Then
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Device transfer charactensuc,
- nonlinear

Ip = RV) Device parameters
ic ultaneous solution of
As Vo has been chosen, the choice of Rg and sim Egs (16, ﬂ)u'{mﬁ.

Ing: ‘
KVL for DS load yields

Vﬂ,‘i‘-ﬂ = FW =
Biasing analysis/design is then complete.

Simultaneous Solution of Eqs. (16.9) and (16.10) A y h
(i) Equation (16.10) is the transfer characteristic of FET (nonlinear function of Vis). Bquat

is a straight line, whose intersection with the transfer characteristic yields Ipp and 1«"% (I
or o g’
(1)  Substituting [, from Eq. (16.9) in Eq. (16.10) leads to a quadratic equation in v
solutions from which the appropriate one is to be chosen. Gs Yielding g

JFET —
-

Ip(Rg + Rp), Ry, has to be selected |

Refer Fig. 16.21.

JFET: Ipss =10mA, V, =-6 V
Circuit: R; =22 MQ, R, = 280 kQ, Vop=16V
Rp =2KkQ, Rs= 1.5kQ o
To determine at Q-point mek
Vs Ip. Vs, Vg p s
Plot the transfer characteristic (Fig. 16.22). - 3 I- ;f;: |
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Field Effect Transisto
rs (FETs
? 16.19

Vi 1
Vos = 1.5V, =2=— 1 =5.265 mA
V, 4

o Ed: (16.7)-
VG

P 280

= Klﬁz L
2.2 % 10" +280 SN

VG.‘j:IE_lS‘fﬂ 6 !
ID =n| VG_E;= l.s v {I '131

1.8
V(;s:ﬂ, ID= E:Lzm

Q-point = Vgs=-2.7 VI, =3.1 mA

Al intersection,
Vps=16-(2+1.5)x3.1=5.15V

Analytic Approach
gom Eg. (16.13),
_ 2.8-Vgs

= =42 0o (16.14

substituting I, in Eq. (16.13),

2
12-0.67 Vg =10 [1 -f%]
Let FG_g: X

2
12-0.67x=10 B4 =-11]-(6+xf
6 36

432 -2.41x =x" + 12x + 36
¥ +1441x +31.68
x ==2.7,-11.7 (rejected as more negative than Vp)
Then Vo ==2000V,
The same result as obtained by the graphical solution. 9

DMOSFET S Tan 1hEe ISat ik
Refer Fig, 16.21.
DMOSFET parameters
Ipss = 8 mA, Vf*"f j.miﬂ.ﬂ*'?'i
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Fig. 16.23 Transfer characteristic
Plotting transfer characteristic (Fig. 16.23),
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eE M(}SFET parameters ,.
Vi"' =4 Vu VGS{DI‘I_:I =8 v' !mu =1 s
giasing circuit n = &5 mA

Voo =35V, R, =20 MQ, g
Rn - 25 kﬂ* RS= 0?5 kﬂ
To determine: At Q-point

2= 16 M)

Ipgr Vasor Vs
plot transfer characteristic (Fig, 16.24),
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Fig. 16.24 |
ped il goliaiibese
. ~=0.156 mA/V? Righ g8
B 5 - O) '"" = LBV S
Ip =0.156 (Vps—4)* A

Vs =8V, I =0.156 x 16 2.5 mA

Vgs =12V, I,=0.156 " 64 ﬁ%ﬂ%ﬂh ”Z.?%ji‘-fi At

PotEq (16.8).
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prm=3ﬁ-.:2ﬁ+u71x84 812V

s-channel JFET Tatyy
K~fer Fig. 16.21 directions of / and I reverse, Vp, is negative, JFET parameterg Iﬁ#*l .

(positive).
Biasing circuit T
Vnn='—zﬂ V. Rl =f)4kﬂ. Rz = 2() kﬂ 4 R 1
R,=2KQ Ry = 1.2kQ '
To determine at Q-point e " :
VGW'IDQ'VDS T aada II.”
Shockley's equation
2
b=l | 1=208
Ve .
oy
2
V,
Voltage divider
Vo= X (=20)=—-4.
G= G4+ 20 (-20)=-4.76 V

KVL for GS loop (adjoining Fig, 16.25)
Vo—Vas+ Relpy=0; 1, — [, direction of currents § toD
"4.?6—V63+I.2]r =U;ID=IS Ir

: 476+ V. , . '
or e I e : ,
D 12 = 4*“-333"95 0
[ﬂ VGE =
Substituting /,, in Eq (16.15),

Y L ﬁ{l_f}:
‘I ~H

10
44+0.833r= — (6 )2
T &Y

: ““‘“ "I_'_'
14.4 4 3x = 36 - 12x + 22 2001 % b2l .0
X -15x4+216=0=x=16V A 01 = 10 % 3R o
OV, 13476 v (‘m ected) i

Vosg =16V . veret ;
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