EMTR 1030 — Electronics
Assignment 4 Reference Solutions

Problem 5.14

5.14 7, =4 nm, u, =450 sz/V-S,
V, =0.5V,and W/L = 10.

345 x 1071
T %10
4

ko = ;4,,C(,_\.K =450x 107*x
] x 1079

= 3.88 mA/V?

(a) vgs=1.8V and vps=1V

vov =vgs—V, =13V

Thus wps < vy = triode region,
; 1

ip = k| vpsvoy — =2

D — Fn DSUVOV 5 “Ds

1
= 3.88[1 x 1.3 — 5 X 1] = 3.1 mA

(b) vgs =07V and vps=15V
oy = Ugs — V, =07=05=02V
Thus, vps > voy = saturation region,

1

2

ip = ;mfw = — x 3.88 x 0.2°

= 0.078 mA =78 pA

(c) Ugs = 1.8V and Ups = 0.1V
vgir= 18 —=05 =13V

Thus, vps < vgy = triode region,
g L,
ip = kn| vpsvov — 5 Ups

1
— 3.88 [0.1 x 1.3 — 70.12} =0.5 mA
(d) vgs=uvps=18YV
oy — 1.8—=05=13V

Thus, vps > voy = saturation region,

|
. )
ip:= ;]f,, Ugy

1
=_-x383x13*=33mA

2



Problem 5.17

517 V,, =04V, k, =2mA/V?

. pl
ip=005= - x2xuy

b | —

= gy =022V and upy = 0.22V

vgs = 0.4 +022=062V

. 2
ip=02=-x%x2xuy

B[ =

= Ugy = 0.45V and Ups = 045V

s =045+04=085V

Problem 5.21
5.21 For the channel to remain continuous,
vps £ vgs — V;

Thus for vgs = 1.0 Vo 1.8 V and
V=S,

ups < 1 —0.5

That is, U Smax — 05 V.

Problem 5.44

Rp

&—O+0,1V

p—0 —0.55V

- RS

Since Vpg > 0, the MOSFET is operating in
saturation. Thus

|
Ip = ~hka(Ves — ey



x 4 x (0.55 — 0.4)°

1| —

= 0.045 mA
1=V 1 —0.1 0.9
Rp = = = =20kQ
Ip 0.045 0.045
—0.55 — (-1 —-055+41
= (=1 = + = 10 kQ
Ip 0.045

For Ip to remain unchanged from 0.045 mA, the
MOSFET must remain in saturation. This in turn
can be achieved by ensuring that Vp does not fall
below Vi; (which is zero) by more than V, (0.4
V). Thus

l = 1Ip Rppax = —0.4

14
Rpmasx =——— =3L1kQ
0.045

Problem 5.46

1, W -
Ip = ;k,rz(VGs - V)

w
= _x03x —(1.2=04)?
2 I

n(2)

W
Vi = 1.2 = dpRp= 1.2—0_16(L)RD

For the MOSFET to be at the edge of saturation,
we must have

VD o VOV = 1.2'_ 0.4:0.8

Thus



Problem 5.53

tJI O—I

Assuming linear operation in the triode region,
we can write
Vo 50 mV

Ip = = =1mA
'ps 50 Q

W
Ip =k, i (Vgs — Vi) Vs
W
1 =05 x% r x (1.3 —=0.4) x 0.05

w
= — =444
L
Vop — V, 3—-0.05
= DD 0:1 0.05
T I

=1.25kQ




