ECE304 Homework #1 Solution

Problem 4.6
a).
€ 3.45 x 10711
C,=-2="""""_ —923x10°F/m? = 2.3fF/um?
5x100 29X /m” = 2.31F/um

tox

K! = 11,Cop = 550 x 107% x 2.3 x 1073 = 126.5 uA/V?

b).

1., W 1 16
ip = k' — (Vg — V,)> = 100 = = x 126.5 x — (Vag — 0.7)°
ip = knp (Vas = Vi) 5~ x5z Ves —07)
Vas — 0.7 =0.28 = Vo = 0.28 V, Vas = 0.98V

VDSmin = VGS - ‘/t =0.28V

).
For small Vpg (triode region):
W
ip =k,—Vov - Vps
L
Yos ! ! = 1000

T = = =
P iy T Yoy 1265 x 1076 x Sy

= Voy =04V
= Vs =Vov + Vi =04+07=1.1V

Problem 4.7

o 3.45 x 1071
K. = 1,Clp = ’“‘”i_ = 650~ x o = 112.1 A/ V?

ox

a). Vps < Vgs — V;: triode region

1
ip=112.1 x 107% x 10 x [(5 —0.8) x1— 5 X 12} = 4.15mA

b). Vps = Vgs — Vit edge of saturation
1., W
0= k' (Veg — V)2
ip = Shn (Vas = Vi)

1
ip==x1121x10"%x 10 x (2—0.8)*> = 0.8mA



¢). Vps < Vigg — V;: triode region
w 1

ip = /f,llf {(VGS — Vi) Vps — QVES}

1
ip=112.1 x107% x 10 x {(5 —0.8) x 0.2 — 5 X 0.22} = 0.92mA

d). Vpgs > Vgs — V; : saturation region
%44

) 1
ip = hn— (Vos - V,)?

1
ip =g x 1121 x107° x 10 x (5 — 0.8)* = 9.9mA

Problem 4.31:
a). Note that [(Jip/ip) /OT| = [(0ip/OT) /ip|

N U )
ip = §k"f (VGS - Vt)
dip 1Ok W s 1 W oV,
2 _ -7 — K9 — 2t
or ~2or L Vos TV H gk 120Ves Vi) | — 57
dip 10k W I oV,
L2 (Vg — V) — K — (Vs — Vi) =
ar ~aar L Vos =~k (Vas Vi) 57
o . R A | A |
(0in/in) /0] = [(0in /OT) fi] = =45 ~ 27t o=
b). We have
oV (Qip/ip)
—t = _0.002v/°C, 2L~ _0.2%/°C = —0.002/°
a7 0.002V/°C, T 0.2%/°C 0.002/°C
(0K, /K,
—0002 = —n»L " __ 9 —0.002
= —0.00 o X (~0.002) x z—
(Ok,/ky,)
—r " = —0.003/°C = —-0.3%/°C
aT / %/
Problem 4.32
Case Transistor Vs Va Vb Ip Type Mode uCozW/L Vi
a 1 0 2 5 100 N Saturation 200 1
1 0 3 5 400 N Saturation 200 1
b 2 5 3 -4.5 50 P Saturation 400 1.5
2 5 2 -0.5 450 P Saturation 400 -1.5
c 3 5 3 4 200 P Saturation 400 -1
3 5 2 0 800 P Saturation 400 -1
d 4 2 0 0 72 N Saturation 100 0.8
4 -4 0 -3 270 N Triode 100 0.8




Case a).
transistor 1: Vgg =2V, Vps =5V, Ip = 100 A. This is an NMOS in saturation region.

1 w
Ipy =100 = SpinCorr (2= Vi)*
When Vg = 3V, Ip = 400 pA. Similarly we have:
1 w
Ipy =400 = =1, Cop— (3 — V})?

2 L
Ipi 100 (2-V;)°

Ipy 400  (3-V,)?

W
=V, =1V = 11,Cop— = 200 uA/V?

L
Case b).
transistor 2: Vgg =3 —5= -2V, Vpg = —9.5 V. This is a PMOS in saturation region.
1 W 2
Ipy =50 = Sy (2= V)
1 W 2

Ipp 50 2+ V)’

Ipy 450 (3+ Vi)

1474
=V, =-15V= ppcoxf = 400 pA/V?

Case ¢).
transistor 3: Vgg = —2V, Vpg = —1V. This is a PMOS and it can be either in saturation
region or triode region. We assume it is in saturation region:

Ipi 200 (2+V;)?

Ipy 800 (3+V))°

w
=>V,=-1V= upcmf = 400 pA/V?
The assumption is right, therefore we have:

= Vps = Vigs — V;, edge of saturation



Case d).
transistor 4: Vg = 2V, Vpg = 2V. This is an NMOS in saturation region.

1 w

Ipi =72 = —p,,Cpp—
D1 2N I
When Vs = 4V, Vpg = 1V, this device is in triode region (considering that V; < 2V, we

have Vpg < Vgg — ‘/t)

(2-1;)?

Wiss—w

|44 1
ID2:27O:,UnCozf (4_%)X1_§X1 ::,U/nComL<

Ipp 72 (2-V)
Ips 270  2(3.5—V})

W
=V, =08V = uncomf = 100 pA/V?

Problem 4.33

1, W W

Ip = sky— (Vas = Vi)* = kj,— = ImA/V?
p =gk (Ves = Vi)* = ki, = ImA/V
a).

Vi=Vps=3V

b).

Vo=Vs=Vp—Vpg=1-3=-2V
).

Va=Vs=Vp—Vps=0—(=3)=3V
d).

Vi=Vp=Vs+Vps=5—-3=2V

When calculating Rp,.q.2, Vps has to be equal to Vg — V4, so that the device is operating on
the edge of saturation: |Vps| =3 —1=2V.

a).
3—2

—— = 0.5k
2mA

RDmax -

b).
1

Vo=-2V=Vp=—-243=1V = Rpnag = ——
2mA
).

Vo=-3V=Vsg=V;=3V. Now for Vps to be -2V, Vp has to be 1V.
1
2mA

= 0.5k

Rpmaz = = 0.5kQ2



d).
Vaos=-3V=V=V, =2V
Adding the resistor between V,; and drain means that V', has to be 5 —2 = 3V and this leaves

1V to voltage drop on the resistor:

1

mar — & . Y- kQ
Hip 2mA 05

When calculating Rg;,q., since the gate doesn’t draw any current, the value of the resistor is
immaterial. Assuming that the voltage drop across the current source is at least 2V, Rg;,q, can

be calculated as:

a).
%ISV,V05:3V:>VS:8—3:5V

5
= RSmam - 5 - 25kQ

b).
Vo=-9+42=-7V, Vog=1—|Vgg| = -2V
= Rsmaz = —2—7(—7) = 2.5k

).

Va=10—-2=8V, Vg =0+ |Vgg| =3V
= Romaz = % = 2.5k

d).

Vi=—5+2=-3V, Vg=—-3+|Vas| =0V

= Rgmaz = = = 2.5k}

DO | Ot



