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Problem Set 3 - Circuit Review - Small Signal

Question 1

An NMOS transistor is operated with a small vps voltage in the triode region and the drain source resistance is
measured to be rps. What will be the new rj,¢ under each of the following situations? (give rj¢ relationship to rps).

Assume the only change is the one(s) discussed in each situation.
(a) The overdrive voltage is increased by a factor of 1.5.

(b) The transistor width is increased by a factor of 1.8.

(c) The transistor width and length are both increased by a factor of 3.

(d) The transistor gate oxide thickness is reduced by a factor of 2.
Solution

For a small vps voltage, the transistor is in triode and the drain-to-source resistance, rps, can be approximated by

1
B Hn Cox( W/L) VOV

Ids
(@) If V4, = 1.5Vov, then rjc =rps/1.5
(b) If W =1.8W, then rps =rps/1.8
(c) If W =3W and L’ = 3L, then rps = rps

(d) If the oxide thickness t'o = tox/2, then Cor = €ox/tox is multiplied by 2 resulting in rj,¢ = rps/2

Question 2
Consider a CMOS technology with the following parameters:
NMOS: Vi, = 0.4V; 1, Co = 240uA/V?; X'\, = 40nm/V

(a) For an NMOS transistor with W, = 2um and L, = 200nm, find /p, when the overdrive voltage is 0.3V and
Vps = 0.5V. For this question, do NOT assume A\ = 0.

(b) Find the value of r, for the transistor (a)

(c) For the transistor in (a), find the change in Ip, if Vps is increased by 0.4V by using r, found in (b)
Solution

(@) fon = Lo (4o} V2,(1+ An(Vis — Ver))

so we need to find A\, from
An = \'n/L, = (40e—9)/(200e—9) = 0.2V !

resulting in
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P 240e—6
Dn — 2

2e—6 5
39(1+40.2 5—0.
(2006_9>03( +0.2x(0.5-0.3))

Ipn = 112.3pA
(b) ro =Ln/(A'h*Ipn) = (200e—9)/((40e—9) x (112.3e—6)) = 44.52kQ2
(€) Alp, = AVps/r, = (0.4)/(44.52€3) = 8.986.A
COMMENT: Note that if A, = 0 was used for part (a), it would only change the answers by less than 5% and this is

often done for dc bias analysis. However, )\, must then be taken into account for parts (b) and (c) otherwise gross
errors would occur.

Question 3

For the NMOS amplifier below, replace the transistor with its T equivalent circuit and assume A\ = 0. Derive
expressions for small-signal voltage gains vs/v; and vy /v; given g, for the transistor.

Voo
Rp
Vd
My
Vi Vs
Rs
—Vss

Solution

For small-signal analysis, all dc independent sources are set to zero. As a result, we have the following circuit
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OVd

Rp

For vs/v;, there is a simple resistor divider between the applied voltage v; and the measured output voltage v;. As

a result, we have
Vs Rs Rs

Vi Rs+r. Rs+(1/gm)

vs__ Rs
Vi Rs Jr(]-/gm)

For vy /v;, we first find is and then since all of i; goes through Rp, we can find v,.
%
le =
s rs + Rs

va = (—is) X Rp
—v;

rs + Rs

Vd —Rp —Rp

XRD

Vd =

Vi rs+Rs  Rs+(1/gm)

va ___ —Rp
Vi RS + (1/gm)

Question 4

For the common-source amplifier shown below, find the small signal gain, v, /v;.
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Vin = 0.3V
Vpp =2V phn Cox = 240uA/V?
W =2um
L= 206an
Rp A'p =40nm/V
1k
Vi Vo

0.6 I, M:

Solution
We first need to find the dc operating values.
Ves = Vg = (0.6) = 0.6V
Voo = Vg — Vi = (0.6) — (0.3) = 0.3V
and for dc analysis, we let A = 0 so
Ip = 0.5 % iy Cox % (W/L) 5 V,,® = 0.5 % (240e—6) * ((2e—6)/(200e—9)) * (0.3)* = 108uA
Vb = Vpp — Ip * Rp = (2) — (108e—6) * (1e3) = 1.892V

Since Vps > V,,, the transistor is indeed in the active region.

Now, we find the small signal parameters:

gm = 2% Ip/ Ve, = 2+ (108e—6)/(0.3) = 720e—6
ro = L/(\'n % Ip) = (200e—9)/((40e—9) * (108e—6)) = 46.3kQ

and we have the following small signal circuit

§RD

¢——— 0 V,

+
Vi Vgs @ 8mVgs § ro

Vo = —8mVes(Rpl|ro)

Vgs = Vi
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Vo/Vi = _gm(RDHro)
Vo/Vi = —gm % (Rpl|rs) = —(720e—6) % ((1e3)||(46.3¢3)) = —0.7048V /V

Question 5

For the common-source PMOS amplifier shown below, find the small signal gain, v, /v;.

V =
Vpp = 2V Vpp = 2V 117 Cox = 120pA V2
W ="4m
Vse /L\‘: 20 40 /V
0.6V —[C ™ p = UM
l\l/ ID
Vi Vo
R
1K

Solution
We first need to find the dc operating values.
Vov = Visg — [Vip| = (0.6) — [(0.3)] = 0.3V
and for dc analysis, we let A = 0 so
Ip = 0.5 % 1y Cox % (W/L) % Vi, > = 0.5 % (120e—6)  ((4e—6)/(200e—9)) * (0.3)> = 108uA

Vp = Ip * Rp = (108e—6)  (1e3) = 0.108V
Vsp = Voo — Vp = (2) — (0.108) = 1.892V

Since Vsp > V,,, the transistor is indeed in the active region.

Now, we find the small signal parameters:

gm = 2% Ip/ Ve, =2 (108e—6)/(0.3) = 720e—6
ro = L/(I\'p| % Ip) = (200e—9)/(|(—40e—9)| x (108e—6)) = 46.3kQ2

and we have the following small signal circuit
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§RD

¢ ——— 0 V,

+
Vi Vgs @ 8mVgs § ro

Vo = —8mVes(Rpl|ro)
Vgs = Vi
Vo/Vi = —&m(Rbpl|ro)
Vo/Vi = —gm * (Rp||ro) = —(720e—6) = ((1e3)]|(46.3e3)) = —0.7048V /V

Question 6

For the common-source amplifier shown below, find the small signal gain, v, /v;, R, and Ro:.

Vop = 2V
Vi, = 0.3V bp
pin Cox = 240uA V2 R
W = 10pum D
L = 200nm 3kQ
A, =0m/V o0
I ﬁ o Vo
RS o0 " Rout RL
- [ v 10kQ
Vi KQ ™
Rin RG R2 =
1 10k 3000
h 00
5004A
Vss = —2V

Solution

We begin by finding the dc operating values assuming M, is in the active region. Since we are given A = 0, therefore

h = 1Ip = 0.5u,Co(W/L)V2,

Vor = v/h/(0.51,Cox (W/L)) = 0.2887V
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The gate voltage is given by Vs = 0 and since
Vis = Vioy + Vin = (0.2887) + (0.3) = 0.5887V
we have Vs = Vs — Vs = (0) — (0.5887) = —0.5887V. We also have
Vb = Vpp — Ip * Rp = (2) — (500e—6) * (3e3) = 0.5V

So that
Vps = Vp — Vs = (0.5) — (—0.5887) = 1.089V

and since Vps > V,,, the transistor is indeed in the active region.

Now, we find the small signal parameters:

8m =2%Ip/V,, = 2% (500e—6)/(0.2887) = 3.464e—3
re = 1/gm = 1/(3.464e—3) = 288.7Q

ro=L/(\, % Ip) — o0

and we have the following small signal circuit

and replacing M; with its small signal model, we have

o Vo,

R

Rs

MA—F—

Rp
]
Vi R; is Is
Re
= R2

S

T Rout
gl <

Since there is no current going into the gate of the transistor,

Rin = Rc = (103) = 10kQ
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For R..:, we set v; = 0 which results in is = 0 so
Rout - RD = (363) = 3kQ

Now we have
Vg/Vi = Rin/(Rin + Rs) = (10e3)/((10e3) + (1e3)) = 0.9091V/V

We also have
is = vg/(rs + R2)

vo = —is(Rpl|RL)
So
vo/ Ve = —(RolIR0)/(rs + Ra) = —((3¢3)]|(10€3))/((288.7) + (300)) = —3.92V/V

So the overall gain is given by

Vo/Vi = (Vg / Vi) * (Vo/vg) = ((0.9091)) * ((—3.92)) = —3.564V/V




