ECE 331 Page 1 of 3 Univ of Toronto

Problem Set 2

Q1. For the figure shown below, all transistors (including the current source which is assumed to be
made of a single transistor) has |V,,| = 0.2V and |V4| = 10 V. Assume Ip; = 100 pA.
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a) Find vy /vs, v,/v1 and v,/ vs.
b) Find Rou.

Solution

First the gain v; /v is calculated:

gm1 = 2% Ip1/|Vew| = 1mA/V

Tol = |VA’/ID1 =100k

Vi/Vs = —gm1 * (Rp1l|ro1) = —(le — 3) % ((10e3)]](100e3)) = —9.091 V/V
Vi/Vs=—-9.091V/V

Next we can take a look at Ms:
gm2 = 2% Ipa/|Vew| = 1mA/V
To2 = |VA’/ID2 = 1001(9

Looking into the drain of transistor Ms, we get:
Ry =12+ Rsa * (1 4 gma * ro2) = (100e3) + (5€3) * (1 + (1e — 3) * (100e3)) = 605 k2

As such, the output impedance is:
Rout = Ry||m02 = (605€3)[](100e3) = 85.82 k2
Ryt = 85.82Kk()

The the gain v,/v; can be calculated:
Vo/Vi=—=1/(Rs2 + 1/gm2) * Rout = —1/((5€3) + 1/(1le — 3)) * (85.82¢3) = —14.3V/V
Vo/Vi =—=14.3V/V

Finally, the total gain can be calculated:
Vo/Vs = V1 /Vsx Vo /Vi = (=9.001) x (—14.3) = 130 V/V
Vo/Vs =130V /V

Q2. For the figure shown below, all transistors (including the current source which is assumed to be
made of a single transistor) has |V,,| = 0.2V and |V4| = 10V. Assume Ip; = 100 pA.
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a) Find vy /vs, vo/v1 and v, /vs.
b) Find Rou.

Solution

First g,,, and r, can be calculated:
gml = 2 *IDl/‘Vov| = 1mA/V
9m2 = gml = 1II1A/V

gm3 = gm1 = 1mA/V

Tol = |VA|/ID1 = 100kQ

To2 = Tol — 100 kQ

o3 = o1 = 100k()

Next, the impedance looking into the source of M2 can be calculated:
Rus = (o3 +762) /(1 + gma * 702) = 1.98 k0

Next, the impedance looking into the drain of M2 can be calculated:
Ryq =102 + 101 * (1 + gma2 * TOZ) = 10.2MQ

The impedance of node V7 is as follows:
Ry;1 = Rys||ro1 = 1.942k0)

The impedance of node V, which is also R, is as follows:
Rout = Rydl|ro3 = 99.03kQ2
Ryt = 99.03 k2

Finally, the transfer function gains can be calculated:
Vi/Ve = —gm1 * Ry1 = —(le — 3) x (1.942e3) = —1.942V/V
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Vi)V, = —1.942V/V

Vo /Vs = —gm1 * Rour = —(1e — 3) % (99.03e3) = —99.03V/V
V,/Vs = —99.03V/V

Vo/Vi = (Vo/Vs)/(Vi/Vs) = ((—99.03))/((—1.942)) = 51 V/V
V,/Vi =51V/V



