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Homework Assignment No. 4 - Solutions

Problem 1
Find the midband voltage gain and the —3dB frequency in Hertz for the circuit shown.
R1=1kQ Cr=1pF
| { o
L J_ +
T 100\Y/ 10k IOpFT out
0
SO02E1P3

Solution
The midband gain is given as,

Vout (101(Q) 10kQ
V. =\ 100 11kQ

l

) =-90.91V/V

To find the —3dB frequency requires finding the 3 open-circuit time constants.
Rcio:

R0 = 1kQ1110k€2 = 0.9091kQ2 — Rc10C1 = 0.9091-10ns
9.09ns

R

V= it RCIO + R3(it+0.01V1)
= it(RCIO + R3 + O'OIRC10R3)

S02E1S3

o Reog =Ry + Ry + 0.01R-1oR3
= 0.9091
10(1+0.01-909.1)k€2 = 101.82kL2
Rco0Cp = 101.82-1ns =101.82ns

Rc30:
Rc30 = IOkQ i Rc30C3 = IOIOHS = IOOHS
1
2Ty =(9.091 + 101.82 + 100)ns = 210.91ns = W3=3 = 4.74x10° rad/s
0
4.74x10°
f3dB=""~_  =754.6kHz
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Problem 2 — (10 points)

Find the midband voltage gain and the exact value of the two poles of the voltage transfer

function for the circuit shown. Assume that R; = 1kQ, R; = 10KQ, g, = ImS, C,y = 5SpF
and Cyy = IpF. Ignore ryq.

RL Vout

= SO02E1P4 — -
Solution
The best approach to this problem is a direct analysis.

Small-signal model:

R; gmVgs
+
Vin
1 Vin'Vs
Vour = 8mZrV where Zp = —sRLng+1 and R; = g,V +
$CqsV

Solving for V; from the second equation gives,
Vin
Vs = 1+8,Ry +sCysR;

Substituting V; in the first equation gives,

Vin Vout 1 1
Vour = 8mZL 1+g,, Ry +sCysR; -V, = gm(SRLng+l)(l+ng1 +ngsR1)
1

(ngL) 1 MBG 1 1
=\1+g,,R (R C +1) C, R =
8ml)\SKLCgd fgd1+1 1_5](1_1)
+g,R; P P2
. gmRL 1-10
: MBG=(1+ng,> =(1+1-1):5V/V
1 1 1+ng1 1+1

_ _ _ _ 8
)2 __RLng =-10-1ns =-108 rad/s and py =~ RIC -13ns = -4x10° rad/s
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