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3 hours duration

Notes:

1. If any doubt exists as to the interpretation .of any question, the candidate is urged
to submit, within their answer, a clear statement of any assumptions made.

2. . This is a CLOSED BOOK EXAM.

?{)EEE’F’EWB"' caiciildtors is permitted any Casio or Sharp approved maodels.]

3. FIVE (5) questions constitute a complete exam paper.
The first five questions as they appear in the answer book will be marked.

4. Al questions are worth 20 marks each.

5. Please start each question on a new page and clearly identify the question
number and part number, e.g. Q4(a).

6. In schematics, ground and chassis may be assumed to be common, unless
specifically stated otherwise.

7. Unless otherwise specified, assume that Op-Amps are ideal and that supply
voltages are £15V.

8. If questions require an answer in essay format, clarity and organization of the

answer are important. Provide block diagrams and circuit schematics whenever
necessary.
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QUESTION (1) a) Derive an expression for the output vour as a function of v; and v, in the

" following op amp circuit. : (12 points)
R Given:
. W .
v, A R, ) all op amps are ideal,
A = Ry, Ry, R3=2kQ
- R N —o vOUT
I B
‘ -RG é il R4’ RSQ 1 kQ
R, R, - Re=3kQ
R
BN " | A
v, —s R, fi>-

b) For the input voltages v; and v, below, sketch accurately (in your answer book) the output

waveform for voyr. (8 points)
Via o
— ] v
0 » !
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va
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Vour s
0 >t
QUESTION (2)
Design this inverting amplifier to have a closed-loop R, v, R,

voltage gain of voyr/viy = -100 V/V, and an input
resistance of Ri, = 50kQ. .

a) Derive and expressmn for vom/vm (10 points)
b) Provide the resistance values for Ry, R,, R3, and Ry.

(10 points)
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QUESTION (3)

An op amp with a slew rate of 1 V/ps and a unity-gain bandwidth, f;
of 1 MHz is connected in the unity-gain follower configuration. '

a) What is the largest possible input voltage step for which the —Vour
output voltage waveform can still produce an exponential raise Vv
and fall waveform? (8 points)

b) For this input voltage, find the 10% to 90% rise time. (6 points)  Given:
c) If the input step is 10 times larger than the voltage that you have Supply Voltage =+10 V
found in part (a), find the 10% to 90% rise time. (6 points)

Useful Formulae:

Vour 1 —aoyt
= . N=V|[l-e™
Vw esja 0T (1)
QUESTION (4)
In the following circuits, assume that the diode is ideal and has a forward voltage of 0V. Sketch
the output waveform for one complete sine wave input. (20 points)
@ L3V (b) _3v, |
— || Vour —|I Vour
+10V 7~- +10V o~ -
. 0 0
—10V.- N7 1kQ 21kQ —1o0v.- N7 1 kQ
< = 1 < L
©  1kQ | @ 3V,
W r— Vour —|l Vour
+10V 7<- +O0V~-
0
—IOV%-- 1kQ —-IOVAU--- 0 1kQ 21kQ
1kQ
© 100 Q2
o—— W = Vour
+10V ~-
0
—10V-- N7 1 MQ
1 L L
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QUESTION (5)
Assume that the BJT has the following
tVec A characteristics:
=100
RZ RE T C3 ?,EB(on) =0.7V
G VEec(say = 0.3V
o—ij e o, C, Va =00
+ ™ ¢ I} oV, Given
Vs R, ng % “ %R Vee =10V
- Re R, st R =10kQ
= — = ) RE =1kQ

Design this common emitter amplifier circuit to have the following specification:

DC bias current, Iz =1 mA,
A mid-band voltage gain v,,/vs =70 V/V

Provide values for Ry, R, and Rc. (15 points)
What is the equivalent output resistance, Rp? (2 points)
What is the maximum undistorted peak to peak output voltage swing at the output? (3 points)
QUESTION (6)
For this circuit,
VTH =1V
K =2mA/V? A =001V
Vee =|Vee =10V Ve =1V
Rp =2kQ Cr=Cy=o
Tpias =2 mA
Determine the gain vo/v;. (10 points)

Determine the input and output resistance, R;, and R,
(5 points)

What is maximum peak to peak input voltage that can be
applied while still keeping M operating in the saturation
region? (5 points)

Useful formulae: for n-channel MOSFET
ips =K [2(Vcs —Vrg)vps — VZS :I triode region

ips = K(vgs —Vrm )2 (1+avpg) saturation region
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