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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. Thisis a CLOSED BOOK EXAM.
Approved Casio or Sharp calculator is permitted.

3. Answer all FIVE (5) questions.

4. All questions are worth 20 marks each.

5. Please start each question on a new page and clearly identify the guestion
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)
The op amp in the following circuit is ideal except for an input offset voltage of £3 mV.
a) What is the output DC offset voltage? (8 point)
b) What is the small signal voltage gain vo/v/? (12 point)
R, R, Given: Ri=R2=Rq=100kQ
R3=1kQ
R, Ci1 = very large
Cl 1 lo
R L
Vie—NAf—
QUESTION (2)

The diodes are ideal except with an on-voltage of 0.7V. The input voltage source vy is a 100Hz,
50% duty cycle square-wave with voltage levels of 0V and +10V. The load resistance,
R =100Q.

a) If the ripple voltage, V,. = 0.5V, sketch the output

+ waveform for several input cycles. What is the
Viv average DC output voltage vp. (6 points)
B b) What would be the minimum value of C (in pF)
Viy required to keep ¥, <0.5V ? (4 points)
c¢) Sketch the current waveform for ip; flowing
"\ - through diode D;. Indicate the time interval that the
Vo capacitor is charging. (6 points)
d) What is the overall average current (ip3) flowing
> 1 through diode D3? (4 points)
ipif
N > [
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QUESTION (3)
Transistor M in this common gate amplifier circuit has the Y
5 Tetioar A cC
following characteristics: { T
Viw =1V Rz Rz
K =1mA/V? A =0.1 i
p— | ‘1
Given: Voo = 10 V, Jpias =2 mA, — M R
Ci=(Cr= o, L - Cf‘ =
Ri=10kQ, Ry =5kQ, Ro=2kQ R, 2 [+
Ihiru‘\lff_-:\ Rln V’-,,
a) Determine the small signal gain, vo/Vin. (12 points) | [ _T_—
b) Determine the input resistance, Rin. (4 points) N - -
¢) Determine the output resistance, Ro. (4 points)

Useful formulae: for n-channel MOSFET

ipg = K[(vGS —Vi ps —%vzs} triode region
ins = %K (ves —Vru )2 (1+Av ) saturation region
QUESTION (4)

This is an enhancement load NMOS inverter. Given that the transistors are identical,

a) Draw the input to output voltage transfer characteristic (VTC) for this inverter. Express and

label clearly all voltage levels on the VTC plot. (12 points)
b) Indicate the noise margins NM and NMpy on the VTC. (2 points)
¢) Indicate the logic high and low output voltage levels Vor, VoL on the VTC. (2 points)
d) Indicate the logic high and low input voltage levels Viu, Vi on the VTC. (2 points)

¢) Indicate clearly the mode of operation for transistors Mi and M, in each region of the VTC.

(2 points)
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QUESTION (5)

December 2018

In this question, all BJT transistors have B = 50, V3g.on o1 VEBon = 0.6V, VcE sat O VEC50: = 0.3V

and V4 = «. Solve for the required voltages.

(@ +5V (4 points)

1kQZ

2V o AAM—
20kQ

(b) +5VT (4 points)
100 Q=2 —
— E =]
+2Ve—A,
10 kQ ]
'%“ 1kQ
© 5 (4 points)
470 Q
P, VE =9
1 kQ
i
d _l_SVT (4 points)
2kQ % -
C =
SkQZ ke %
- -5V
(© +5V (4 points)
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