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QUESTION 1 (25 marks)

(a) Three elements: Boron, Silicon, Phosphorus have 3, 4 and S5 valence electrons

respectively. Which element or combination of elements is:

(i) used as an extrinsic semiconductor? (1 mark}
(i) used as an acceptor impurity? (2 mark)
(iii) used as a donor impurity? (2 mark)
(iv) used to get n-type semiconductor? (1 mark)
(v) used to get p-type semiconductor? (1 mark)

(b) A silicon diode has Iy =1x107* A and n=1

(i) What is the voltage across the diode when a current of 30 mA flows in the diode?

(3 marks)
(ii) What is the voltage across the diode when a current of —0.8x 107 A flows, i.e. a
reverse current. ‘ (3 marks)
(¢) For the circuit in Fig. Qlc find the currents in R, R, and D1 (8 marks)
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(d) Draw a circuit of a voltage doeubler showing where the output voltage is. (4 marks)
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QUESTION 2 ¢25 marks)

3

(b)

Using ideal operational amplifiers, design, giving component values, a circuit which
implements the following input-output relations:

@) v,=-05v, +33v, o (4 marks)

Gi) v, = -1.5% (5 marks)

A transformer full-wave bridge rectifier is fed from a 230 V, 50 Hz mains supply. The
rectifier is connected to a load resistor 500 Q in parallel with a smoothing capacitor C. It
is required that the average of the voltage at the output be 12 V and that the ripple in the
output be no more than 400 mV. Assume that the diodes have a voltage drop of 0.7 V

when conducting.
(i) Draw the full circuit of the rectifier. (2 marks)
(if) Sketch its output voltage. (3 marks)

(iii) Determine the rms value of voltage required in the transformer secondary. (6 marks)

(iv) Determine the required value C. (5 marks)
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QUESTION 3 (25 marks)

(a) A BIT transistor has iz =25 pA and « =0.985 . Determine:

(b)

(©

()
(ii)
(iii)

its B . (2 marks)
the collector current i.. . (1 mark)
the emitter current i, . (2 marks)

A simple common emitter npn transistor amplifier stage is shown in Fig. Q.3b. The

transistor has £=385.
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Determine the collector current. (3 marks)
Determine the mode in which the transistor is operating. (2 marks)
What happens if the transistor is replaced with one which has a current gain 20%
higher? (4 marks)
What happens if the transistor is replaced with one which has a current gain 50%
lower? (4 marks)

List three properties of an ideal opamp. Of what consequence is each of the
properties you have listed in the analysis of opamp circuits? (4 marks)

Explain what is meant by the ‘virtual zero’ principle of opamp circuits. (3 marks)



QUESTION 4 (25marks)

A common emitter npn transistor amplifier works from a 15 V supply. Determine suitable
values of a resistor divider bias circuit with R, R., R,, and R,, . so that the quiescent operating
poiﬁt is as stable as possible at I, =2 mA and ¥, = V.. /2 as B of the transistor varies
between 300 and 400.

(25 marks)



QUESTION S (25 marks)

(a) Consider the amplifier circuit shown in Fig.Q5b. You are given that the transistor used

hasB=200and V, = .
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(a) Perform d.c. analysis to find the operating point, I and Vg, of the transistor.
(10 marks)

(b) Assuming that the capacitors used are very large, perform a.c. analysis to find the gain

v, /v, of the circuit. (10 marks)

(c¢)  If the transistor has a finite Early Voltage of ¥, =75 V with the current gain f# remaining

unchanged, calculate the new gain of the amplifier. (5 marks)



USEFUL INFORMATION AND FORMULAE

E12Range: 10 12 15 18 22 27 33 39 47 56 68 82

; ¥9 - L2

Diode: ip =1I; { e’ — 1} X I¢€"'T in forward bias

e

Unless otherwise stated, assume that Vzz,, = 0.7V, Vg = 0.1V and

Unless otherwise stated, assume that opamps are ideal.

Vr=25mV.



