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Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer
booklet provided. All questions carry equal marks. The marks allocated to each sub-
question are shown in square brackets at the right-hand margin. Present your answers
neatly and clearly. The assessor reserves the rights to ignore your answers if they are
ambiguous.

Question 1

a.  State and explain the main parameters of a voltage amplifier, which are obtainable from
the frequency response plot of the voltage amplifier. [5]

b.  Figure-Q1(b) shows the AC equivalent circuit model of the input stage of a voltage
amplifier. I and R form the current source model, C; is the input coupling capacitor while
R; is the effective input resistance, and /; is the input current of the amplifier.

Apply relevant circuit principles to show that the cutoff frequency contributed by this input
stage is given as,
fo 1
© 7 27(Rs + Rin) Cin [10]

Figure-Q1(b)
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c.  Figure-Q1(c) showsthe AC equivalent circuit of an FET-based amplifier circuit at mid-band
frequency. The FET used in the amplifier has 8 mS of transconductance, g,,,.

ImVys (t)
vs(t)
Vin (1) —~ B Voue(t)
RG RS RD
820 k() 2kQ 330 k)
Figure-Q1(c)

i.  Analyze the amplifier in Figure-Q1(c) to quantify its mid-band voltage gain, vy /vin. [4]

ii. If the output is connected to an oscilloscope that has an input channel impedance
characterized as a 1 MQ grounded resistor in parallel with a 15 pF capacitor. Identify
the impact of this connection towards the upper cutoff frequency of the amplifier. [6]

Question 2

a.  Explain crossover distortion in power amplifier and name the type of power amplifier that
exhibits such distortion. [5]

b. A power amplifier circuit and its output AC characteristic graph are shown in Figure-
Q2(b)(i) and Figure-Q2(b)(ii) respectively. Also shown in Figure-Q2(b)(ii), are the
amplifier’s output voltage and its corresponding output current swing. Transformer T; is
considered ideal, such that its wiring resistance and power dissipation are negligible.

Calculate the,
i.  Transformer turn ratio, N. [4]

ii. Power conversion efficiency of the power amplifier. [6]
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Figure-Q2(c) shows a pre-biased power amplifier. The two diodes, D; and D,, have
forward bias voltages of 0.8 V and this voltage matches well with the respective B-E
junction biasing voltage of transistors ¢, and Q5.
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Figure-Q2(c)

If v;, = 4sin(wt) and assume that the coupling capacitors C; and C, couple the AC signal
into and out of the power amplifier without causing any loss in signal, sketch on the
attached worksheet, “Worksheet for Q2(c)”, the synchronized timing diagrams of

[ [2]

ii.  vpa(t) [2]
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i, veg, (£)
iv.  vega(t)

V. Vgyue(t)

Question 3

Clearly explain the difference between the respective output voltage of the two op-amp

a.
circuits shown in Figure-Q3(a) when both circuits are subjected to a pure sinusoidal
voltage.

Rz RZ
+V_g +VS
Rl Rl
A\ " ;
Vo1
VW VAR

Figure-Q3(a)

b.  Figure-Q3(b) shows a Schmitt triggered comparator. Sketch the voltage transfer curve of
the comparator circuit by clearly showing the saturated output voltage levels, the upper
and lower threshold points of the circuit. Assume that the op-amps used in the circuit

have rail-to-rail output. Show all your workings clearly.
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Figure-Q3(b)
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c.  Figure-Q3(c) shows a non-inverting amplifier implemented using an op-amp with the
following specifications:

Vsuppty(max) = £18V
Slew Rate = 13 V/ps
IVO(Sat)I = IVsu'pp[yl -1V

If vy = 25in(4000007t), analyze the amplifier circuit to determine the suitability of the
op-amp implementation. Justify your answer clearly.

Vout

3k 15 kQ
Figure-Q3(c)

Question 4

a.  Express the general transfer function of a 2nd order band pass filter and explain how the
filter’s characteristics can be obtained from this transfer function expression.

b. i Draw a 2nd order passive band pass filter using only an inductor, a capacitor and a
resistor.

ii.  Derive the quality factor of the filter drawn in part (b)(i) in terms of the component
values L, C and R.

c.  Figure-Q4(c)(i) shows a Sallen-Key filter circuit and Figure-Q4(c)(ii) shows its
corresponding Butterworth frequency response. Identify the design requirements on all
the passive components in the circuit to achieve the given frequency response.

[10]

[5]

[2]

[8]

[10]
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Question 5

a. Explain oscillator circuit and its basic output design requirements. [5]

b. Figure-Q5(b) shows an example of a relaxation oscillator assembled from a 555 timer IC.

.VCC = 12N
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Cy G2 J_ i
220 nF;E 100 nF;E
Figure-Q5(b)
I Calculate the frequency of the output signal. [3]
ii.  Calculate the duty cycle of the output signal in %. [3]

iii.  Suggest and explain the method to allow this oscillator to produce an output signal
with duty cycle which is less than 50%. [2]

iv.  State the limitation of the method suggested in part (b)(iii). [2]

c.  Figure-Q5(c) shows a simple circuit to produce a square wave. The op-amp is assumed
ideal and is operating in dual supply mode. Formulate the relationship between the

period of oscillation and the product of € and R. [10]
Vout
R R
R ——C
N

Figure-Q5(c)
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Question 6

a.

Figure-Q6(a) shows a sinusoidal voltage source, vg, applied across a 12 Q resistive load.
Under no-load condition, the peak sinusoidal voltage produced by the source is 10 V and
the output resistance of source is 50 Q. Apply a relevant op-amp circuit such that the 12 Q
resistive load ideally receives approximately 10 V peak sinusoidal voltage drop across it.
State the necessary circuit requirements. [5]

Vg Rload
12 Q

Figure-Q6(a)

Figure-Q6(b) shows a widely used op-amp circuit that eliminates output signal
chattering. The upper and lower threshold levels (UTL & LTL) of the circuit is
respectively given by,

R, R,
UTL = Vres (2 + 1) = - Vouttmin
R\ R
LTL = Vrey (24 1) = 2 Voutiman

Where V... is the reference voltage of the circuit, Voyi(max) and Voye(min) are the
saturated voltages of the op-amp.

Nustrate the voltage transfer diagram of the op-amp circuit by assume ideal op-amp
operation. [10]

Vout (1)

Figure-Q6(b)

Figure-Q6(c) shows a circuit to be used as a simple audio amplifier. The amplifier
circuit is to exhibit a mid-band voltage gain (v,y:/vin) 0of 9 dB.

Evaluate the needed transconductance (g,,) for the Q; n-channel MOSFET. State any
assumption made in your evaluation. [10]
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Figure-Q6(c)
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