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Question 1

Sketch and explain the operating conditions of a MOS Capacitor for the following:

(a) Ve << V1n

(5 marks)
(b) Ve <V
(10 marks)
(c) Ve >V
(10 marks)
Question 2

Consider In the Zener-regulated power supply shown in Figure 1, the input voltage v; has an
RMS value of 15 V, and the operating frequency is 60 Hz. The circuit includes a resistor
R=100 Q, and a capacitor C=1000 uF. The diodes D4 and D, each have an on-voltage of 0.75
V, while the Zener diode D3 has a Zener voltage of 15 V.

Figure 1: Rectifier circuit.

(a) State the type of rectifier is used in this power supply circuit.

(5 marks)
(b) Determine the dc voltage at V1.

(5 marks)
(c) Find the dc output voltage vo.

(5 marks)
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(d) Determine the magnitude of the ripple voltage at V.
(5 marks)

(e) Find the minimum PI1V rating for the rectifier diodes.
(5 marks)

Question 3

A MOSFET common-source amplifier is a basic amplifier configuration where the input signal
is applied to the gate, and the output is taken from the drain as shown in Figure 2. Analyze
the given common-source amplifier circuit to determine its performance characteristics. Using
the provided parameters K,=0.50 mA/V2, Vin=1V, A=0.0133 V™! and the Q-point (0.241 mA,
3.81V). Ensure that the transistor remains in the active region and consider small-signal

assumptions throughout the analysis.
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Figure 2. Common-source amplifier.

(a) Draw the AC small signal equivalent circuit of the amplifier and simplify it.

(10 marks)
(b) Calculate the voltage gain of the amplifier.
(5 marks)
(c) Determine the input resistance of the amplifier.
(5 marks)
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(d) Calculate the maximum input signal level.
(5 marks)

Question 4

An active low-pass filter is a circuit that uses an op-amp to allow low-frequency signals to pass
while attenuating higher frequencies. Design an active low-pass filter (choose the values of
R1, Rz, and C) with fy = 2 kHz, Rin = 5 kQ, and A, = -100.-

(@) Determine the value of the resistors required.

(5 marks)
(b)  Determine the value of the capacitor required.

(5 marks)
(c)  Draw the architecture of the low-pass filter.

(5 marks)
(d)  Sketch the frequency response of the designed filter.

(5 marks)
(e) Modify the filter to high pass filter and draw its architecture.

(5 marks)

Question 5

Figure 3 shows a Brokaw bandgap reference circuit that produces an output voltage of 5.000
V with zero temperature coefficient at a temperature of 47°C. The collector current is 25 pA,

and Is = 0.5 fA. The emitter area, Ags is 2 um? and Agz is 20 um?.
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Figure 3: Bandgap reference circuit.

(@) Find the value of Vr.

(5 marks)
(b) Determine the value of Vprar.
(5 marks)
(c) Calculate the value of R required for the design.
(5 marks)
(d) Find the value of R, needed.
(10 marks)
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APPENDIX

Current-voltage equations of the nMOS Transistor:-
I,=0 for Vi <V,

k

2

I, (lin) = —L[Z(VGS VW —VDSZ] for Vs 2V, and Vg < Vg —

k

Ip(sat) ==V V) (1+ AV 5) for Vo 2V, and Vo 2V, —

2
Where,
w
k =u4C —
Itl" ox _L

Current-voltage equations of the pMOS Transistor:-

I,=0 for Ve >V
k
I, (lin) = —;[2(VGS VW ps —VDSZ] for Ve <V, and Vg, >V, —
k
I, (sat) = 7”(Vcs V)2 (L+ AV ) for Vo <V, and V,, <V
Where,
w
kp=#,Co T

Threshold voltage:-

ViVsg) =V + 7(\/|2¢p - VSBI =126, )

Capacitance Current:-

dv
ic = Cload d;"f

END OF EXAMINATION PAPER
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