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Section A

Question 1

a) State the three modes of operation of an NPN transistor and tabulate the bias conditions of the
Jjunctions. [6]

b) For the circuit Figure 1 below determine the node currents I, , Iy and Iz and determine the mode
of operation of the transistor for § = 100. (8]

¢) Draw the voltage transfer characteristics (VTC) of a MOSFET transistor and explain how the
value of V5 in relation to V. affects the changes in the modes of operation of the
transistor. Write the values of Vj, and i, in the saturation region. [5]

d) Describe how to find the current ip of a MOSFET in terms of the charge Q per unit

length and the electron drift velocity. Assume a small vy is applied to the transistor. [6]
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Question 2

a) The circuit Figure 2(a) is the Common Gate amplifier
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Figure 2 (a)
Find:

i) Input resistance, R;,, the output resistance, R,, and the open circuit gaind,,
ity Gy = ;vf-’m, assuming R;, is connected at the output.
sig

b) Given the circuit shown in Figure 2(b) below,
a. Draw the small signal equivalent circuit
b. Find R,
¢. Show that it has a gain of unity hence the name “Emitter follower™
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Question 3
Consider the Common-Source amplifier circuit, Figure 3 below.

a) Draw the small signal equivalent circuit. [3]
b) Find
i) The input resistance R;, [1]
i) The voltage gain Gy [4]
ili}  The output resistance R,,; [2]
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c) Fora Common-Emitter amplifier with Emitter resistance, R,
a. Draw the circuit diagram and its equivalent circuit after using the 7-mode! to

replace the transistor. (3]
b. Find the following
i. The input resistance R;,, [4]
ii. The output resistance R, and [2]
til. The overall gain G, given that a load resistance R; is connected at the
output. [6]
Question 4
a) A BIT operating at I = 2mA has €, = 1pF C, = 10pF and § = 150. Calculate:
i) fr [4]
) fp [4]
b) For the op-amp inverting integrator circuit,
i} Draw and label the circuit diagram. [3]
ii) Determine the voltage across the capacitor, [4]
ii1) Determine output voltage. [2]




¢) Fora 0.08 um process technology for which ¢, = 15nm and u, = 550cm?/V.s. Given

that the transistor is operating in saturation with I, = 0.2m4 with—LMC = 20, Find

) Cox [2]

i) k;, [2]

i) ¥,y [4]
Question 5

Consider the common-emitter amplifier shown in Figure 5 under the following conditions:
Ry, = 5kQ, Ry = 33k, R, = 22kQ, Ry = 3.9kQ, Re = 4.7k, Ry, = 5.6kQ, Ve =5V,

o = 300k, B = 120, dc collector current, I = 0.3mA,Vy = 25mV,C, = 1 pF, fr =
700MHz, r, = 501, Find

a) G [5]
b) The mid-band voltage gain Ay, [8]
c) The input capacitance C;, [4]
d) The effective source resistance Rg;, [4]
e) The upper-3dB frequency fy [4]

Figure 5




Section B
Question 6

a) Given the half wave rectifier, Figure 6, below
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1) Find the RMS value of the load voltage [4i
i1) Find the RMS value of the load current (4]

iii) Given that the current i(t) = 5 sin(27100t) and the voltage is
vy = 10 sin(2n300¢) find the values of the RMS voltage and RMS current

above, [4]

iv) Show that the efficiency of the rectifier above 1 = 0.405 [4]

b) State three types of regulators [3]

¢) List and describe three elements of a regulator [6]

Question 7

a) In the circuit Figure 7 below

1) Identify the type of regulator. [2]

ii) Identify the four elements that make up a regulator. [4]

iii) Find the output voltage. [3]
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b) For a full wave rectifier
i) Find the mean value of the load current and the load voltage [4]
if) Show that its efficiency is 0.81 [6]
c) Describe the operation of a shunt regulator [6]




