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QUESTION ONE (25 marks)
A circuit of a differential amplifier is shown in Figure-Q1I.
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Figure - Q1

(a) Ifthe transistors are of high gain type and matched, find the collector currents of the two

transistors at no signal. What the voltages at the collectors and at the emitters?

(6 marks)
(b) (i) When a differential input signal v is applied to the circuit, derive the expressions

drawing differential half circuits for the voltage gains %% \ 1;—02- and %9-
d vd d

(6 marks)

(i) Calculate the values of the gains in (i) above.
(4 marks)

(¢) (i) Find an expression for the differential input impedance and calculate its value if
B =150.
(3 marks)
(i) Estimate the input offset voltage, input bias current and the input offset current of the
amplifier using the following data.
Tolerance of resistors =45%
Tolerance of scale currents = £20%
Tolerance of f8 =+20%
Value of f8 =[50

Assume that the tolerances of Ry, R5 and R, are negligible.
(6 marks)
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QUESTION TWO (25 marks}

Consider the NMOS amplifier shown in Figure-Q2. Assume that the devices Q4 and Q, are

matched.
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Figure - Q2
(a) If Vg = Vg = 2V, find the de voltages at the drain and the source of the transistors.

{6 marks)
(b) If Vg, and V;;, are changed independently until Ip; = 0.6mA4, calculate the value of

differential input voltage applied.
(5 marks)

(¢) When a common mode signal Vpp, is applied to both inputs, find the common mode gain

Yoi and CMRR. Prove any formula of the gain you use.

Vem
(6 marks)
(d) If R, and R, are having tolerances of £5%, find the common mode gain :o and
cm

CMRR.
(8 marks)
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QUESTION THREE (25 marks)

{a) A current source implemented with BJTs is shown in Figure-Q3(a). The transistors are of
high gain type and matched.
(iy Derive an expression for the reference current to show how it is related to o .
(4 marks)
(i)  Show the implementation of this current source for 1, = 12544 deriving the
component values. Assume that the Vpp = 0.65V when the collector current is

0.8mA, for the transistors you are going to use.

(6 marks)
(iii) Calculate the output resistance R, ifV, = 120V and the § = 100.
(3 marks)
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(b) A current mirror using PMOS devices is shown in Figure-Q3(b). Some of the device and

circuit parameters are as follows,

L =1L,=6um = W,=60um V| = 2v uCox = 3553
Vy, =75V I, = 125u4 Ler = 70u4
(i) Caleulate the value of Wy proving any formula you use.
(4 marks)
(i) Find the resistance of Rp.
(3 marks)

(iiiy When V, = 7V, find the actual value of the output current [,.

(5 marks)
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QUESTION FOUR (25 marks )

A cascode amplifier is shown in Figure-Q4.
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(a) Find the collector currents and collector voltages of each transistor assuming that the

devices are identical and of high gain type.

(6 marks)
(b) Following parameters are given for the transistors, assuming usual notation,
B =100 Cp = 15pF Cp = SpF Te P
(i) Derive an expression for the mid-band gain %O- and calculate its value,
5

{8 marks)
(i) Calculate the upper cut off frequency fy; using the Miller’s components.

(8 marks) -

(iii) What is the unity gain crossover frequency fr of the amplifier.

(3 marks) |
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QUESTION FIVE (25 marks)

(a) Consider the circuit shown in Figure-5(a).
(i) Derive expressions for the frequency of oscillation, R, and R;.
(8 marks)

(i) Calculate all component values of the circuit for an oscillation frequency of 20kHz.

You may use capacitor values > 0.5nF.
(4 marks)
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(b) A power amplifier is shown in Figure-Q5(b).
(iy Derive expressions for power efficiency and power dissipated by each device.
(6 marks)
(i) If the amplifier delivers 18W in to a 812 load, find the efficiency and power

dissipation in transistors. What is the worst case power dissipation expected ina

transistor? Assume V. = 20V.
(7 marks)
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1. SOME USEFUL MOSFET EQUATIONS
ip= uncux%’- [("’as — V)Vps — %vﬁs] in triode region
, 1 W z . o .
ip =S unCox (vgg — Vp)* in saturation region

ip= % w,C ox% (ves — )*(1 + Avpg) in saturation region with Channel Modulation effect

1
VA—E

2. Unless otherwise stated Vggoyy = 0.6V and Vy = 0. 025V,




