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QUESTION ONE (25 marks)

(a). An output stage of an amplifier is shown in Figure-Q1.
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Figure-Q1
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(ii)

Identify the type of the amplifier stage shown and sketch the transfer

characteristic(v, vs v;,). (3 marks)

If the ratio of emitter junction area of O, to the junction area of Dy is 50

A.

(i.e ez SOJ , find the value of R; for which the output signal is maximum.
jD1 ]

You may neglect the base currents and the saturation voltages. (5 marks)

Calculate the maximum output power and the power conversion efficiency.

(5 marks)

Draw the safe operating area (SOA) of a BJT and identify the limits of operation.

(3 marks)
Some values referred from a BJT data sheet are given below.
Tmax =150°C Ppmax = 2.5W (at T, = 25°c)

Ppmax = 50W (at T = 25°c)
Find the maximum power dissipation this device can handle in free air when it is
used in an ambient temperature of 40°C . If this device is required to dissipate

30W at the ambient temperature of 40°C, find the specification of the required
heat sink. Also calculate the temperature of the heat sink at the steady state.

Assume 5 =0.5 °C /W .
(9 marks)
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QUESTION TWO (25 marks)

Consider the class AB amplifier output stage in Figure-Q2. The transistors are of silicon and

0, , O are matched.
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Figure-Q2
(a) Explain the function of Q1. (4 marks)

(b) If R =0 and under quiescent conditions (i.e v;, = 0), show that

+K

2
ICZ =Isz(ILB"] where K=%‘.
S1 2

47
You may use the large signal equation I = I¢e T Neglect the base currents and

the currents in R;and R,. (8 marks)

(© When R=2.2k, I =0.4pA and I5, = 6pA, find the value of X to have a

quiescent current of 10mA in the output transistors. (6 marks)

(@ Find ¥,z when the current in O, is300mA and compare it with its value under
the quiescent conditions. Assume for O, and (5, the current gain # =100 and

for O, the gain is high. The value of X is same as in (c). (7 marks)
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UESTION THREE (25 marks,

A load of 120€ is matched to a 502 source using a transmission line and an inductor as

shown in Figure-1.

Zo =50 Ohms

=
i

-

Zin = 50 Ohms

120 Ohms
Load

Figure -1

Using the ZY Smith Chart find the length of the transmission line and the value of inductance
L at 10 MHz. Assume that the speed of propagation in the transmission line is 2.2x10® m/s.

(25 marks)
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QUESTION FOUR (25 marks )

(a) If the parallel combination of resistor R, and reactance jX, is transformed to the series
combination of resistance R and reactance jX,, show that the Q of the combinations

is given by
RP
= | =+-1
¢ (Rs j

(b) Design a dc passing L network to match a load of 60052 to a source of 502 at 200MHz.
(10 marks)

(5 marks)

(c) Ifthe noise generated in an amplifier is represented by the two input noise generators of

instantaneous noise voltage e, and instantaneous noise current i, , show that the

optimum source resistance for minimum noise factor is given by

1

22 )2
RS(Opt) = :; . (10 markS)

In
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QUESTION FIVE (25 marks)

The s-parameters of a transistor used in a common emitter amplifier at 1 GHz and operating

with V., =15V, I. =5mA are given below.

S, =0.68,178 S, =66,77° S, =0.03 £53° S,, =0.46 £ -32°

(a) Investigate the stability of the amplifier using this transistor at 1 GHz with source and
load impedance of 50€2. (10 marks)

(b) Evaluate the maximum available gain. ‘ (7 marks)

(¢) AssumingS;, =0, give the schematic diagram of a maximum gain amplifier indicating
the type of the components. You need not to give the values of the components.

(8 marks)
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SOME SELECTED USEFUL RF DESIGN FORMULAE

P 1=[Sy* =[S0 +[A]
2151581/
where |A| = [S71S25 = 12521
521 +101log

. K —sgn(BVK? —1‘ dB
12

where B =1+|S;|* -|Sp | —[A*

MAG =10log




