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QUESTION ONE (25 marks)

A differential amplifier circuit is shown in Figure-Q1. Assume that the Vgg = 0.6V and the

transistors are matched with § = 100.

TVd @ Rs L) 15ma

150K

-12v

Figure-Q1
(a) Find the following under the quiescent conditions.
(i) Collector voltage of Q5.
(ii) Base voltage of @, and Q.
(6 marks)

(b) Draw the differential half circuit for ac signals and calculate the differential voltage gain

Vo .
o deriving any formula you use.
d

(7 marks)
(¢) Draw the common mode half circuit for ac signals and find the common mode gain at the
output v,. Hence calculate the CMRR in dB. Derive any formula you use.
(7 marks)

(d) Find the differential input resistance and the differential output resistance,
(5 marks)
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QUESTION TWO (25 marks)

(a) A Widlar current source is shown in Figure-Q2(a). The transistors @ and Q,are matched

and of high gain type.

(i)  Find a relationship between I,, R, Rg and V.
(6 marks)
(ii) Design this current source for [, = 125uA , when V¢ = 12V. Assume that for the
transistors, when Vg = 0.6V, the I, = 0.8mA.

(5 marks)
(iii) What is the output resistance R, if the V; = 80V and the § = 100?
(2 marks)
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(b} Consider the current mirror shown in Figure-Q2(b). Some of the process parameters of the

devices are given below.

Li =L, =5um W, = 20um W, = 70um Ve=2V
HCox = 5055 v, = 80V

(i)  Find the value of V; for an output current of ..y = 150uA.

(4 marks)
(ii) Calculate the value of I, for the I given in (i) above.
(4 marks)

(ifiy When V, = 15V, estimate the output current I, for the value of L..¢ in (i) above.

(4 marks)
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QUESTION THREE (25 marks)

A circuit of a cascode BIT amplifier is shown in Figure-Q3.
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(i) Find the quiescent collector currents. Hence find the collector and emitter voltages of each
fransistor assuming that the transistors are of high gain.
(10 marks)

(ii) Find an expression for the mid-band gain 1;—-3 , and calculate its value. Neglect the effect of
5

7, and assume that the 8 = 100.
(10 marks)
(iii) Estimate the values of Ry, and R,,.
(5 marks)
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QUESTION FOUR (25 marks )

(a)  An oscillator circuit is shown in Figure-Q4(a). You may assume usual notation.

(i)  Write an expression for the forward gain A.

(3 marks})
(ii) Derive and expression for § and simplify AfS.
(6 marks})
(iv) Find component values for a frequency of oscillation of 25K Hz, Assume that the
C = 1nF.
(6 marks)
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(b) Consider the Class A power amplifier shown in Figure-Q4(b).

(i)  Derive an expression for the conversion efficiency and find its maximum value.
(6 marks)
(i) Assume that the V. = 12V, I =100m4, R, = 1000 and the peak value of
the output signal is 10V. Calculate the power delivered to the load and the

conversion efficiency.

(4 marks).
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1. SOME USEFUL MOSFET EQUATIONS
ip= ,unc,,x% [(17(;5 ~ D )VUpg — iv,z,s] in triode region

ip = % 1nCox % (vgs — V)? in saturation region
. 1 , . . . ,
ip =5 HnCox % (vgs — )% (1 + Avpg) in saturation region with Channel Modulation effect

1
Va =7

2. Unless otherwise stated Vggoy) = 0.6V and Vy = 0.025V.



