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QUESTION ONE (25 marks)

Consider the differential amplifier shown in Figure-Q1.

Figure-Q1

(a) Find the differential input resistance. Assume B = 100. (3 marks)

(b) Draw the differential half circuit. Hence calculate the voltage gains 1;‘32 and
d

VoZ Vol

7 (7 marks)

(¢) Draw the common mode half circuit. Then calculate the common mode gain at the
output V,,, and CMRR in dB. (7 marks)
(d) -Estimate the high frequency 3dB bandwidth if R, = R; =0.

C, =13pF C, =2pF r, =0 (8 marks)
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QUESTION TWO (25 marks)
(a) For the circuit shown in Figure-Q2(a), the two transistors Q1 and Q2 are matched.
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Figure-Q2(a
@) If the current gain of the transistors are B,

1.1 Find an expression for /,with /..

1.2 Calculate the value of R to have an I, =1mA . Assume S =75.

(5 marks)
(i1) What is the output resistance R,? Find the value of the output current 7, if the
output voltage V, is 5V. Assume ¥, =100V. (9 marks)
(b) Consider the current source shown in Figure-Q2(b). You may assume that the
transistors are matched.
&— Ro
Q3
Ql} N
Tiov
Figure-Q2(b)
(i)  Derive the percentage change of I, with respect to 7,/ . (6 marks)
(ii) Calculate the value of R,. You may use any formula known to you.
L,er =1004 V=120V p =100 (3 marks)

(iii) State two advantages of this circuit. (2 marks)
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QUESTION THREE (25 marks)
(a) A circuit of an enhancement type NMOS amplifier is shown in Figure-Q3(a).
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Figure-Q3(a
For this amplifier, following process parameters are given.
W, =100um Ly=6um Wo=lum Ly=6um V, =1V
(i) Obtain a relationship between ¥, and V;, for dc voltages. Calculate V, if

Vi, =15V (10 marks)

(i) Draw the small signal equivalent circuit. Hence derive an expression for the
voltage gain and calculate its value. (8 marks)
(b) For the CMOS amplifier shown in Figure-Q3(b),

K,=K, =100V’ Vp=lp|=0V  Vi=Vy =100 I, =100u4.
Find the small signal voltage gain. (7 marks)
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QUESTION FOUR (25 marks )

Consider the cascode amplifier shown in Figure-Q4.
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Figure-Q4

(a) Assuming that the transistors are identical,
(i) Find an expression for the mid band voltage gain.
(i)) Calculate the mid band gain for the data given below.
Rg=2k R/ =5k R,=8k Ry=lk R,=5k R, =3k Vz=5V
p=100 Iy =1md (13 marks)

(b) Find the values of the pole frequencies and hence determine the high frequency 3dB

bandwidth. (12 marks)
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QUESTION FIVE (25 marks)

A dc regulator circuit is shown in Figure-Q5.
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Find the range of the output voltage V. (6 marks)

Find an expression for the power dissipation in Q, in terms of the load current at a
short circuit of the output.

(4 marks)
Derive a relationship .of the load current and the minimum load resistance that can be
applied while maintaining the regulation.

(3 marks)
If the minimum collector current of O, is I, , find an expression for R, .

(6 marks)
Calculate the maximum load current value. Then find out,
(i) The maximum power dissipation inQ, .
(ii) The minimum load resistance.

(iii) The value of R,. Assume that the 8 =20 forQ, and I, = SmA.

(6 marks)



SOME USEFUL MOSFET EQUATIONS
ip=k, —I%[(vgs ~V, Wps — -12— vi,s} in triode region

1,. W

i = Ek" —E(VGS ~¥,)? in saturation region

¥

ip= —12~k" ; (vgs —V,)?(1+ Av,yg ) in saturation region with Channel
Modulation effect
1
V,= 7

Unless otherwise stated, Vpgon=0.7V and Vg =0.025V.



