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QUESTION ONE (25 marks)

A circuit of a differential amplifier is shown in Figure-Q1.

(a)

(b)

©
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Assuming that the transistors are of high gain type and matched, find the collector currents

of the two transistors at no signal. Also find the voltages at the collectors and at the

emitters.

(6 marks)
When a differential input signal v, is applied to the circuit, derive the expressions for the
voltage gains % , %"f , -Ei— and calculate their values.

(10 marks)
Estimate the input offset voltage, input bias current and the input offset current of the

amplifier using the following data.

Tolerance of resistors =+10%
Tolerance of scale currents =120%
Tolerance of f =+20%
Value of S =100

Assume that the tolerances of R,, Rs and R, have negligible effect.

(9 marks)
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QUESTION TWO (25 marks)

Consider the NMOS amplifier shown in Figure-Q2. Assume that the devices Qlkand Q; are
matched.
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Figure - Q2

(@ If Vg = Vg = 1V, find the dc voltages at the drain and the source of the transistors.
(6 marks)
(b) If Vs, and Vi; are changed independently until I,; = 0.5mA, calculate the value of
differential input voltage applied.
(5 marks)

(c) When a common mode signal v, is applied to both inputs, find the common mode gain, |

1—:’1 and CMRR. Prove any formula of the gain you use.
cm

(8 marks)
(d) If the voltage drop across the current source Vs is such that Vs > 2V , find the maxignum

input common mode voltage range.

(6 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.

IR
(i)  Show that the current I,..; = l,e¥T .

(4 marks)
(ii) Find the component values for this current source for an output current of

I, = 100uA . Assume that for the transistors used, Vpg = 0.6V when the

I = 0.8mA.
(5 marks)
(iii) Calculate the output resistance R, if V4, = 150V and the £ = 100.
(4 marks)
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Figure- Figure-Q3 (b) ‘

(b) A current mirror using PMOS devices is shown in Figure-Q3(b). Some of the parameters

of the device and circuit are given below.

L, =L, = 6um W, = 24um V.| = 2v uCox = 4053
V4 =80V I, = 150uA Loy = 60pA
(i) Calculate the value of W, proving any formula you use.. ,
’ (4 marks)
(ii) Find the resistance of Rp.
(3 marks)

(iii) When V,, = 4V, find the actual value of the output current .
' (5 marks)
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QUESTION FOUR (25 marks )

(@) Consider the CMOS amplifier shown in Figure-Q4(a), while assuming the following. ,

mA
Ky=472 K, =272 Ky =272 Loy = 0.85mA

(i) Find the drain current of Q5.

(4 marks)
(ii) Derive an expression for the voltage gain -:’-’-‘:- and calculate its value.

(5 marks)
(iii) Give the limiting values of v, which will ensure the operation of Q,and Q4 always to
be in the saturation region.

(4 marks)
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(b) In the circuit shown in Figure-Q4(b), Q; and @, are enhancement and depletion type

t
devices respectively. You may assume the following data.

W; = 100um Ly =5um W, = 5um Ly, =20um Vee =2V
Vip = —3V 1Cox = 100-’3‘; Vi =75V  X=01

(i) Find the bias current at no signal.

(4 marks)
(ii) Draw the small signal equivalent circuit including the body effect and the output

resistance. Hence derive the voltage gain (%‘il) and find its value.

(8 marks)
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QUESTION FIVE (25 marks)

A block diagram of a synchronized frequency generator using a phased locked lbop is shown in
Figure-QS5. The phases of the signals are denoted by 8; and 6,.

8; D) b

Figure -

(i) Identify the function of each block A, B and C with marking the gains K, f—g and

Kr == in the relevant blocks.
rad A

(5 marks)

TaS5+

(ii) If the system is designed with a loop filter having the transfer function —y
1

1
T° draw the

circuit of the filter and show how it is connected in the block diagram.

(8 marks)
(iii) Design the system using the following data with the filter mentioned in (ii).
= v - 3 Hz
Kp =382 Ky = 1.67 x 10° — )
Filter bandwidth = 500Hz
Damping factor = 0.707
A trial capacitance value which may be used is 0.1uF. Also you may use,
=2 _1 o = |K )
2= wn K n- Ty

(12 marks)
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1. SOME USEFUL MOSFET EQUATIONS
ip= u,,C,,x-:’— [(Vas - V)Vps — -;—vf,s] in triode region
ip= % #,.Cox % (vgs — v,)? in saturation region
ip= % HnCox % (vgs — v¢)*(1 + Avpg) in saturation region with Channel Modulation effect

VA =

Nle

2. Unless otherwise stated Vggoyy = 0.6V and Vy = 0.025V.



