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OUESTION ONE (25 marks) 


A circuit ofa differential amplifier is shown in Figure-Q1. 
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Figure - Q1 

(a) 	 Assuming that the transistors are ofhigh gain type and matched, find the collector currents 

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

emitters. 

(6 marks) 

(b) 	 When a differential input signalvd is applied to the circuit, derive the expressions for the 

voltage gains!!!.!. ,.!!!a, !E. and calculate their values. 
Vd 	 Vd Vd 

(10 marks) 

(c) 	 Estimate the input offset voltage, input bias current and the input offset current ofthe 

amplifier using the following data. 

Tolerance of resistors = ±100/0 

Tolerance ofscale currents = ±200/0 

Tolerance of P =±20% 

Value of P = 100 

Assume that the tolerances ofR1, Rs and R4 have negligible effect. 

(9 marks) 
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OUESTION TWO (25 marks) 

Consider the NMOS amplifier shown in Figure-Q2. Assume that the devices Ql and Q2 are 

matched. 

+10V +10V 

For01 and 02: 

Jr. 	
v2

.!.}Cox(w) =2~ 
2 L 

Vo VI IV 

VG1----1 	 i----VG2 , 

(a) 	 If VGl =VG2 =1V , find the dc voltages at the drain and the source ofthe transistors. 

(6 marks) 

(b) If VGl and VG2 are changed independently until lDl = O.SmA, calculate the value of 

differential input voltage applied. 

(5 marks) 

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

1"0 and CMRR. Prove any formula of the gain you use. 
Vcm 

(8 marks) 

(d) 	 If the voltage drop across the current source Vs is such that Vs ~ 2V , find the maximum 
" 

input common mode voltage range. 

(6 marks) 

Figure - Q2 
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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. 


!.J2B. 

(i) 	 Show that the current fret = foe VT • 

(4 marks) 

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

10 =100pA . Assume that for the transistors used, VSE =0.6V when the 

Ie =O.SmA. 

(5 marks) 

(iii) 	 Calculate the output resistance Ro ifVA = 150V and thef3 =100. 

(4 marks) 

+10V 
+10V 
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Vo 

R 

Figure-03 (a) 	 Figure-03 (b) 

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

ofthe device and circuit are given below. 

pAIVtl =2V /lCox = 40 v2 

VA ::=:; SOV 10 = 150pA Iret = 60pA 

(i) Calculate the value ofW2 proving any formula you use .. 

(4 marks) 

(ii) Find the resistance of RD' 

(3 marks) 

(iii) When Va = 4V, find the actual value of the output current 10 , 

(5 marks) 
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OUESTION FOUR (25 marks) 

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

rnA rnA 	 rnA
K1=4- K2=2- K3=2- Iref =0.85mAv2 v2 v2 


IVtl = 1V IVAI = 75V 


(i) 	 Find the drain current ofQ3' 
(4 marks) 

(ii) 	 Derive an expression for the voltage gain ~ and calculate its value. 
Vi 

(5 marks) 
(iii) 	 Give the limiting values ofVo which will ensure the operation of Q2and Q3 always to 

be in the saturation region. 
(4 marks) 

+1OV 	 +10V 

Figure - 04(a> Figure - 04(b) 

(b) 	 In the circuit shown in Figure-Q4(b), Q1 and Q2 are enhancement and depletion type 

devices respectively. You may assume the following data. 

W1 = 100Jlm L1 = SJlm W2 = SJlm L2 = 20Jlm VtE =2V 

VtD = -3V JlCox = 100 ~ IVAI = TSV X = 0.1 

(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 (::) and findits value. 

(8 marks) 
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QUESTION FIVE (25 marks) 

A block diagram ofa synchronized frequency generator using a phased locked loop is shown in 

Figure-Q5. The phases ofthe signals are denoted by 8t and 80 , 

(J j +7 
A 	

B c 

I 

Figure - Q§ 

(i) 	 Identify the function ofeach block A, Band C with marking the gains Kv ':; and 

Kp ..!:.-d in the relevant blocks. ra . 

(5 marks) 

(ii) 	 If the system is designed with a loop filter having the transfer function ~ , draw the 
'15 +1 

circuit ofthe 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). 

Kp = 3.82 r:d Kv = 1.67 X 103 
':; 

Filter bandwidth = 500Hz 

Damping factor = 0.707 


A trial capacitance value which may be used is 0.1JlF. Also you may use, 


20' 	 1'2 =--­wn 	 K 

(12 marks) 



EE421 ANALOGUE DESIGN III Page 70f7 

1. SOME USEFUL MOSFET EQUATIONS 

. c W [c ) 1 Z ]. • d .lO = ILn DXI: VGS - V t VOS - iVOS In triO e regIon 

• 1 C W ( )2 . . •lO = i Iln DX I: VGS - V t In saturation regIOn 

2. Unless otherwise stated VBE(aN) =O. 6V and Vr =O.025V. 


