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QUE§TION ONE (25 marks) 


A circuit ofa BJT differential amplifier is shown in Figure-Ql. Assume VBE =O.6V in general. 


r 
Rin 

Vs rv 

Figure-Q1 

(a) Assuming the transistors are of high gain type, find the following at quiescent conditions. 

(i) Voltage at the collectors and emitters ofall transistors. 

(ii) Collector current in each transistor. 

(6 marks) 

(b) Draw the differential halfcircuit and calculate the voltage gain Vo . 
Vs 

(8 marks) 

(c) Assuming Rc =500k > draw the common mode half circuit and calculate the common 

mode gain and CMRR. 

(8 marks) 

(d) If the gain of Ql and Q2 is 100, find the differential input resistance Rin . 

(3 marks) 
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OUESTION TWO (25 marks) 

(a) 	 Consider the current source shown in Figure-Q2(a). The transistors Ql and Q2 are matched 

and of high gain type. 

+12V 

Figure-Q2 (a) 

(i) 	 Derive an relationship between Io and Ire! . (7 marks) 

(ii) 	 If the output current of the current source is 120,uA. find the values of Rsand R. 

Assume Ire! ;;;; 1.15mA. (5 marks) 

(b) 	 A current mirror implemented with NMOS transistors is shown in Figure-Q2 (b). 

!Cox ;;;;40~ 

Figure-Q2 (b) 

You may assume the following device parameters. 

V 

(i) 	 If Io =150,uA , calculate the value of VGS • (5 marks) 

(ii) 	 Calculate the value of Ire! to have Io =150,uA . (6 marks) 

(iii) 	 What is the value of Vo which givesIo ;;;; 150,uA, for the value of Ire! found in (ii)? 

(2 marks) 



68k 

EE421 ANALOGUE DESIGN III 	 Page 4 of7 

QUESTION THREE (25 marks) 

(a) 	 A BIT amplifier is shown in Figure-Q3{a) where Q2 and Q3 are matched. Assume that the 

transistors in the circuit are ofhigh gain type. 

+12V 

-12V 

Figure=Q3(a) 

Vo 

R1 

(i) 	 Find the co I lector current of Q I at the quiescent conditions. (5 marks) 

(ii) 	 Derive an expression for the voltage gain Va and find its value. You may assume 
Vin 

VA =lOOV. 	 (7 marks) 

(b) 	 The circuit shown in Figure-Q3{b) uses enhancement type NMOS devices. 

+12V 

Vo 

Vin--1~ Q1 

VB,! 


Figure=Q3 (b) 

Some useful process parameters ofthe devices are given below. 

WI =160,um W2 = 12,um LI=lO,um L2 50,um 

_ ,uA
J.1Cox - 100

V 2 

(i) Find the value of VB to have Va 6Vat no signal. 	 (5 marks) 

(ii) 	 Draw the small signal equivalent circuit and calculate the voltage gain Va . 
~n 

(8 marks) 
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OUESTION FOUR (25 marks) 


A BIT cascode amplifier is shown in Figure-Q4. 


...-----.--- +12V 

~+ 
100u 

R4 
1.Bk 

e---- Va 

C4 
100u 

Figure-Q4 

(i) Assuming that the transistors are identical and of high gain type, calculate the voltages at 

the collector and emitter of each transistor at no signal. 

(12 marks) 

(ii) Find an expression for the mid-band gain Vo and calculate its value. Neglect the effect of 
Vs 

ro in both transistors while f3 =100 . 

(13 marks) 
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QUESTION FIVE (25 marks) 


A circuit of a de regulator is shown in Figure-Q5. 


R3R1 R2 
3.9k2.7k 

RL 
5k 

R4 
2.7V 2.5k 

..)oI--~<VR1 

OV --------__~-----+----~ 

Figure-Q5 

(i) 	 Calculate the maximum and minimum value of Vo' 

(5 marks) 

(ii) Ifthe maximum power dissipation ofQl is 15W, find the maximum load current h ofthe 

regulator. 

(5 marks) 

(iii) Show the implementation of an active current limit for the protection ofQ I and give the 

related component values with power rating. 

(5 marks) 

(iv) If the minimum collector current ofQ2 is lOrnA, find the value of R2and its maximum 

power dissipation. Assume that the Pi = 25. 

(5 marks) 

(v) 	 Find the maximum power dissipation ofthe zener diode. 

(5 marks) 
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1. SOME USEFUL MOSFET EQUA nONS 

ic w( )z· . .tD = illn ox LV,S - V t In saturation region 

tD = i /LnCox : (v's - vt)Z (1 + AVDS) in saturation region with Channel Modulation effect 

2. Unless otherwise stated VBE(ON) = O. 6V and VT = O.025V. 


