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1. There are four questions in this paper. Answer all FOUR questions. 

Each question carries 25 marks. 

2. Ifyou think not enough data has been given in any question you may 

assume any reasonable values. 

3. Some usefnl formulas are given in the last page. 

THIS PAPER SHOULD NOT BE OPENED UNTIL PERMISSION 

HAS BEEN GIVEN BY THE INVIGILATOR 

THIS PAPER CONTAINS SIX (6) PAGES INCLUDING TmS PAGE 



EE421 ANALOGUE DESIGN III 	 Page 20/6 

QUESTION ONE (25 marks) 


Consider the differential amplifier shown in Figure-Q 1. 
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Figure - Q1 

(a) 	 Calculate the collector current and collector voltage of each transistor at no signal, 

assuming that the transistors are of high gain type and matched. What is the voltage at the 

point IXI? 

(8 marks) 

(b) 	 A voltage source Vd is connected to the inputs such that, Vd = VA - VB' Draw the 

adifferential half circuits for mid-band signals and find the voltage gains VOl, V 2 
Vd 	 Vd 

and 	Va , deriving any formula used. 
Vd 	 . 

(10 marks) 

(c) 	 Find the value of IVa Iwhen VA = VB = 0, assuming the following data. 

Rz and R3 tolerance = ±2% 

Scale current tolerance = ± 20% 

(7 marks) 
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QUESTION TWO (25marks) 

The amplifier shown in Figure-Q2 uses NMOS transistors, which are matched. 
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Figure - Q2 

(a) Find the value of the differential input voltage VD given by VD = Vi - VZJ resulting 

ID1 = 1.5mA assuming standard notation. 

(6 marks) 

(b) If Vi = Vz, draw the common mode half circuit for a single ended output. Then calculate 

the common mode gain for a single ended output deriving any formula used. 

(12 marks) 

(c) 	 Calculate the CMRR in dB for the part (b) above. 

(7 marks) 
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QUESTION THREE-B-§-marks) 

(a) 	 An IC amplifier is shown in Figure-Q3(a). The transistors QI and Q2 are of high gain and 

matched. 

(i) 	 Calculate the emitter current of Q3' 

(3 marks) 

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

assume that the VA =75V and f3Q3 =100. 

(7 marks) 

(iii) 	 Find the overall voltage gain, if this amplifier is connected to a load of 20k through 

a large capacitor. 
(3 marks) 

+ 15V 

+ 10V 

R1 02
55k 

Vo 
Vo 

01
01 

-15V 

Figure-Q3(a) 	 Figure-Q3(b) 

(b) 	 An enhancement type NMOS amplifier is shown in Figure-Q3(b). You may assume the 

following data. 
IlAWI = 600J.lm J.lCox = 250 V2 

(i) 	 Find the dc voltage to be applied at the input, such that the value of Va is 5.5V. Also 

calculate the drain current of Q2' 

(6 marks) 
(ii) 	 Draw the ac equivalent circuit for mid-band signals. Hence derive an expression for 

the voltage gain Va and calculate its value. 
Vi 

(6 marks) 
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QlJE&-'FION-FOUR (25 marks) 

A circuit of a voltage regulator is shown in Figure-Q4. 
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(i) Find the range of the output voltage Va. 
(6 marks) 

(ii) If the maximum load current is 1.SA, find the power dissipation rating of Qz. 

(3 marks) 

(iii) Find the maximum possible power dissipation in Rl , Rz and in the zener diode if the 

current gain of Qz is 20. 

(6 marks) 

(iv) Calculate the minimum efficiency of the regulator. 

(5 marks) 

(v) Suggest an active overload protection to this circuit showing enough details of the 

components required. 

(5 marks) 
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====±l;===J=SflMlH:fSE-FUl:rMOSFE!f-EQHA-'FIGNS 

. c W [( ) 1 2 ]. . d .
lD = Pn ox'L vGS - v t VDS - ZVDS In trIO e regIOn 

• 1 C W( )2 . . .
lD = 2" Pn ox'L VGS - Vt In saturatIon regIOn 

Vt)2(1 + AVDS) in saturation region with Channel Modulation effect 

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


