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1. 	 There are five questions in this paper. Answer any FOUR questions. 
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assume any reasonable values. 

3. 	 Some useful formulas are given in the last page. 
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QUESTION ONE (25 marks) 


A differential amplifier using BJTs, is shown in Figure-Ql. 
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Figure-Q1 

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

that the transistors are of high gain type and matched. 

(6 marks) 

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

the differential half circuits for the mid-band signals and find the voltage gains 

and Va , deriving any formula you use. 
Vd 

(8 marks) 

(c) 	 Calculate the differential input resistance of the amplifier, assuming PQl PQ2 = 100. 

(5 marks) 

(d) 	 If VA = VB = 0, find the value of 1Va I, assuming the following data. 

Tolerance of Rz and Rs = ±5% 

Tolerance of scale current = ±10% 

You may neglect the tolerances related to other components. 

(6 marks) 
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QUESTION TWO (25 marks) 

Consider the NMOS amplifier shown in Figure-Q2. The devices Qi and Q2are matched. 
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Figure - Q2 

(a) When a differential voltage VD is applied to the input, the value of ID2 = 	1.lmA. Find the 

value ofVD , ifVD = Vi - V2 • You may assume standard notation. 

(5 marks) 

(b) Draw the common mode half circuit for a single ended output. Assuming Vi = V2 , 

calculate the common mode gain for a single ended output proving any formula you used. 

(8 marks) 

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

(7 marks) 

(d) Find the numerical value of the common mode gain when the outputs are taken 

differentially, with the tolerances of resistors being ±5%. 

(5 marks) 
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QUESTION THREE (25 marks) 

(a) 	 A circuit of a current source implemented with BITs is shown in Figure-Q3(a), where the 

devices are matched and of high gain type. 

loR 

(i) 	 Show that 10 = Iref e - VT ,assuming standard notation 

(6 marks) 

(ii) 	 Find the component values if the output current is 200JLA. You may use the 

following data. 

Vee = 12V VBEl = O.6V Iref = 1.2mA 

(6 marks) 
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Figure - Q3(a} 

(b) 	 An Ie amplifier is shown in Figure-Q3(b). The transistors are of high gain type while Ql 

and Qz are matched. 

(i) 	 Find the emitter current of Q3' (4 marks) 

(ii) 	 Derive an expression for the voltage gain !2.. and calculate its value. Assume that the 
Vin 

VA = 75V. 	 (5 marks) 

(iii) 	 What is the voltage gain if this amplifier drives an external load of 25k connected to 

the output through a large capacitor? (4 marks) 

-12V 

Figure-Q3 (b) 
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QUESTION FOUR (25 marks) 

(a) 	 An amplifier implemented in CMOS technology is shown in Figure-Q4(a), having the 

following data. 

rnA 	 mAK = SmA K2=4- K = 61 	 v2 Vz 3 Vz 

IVAI = 60V 

(i) 	 Calculate the bias voltage Vi required at the input. (4 marks) 

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

(5 marks) 

(iii) Determine the maximum and minimum signal1imits ofvo. (4 marks) 

+10V 

Vi ---I Q3 	
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doo 
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Figure-Q4(a) 	 Figure-Q4(b) 

(b) 	 An enhancement type NMOS amplifier is shown in Figure-Q4(b). You may assume the 

following data with respect to this circuit. 

f.lA
Vt = 2V JlCox = 200 v2 VA = SOV 

(i) 	 Find the dc voltage to be applied at the input, such that the value of Vo = 6V. What 

is the current flowing in Q2? (6 marks) 

(ii) 	 Draw the ac equivalent circuit for mid-band signals and hence calculate the mid band 

voltage gain. (6 marks) 
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QUESTION FIVE (25 marks) 


A cascode amplifier is shown in Figure-Q5. 
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Figure-QS 

(i) Find the voltages at the terminals of two transistors under no signal. You may assume that 

the transistors are identical and of high gain type. 

(8 marks) 

(ii) Derive an expression for the mid-band gain ~ , and find its value. Assume that the 
Vin 

p = 100 and the Early effect is negligible. 

(11 marks) 

(iii) Find an expression with numerical values, for the input impedance Zin (w) at high 

frequency signals. 

(6 marks) 
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1. 	 SOME USEFUL MOSFET EQUATIONS 

. C W [( ) 1 2 ]. . d .lD = /Ln oxT vGS - Vt VDS - ZVDS In tno e regIon 


. 1 C W( )2' . .

lD 	= zlln oxT VGS - V t In saturatIon regIon 

iD 	= ~ /LnCox ~ (VGS - v t )2(1 + AVDS) in saturation region with Channel Modulation effect 

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


