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QUESTION ONE (25 marks) 


A BJT differential amplifier is shown in Figure*Q1. 
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Figure-Q1 

(a) 	 When there is no input signal, the collector currents in each ofthe transistors Qland Qzare 

1.2mA. Assuming that the transistors are ofhigh gain type and matched, calculate the 

values of Rv R2, R3 and R4 • Hence select practical values for these resistors from the E12 

range. You may use, 

Collector voltage of Q1and Qz R:J 5.5V 

Emitter voltage of Q3 R:J -lOV 

(8 marks) 

(b) 	 (i) Iftwo dc voltages VBland VB2are applied to the base of Qland Q2respectively, show 

that the emitter current of Ql is given by, Z~!v rnA where 
l+e 	 D 

VD = (VB2 - VBl) volts. You may assume that 0( = 1. 

(ii) 	 Evaluate the collector current and the collector voltage of Qland Q2, if VBl = lOOmV 

and VBZ = 80mV. 

(12 marks) 

(c) 	 IfVcE(sat) =O.2V for the three transistors, find the maximum and minimum common 

mode input voltages. 

(5 marks) 
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QUESTION TWO (25 marks) 

An enhancement mode NMOS amplifier shown in Figure-Q2. Assume that the devices Ql and 

Q2 are matched. 
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For Q1 and 02: 
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Figure - Q2 

(a) 	 When no ac signal is present, calculate the differential input voltage applied if the drain 

voltage of Q2 is 12V. 

(6 marks) 

(b) 	 Draw the differential half circuits for the ac signals and derive expressions for the voltage 

gains VOl , V
0

2 , Vo and calculate their values. The differential input signal voltage is 
Vd 	 Vd Vd 

denoted by Vd and assume that the bias voltages Vl V2 = O. 

(9 marks) 

(c) 	 If a common mode input signal vem is applied, derive an expression for the common mode 

gain VOl using the half circuits and find its value. What is the CMRR of this circuit? 
Vern 

(7 marks) 

(d) 	 When fabricating this circuit, a mismatch is found in Rv R21 Ql and Q2' Estimate the 

resulting input offset voltage using the following data. 

Tolerance in resistors = ±2% 

Tolerance in (7) ratio = ±50/0 

(3 marks) 
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OUESTION THREE (25 marks) 

(a) 	 A circuit of a BJT current source with matched transistors is shown in Figure-Q3(a). You 

may assume that the {J = 40 and VA =7SV. 

(i) 	 In a diagram, mark the currents in all transistors in terms of 10and {J. Hence derive an 

expression for the current 10 , 

(6 marks) 

(ii) 	 Calculate the values ofR1and R2 if the output current 10 =1.2mA. 

(4 marks) 

(iii) 	 What is the output resistance Ro? Ifthe output voltage Vo :::: SV, find the actual 

value of the output current 10 -

(7 marks) 
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Figure-Q3(a) 	 Figure-Q3(b) 

(b) 	 A current mirror implemented with NMOS devices is shown in Figure-Q3(b). Some useful 

data regarding this circuit is given below. 

Ll = 	L2 =Sj.lm W2 =SOj.lm IVtl :::: 2V j.lCox :::: 60~ 

VA:::: 7SV 10 :::: 200j.lA 

(i) Calculate the value of W1 proving any formula you use. 

(5 marks) 

(ii) Find the value of the resistance R. 

(3 marks) 
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QUESTION FOUR (25 marks) 

(a) 	 An integrated circuit amplifier is shown in Figure-Q4(a). Assume that the transistors are of 

high gain and matched. You may assume that the p = 100 and VA = 75V. 

(i) 	 Identify the function of Ql and Q3' Calculate the collector current of Ql at no signal. 

(3 marks) 

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

(5 marks) 

(iii) 	 Ifthis amplifier drives a load of lOOk, what is the resulting voltage gain? 

(3 marks) 

(iv) 	 Derive the input impedance Rin and the output impedance Ro. 
(3 marks) 
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Figure-Q4(a) 	 Figure-Q4(b) 

(b) 	 An amplifier implemented with enhancement type NMOS transistors is shown in Figure­

Q4(b). Some useful device parameters are given below. 

W1 =150Jlm Ll =20Jlm W2 = 15Jlm L2 =80Jlm Vt =2V 
/lA

JlCox = 200 V2 

(i) Calculate the drain current of Ql' ifVo = 6V at no signal. Also find the dc input 

voltage required in this case. Prove any formula you use. 

(4 marks) 

(ii) Draw the small signal equivalent circuit for the amplifier. Hence derive an 

expression for the voltage gain (V~) and calculate its value. 
Vm 

(7 marks) 
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QUESTION FIVE (25 marks) 


A voltage regulator circuit is shown in Figure-Q5. 
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Figure-05 

(i) 	 Calculate the output voltage range of this regulator. 

(6 marks) 

(ii) Show a circuit of an active current limit for this circuit. Also find the values ofthe 

resistor( s) with power ratings in your circuit assuming a maximum load current of l.SA. 

(5 marks) 

(iii) 	 Calculate the maximum power dissipation in Qz for a maximum load current of1.SA. 

(4 marks) 

(iv) Find the values of Rland Rz for the following data, 

maximum load current = l.SA 

minimum collector current ofQl = lOmA 


minimum current of zener diode = SmA 


(5 marks) 

(v) Find the maximum power dissipation in R1 , Rz and the zener diode. 

(5 marks) 
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1. 	 SOME USEFUL MOSFET EQUATIONS 

. C W [( ) 1 2 ]. . d .I.D = Pn oxI: vGS - v t VDS - ZVDS In trIO e region 


. 1 C W ( )2' . .

lD = zPn oxI: VGS - Vt In saturation region 

iD (VGS - v t )2(1 + AVDs) in saturation region with Channel Modulation effect =i/lnCox : 

,. 

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


