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QUESTION ONE (25 marks) 

(a) A two stage IC amplifier is shown in Figure-Ql. 
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Figure-Ol 

Assume that the input bias currents are drawn from the signal source. The two pamllel 

transistors are represented by Q8 as a single equivalent. You may assume the following data. 

For pnp: VA =50V P=75 

Fornpn: VA = 120V P=lOO 

Vee =lOV VEE =-lOV 

Find the following. 

(a) Collector Currents ofall transistors at no signal. 

(3 marks) 

(b) Differential input impedance .. 

(4 marks) 

(c) Voltage gain ~. 
Vd 

(15 marks) 

(d) Output impedance. 

(3 marks) 
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QUESTION TWO (25 marks) 

A circuit of the Widlar current source is shown in Figure-Q2. Assume that the transistors are 

matched and the f3 is large unless otherwise stated. 

+Vcc 

Figure-Q2 

(a) Show that the current 10 is given by 

10 = Vr In[Vcc - VBE +VEE]. 
RE RIo 

(5 marks) 

(b) 	 Derive an express~on for the output resistance Ro. 

(10 marks) 

(c) 	 Design the current source for 10 =500,wi with ±10V supplies. 

(5 marks) 

(d) Assuming f3 = 100 and VA = 100V, 

(i) 	 Find the minimum possible voltage at the output while maintaining proper 

operation of the current source. 

(ii) 	 Also calculate the output resistance. 


(5 marks) 
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QUESTION THREE (25 marks) 


A block diagram of an IC op-amp is shown in Figure-Q3. 
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Figure-Q3 

(a) 	 It is required to introduce a dominant pole at 10Hz for frequency compensation. The 

impedances Rot and Ri2 are 2M and 1.5M respectively. If Av =500, find the value of 


the compensation capacitor C . 


Note that the value of Gm is not given intentionally. 


(7 marks) 

(b) 	 Assuming the DC gain of the op-amp is 1OOdR , 

(i) 	 Find the unity gain bandwidth using the data given in (a). 

(ii) 	 If the amplifier is used with negative feedback and the feedback factor is 0.01, 

find the resulting bandwidth. 

(10 marks) 

(c) 	 Ifthe total bias current available in the differential amplifier stage is 20pA, find the 

slew rate and the full power bandwidth. Assume that the maximum available output is 

10V. 


(8 marks) 
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QUESTION FOUR (25 marks ) 


An integrated circuit CMOS amplifier is shown in Figure-Q4. 
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Figure-Q4 

The voltage Vd is the input and the voltages Vol and Vo2 are the outputs. The sets ofmatching 

transistors are [Q6' Qs ], [Ql' Q2]' [Q3' Q4]' Some of the design data of the amplifier are given 

below. 

Vo2Differential gain VOl - = -SO Reference current = 200pA 
Vd 

Voltage at the gate of Q6 = 1.SV Voltage at the gate of Q7 = -l.SV 

Process parameters: 

VA =20V (for all transistors) K' =SOpA
P V2 

Iv; I=2.SV 


(a) Find the bias currents of all transistors and the value of R. 

(S marks) 

(b) Show that the differential gain (VOl - Vo2 ) ~ -VA ~KP 

Vd ID2 

(8 marks) 

(c) Find the (:) values ofeach transistor. 

(12 marks) 
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QUESTION FIVE (25 marks) 

(a) Demonstrate the translinear principle using a loop of four npn transistors. What are the 

factors which deviate its behavior from ideal conditions? 

(7 marks) 

(b) Analyze the circuit shown in Figure-Q5 using the trans linear principle and find out the 

function represented by lout • 

(15 marks) 

(c) Comment on the working range ofthe input signals. 

(3 marks) 
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Figure-Q5 
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. lk' W( v.)2. . .'D = - n - vas - t msaturation regIon
2 L 

iD = ~k~ ~ (vos - yt )2 (1 +AVDS) in saturation region with Channel Modulation effect 

VA =11 A 

2. BJT EBERS-MOLL EQUATIONS 

3. Unless otherWise stated, VBF.(ON) = 0.7 V and VT = 0.025 V. 


