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1. This question paper contains Six (6) questions in Twelve (12) pages. 

 
2. Answer ALL questions. 
 
3. Write all answers in the answer booklet provided. 
 
4. Write answer to each question on a new page. 

 
5. For all calculations, assume that VT = 26 mV. 

 
6. Write all your answers using pen. DO NOT USE PENCIL except for the 

diagram 
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Question 1 [16 marks] 
 

(a) Figure 1a shows a pnp current source with transistor parameters � = �, VA = 

450 V, and VEB(on) = 0.7 V. Study Figure 1a carefully. 
 

(i) Design the circuit such that IREF = 1.5 mA. 

        [3 marks] 

(ii) What is the value of IO? 

        [3 marks] 

(iii) Find the output resistance (RO) of the current source. 

[2 marks] 

 

Figure 1a 
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(b) For a MOSFET current source shown in Figure 1b, find the width-to-length 

ratio (W/L) for all the transistors in the circuit. Given IREF = 100 µA, IO = 60 

µA, and VDS2 (sat) = 0.4 V. Transistor parameters are k’n = 100 µA/V2, VTN = 

0.4 V and � = 0. 

         [8 marks] 

 

 
Figure 1b 
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Question 2 [18 marks] 
 

(a)  Consider the BJT differential amplifier in Figure 2a. The circuit and transistor 

parameters are V+ = 10 V, V- = -10 V, � = 100, VT = 26 mV, IQ = 1 mA, and 

early voltage VA = �.  

 

(i) Redesign the circuit such that the differential-mode output voltage of 

vc2 = 8 V when a differential-mode input voltage of vd = 0.05 V is 

applied. 

[4 marks] 

(ii) Determine the differential-mode input resistance. 

[2 marks] 
 

(iii) Determine the CMRR when the common-mode voltage gain (Acm) 

= -0.2 

[2 marks] 
 

(iv) Suggest a practical method to increase the differential-mode voltage 

gain, draw the suggested circuit diagram. 

[3 marks] 

 

 
 

       Figure 2a 
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(b)    The MOSFET differential amplifier with cascode active load shown in Figure 

2b is to be designed to achieve the desired differential-mode voltage gain. The 

circuits parameters are to be V+ = 10 V, V- = -10 V, and IQ = 0.4 mA. The 

NMOS transistors parameters are �n = 0.02 V-1, k'n = 100 �A/V2, VTN = 1 V 

and transconductance gm = 0.5 mA/V. The PMOS transistors parameters are 

�p = 0.01 V-1, k'p = 200 �A/V2, VTP = -1 V and the transconductance gm = 0.5 

mA/V.  

 

(i) Determine the output resistance of the amplifier.  

[4 marks] 

(ii) Determine the differential-mode voltage gain.  

[3 marks] 

 

 
Figure 2b 
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Question 3 [16 marks] 
 

Consider the circuit shown in Figure 3. The circuit and transistor parameters are V+ 

= 12 V, V- = -12 V, VGS4 = 3.37 V, � = �, Kn = 0.2 mA/V2, and VTN = 1 V. 

 

(i) Calculate the output voltage vO2 and vO3.  

[6 marks] 
 

(ii) Calculate the overall voltage gain (vO3/vd). 

[6 marks] 
 

(iii) Determine VGS2 and the maximum common-mode input voltage 

(vCM(max)) of M2.   

[4 marks] 

 

                       
 

Figure 3 
 
 
 
 



EEEB273, Semester I 2010/2011 
 

Page 7 of 12 
 

Question 4 [17 marks] 
 

(a) Figure 4a shows a basic complimentary push-pull output stage circuit. 

Assume the B-E cut-in voltage of 0.6 V such that vO remains zero for the 

interval -0.6 V � vI � 0.6 V.  
 

(i) Sketch the voltage transfer characteristic of the circuit. Indicate 

when Qn is conducting and when it is not conducting. 

[3 marks] 
 

(ii) Sketch the current iCn for two input cycles corresponds to a 

sinusoidal input voltage vI =Vp sin ωωωωt (V).  

[4 marks] 

 
Figure 4a 
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(b) Consider the circuit in Figure 4b. The circuit parameters are VCC = 12 V, RL = 

100ΩΩΩΩ, and Qn and Qp are matched with IS = 4x10-13 A. Let VBB = 1.2 V, and 

�>>1.  

(i) For the case of the input voltage vI = 0, calculate the quiescent collector 

currents, iCn and iCp, and the power dissipated in transistors Qp and Qn. 

[3 marks] 
 

(ii) What is the maximum amplitude of the output voltage, vO, and the 

corresponding maximum power that can be delivered to the load? 

[2 marks] 
 

(iii) For the case of vO = -4 sinωωωωt (V), determine iL, iCn, iCp, and vI.  

[5 marks] 

 

 
 

Figure 4b 
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Question 5 [17 marks] 
 

(a) Figure 5a shows reference circuit and gain stage of 741 op-amp. Transistors 

Q12 and Q13 form a current mirror, and Q13B has a scale factor 0.70 times that 

of Q12. IREF is given as 0.72 mA. Assume VBE = 0.6 V and � = 200 for npn 

transistors. Find IC16. 

         [7 marks] 

 

 
 

Figure 5a 
 

 



EEEB273, Semester I 2010/2011 
 

Page 10 of 12 
 

(b) A simple CMOS op-amp circuit as shown in Figure 5b is biased with IQ = 

200 µA. The transistor parameters are k’n = 100 µA/V2, k’p = 40 µA/V2, VTN = 

0.4 V, VTP = -0.4 V, and �n = �p = 0. The transistor width-to-length ratios are 

(W/L)1 = (W/L)2 = 20, (W/L)3 = 50, and (W/L)4 = 40. 

 

(i) Design the circuit (i.e. find the values of RD1, RD2, and RS) such that 

ID3 = 150 µA, ID4 = 200 µA, and vo = 0 for v1 = v2 = 0. 

        [6 marks] 

(ii) Find the overall small-signal voltage gain if the gain of the gain stage 

is -19.21. 

        [4 marks] 

 

 
         Figure 5b 
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Question 6 [16 marks] 
 

(a) State four (4) applications of an ideal operational amplifier. 

[4 marks] 

 

(b) A general output equation for a difference amplifier is  

  cmcmddO vAvAv +=  

 

For the difference amplifier in Figure 6a, the circuit parameters are R1 = R3 = 

10 kΩΩΩΩ, R2 = 100 kΩΩΩΩ, and R4 = 110 kΩΩΩΩ and the output voltage equation is as 

follows:  
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Find Ad, Acm, and calculate the CMRR in dB. 

[6 marks] 

 

Figure 6a 
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(c) Consider the two inverting op-amp circuit connected in cascade as shown in 

Figure 6b. Let R1 = 20 kΩΩΩΩ, R2 = 160 kΩΩΩΩ, R3 = 10 kΩΩΩΩ, and R4 = 80 kΩΩΩΩ. Find 

vO/vI for the circuit.  

[6 marks] 

 

Figure 6b 
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