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Question 1 [16 marks] 

 

(a) A basic three-transistor current source consists of matched npn transistors Q1, Q2, and 

Q3, has output current (IO) and reference current (IREF). A resistor R1 is used to establish 

IREF.  The circuit parameters are V+ = 3 V and V- = -3 V, and the transistor parameters are 

VBE(on) = 0.7 V, � = 50, and VA = �.  

 

(i) Let the second transistor, Q2, be the output transistor.  Draw and label the circuit and 

its components clearly. 

[3 marks] 

 

(ii) If the output current is 0.25 mA, what are the values of IREF and R1? 

[4 marks] 

 
(iii) Discuss the advantage of a BJT three-transistor current source over two-transistor 

current source.  

[2 marks] 
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(b) For a MOSFET current source shown in Figure 1, the transistor parameters are k’n = 100 

�A/V2, VTN = 0.4 V and λλλλ = 0.01 V-1. Given that V+ = 2.5 V, V- = -2.5 V, IREF = 100 �A, IO 

= 60 �A, and VDS2(sat) = 0.4 V, find: 

 

(i) The width-to-length (W/L) ratio for all transistors in the circuit. 

[5 marks] 

 

(ii) How much the output current (IO) would change if the output voltage at VD2 changes 

by 3V? 

 [2 marks] 

 

 
Figure 1 
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Question 2 [16 marks] 

 

(a)  Consider the BJT differential amplifier in Figure 2a. Study Figure 2a carefully. The circuit 

and transistor parameters are IQ = 1 mA, � = 100, and Early voltage VA = �.  

 

(i) Design the circuit such that one-sided differential-mode output voltage at vC2 = 7.5 V 

when a differential-mode input voltage of vd = 0.05 V is applied. 

[4 marks] 

(ii) Determine the differential-mode input resistance (Rid). 

[2 marks] 

(iii) Determine the CMRRdB when the common-mode voltage gain (Acm) is -0.2 V/V. 

[2 marks] 

 

 

 
 

Figure 2a 
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(b) The BJT differential amplifier shown in Figure 2b is biased by a 0.18 mA constant current 

source (i.e. IQ = 0.18 mA). It is to be redesigned to use an active load in order to increase its 

differential-mode voltage gain (Ad). The active load to be used is a BJT Wilson current 

source using pnp transistors to replace the collector resistors (RC) in the differential 

amplifier, as graphically shown in Figure 2b.  

 

The transistor parameters are � = 150, VBE(on)  = VEB(on)  =  0.7 V, VAN = 120 V, and VAP = 

100 V. The one-sided output voltage taken at vC2 can be calculated using: 

vO = vC2 = gm2 vd (rO2 || ROAL) 
where ROAL is the output resistance of the BJT Wilson current source. 

 

(i) Draw the new circuit incorporating the active load’s full circuit diagram. Label the 

circuit correctly and clearly with appropriate symbols and numbering for transistors 

used in circuit. Leave IQ symbol as it is in the Figure 2b. 

[4 marks] 

(ii) Find the output resistance of the BJT Wilson current source (ROAL).  

[2 marks] 

(iii) Determine the differential-mode voltage gain (Ad) of the new circuit.  

[2 marks] 

 

 
Figure 2b 

 

Collector resistors (RC) are replaced by 
an active load using a BJT Wilson 
current source (using pnp transistors) 

= 0.18 mA 



EEEB273, Semester 3 2011/2012 
 

Page 6 of 13 

Question 3 [16 marks] 
 

(a) Consider the MOSFET differential amplifier with an active load as shown in Figure 3a. The 

transistors parameters are VTN = 1 V, VTP = -1 V, Kn = 90 µA/V2, Kp = 60 �A/V2, IQ = 0.4 

mA, λλλλn = 0.02 V-1 and λλλλp = 0.01 V-1. Assume that the differential amplifier transistors M1 

and M2 are identical and active load transistors M3 and M4 are identical. Determine: 

 

(i) The output resistance of the amplifier. 

[3 marks] 
 

(ii) The differential-mode voltage gain. 

[3 marks] 
 

(iii) The output voltage, vO, if the differential input voltage applied is vd = (20 sin ωωωωt) µV. 

 [1 mark] 
 

 

 
 

Figure 3a 
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(b) Consider the multistage bipolar circuit in Figure 3b, in which base currents are negligible. 

The transistors and circuits parameters are: VBE(on) = 0.7 V, � = 100 and VA = �, R = 12 

k�, RC = 4 k�, RE1 = 2.6 k�, RE2 = 2.43 k�, IQ = 0.5 mA, ICQ3 = 0.5 mA and ICQ4 = 3 mA. 

Determine: 

 

(i) The output voltage vO2, vO3, and vO when v1 = v2 = 0 V. 

[3 marks] 

 

(ii) The overall voltage gain (vO/vd) if the voltage gain of the second stage (i.e. vO3/vO2) = 

-1.47 V/V. 

 [6 marks] 

 

 
Figure 3b 
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Question 4 [16 marks] 

 

(a) Figure 4a 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. Power supply 

voltages are V+ = +12 V and V ¯  = -12 V. Assume VBE = VEB = 0.6 V and � = 200 for npn 

transistors. Calculate IREF and IC16.  

         [8 marks] 

 

 
 

Figure 4a 
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(b) A MOSFET op-amp circuit as shown in Figure 4b 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 aspect 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 differential voltage gain (Ad) of the differential amplifier in the circuit. 

[2 marks] 

 

 

 

Figure 4b 
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Question 5 [16 marks] 

 

Study the output stage circuit shown in Figure 5 carefully. Let RL = 1 k�, VBB = 1.40 V and the 

reverse saturation current for the transistors, IS = 2 x 10-15 A. Assume � >> 1. 

 

(a) Explain the “cross-over distortion” phenomenon in class-B output stage. 

[3 marks] 

 

(b) What is the advantage of the output stage shown in Figure 5 compared to the class-A and 

class-B output stages? 

[2 marks] 

  

(c) Referring to Figure 5, for the case of the output voltage vO = -4 V, determine iL, iCp, and iCn. 

[7 marks] 

 

(d) Referring to Figure 5, for the case of the output voltage vO = -4 V, calculate the power 

dissipated in transistor Qn and Qp.  

           [4 marks] 

 

 
Figure 5 
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Question 6 [20 marks] 

 

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

[4 marks] 

 

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

R1 = 20 kΩΩΩΩ, R2 = 100 kΩΩΩΩ, R3 = 80 kΩΩΩΩ, and R4 = 40 kΩΩΩΩ. Find vO/vI for the circuit.  

[6 marks] 

 
Figure 6a 

 
 
 
 

 
Figure 6b 

 
(c) A general output equation for a difference amplifier shown in Figure 6b is  

 

  cmcmddO vAvAv +=
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For the difference amplifier in Figure 6b, 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 then calculate the CMRR in dB. 

[10 marks] 

 

 
 

-END OF QUESTION PAPER- 
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APPENDIX 
 

BASIC FORMULA 
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