
 
 
 
 
 
 

 
 
 

College of Engineering  
Department of Electronics and Communication Engineering 

 
Test 1 

 

SEMESTER 3, ACADEMIC YEAR 2013/2014 
 
Subject Code  : EEEB273 
Course Title  : Electronics Analysis & Design II 
Date   : 13 March 2014 
Time Allowed : 2 hours 
 
Instructions to the candidates: 

 
1. Write your Name and Student ID number. Circle your section number. 
2. Write all your answers using pen. DO NOT USE PENCIL except for the diagram. 
3. ANSWER ALL QUESTIONS.  
4. WRITE YOUR ANSWER ON THIS QUESTION PAPER. 
5. For BJT, use VT = 26 mV where appropriate. 
6. Use at least 4 significant numbers in all calculations. 
 
 
NOTE:  DO NOT OPEN THE QUESTION PAPER UNTIL INSTRUCTED TO DO SO. 
 
 

☺  GOOD LUCK!    ☺ 
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Question 1 [35 marks] 
 
Figure 1 shows a two-transistor MOS current mirror.  The transistor parameters are assumed to be 

VTP = -0.4 V, k’p = 60 µA/V2, and λ = 0. The transistor width-to-length ratios are (W/L)1 = 25, 

(W/L)2 = 15, and (W/L)3 = 5. 

 

(a) Calculate IO, IREF, VSG1, and VSG3. 

 

[20 marks] 

(b) Design the circuit such that IO = 80 µA, IREF = 220 µA, and 

VSD2(sat) = 0.35 V. 

 

[15 marks] 

 

 

 
Figure 1 
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Answers for Question 1 
 

Answers to Q1 

 

(a) Calculate IO, IREF, VSG1, and VSG3. 

…(1)   [5] 

 … (2)  [2] 

 [5] 

 [4] 

Substituting the values, 

 [2] 

 [2] 

 

[20 marks] 

(b) Design the circuit such that IO = 80 µA, IREF = 220 µA, and 

VSD2(sat) = 0.35 V. 

   [3] 

  [3] 

  [3] 

 [3] 

  [3] 

 

[15 marks] 
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Question 2 [25 marks] 

Figure 2 shows a differential amplifier has a pair of pnp bipolar as input devices and a pair of npn 

bipolar connected as an active load.  The circuit has IQ = 0.2 mA bias current and the transistor 

parameters are β = 100 and VA = 100 V. 

 

(a) Calculate IO such that the dc currents in the diff-amp are balanced. 

 

[6 marks] 

(b) Determine the open-circuit differential-mode voltage gain, Ad. 

 

[12 marks] 

(c) Find the differential-mode voltage gain if a load resistance RL = 250 kΩ 

is connected to the output. 

 

[7 marks] 

 

 
 

Figure 2 

 
 

 
 



EEEB273 Semester 3, 2013/2014 Test 1 

 Page 5 
 

Answers for Question 2 
 

(a) Calculate IO such that the dc currents in the diff-amp are balanced. 

  [3] 

 [3] 

 

[6 marks] 

(b) Determine the open-circuit differential-mode voltage gain, Ad. 

 [4] 

 [4] 

 [4] 

 

[12 marks] 

(c) Find the differential-mode voltage gain if a load resistance RL = 250 kΩ 

is connected to the output. 

 [3] 

 [4] 

 

[7 marks] 
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Question 3 [20 marks] 

The circuit parameters for the emitter follower circuit in Figure 3 is V+ = 5 V, V- = -5 V, and RL = 

1 kΩ. The transistor parameters are VBE(on) = 0.6 V, VCE(sat) = 0.3 V, and VA = ∞. Neglect base 

currents. The output voltage is varying from -4.5 V to +4.5 V. 

 

 
Figure 3 

 

(a) Find the required IQ and the value of R.      [6 marks] 

 

(b) For vO = 0 V, find the power dissipated in the transistor Q1, and the power dissipated in the 

current source (Q2, Q3, and R).       [9 marks] 

 
(c) Determine the conversion efficiency for a symmetric sine-wave output voltage with peak 

value of 8 V.          [5 marks]  
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Answers for Question 3 
 

i) Find the minimum required IQ and the value of R.     [6 marks] 
 

IQmin  = |most negative IL| = |vomin/RL|  [2] 
            = |-4.5V/1kΩ| = 4.5 mA   [1] 
 
R =(V+ - VBE3(on) - V-) / IQ   [2] 

=(5 - 0.6 - (-5))/4.5m = 2.09 kΩ  [1] 
 

ii) For vo = 0, find the power dissipated in the transistor Q1, and the power dissipated in the 
current source (Q2, Q3, and R).       [9 marks] 
 
PQ1  = (IC1)(VCE1)       [1] 

= (IQ)(VC1-VE1) = (4.5m)(5-0) = 22.5 mW  [1] 
 
PQ2  = (IC2)(VCE2)       [1] 

= (IQ)(VC2-VE2) = (4.5m)(0--5) = 22.5 mW  [1] 
 

PQ3  = (IC3)(VCE3)       [1] 
= (IQ)(VBEon) = (4.5m)(0.6) = 2.7 mW  [1] 
 

PResistor = (I)2(R)       [1]   
= (4.5m)2(2.09k) = 42.3 mW    [2] 
 

iii) Determine the conversion efficiency for a symmetric sine-wave output voltage with peak 
value of 8V.          [5 marks] 

 
  PL = 0.5(Vp)2/RL      [1] 
   = 0.5(4.5)2/(1k) = 10.125 mW  [1] 
  PS = (V+-(V-))(2IQ)    [1] 
   = (10)(2x4.5m) = 90 mW   [1] 
  Power conversion efficiency = PL/PS x 100% 
  Efficiency = 10.125m/90mx100% = 11.25%  [1] 
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Question 4 [20 marks] 
 

For the circuit in Figure 4, the transistor parameters are β = 100 and VA = ∞. The dc bias currents 

are as indicated in the figure.  

(a) Determine the input resistance Ri.      [12 marks] 

(b) Determine the output resistance Ro.      [8 marks] 

 
Figure 4 
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Answers for Question 4 
 

IC1 = IC2 / (1+β) = 0.5m/(101) = 4.95µA   [2]  

rπ1 = βVT / IC1 = (100)(0.026)/4.95µ = 530.5kΩ  [2] 

 

IC2 = IQ + IB3 = 0.5m + IC3/β = 0.5m+0.01m = 0.51mA [2] 

rπ2 = βVT / IC2 = (100)(0.026)/0.51m) = 5.098kΩ  [3] 

 

Ri = rπ1 + (1+β)rπ2 = 530.5k +(101)(5.2k) = 1.056MΩ [3] 

 

 rπ3 = βVT / IC3 = (100)(0.026)/(1m) = 2.6kΩ  [2] 

 ro2 = ∞    

Re3 = rπ3 + 50k//ro2 = rπ3 + 50k = 52.6kΩ   [3] 

Ro = 5k // [Re3/(1+β)] = 472Ω    [3] 
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Appendix: BASIC FORMULA 
 
 

BJT     MOSFET 
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