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College of Engineering  
Department of Electronics and Communication Engineering 

 

Test 1 
 

SEMESTER 1, ACADEMIC YEAR 2018/2019 

 

Subject Code  : EEEB273 

Course Title  : Electronics Analysis & Design II 

Date   : 7 July 2018 

Time Allowed : 2 hours 
 

Instructions to the candidates: 
 

1. Write your Name and Student ID Number. Indicate your Section Number and Lecturer’s Name. 

Write also your Table Number. 

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

3. ANSWER ALL QUESTIONS. Show clearly all your calculations. Every value must be 

written with its correct Unit. 

4. WRITE YOUR ANSWER ON THIS QUESTION PAPER. 
 

NOTE:  DO NOT OPEN THE QUESTION PAPER UNTIL INSTRUCTED TO DO SO. 

 

  GOOD LUCK!     
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BASIC FORMULA FOR TRANSISTOR 

 
BJT     MOSFET 

 

 

       

 

 

 

 

 

 

  

mV 26

signal Small;

1

pnp;

npn;

/

/






















T

CQ

A
o

CQ

T

T

CQ

m

m

CBE

BEC

Vv

SC

Vv

SC

V

I

V
r

I

V
r

V

I
g

rg

iii

iii

eIi

eIi

TEB

TBE
















DQ

o

DQpm

DQnm

p

p

TPSGpD

TPSGSD

n
n

TNGSnD

TNGSDS

I
r

IKg

IKg

L

Wk
K

VvKi

Vvv

L

Wk
K

VvKi

Vvv



1

MOSFET-P;  2

MOSFET-N;  2

signal Small;

2

][

(sat)

MOSFETP;

2

][

(sat)

MOSFETN;

'

2

'

2























A

ACBB
xCBxAx

2

4
         0

:formula Quadratic

2
2 





 EEEB273 – Test 1 Semester 1, 2018/2019 

Page 3 
 

This is extra page for answers. Please indicate question number clearly. 

 

  



 EEEB273 – Test 1 Semester 1, 2018/2019 

Page 4 
 

QUESTION 1  [35 marks] 

(a) List the advantage(s) of:  

(i) A basic three-transistor BJT current source as compared to a two-transistor BJT 

current source.         [2 marks] 

(ii) A Wilson BJT current source as compared to a basic three-transistor BJT current 

source.          [2 marks] 

(iii) A cascode BJT current source as compared to a Wilson BJT current source. 

[2 marks]  

(iv) A Widlar current source as compared to a two-transistor BJT current source.   

[4 marks]  
 

(b) Consider a modified three-transistor BJT current source as in Figure 1. Transistor          

parameters are VBE(on) = 0.7 V,  VA = ∞, and  β = 80. Hint: Please take note of the current 

directions given in the Figure 1.  

 

(i) Show that   

   𝐼𝑅𝐸𝐹 −  
𝑉𝐵𝐸

(1+𝛽)𝑅2
=  𝐼𝑂 (1 +

2

𝛽(1+𝛽)
)  [15 marks]   

(ii) For R2 = 10 kΩ, V
+
 = 10 V, and IO = 0.70 mA, find IREF and R1.  [10 marks] 

 

Answers for Question 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  
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Answers for Question 1 (Continued) 
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QUESTION 2  [20 marks] 

For a MOSFET current source the bias voltages are V
 +

 = 2.5 V and V
− 

= 0 V.  Transistors are 

available with the parameters: k’n = 120 μA /V
2
, VTN = 0.4 V, and  = 0. 

 

(a) Draw and label completely a NMOS current source, M1 and M2, with M3 acting as a physical 

resistor.          [10 marks] 

 

(b) Design the circuit such that IREF = 100 μA, IO = 50 μA, and VDS2(sat) = 0.6 V. 

[10 marks] 

Answers for Question 2 
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Answers for Question 2 (Continued) 
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QUESTION 3  [25 marks] 

(a) Draw a complete circuit diagram for an NPN differential amplifier with resistive load biased 

by a cascode current source. Transistors Q1 and Q2 are used in the differential amplifier while 

transistors Q3 until Q6 are used in the cascode current source. Label the diagram clearly, 

showing all necessary currents, resistors, and NPN BJTs used in the circuit. 

           [5 marks] 

Answers for Question 3(a) 
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(b) The differential amplifier in Figure 2 is biased with a three-transistor current source as 

shown. The transistor parameters are: β = 40, VBE(on) = 0.7 V, and VA4 = VA5 = . 

Determine R1 if VCE4 = 1.8 V.       [20 marks] 

 

Answers for Question 3(b) 

 

 

         Figure 2 
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QUESTION 4 [20 marks]  

Consider a BJT differential amplifier biased with a Widlar current source, as shown in Figure 3. 

The transistor parameters are β1 = 200 for Q1 and Q2, and β3 = 500 for Q3 and Q4. VA1 = ∞ for Q1 

and Q2, and VA3 = 200 V for Q3 and Q4. 

From analysis, it is determined that IQ = 200 µA, vO2 = 5 V, and CMRR(dB)  = 85 dB.  

Given R2 = 2 kΩ. 

(a) Calculate the value of resistor RC.       [3 marks] 

(b) Find the differential voltage gain (Ad) and common-mode voltage gain (Acm) for one-sided 

output.           [10 marks] 

(c) Determine the differential-mode input resistance (Rid) and the common-mode input 

resistance (Ricm).        [5 marks]  

(d) If the circuit is modified such that resistor R2 is zero, will this improve the common mode 

rejection performance of the differential amplifier? Justify your answer. [2 marks] 

 

Answers for Question 4 

 

 

Figure 3 
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Answers for Question 4 (Continued) 
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This is extra page for answers. Please indicate question number clearly. 

 


