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1. This paper contains Six (6) questions in Nine (9) pages. 

 

2. Answer ALL questions. 

 

3. Write all answers in the answer booklet provided. 

 

4. Write answer to different question on a new page. 

 

5. For all calculations, assume that VT = 26 mV. 
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Question 1 [20 marks] 

 

Answers: 

(i)  The circuit: [L4] The three-transistor diagram (2 marks) 

     The differential amplifier (2 marks) 

                       The connection of the two circuits (1 mark) 

 

 

(ii)   [2] 

 

 [2] 
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Question 2 [10 marks] 

 

Answers: 

(i) Determine IO such that the dc currents in the differential amplifier are 

balanced. [L3] 

IO = IB3 + IB4 [1] 

 

 [1] 

 

 

[3 marks] 

(ii) Calculate the open-circuit differential-mode voltage gain. [L3] 

 [1] 

 [1] 

 

 

 

[4 marks] 

 

(iii) Find the differential-mode voltage gain if a load resistance RL = 250 k is 

connected to the output. [L3] 

 

 

 

 

[3 marks] 
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Question 3 [15 marks] 

 

Answers: 

(a) i. Average current: Vp/(RL)      [1] 

 Iave=(6)/[(3.141)(200)]=9.55mA      [1] 

 

 ii. Average power delivered to load:  

 PLave = Vp
2
/(2RL)        [2] 

 =(6)(6)/2(200)=90mW       [1] 

 

 iii. PQave =(1/)  (VCC-Vpsinωt)(Vp/RL)sinωt  t ; for 0 ≤ ωt ≤ π [2] 

 =
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

=95.51mW-45mW=50.5mW  [2] 

 

 iv. PSave =2VCC[Vp/(RL)]=2(95.51mW)=191mW    [2] 

  = PLave /PSave = 90/191 =47.1%      [1] 

 

(b) Any of the following key-phrases:                                                                

(I) vI > +0.7V, Qn turns on and operates as emitter follower  [1] 

  IL is positive, supplied thru Qn  

  B-E junction of Qp is reverse-biased 

(II) vI < -0.7V, Qp turns on and operates as emitter follower  [1] 

Qp sinks IL, which is negative  

B-E junction of Qn is reverse-biased 

(III) vO remains zero as long as -0.7V ≤ vI ≤ +0.7V   [1] 

Dead band: range of input voltage where vO is zero  

 Where both transistors are cut-off 
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Question 4 [20 marks] 

 

Answers: 

 

i. r6 = VT / IC6 where IC6 = IC7/(1+)     [2] 

 r6 = (1+)VT / IC7 = (90)(91)(0.026)/(0.5m) =426 k   [2] 

 r7 =VT / IC7 = (90)(0.026)/0.5m)= 4.68 k    [2] 

   76 1   rrRi  =426k +(91)(4.68k) = 852 k  [2] 

 

ii.   7677773 1)( LbLbLco RiRiRiv        [2] 
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 givenIIIrrgrFind cccmo  87118111111 ,,,,      [4] 

  ro11 = VA / IC7 = 120/0.5m = 240 k 

  gm11 = VT / IC7 = 0.026/0.5m = 5.2 k 

  r11 = VT / IC7 = (90)(0.026)/0.5m = 4.68 k 

  r8 = VT / IC8 = (90)(0.026)/2m = 1.17 k 

 

    TkkkkRgrR Emoc 124)1.0//68.4)(2.5(1)[240(1 '

111111  

 

    kkkRrRb 456)5)(91(17.11 488      [1] 

 8117 bcL RRR   Rb8 = 456k      [2] 

 

 
 
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)456(9190
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k

k
Av        [1] 
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Question 5 [15 marks] 

 

Answers: 

Q5(i) 

IC1  = 8 μA      [1] 

= IC8 / 2 = IC9 / 2 = IC10 / 2  [1] 

IC10  = 2 x IC10    =16 μA  [1] 

 

IC10 R4 = VT ln(IREF / IC10)    [1] 

IREF   = IC10 exp[IC10 R4 / VT]   [1] 

  = (16μ) exp[(16μ x 5k) / (26m)]  [1] 

  = 0.347 mA     [1] 

 

IREF   = (V
+
 - V

-
 - VEB12 - VBE11) / R5 

R5   = (V
+
 - V

-
 - VEB12 - VBE11) / IREF  [1] 

  = (12 – (-12) – 0.6 – 0.6) / (0.347m) [1] 

  = 65.694 kΩ     [1] 

 

Q5(ii) 

  IC6  = IC1 = 8 μA     [1] 

VC6   = VBE7  + VBE6 + IC6 R2 + V
_   

[2] 

  = 0.6 + 0.6 + (8µ)(1k) + (-12)  [1] 

or VC6  ≈ -10.8 V      [1] 
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Question 6 [20 marks] 

Answers: 

Q6(a) 

Calculation: 

Av  = 1 + R2/(R1F + R1V)       [1]  

R2  = 250 kΩ. R1F is a fixed-value resistor. 

R1V is a potentiometer. Gain is maximum, i.e. 26, when R1V = 0 Ω. 

Av1  = 26 = 1 + R2/(R1F + R1V) = 1 + 250k/(R1F + 0)   [1] 

R1F  = 10 kΩ        [0.5] 

Gain is minimum, i.e. 11, when R1V is maximum. 

Av2  = 11 = 1 + R2/(R1F + R1V) = 1 + 250k/(10k + R1V)  [1]  

R1V  = 15 kΩ        [0.5] 

 

Circuit:           [2] 

 

Q6(b) 

Using superposition theorem: 

vI2 = 0:  vO1(vI1)  = (-RF /R1 ) vI1  = (-100k /100k ) vI1  = - vI1 

    [0.5]   [0.5]   [0.5] 

vI1 = 0:  vO1(vI2)  = (-RF /R2 ) vI2  = (-100k /100k ) vI2  = - vI2 

    [0.5]   [0.5]   [0.5] 

 

  vO1  = vO1(vI1) + vO1(vI2)   = (- vI1) + (- vI2)  = -(vI1 + vI2) 

   [0.5]    [0.5]   [0.5] 

 

  vO = (-RF /R1 )vO1  = (-100k /100k )[ -(vI1 + vI2) ]  = vI1 + vI2 

         [0.5]   [0.5]    [0.5] 

 

Note: Student can use any method that leads to the same answer. 

10 kΩ 

 

15 kΩ 

 



EEEB273, Special Semester 2013/2014 

 

Page 8 of 9 

Q6(c) 

  RF / R1 = 5  RF = 5 R1     [0.5] 

and RF / R2 = 10  RF = 10 R2     [0.5] 

So, resistor R2 will be the smallest value. Set R2 = 25 kΩ. [1] 

 

  RF = 10 R2 = 10 x 25 kΩ   = 250 kΩ [0.5] 

and  R1 = RF / 4 = 250kΩ / 5     = 50 kΩ [0.5]  

 

  RN = R1 || R2 = 50 kΩ || 25 kΩ  = 16.667 kΩ 

  1 + RF / RN = 1 + 250k / (16.667k)  = 16    

  (1 + RF / RN)(RP / RA) = (16) (RP / RA) = 5  [0.5] 

and (1 + RF / RN)(RP / RB) = (16) (RP / RB) = 2  [0.5] 

So,  (RA / RB) = 2/5.      [0.5] 

 

Choose  RA = 80 kΩ,       [1] 

then  RB = 200 kΩ       [1] 

  RP = (2 RB) / 16  = (5 RA) / 16 

  RP = 25 kΩ      [0.5] 

  RP = RA || RB || RC 

 RC = 44.45 kΩ     [1] 
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APPENDIX 

 

BASIC FORMULA 

 
BJT      MOSFET 
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