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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. 
 
 
NOTE:  DO NOT OPEN THE QUESTION PAPER UNTIL INSTRUCTED TO DO SO. 
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Question 1 [30 marks] 
 
The circuit in Figure 1 is a BJT current source with R1 = 8.6 k�.  The transistor parameters are: 
VBE1 = 0.65 V, VA = 100 V and � = 80. The quiescent load current, IO, is 12.5 µA. Answer the 
following questions: 
 
(a) Calculate RE.          [7 marks] 

 
(b) Find VBE2.          [5 marks] 
 
(c) Draw the small-signal equivalent circuit for the current source.   [5 marks] 
 
(d) Determine the output resistance, RO, of the current source.    [8 marks] 
 
(e) Find the new load current if VC2 changes by 4 V.      [5 marks] 

 
Answers for Question 1 

 
          Figure 1 
 
 

(a) 

 [1, 1, 1] 

      [1] 

 [1, 1, 1] 
 

 
(b) 
 

  [1, 1, 0.5] 

      [1] 

  [1, 0.5] 
 
 
(c)  
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�� - Correct connections 
  

� = 0.5 mark 
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Answers for Question 1 (Cont.) 

(d) 

 
      [0.5] 

 
      [0.5] 

 
 

    [0.5] 
   [0.5] 

 

 [1] 
 

 
 

    [1] 
 

   [1] 
 

    [1] 
 

    [1] 
 

  [1] 
 
 

(e) 
 

       [2] 
 

    [1, 0.5] 
 

   [1, 0.5] 
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Question 2 [30 marks] 
 
Refer to Figure 2. The circuit parameters are: V+ = 5 V, V- = -5 V, and IREF = 20 µA. Let Kn = 80 
µA/V2, VTN = 1 V, and λλλλ = 0.002 V-1 for all transistors. 
 
(a) Find the bias current, IO.         [2 marks] 

(b) Determine the gate-to-source voltage, VGS, for each transistor.   [5 marks] 

(c) Calculate the lowest possible value of VD4.      [5 marks] 

(d) Draw the ac equivalent circuit of the current source.     [5 marks] 

(e) Determine the output resistance RO looking into the drain of M4.            [13 marks] 

 
Answers for Question 2 

 
          Figure 2 

 
 

(a) Assume all transistors are identical because parameters given are for 
all transistors.  
 
IO = IREF = 20 µA      [2] 
 
 

(b)  
 

 
 
Since VGS1 = VGS2 and VGS1 = VGS3,  
 

then VGS1 = VGS2 = VGS3 = VGS4 =  

        [5] 
 
 

(c) VD4 (min) = V- + VGS1 + VGS3 - VGS4  + VDS4 (sat)  [2] 
 
VD4 (min) = V- + VGS1 + VGS3 - VGS4  + (VGS4 – VTN)  [1]   
 
VD4 (min)  = V- + 2VGS – VTN    [1]  
  = (-5) + 2(1.5) – 1 = -3 V   [1]  
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Answers for Question 2 (Cont.) 
 
 

(d) 

 
 
 
(e) 

 [1] for drawing 
 

        [1] 
 
Vx  = (Ix – gm4 Vgs4) ro4 – Vgs4      [1] 
 

     [1] 
 

     [1] 
 

   [1, 1, 1] 
 
ro4 = ro2 = 1/(� IO) = 1/(0.002 x 20µ) = 25 M�     [1, 1, 0.5] 
 

80µA/V2   [1, 0.5] 

 

RO = (80µ)(25M)(25M) = 50000 M�      [0.5, 0.5] 
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�� - Correct connections 
  

� = 0.5 mark 
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Question 3 [40 marks] 
 
(a) Figure 3a shows a circuit diagram for a BJT differential amplifier (diff-amp). Study the 

circuit diagram carefully. Transistor parameters are: � = � (neglect base current), VA = �, 
and VBE(on) = 0.7 V. For the circuit also, voltages measured at vC1 and vC2 are +3.5 V. 

 
(i) What are the values for vcm and vd? Show clearly your calculations.  [5 marks] 

 
(ii) Find IQ.          [5 marks] 

 
(iii) Find vCE1.          [5 marks] 
 
(iv) Determine the differential mode voltage gain (Ad) for a one-sided output taken at vC2. 

[5 marks] 
 
Answers for Question 3a 

 
          Figure 3a 
 
 

(i) 
 vB1 = vB2 = 0.3 V     [1, 1] 
 vcm = (vB1 + vB2) / 2 = (0.3 + 0.3) / 2 = 0.3 V  [1, 0.5] 
 vd = (vB1 - vB2) = (0.3 - 0.3) = 0 V   [1, 0.5] 
 
 
(ii) 

IRC  = [(+10) - vC1 ] / RC = [(+10) - vC2 ] / RC [1] 
 = [(+10) – 3.5 ] / (10k) = 0.65 mA  [0.5, 0.5] 
 
IQ  = 2 IRC = 2 (0.65m) = 1.3 mA  [2, 1] 
 

 
(iii) 

 vCE1  = vC1 – vE1     [1.5] 

  = vC1 – (vB1 – vBE1)    [1.5] 
  = 3.5 – (0.3 – 0.7) = 3.9 V   [2] 
 

 
(iv) 
 Ad  = (gm2 RC) / 2 = (IQ RC) / (4 VT)  [2] 
 
 gm2  = IC2 / VT = IQ / 2VT     [1] 

= (1.3m) / (2 x 26m) = 0.025 A/V  [1] 
 

 Ad  = (0.025 x 10k) / 2 = 125   [1] 
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(b) The BJT differential amplifier shown in Figure 3b is biased by a 0.20 mA constant current 

source (i.e. IQ = 0.20 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 cascode current 
source using pnp transistors to replace the collector resistors (RC) in the differential 
amplifier, as graphically shown in Figure 3b.  
 
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 Equation (1): 
 

vO = vC2 = gm2 vd (rO2 || ROAL)   (1) 
  

where ROAL is the output resistance of the BJT cascode 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 Figure 3b.           [10 marks] 

 
(ii) Find the output resistance of the BJT cascode current source (ROAL). [5 marks] 
 
(iii) Determine the differential-mode voltage gain (Ad) of the new circuit. [5 marks] 

 
 

 
Figure 3b 

 
 
Answers for Question 3b 
 

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

= 0.20 mA 
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Answers for Question 3b (Cont.) 
 
(i) 

  
 
 
(ii) 
 ROAL  � � rO4      [2] 

= � (VA4 / IC4) = (� VAP) / (IQ / 2)  [2] 
= (150 x 100) / (0.20m / 2) = 150 M� [1] 

 
 
(iii) 
 vO = vC2 = gm2 vd (rO2 || ROAL) 
 Ad  = vO / vd = gm2 (rO2 || ROAL)   [1] 
 
 gm2  = ICQ2 / VT = IQ / 2VT     [1] 

= (0.20m)/(2x26m) = 3.846 mA/V  [0.5] 
 

 rO2  = VA2 / IC2 = (VAN) / (IQ / 2)   [1] 
= (120) / (0.20m / 2) = 1.2 M�  [0.5] 
 

 rO2 || ROAL = 1.2M || 150M = 1.19 M� � rO2 
 

 Ad  = (3.846m)(1.2M || 150M) 
  = 4578.57     [1] 
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� = 0.5 mark 
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Appendix: BASIC FORMULA 
 
 

BJT     MOSFET 
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