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Q1:  Answer the following by filling in the corresponding circles with your selection a, b, c or d  

(10 marks). 
i)  Assuming all diodes have a forward bias turn on voltage of 0.7V which statement best describes how the 
circuit in Fig. 1.1 operates? 

 
 
 
 
 
 
 

 
Fig 1.1 
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1kΩ

D1

LED2LED1

a)  LED1 is illuminated when Vi is -5V 
b)  LED2 is illuminated when Vi is -5V 
c)  Both LED1 and LED2 are illuminated when Vi is 5V 
d)  LED2 is illuminated when Vi is 5V 

 
ii) Which one of the following statements best describes a forward biased silicon diode?  
 
a)  The current through the diode is exponentially related to the diode voltage  
b)  The voltage across the diode is 0 volts 
c)  The current through the diode is of the form kVD

2 where k is a constant and VD is the diode voltage  
d)  The current through the diode is 0 amps 
 
iii)  A npn BJT has IB=1uA and β=100.  Which of the following statements is true? 
 
a)  IC=100uA, VCE=0.01V, the devices is operating in active mode 
b)  IC=10uA, VCE=1V, the devices is operating in saturation mode 
c)  IC=1000uA, VCE=0.01V, the devices is operating in saturation mode 
d)  IC=100uA, VCE=1V, the devices is operating in active mode 
 
iv) Which of the following best describes how we can increase the small signal voltage gain of a standard 
BJT common emitter amplifier? 
 
a) increase the power supply voltage 
b) decrease the transistor output resistance  
c) increase the collector resistance 
d) decrease the transistor β 
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v) What is the value of VC for the circuit in Fig. 1.2 
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a)   8.7V 
b)  10V 
c)   0V  
d)  1.7V  

VC 

 
 

Fig. 1.2 
 
vi)  Which of the following is NOT a characteristic of an ideal operational amplifier? 
 

a) infinite input impedance 
b) zero common-mode rejection 
c) zero output resistance 
d) infinite open-loop gain 

 
 
vii) Which is the best description of the circuit in figure 1.3? 

a) unity gain amplifier 
b) a buffer 
c) an integrator  
d) a differentiator 
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 Fig 1.3  Fig. 1.4 
viii) Figure 1.4 shows a sketch of the iD – vDS characteristic curves for a MOSFET. What are regions I and 
II known as? 

a) I-triode  II-active 
b) I-cut-off  II-saturation 
c) I-triode  II-saturation 
d) I-cut-off  II-triode 
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ix) Examine the circuit in Fig. 1.5.  Which statement below is correct? 
a) VDS = VDD+RDID 
b) VDS = VGS 
c) VDS = VGS +RGID 
d) VDS = VDD 

 

 
Fig. 1.5 

 
x) A transistor amplifier has the following measure characteristics for two different load resistances. 
 
Load resistance Input voltage / mV Output voltage /mV 
Without RL 8 80 
With RL = 5 kΩ 7 60 
 
 
Calculate the open circuit voltage gain, AVO, the voltage gain with the 5 kΩ load resistor, AV and the output 
resistance, Ro.  Which of the following best matches the calculated parameters? 
 

a) AVO = 10, AV = 11.7 and Ro = 5 kΩ 
b) AVO = 8.6, AV = 10 and Ro = 1.3 kΩ 
c) AVO = 10, AV = 7.5 and Ro = 1.7 kΩ 
d) AVO = 10, AV = 8.6 and Ro = 0.8 kΩ 
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Q2: Diodes 
a) The circuit has been designed in Fig. 2.1, with diodes having forward voltages of 0.7V.  
 

 
 

 

 
 

Fig. 2.1 
 

 

 

 

Vx =  ________ 

I     =  ________ 

Logic Gate Type = _________________ 

 
 

b) A zener diode circuit has been designed using two identical zener diodes as shown in Fig. 2.2.  
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VA 

VX  
VB  

I 

(i) If VA = -3V VB = 0.7V, VC = 5V and VD = 3V, what will be the output at Vx and the 
current I?     If voltage VA, VB, VC and VD could only be 0V or 5V this circuit could be 
used as a logic gate.  What type of gate would it be?   (4 Marks) 

The zener data for each diode is Vz = 4 V at Iz = 2 mA,  
rZ = 20Ω and Izk = 0.5 mA. 
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Fig. 2.2  
 
 
Answer the following questions: 
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i) Find the DC value of VO with no load resistor  (RL).  (4 Marks) 
 
 

 

 

 

VO =  ________ 

 
 

ii) Find the change in VO if the 12V power supply were to vary by ±1V.    (2 Marks) 
 
 
 
 
 
 

ΔVO =  ________ 

 

iii)  For the nominal 12V supply, what is VO if a 10kΩ load resistor, RL, is added?  
(3 Marks) 

 
 
 
 
 
 
 

VO =  ________ 

 

iv)  For the nominal 12V supply, compute the minimum value of RL so that the output is maintained at a 
relatively constant output. 

(3 Marks) 
 
 
 
 

 
 
 
 
 
 

RLmin =  ________ 
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c) A square wave input as shown below is applied to Vi of the ideal diode circuit in Fig. 2.3.   
 

 
Fig. 2.3 

 

 
 
 

Sketch the resulting waveform at Vo assuming the initial value of Vo is 0V.  Make sure to include 
scales on the voltage and time axis       (4 Marks) 
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Q3:  MOSFET 
 
The MOSFET circuit shown in Fig, 3.1 is biased by a constant current source. 
 

Fig. 3.1 
 

a) Given Vt = 1.5 V, k’n = 120 μA/V2 and W/L = 10 
i. Find the following voltages, VGS, VG, VS and VD. 

(5 Marks) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

                   VGS _____________    VG ______________   VS ______________  VD ______________ 
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ii. Calculate gm & r0 given VA = 80V. 
(2 Marks) 

 
 
 
 
 
 
 
 
 
 
                    gm ___________________      r0 ___________________________  
 
 
 

iii. A MOSFET circuit that could be used as the constant source in Fig 3.1 is called the current 
mirror.  Sketch the basic MOSFET current mirror circuit. 

(3 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) The circuit is modified so that it can be used as a small-signal amplifier.  The new circuit, with the 
signal source, is shown in Fig. 3.2 
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Fig. 3.2  (Assume all capacitors have an infinite value).  

 
i. Sketch the equivalent hybrid-π small signal circuit model for this circuit. 

(4 Marks) 
 
 
 
 
 
 
 
 
 
 
 

ii. Determine the input resistance, Rin, output resistance, Rout and voltage gain, Av for the 
amplifier (take into account r0 & RL). 

(3 Marks) 
 
 
 
 
  
 
 
 
                    Rin __________           Rout ______________                Av __________ 
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iii. If vsig is a 0.2 V peak-to-peak sinusoid and assuming small-signal operation, what output 
signal vo results if Rsig and RL are 100kΩ and 47kΩ, respectively? 

(2 Marks) 
 
 

 
 
 
 
 
 
 

vo  _________________________ 
 

c) A resistor is now place into the source branch of the circuit (after the MOSFET source terminal and 
prior to the capacitor and current source). 

i. Sketch the equivalent T-model equivalent circuit for this circuit with a source resistor 
(4 Marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii. State what will happen to the output vo, now that the source resistor is inserted. (Note, you do 
not need to perform analysis, just state what will happen).  

(2 Marks) 
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Q4: BJT 
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Fig. 4.1 

a) For the BJT amplifier circuit shown in Fig. 4.1: 
 i) Draw the DC equivalent circuit that can be used  for calculating DC voltages and currents  
 (3 Marks) 

 
 
 
 
 
 
 
 

ii) Assuming room temperature, determine values for VB, VC, IB, and IC (where VB etc. have their usual 
meaning):    

           (7 Marks) 
 

 

 

 15k
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             VC=________ 

 

             VB=________ 

 

               IB=________ 

 

             IC=________ 

 

 

4. b)  

i) The BJT in figure 4.1 had an early voltage of 500V.  Compute parameters rπ, gm, and ro,   

(3 Marks) 
 

             gm=________ 

                        ro =_______ 

            rπ =________ 

 
 

ii) Draw the small signal A. C. equivalent circuit based on parameters calculated above in 4 b) 
  (use the hybrid π model).           

(5 Marks) 
       

 
 
 

 
 
 
 
 
 

iii) Find the input resistance Ri         

(2  Marks) 

 

              
            Ri=________ 
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iv)  Find the intermediate voltage gain,   Av1 = vi/vs.         

(1 Mark) 

 

 

 
Av1=________ 

 
 
(v)  Find the intermediate voltage gain Av2 = vo/vi  .   

                   (3 Marks) 
 
 
 
 
 
 

 

 

 

             Av2=________ 

 

(vi)   Find the overall voltage gain,  Av=vo/vs.          (1 Mark) 

 
 

 

 

            Av=________ 
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5. Operational Amplifier 
 

 
Fig. 5.1 

a) Assuming ideal operational amplifiers (op-amps.), analyze the circuit in Fig. 5.1 and find expressions 
for the various branch currents and nodal voltages (as marked on the figure).  Note: V1 and V2 are the 
inputs to the circuit. 

(6 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I1 =__________  I2 =__________  I3 =__________  I4 =__________ VA =__________  VB =__________ 
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Fig. 5.2 

 
b) The circuit in a) is now used to make a larger circuit, see Fig. 5.2. The intention is for this circuit to 

have the output response: 
Vout = 2V1 + 5V2 + 10V3               (5.1) 

 
 

 
  Measurements show that this circuit does not give the desired response, stated in (5.1) 
 

i. Analyze the circuit and state the correct response of the proposed circuit. 
(3 Marks) 

 
 
 
 
 
 
 
 
 

 
ii. Provide a circuit design that will give the response of (5.1) using only the components shown in Fig. 

5.2, plus an extra 10 kΩ resistor.  Note: you do not need to use all the components. 
(4 Marks) 
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c)  An op-amp. based inverting Miller integrator is measured at 1 kHz and found to have a voltage of  
-50V/V. 
 

i. Sketch the basic circuit for an op-amp. inverting Miller integrator. 
(2 Marks) 

 
 
 
 
 
 
 

 
ii. At what frequency is the gain reduced to -1V/V? 

(3 Marks) 
 
 
 
 
 
 
 
 
 
 
iii. Sketch the response of the magnitude of the gain (in dB) with respect to angular frequency (radians 

per second). 
(2 Marks) 
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