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1) -A)  Answer the following questions by filling in the corresponding circles with your selection a or b or 

c or d (5 marks). 

(i) An important advantage of bipolar transistors over MOS transistors is that, 
a) they have higher transconductance 
b) they have higher input impedance 
c) they have higher electron mobility 
d) they emit light when biased. 

 
(ii) For a PMOS enhancement transistor to be in triode mode 

a) VGS > VT; VDS < VGS-VT 
b) VGS > VT; VDS > VGS-VT 
c) VGS < VT; VDS < VGS-VT 
d) VGS < VT; VDS > VGS-VT 

 
(iii) The buffer (impedance matching) stages in electronic circuits can be designed with 

a) Common Emitter Configurations using BJTs 
b) Common Base Configurations using BJTs 
c) Common Collector Configurations using BJTs 
d) Common Gate Configurations using FETs 

 
(iv) In general, the open circuit voltage gain of a common base amplifier configuration 

a) is independent of bias current 
b) is independent of load resistance 
c) is larger than unity  
d) is smaller than unity 

 
(v) A common use for a current mirror circuit is 

a) to turn on diodes in AC rectifiers 
b) to act as gates in logic circuits 
c) to decrease the input resistance of small signal amplifier circuits 
d) to bias transistors in integrated circuits 

 
1) -B) Answer the following questions by entering TRUE or FALSE in the space provided (5 marks). 
i)   A p-channel MOSFET uses a n-type substrate or well.     ______ 
ii)  Conduction in a MOSFET channel is due primarily to majority carriers.   ______ 
iii) Early effect is generally used estimate the input impedance of transistors.  ______ 
iv) In saturation, the collector current in a bipolar transistor is mainly controlled by VCE. ______ 
v)  A reverse biased diode acts like a voltage dependent capacitor.    ______ 
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2) Diodes: For the circuit shown below, the following data is given:  
Both diodes D1 and D2 have n =1.75 and their reverse saturation currents are such that Is1 = 10Is2. 
The forward drop across diode D1 is given to be VD1=0.7V.  
 
The diode D3 is represented by linear piecewise model [Battery = 0.7V, Resistance = 60 Ohms]. 

 

D 1  

V a 
V S = 1 0 V  

R 2= 1 K Ω

D 2  R 3 = 1 0 0 Ω  

I 1  

V b  

V D 1

V D 2

D 3 

  
 
Using the above data, compute the following (12 marks): 
 
i) Find VD2  :            VD2 = ________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
ii) Find Va  :           Va  =  ________ 
 
 
 
 
 
 
ii) Find Vb  :            Vb =  ________ 
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1) b) Diodes (continued…): 
In the following circuit, assume that the diodes D1 and D2  are ideal and the zener diode D3 has a 
reverse breakdown voltage of 3Volts. If the input is Vi = 6sin(wt), what are the Peak-to-peak values 
for the output voltage?  Sketch the output waveform on the graph shown on left side. (4 Marks). 
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c) Assuming that the forward drop across the diodes is 0.5Volts, what is the value of the current  I  and 

output voltage Vo in the following  circuit? (4 Marks) 
 
 5 v

5 0 0  O h m s I 

V o  
3 V  

2 V  

1 V  

  

 I =  ________ 

Vo = ________ 
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3.) Bipolar Junction Transistor 
  

vo 
C1~∞ C3~∞ 

Q1

RE=1KΩ RL=1KΩ 
vs 

RS =1KΩ 

Vcc = 21V

RC=2KΩ 
R1=30KΩ R2=51KΩ

C2~∞ Vc

VE

IB 

β=40 

 
 

a) For the circuit shown above:    i ) Draw the D. C. Equivalent Circuit (2 Marks) 
 
 
 
 
 
 
 
 

ii)  Compute IB, VC and VCE (8 Marks) 
 
 
 
 

 

               IB=________ 

 

             VC=________ 

 

             VCE=________ 
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3)   b) Bipolar Junction Transistor (continued….) 

vo 

C3~∞ 

Q1 

RE = 100Ω 

RL=4KΩ 

vs 

RS = 80Ω 

VCC =10V

RC  = 4KΩ

Ri 

Ro 

VCC =10V 

R1=200KΩ C2~∞ 

C1~∞ 

R2=200KΩ 

vi 

 
 

For the BJT, assume that re = 25 Ohms and β=50. Using these data, answer the following: 

 
i) Draw the equivalent circuit for small signal AC analysis (preferably, use T-Model for BJT) (3  marks) 

 

 

 

 

 

 

 

 

 

 
ii) Find the output resistance Ro, input resistance Ri for the circuit (3  marks): 

 

              
            Ro=________ 

 

             Ri=________ 
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iii) Find the voltage gain Av1=vi/vs, voltage gain Av2=vo/vi and the overall voltage gain Av=vo/vs. 
Show the derivation of necessary expressions in your computations (9  marks): 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

            Av1=________ 

 

            Av2=________ 

 

           Av=________ 
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4) MOSFET. 
 

Q1 

+5V 

R3=6kΩ

+5V 

R1=100kΩ 
R2=1.6kΩ 

ID 

 
a) In the figure above, the transistor has Vt=1V, VA=30V, kn′=100µA/V2, L=1µm and W =10µm. 
 
 
i) Find the bias current ID (5  marks): 
 
 
 
 
 
 
 
 
 
 
 
 
 
            ID=________ 

 
 
ii)) Verify the mode of operation of the transistor and state what mode the transistor is in (3 marks): 
 
 
 
 
 
 
 
 
            Mode=________ 
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4) b) MOSFET (continued….) 
 

VDD=10V

Q2

(small AC signal) 
vs 

VBias

Q1

Vo

VDD=10V 

Q3

IREF R 

I2 

 

For the figure on the left, 
the transistors have  
 
Vt=1V, VA=30V,  
kn′ =100µA/V2,  
L1=1µm, W1 =10µm,  
L2=1µm, 
L3=1µm, W3=10µm.  
 
Using these data 
compute the following: 

i) If  IREF=1mA, find R (5 marks): 
 
 
 
 
 
 
 
 
 
 
 
 
 
            R = ________ 

ii)  If  I2=0.5mA, find W2 (3  marks): 
 
 
 
 
 
 
 

W2 = ________ 
 
iii) What is the minimum value of Vo for which I2=0.5mA (3  marks): 
 
 
 

Minimum Vo= ________ 
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iv) Draw the small signal equivalent circuit (2  marks): 
 
 
 
 
 
 
 
 
 
 
 
 
v) If  I2=0.5mA, χ=0.1 and Q1 is in saturation, find Av=vo/vs (4  marks): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Av  =  ________ 
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5) Operational Amplifier 

Vo
R4 = 9K 

R2 = 6K R1 = 2K 

Vc 

Vb 
Va 

R3 = 3K A~∞

 
 
a)  For the circuit shown, find the expression for Vo  as a function of  Va, Vb and Vc (assume the op amp is 

ideal) (10 Marks)                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               

         Vo=________ 
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5) b)  Operational Amplifier (continued….) 

Vo
R3

R2R1 

vi 
A~∞

C1

 
i)  For the above circuit, assuming ideal op-amp, derive the gain H(jw) = Vo(jw)/ Vi(jw). Show the 

steps.    (6 Marks)                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii) If  R1 = 5KΩ, R2 = 15KΩ, R3 = 10KΩ, C1 = 1uF and frequency is 1MHz, compute the gain-
magnitude in DBs and gain-phase in degrees. (3 Marks)                

 
 
 
               

            | H(jw) | =_________ DBs 
               

            | H(jw)   =  ________ Degrees 
 
 

iii) What class of filter does the above circuit belong to? (1 Mark)               _________________ 

 
End 
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