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Instructions: 
1. 	 EE321 students answer any FOUR (4) questions in section A 
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question in section B 
3. 	 Each question carries 25 marks 
4. 	 Marks for each question are shown at the right hand margin 
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Section A 

Question 1 

a) State the three modes of operation of an NPN transistor and tabulate the bias conditions of the 
junctions. ,[6] 

b) For the circuit Figure 1 below determine the node currents 1e , 1:and 1E and determine the mode 

ofoperation of the transistor for P= 100. ' ' [8] 

c) Draw the voltage transfer characteristics of a BJT and explain how the output signal is affected by 
the location of quiescent point (Q-point). [5] 

d) Describe how to find the current iD of a MOSFET in terms of the charge Q per unit 

length and the electron drift velocity. Assume a small VDS is applied to the transistor. [6] 
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Figure 1 

Question 2 

In the circuit Figure 2, Vsig is a small sine wave signal with zero average. The transistor Pis 100, 

VBE = 0.7V, VT = 25mV, Ie = O.5mA, Rc = 20kn.. RL = 10kn. and To = 200kn.. 
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Figure 2 

a) Draw the small signal equivalent circuit of the amplifier. [3] 

b) Determine the overall voltage gain, ~. [10]
Vsig 

c) For a 0.08 flm process technology for which tax = 15nm and fln = 550cm2 IV. s. Given 

that the transistor is operating in saturation with 10 = 0.2mA with : = 20, Find 

i) Cax [2] 
ii) k~ [3] 
iii) Vav' [4] 

d) An op-amp has a slew rate of10VIflS ,full-power bandwidth, WM =2 X 106 radlsec 
What is the rated output voltage, vomax? [3] 

Question 3 
Consider the Common-source amplifier circuit, Figure 3(a) below. 

a) Draw the small signal equivalent circuit. [3] 
b) Find 

i) The input resistance Rin [2] 
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ii) The voltage gain Gv [4] 

iii) The output resistance Rout [3] 

Figure 3 (a) 

c) 	 Given the circuit shown in Figure 3 (b) below, Rl ::::: 100kO, R2 ::::: 50 kO, Re ::::: 
5kO, Rp; ::::: 3kO, ~::::: 100, VBE ::::: 0.7V 
i) Calculate the following DC parameters VBB,IB' lp;, Ie, Ve. [10] 
ii) Draw the resultant circuit, and label all the parameters correctly. [3] 
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Figure 3 (b) 
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Question 4 
a) A BIT operating at Ie = 2mA has CfJ. = lpF Crr = 10pF and f3 = 150. Calculate: 

» h 	 ~ 
ii) fp 	 [4] 

b) For the op-amp inverting integrator circuit, 

i) Draw and label the circuit diagram. [3] 
ii) Detennine the voltage across the capacito~~. [4] 

iii) Detennine output voltage. [2] 

c) 	 Using an ideal op-amp, design the inverting low-pass amplifier circuit shown in Figure 4 
having a pole frequency of 3kHz [8] 
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Figure 4 

Question 5 

Consider the common-emitter amplifier shown in Figure 5 under the following conditions: 


Rsig = SkD., Rl = 33kD., Rz = 22kD., RE = 3.9kD., Re = 4.7kD., RL = 5.6kD., Vee =5V, 

ro =300kD., f3 = 120, dc collector current, Ie =0.3mA, VT =2SmV, CfJ. =1 pF, h = 
700MHz, rx = SOD., Find 

~ ~ 	 [~ 
b) The upper-3dB frequency fH 	 [18] 
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Section B 
Question 6 

a) List and describe the four elements of a regulator circuit. [8] 
b) State three types of regulators [3] 
c) In the circuit Figure 6 below 

i) Identify the type of regulator. [2] 
ii) Identify the four elements listed above. . ' [4] 
iii) Find the output voltage. [3] 
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Figure 6 
d) For a half-wave rectifier, show that the efficiency rJ = 0.405 [5] 

Question 7 
a) State a regulator type of your choice and do the following 

i) Draw the circuit diagram. [3] 
ii) Describe the operation of the regulator. [6] 
iii) Write the equations of the output voltage and the associate currents. [4] 

b) For a rectifier of your choice 
i) Draw the circuit diagram, [3] 
ii) Find the RMS values of the load voltage and the load current. [9] 
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