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	Describe the atomic structure of an intrinsic semiconductor material such as silicon and explain how it can be doped to produce an extrinsic semiconductor.
The atomic number of silicon is 14. Therefore, it has 14 protons and 14 electrons. Two electrons are in the first orbit, eight electrons in the second orbit and four electrons in the third. It is clear that a silicon atom has four valence electrons. The addition of pentavalent impurity atoms such as arsenic and antimony provides a large number of free electrons in the semiconductor crystal. Such impurities which produce n-type semiconductors are known as donor impurities because they donate or provide free electrons to the semiconductor crystal.

[image: ]
[5 marks]



Calculate the series resistor required to limit the current through a LED to 8mA with a forward voltage drop of 2.2V when connected to a 6V supply?



= (6 – 2.2) / 8m 

= 475Ω
[3 marks]

Calculate IE in a transistor for which β = 90 and IB = 30μA.



Ic = 90 x 30u = 2.7mA

  = 30u + 2.7m 

= 2.73mA
[4 marks]




A system comprises 3 cascade power amplifiers and an attenuator as shown below. If the power gains expressed as a number are; Stage 1 = 75, Stage 2 = 150, Stage 3 = 50 and the Attenuator = 0.5, calculate the system gain expressed as both a number and in decibels.

Stage 1
Stage 2
Stage 3
Attenuator




10log75 = 18.8
10log150 = 21.8
10log50 = 17
10log0.5 = -3

=18.8 + 21.8 + 17 - 3 = 54.6dB
Antilog (54.6/10) = 288403
[4 marks]

Calculate the gain of an inverting op-amp amplifier if the feedback resistor is 30k and the series resistor is 1.5k.



= -30000/1500 

= -20
[3 marks]


The diagram below shows a multi-stage OP-amp circuit. The resistor values are: 
Rf = 330kΩ ; R1 = 4.7kΩ ; R2 = 56kΩ and R3 = 12kΩ. Find the output voltage for an input of 200μV.

[image: ]








[image: ]
A1 = 1 + (330k / 4.7k) = 70
Vout(1) = 70 x 200u = 14mV
A2 = -330k /56k = -5.9
Vout(2) = -5.9 x 14m = -82.5mV
A3 = -330k / 12k = -27.5
Vout(3) = -27.5 x -82.5m = 2.27V
[6 marks]

Determine the critical frequency for the integrator circuit shown below if the feedback capacitor is 0.033uF.
[image: ]





[image: ]
 = 1 / (2π x 100k x 33n)

= 48.2Hz
[3 marks]

Complete the following table by carrying out the required conversions

	
	Binary
	Decimal
	Hex

	Binary
	1000 11012
	141
	8D

	Decimal
	0111 1011
	12310
	7B

	Hex
	1011 0111
	183
	B716



[6 marks]
Simplify the following Boolean expressions using a Karnaugh Map:


	CD
AB
	00
	01
	11
	10

	00
	1
	1
	1
	1

	01
	0
	0
	0
	0

	11
	0
	0
	1
	1

	10
	0
	1
	1
	0





[6 marks]

	







5
















1

1

1





1


1

1

1















2


1
1




1


1

1





















1
1
1
1
1
1










1

1

1






1 mark each












3


3




	Q. B1
	Question
	Marks

	a.
















b. 


































c. 














d. 




  





























	Explain the operation of the circuit shown below.
[image: ]








On positive half cycles of the input, the capacitor is charged through D1 and D2, D3 and D4 being cut off. On negative half cycles the capacitor is charged, to the same polarity, through D3 and D4 with Dl and D2 being cut off. The charge on the capacitors is topped-up during each cycle of the input waveform and the ripple on the output waveform is small.
[4 marks]
a.  
b. Draw the DC and AC equivalent circuits for the circuit shown below.

[image: ]







As far as DC is concerned capacitors are open circuit so the circuit appears to be:
[image: ]
As far as AC is concerned capacitors and batteries are short circuit so the circuit appears to be:


[6 marks]

c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. Explain how the bandwidth of the amplifier would be measured using standard test equipment.

Initially set the generator frequency to 1kHz and adjust the generator amplitude and the oscilloscope controls to view a large, undistorted waveform, measure Vpp.
Calculate the −3dB level by multiplying the Vpp value by 0.707.
Without altering the generator amplitude, reduce the frequency of the input wave and observe its amplitude on the oscilloscope. Keep reducing the frequency until the amplitude of the output wave falls to 0.707 of that observed at 1kHz. This is the low frequency −3dB limit of the bandwidth.
Increase the frequency past 1kHz until the output VPP again falls to 0.707 of the 1kHz value. This frequency is the high frequency −3dB limit of the bandwidth.

[6 marks]
k. 
l. The figure below shows a common emitter transistor amplifier. Given the following criteria, calculate the required values for the components; RL, RE, R1, R2, C1, C2 and C3. You must state any assumptions made.

Vcc = 14V, IQ = 2mA, hFE = 120, Input = 5mVpk @ 25kHz
[image: ]







Vc = ½ Vcc = 7V

RL = (Vcc – Vc)/IQ = 7/2m = 3.5kΩ

IE≈IC = 2mA
VE = 10% of Vcc = 1.4V

RE = VE/IE = 1.4/2m = 700Ω

IB = IC/hFE = 2m/120 = 16.7µA

VB = VE + 0.7 = 2.1V

IR1 = IR2 = IB x 10 = 167µA

R1 = (Vcc - VB) / IR1 = (14 – 2.1)/167µ = 71.7kΩ

R2 = VB/IR1 = 2.1/167µ = 12.6kΩ

C1 = C2 = C3 and have a low reactance at the required frequency. So assuming XC = 1Ω,

C = 1/(2πf) = 1/(2π x 25k) = 6.4µF
[14 marks]
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Q.B2
	
	
Marks

	a.

























b.

























c.
















d.














e.




















	Describe the 5 main characteristics of an ideal op-amp.

Infinite Voltage Gain
This means that the open loop gain Av (i.e. without the feedback network) should be infinite, commercially available devices have open loop gains exceeding one million.
Infinite Bandwidth
This would mean equal amplification for all signals from DC to infinity and is not achievable in practice. Integrated circuit operational amplifiers are invariably direct coupled (no capacitors) and some will operate at frequencies up to a few megahertz under small signal conditions with a closed loop gain of about 100.
Infinite Input Resistance
Ideally, the input resistance RIN should be infinite; in practice all integrated circuit types have a very high input impedance and their loading effect on the signal source is negligible. Some FET types of integrated operational amplifier have an input impedance as high as 100G
Zero Output Impedance
The output impedance of operational amplifiers is extremely low and they can cope with changes in load impedance by supplying more (or less) current without any significant change in the output voltage.
Zero Offset
This means that the output should be zero when the input is zero and is difficult to achieve in production devices. However, the effect can be cancelled out by supplying a small offset voltage to zero the output - often by a simple potentiometer adjustment external to the integrated circuit.
[10 marks]

Show how an op-amp can be connected to behave as:

i. An integrator
ii. A differentiator
[image: ]
[image: ]
[6 marks]









Calculate the output voltage from the circuit shown in the diagram below for an input of 250μV and a 470kΩ feedback resistor.
[image: ]





[image: ]
= 1 + (470k / 2.4k) = 196

[image: ]
 = 196 x 250u = 49mV
[5 marks]

Determine the output voltage for the summing amplifier shown below if the 3 inputs are 5V to R1, 9V to R2 and 11V to R3.
[image: ]





[image: ]
 = -(1k/10k) x (5 + 9 + 11)

= -2.5V
[3 marks]

Determine the maximum operating frequency for the circuit shown below. The slew rate is 1V/μs.  What would the maximum frequency be if the output voltage was required to be only 200mV.
[image: ]







 = 1M / (2π x 8)                        Note: Voutpk = Vcc - 2
= 20KHz

If Vout is limited to 200mV then
= 1M / (2π x 0.2)                        
= 796KHz
[6 marks]
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	Q. B3
	
	Marks

	 a.




















b.












c.
	Show how the following gates can be implemented using NAND gates only:
i. NOT
ii. AND
iii. OR
iv. NOR
[image: ]
[image: ]
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[4 marks]

Draw the truth table for a JK flip-flop.

	J
	K
	Q
	Q+
	Comments

	0
	0
	0
	0
	no change

	0
	0
	1
	1
	

	1
	0
	0
	1
	set

	1
	0
	1
	1
	

	0
	1
	0
	0
	reset

	0
	1
	1
	0
	

	1
	1
	0
	1
	toggle

	1
	1
	1
	0
	


[4 marks]

Design a finite state machine that will count repeatedly from 1 to 11 using a Moore model. The outputs W, X, Y and Z correspond to the current count.
[22 marks]

Allocate states and draw state diagram

S0 = count 1, S1 = count 2, S2 = count 3, S3 = count 4, S4 = count 5, S5 = count 6, S6 = count 7, S7 = count 8, S8 = count 9, S9 = count 10, S10 = count 11

S1
S2
S5
S4
S3
S0



S10


S6
S7
S9
S8




Draw State table
	
	Current
	Next
	Current
	Next
	Output

	
	
	QA
	QB
	QC
	QD
	QA+
	QB+
	QC+
	QD+
	W
	X
	Y
	Z

	S0
	S1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	S1
	S2
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0

	S2
	S3
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	1

	S3
	S4
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0

	S4
	S5
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1

	S5
	S6
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0

	S6
	S7
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1

	S7
	S8
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0

	S8
	S9
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	1

	S9
	S10
	1
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0

	S10
	S0
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	1





Draw Karnaugh Maps
	
	QA+					QB+
	CD
AB
	00
	01
	11
	10
	
	CD
AB
	00
	01
	11
	10

	00
	0
	0
	0
	0
	
	00
	0
	0
	1
	0

	01
	0
	0
	1
	0
	
	01
	1
	1
	0
	1

	11
	x
	x
	x
	x
	
	11
	x
	x
	x
	x

	10
	1
	1
	x
	0
	
	10
	0
	0
	x
	0

	




QC+
	

	
	
	
	
	




QD+
	

	
	
	

	CD
AB
	00
	01
	11
	10
	
	CD
AB
	00
	01
	11
	10

	00
	0
	1
	0
	1
	
	00
	1
	0
	0
	1

	01
	0
	1
	0
	1
	
	01
	1
	0
	0
	1

	11
	x
	x
	x
	x
	
	11
	x
	x
	x
	x

	10
	0
	1
	x
	0
	
	10
	1
	0
	x
	0

	








W                    
	

	
	
	
	
	








X
	
	
	
	

	CD
AB
	00
	01
	11
	10
	
	CD
AB
	00
	01
	11
	10

	00
	0
	0
	0
	0
	
	00
	0
	0
	1
	0

	01
	0
	0
	1
	0
	
	01
	1
	1
	0
	1

	11
	x
	x
	x
	x
	
	11
	x
	x
	x
	x

	10
	1
	1
	x
	1
	
	10
	0
	0
	x
	0

	Y                   
	

	
	
	
	
	
Z
	
	
	
	

	CD
AB
	00
	01
	11
	10
	
	CD
AB
	00
	01
	11
	10

	00
	0
	1
	0
	1
	
	00
	1
	0
	0
	1

	01
	0
	1
	0
	1
	
	01
	1
	0
	0
	1

	11
	x
	x
	x
	x
	
	11
	x
	x
	x
	x

	10
	0
	1
	x
	1
	
	10
	1
	0
	x
	1

	
	

	
	
	
	
	
	
	
	
	


	Derive Boolean Expressions
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