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INSTRUCTIONS

e This paper contains FIVE questions.
e Answer QUESTION ONE [COMPULSORY] and any other TWO QUESTIONS.

PHYSICAL CONSTANTS

Permittivity of free space v 8.854x 10" F/m
Permeability of free space . 4x107 H/m
Electron charge .... 1,602 x10™C
Electronic rest mass .... ...9.108 x 10 kg
Electronic charge/mass ratio . 1.759 x 10" C/kg
Planck’s constant ..... ....6.625 x 105
Boltzmann’s constant . ... 1.38x 102 J/K
Speed of light ... 3x10* m/s

KT St rOOM LEMPEIATUTE ..oouuismassionssistamesssibins witsiissiorakasssssssss isiiisne tsashatuass essesiven 0.0259 eV

Egerton University is 1ISO 9001:2008 Certified Page 1of 5




image2.png
ICEN 221

QUESTION ONE 30 MARKS [COMPULSORY]|

.

(a)(i) Calculate the intrinsic conductivity of silicon at room temperature if n = 1.41 x
10'%m™, He = 0.145m/v-s, ptp = 0.05m?/v-s. What are the individual contributions
made by electrons and holes? @ =80 (Mg U\,\} [3marks]

(i1) Silicon is doped with acceptor atoms to a density of 10%m™. Assuming that all
acceptor atoms are ionized; calculate the conductivity and resistivity of extrinsic

silicon if intrinsic density is 1.41 x I()mm'3, He = 0.145m'3, up = 0.05m>/v-s.

[5 marks]
(b @) Explain the cause of each of the following phenomenon in a PNJ. [8 marks]
P
13 Formation of depletion layer
2 Existence of barrier potential
3. Existence of junction capacitance
4 High resistance in reverse bias
(ii)  Differentiate between :- -
\ g \" =3
1. Zener and Avalanche breakdown in a reverse biased PN.{T e te [2€narks
2. Drift and diffusion as mechanisms of current flow. J'} [2 marks]
(c) With help of diagrams explain the construction and ﬁggegig@f JB_J Kand aJEET.
il [8 marks]
(d) Name at least 4 differences between a BJT and a JEET [2 marks]
QUESTION TWO (20 MARKS) v
a i With the aid of diagrams briefly explain “quantum tunneling” 2 marks]
ar Yy exp q
(i1) With the aid of a characteristic curve of a Tunnel diode, explain its operation.
[4 marks]
(b) Briefly explain the construction and operation of a Zener diode [4 marks]

(c) A student set the circuit below to use a Zener diode as a voltage regulator. Calculate the

values of Vi, Vg, Izand Pz and hence comment on if the circuit will work as required.

[5 marks]
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+ .
1 ="16V Vz=10V RLgl,sz |73

—l Pppg =30 mW -

(d) Repeat (¢) above for R =3KQ [5 marks]

QUESTION THREE (20 MARKS)

(a) The figure below shows a full-wave rectifier using PNJ diodes.

3

D1 D2
1
D4 D3
/\/ :
20
(i) Explain the working of the above circuit % [4 marks] —

(i) If the input wave form is a sinusoid as shown above, sketch the output waveform

between terminals 3&4. ~  [2marks]
(iii) Write down an expression for the output DC voitage (V) if the diodes are ideal and

when silicon diodes are used. a2 [Amarks]

(b) A full-wave bridge rectiﬁer with a 120-V,s  sinusoidal input has a load resistor of

1KQ and silicon diode rectifiers. Determine:-

(1) Dc voltage at the load [2 marks]
(ii) Required PIV rating of each diode [2 marks]
(1i)  Maximum diode current [2 marks]
(iv)  Required power rating. of each diode [2 marks]
(c) List 2 other applications of a PNJ diode. [2 marks]
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QUESTION FOUR (30 MARKS)

(a) Study the diagrams below and in each case state and explain if the transistor is ON, OFF
or SATURATED. (Assume that the battery voltage is well above the barrier voltage

(Vi)
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[6 marks]

(b) Explain the construction and operation of a UJT [4 marks]
(c) A silicon UJT has an inter-base resistance of 20kQ, Rg; = 12k with [ = 0.

Determine

(i) UIT current if Vgg =20V and Ve<V, [2 marks]

(ii) n and Va [2 marks]

@) Vp [1 mark]

(d) The figure below (Fig. Q4(d) shows a simple UJT Relaxation oscillator. Explain its
working and sketch the output waveforms cross Cr, B, of the UJT and B, of the UJT.
[5 marks]

VEB

Figure Q4 (d)
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QUESTION FIVE (20 MARKST"

a)

b)

Sketch the drain characteristics of an N-channel JFET with Vs = 0 and explain the

following regions

- Ohmic region, Pinch-off (saturation) region and Bregkdown region

5

6 marks

(i)  Define and compare the terms “pinch-off” and “cut-off” voltage for an N-channel

JFET. =

(i)  For an N-channel JFET, Ipss = 10mA, Vp =-8Y, Vgs =-1V. Determine:-

(@) Ip, (b) gmo ©) gm
(i) List three (3) advantages of FETs over BJTs

(i) List two (2) disadvantages of FETs over BJTs ~
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