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M.Sc. - I

ELECTRONIC SCIENCE
EL2UT08: Foundation of Semiconductor Devices

(2013 Pattern) (Semester - II) (Credit System)
Time : 2½ Hours] [Max. Marks : 40
Instructions to the candidates:

1) Answer any Four questions.
2) All questions carry equal marks.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.

P2777

Q1) a) Obtain the wavefunction for the particle in the infinite potential well using
Schrodinger’s wave equation. Show that the energy of particle can have
only particular discrete values. [4]

b) Obtain expression for electron diffusion current density and hole diffusion
current density in a semiconductor. Show the graphically the electron
and hole concentration as a function of distance. [3]

c) Discuss the difference between HBT and BJT with its construction,
working, advantages and limitations. [3]

Q2) a) What is difference between a primitive cell and a unit cell? What is the
utility of both the concept? [4]

b) How p-n junction is formed? What is meant by a buit-in potential barrier
and how it is important? [3]

c) Calculate quasi-Fermi energy levels of an n-type semiconductor at
T = 300 K with carrier concentrations of no = 1017cm–3, ni = 1010 cm–3

and  po = 107 cm–3. In nonequilibrium, assume that the excess carrier

concentrations are .10 312 −== cmpn δδ  Hence comment about quasi-
Fermi levels for electrons and holes. Given K = 8.62 × 10–5 ev/K. [3]

P.T.O.
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Q3) a) Explain junction terminology of  JFET, with behaviour of I-V
characteristics zero-gate voltage, for small and large drain current and a
drain voltage to achieve pinchoff at the drain terminal. Give necessary
mathematical relationships. [4]

b) Explain the concept of effective mass of electron in semiconductor
material. [3]

c) Calculate the de-Broglie Wavelength for
i) an electron with kinetic energy 1 ev
ii) a particle with kinetic energy of 1 ev having mass 5 × 10–31 kg.
iii) a 2000 kg truck travelling with speed of 20 m/s.

comment on result.
Given h = 6.625 × 10–34 J.S.

me = 9.11 × 10–31kg. [3]

Q4) a) Explain Hall-Effect, give necessary mathematical expressions for Hall
voltage. [4]

b) Define Fermi Energy. Explain Fermi-Dirac distribution function in detail.[3]
c) A silicon PN junction at T = 300 K with ni= 1.5 × 1010cm–3 assume the

n-type doping is 1 × 1016 cm–3 and assume that a forward bias of 0.70 V
is applied to the PN junction. Calculate the minority carrier hole
concentration at the edge of space charge region.

Given .J/K1038.1
K
V1062.8K 235 −− ×=×= e [3]

Q5) a) Explain Eber-moll model for BJT. How it is used to define equations for
IE and IC. Draw basic Eber-moll equivalent circuit. [5]

b) In a p+-n junction, the doping Nd  is doubled state changes in following
parameter with comment. [5]
i) Junction capacitance.
ii) Buit in potential.
iii) Break down voltage.

Q6) a) Why surface effects in a semiconductor are generated? Explain distribution
of surface state within forbidden band gap. [5]

b) Explain Ideal Current-voltage relation for n-channel MOSFET for
i) enhancement mode  ii) depletion-mode. [5]
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