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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Values of commonly used constants are given below:

Mass of electron, m. = 9.1x 10" kg 1eV=1.6x10"J
h=6.626x107*Js k=1.38x102 J/K
Permittivity of Silicon, € = €& & = 11.9x8.85x 10" F/m e = 1350 em?/V.s (at 300 K)
n; = 1.45x 10! cm™ for silicon Na =6.022x 10> / mol

e = 450 cm?/V.s (at 300 K)

. a)

b)

b)

b)

Derive the time independent Schrodinger’s equation, starting with classical wave

s : X . ; ’
equation, y = Asin Zn(ft - 1—) , where notations have their usual meanings.

Find the probability that an energy state SKT above the Fermi level will not occupied
by an electron.

Draw a neat diagram of face centered cubic (FCC) unit cell crystal structure for
copper and find

(i) Number of atoms per unit cell

(ii) Packing density

(iii)Atomic concentration if radius of copper atom is 0.128 nm
(iv)Density of crystal given that atomic mass of Cu is 63.55 g mol™

What is an effective mass of a free electron? Show that effective mass of a free
electron is equal to mass of free electron in vacuum. :

What is local field in polarization? Derive the Clasuius- Massotti equation for
electronic polarization.

Differentiate between Ferro and Piezo electricity.

Explain the significance of hysteresis loop while selecting materials for preparing
magnetic materials.

Explain the domain theory of magnetism in detail.
Define superconductor, critical magnetic field, and critical current density.

Explain “how donor dopants contribute electrons in conduction band in n-type
extrinsic semiconductor. Also prove that ¢ =nep, where symbols have their usual
meanings.

A silicon wafer is uniformly doped with 10'¢ Boron atoms per cm®. Where will be the

Fermi level compared to its intrinsic Fermi level? Where will be the Fermi level is
shifted if the sample is further doped with 10" antimony atom per cm>?

Explain the diffusion process in semiconductor and derive the Einstein relation for
diffusion process.

Derive an expression of a built-in potential and depletion width of a pn junction with

(8]

[4]

(8]
[143]

[8]
[4]

[4]
6]
[4]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Values of commonly used constants are given below:

Mass of electron, m, = 9.1x 107! kg 1eV=1.6x10"J

h =6.626x103*Js k=138x102 J/K
Permittivity of Silicon, € = € €, = 11.9x8.85x 102 F/m 1te = 1350 cm?*/V.s (at 300 K)
n; = 1.45% 10 em for silicon Na = 6.022 x 10 / mol

pin = 450 cm?/V.s (at 300 K)

a) Calculate the temperature at which there is 98% probability that a state 0.3 ev below
the fermi energy level will be occupied by an electron. [4]

b) Prove that the energy of a particle confined in an infinite potentlal well is quantized.
Also find the expression for normalized wave function. [8]

a) Draw face centered cubic (FCC) unit cell and find body diagonal and packing density. [6]

b) The conductivity and drift mobility of copper conductor is 63.5%10° s/m and 43
cm?/v/s. Calculate Fermi level for copper conductor. [4]

a) Show that the dielectric loss per unit volume is a function of frequency of the applied
field and the loss tangent. [6]

b) What do you mean by piezo-electric materials? Explain piezoelectric effect in terms
of polarization. : [4]

a) On the basis of magnetic vector, explain the ferromagnetism, ferrimagnetism and
antiferromagnetism. [4+2]

b) What is Meissner effect? Explain the difference between type I and type II
superconductors. Type II superconductor is also called hard superconductor, why? [2+4+2]

a) Differentiate between non-degenerate and degenerate semiconductors. [6]

b) What is Built-in potential and depletion width? Derive the expression of these with
necessary diagram. [6]

¢) Calculate the resistance of pure silicon cubic crystal of 1 cm® at room temperature
What will be the resistance of the cube when it is doped with 1 arsenic in 10° silicon
atoms and 1 boron atom per billion silicon atoms? Atomic concentration of silicon is
5%10%2 em™, ni = 1.45%10"° cm-3. (8]

a) Calculate the diffusion coefficient of electrons at 300K in n-type s111con :
semiconductor. Also find current density if electron concentration gradient is 10°
electrons per centimeter. [4]

b) Obtain the expression to evaluate built in potential and width of depletion layer of p-n
junction with necessary diagrams. [10]
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v Candidates are required to give their answers in their own words as far as practicable.

v’ Attempt A# questions.

V' The figures in the margin indicate Full Marks.

v’ Necessary Graph is attached herewith.

V' Assume suitable data if necessary.

v’ Value of commonly used constants are given below:
Mass of electron, m. = 9.1x 19! kg 1eV=16x10"J
h =6.626x 104 Js k=138x10% J/K
Permittivity of Silicon, £ = €, £, = 11.9x 8.85x 10-2 F/m It = 1350 cm?/V.s (at 300K)
0; = 1.45x 10" em® for silicon Na =6.022 x 10%* / mol

i = 450 cm¥/V.s {at 300K)

1. a) Explain the importance of quantum mechanics. Differentiate between classical and
quantum mechanics with suitable examples. (8]

b) In the photoelectric experiment, green light, with a wavelength of 522 nm is the
longest wavelength radiation that can cause photoemission of electron from a clean
sodium surface. Calculate the work function of sodium. If ultraviolet radiation with a
wavelength 250 nm is incident to the sodium surface, what will be the kinetic energy

of the photo-emitted electrons? 4]

2. a) What happen when inter-atomic separation between two helium atoms is very less?
Describe on the basis of formation of bonding and antibonding molecular orbital. [6]

1/3

b) Prove that for a simple cubic structure, the lattice constant: a = { ;\;M} where, N is

the number of atoms per unit cell, M is atomic weight, N is Avogagro's number and
p is density of crystal material. [4]
3. a) Define local electric field and derive clausius-massotti equation. ; [6]
b) The number of electrons per unit volume of Silicon is 6x10%cm™. Calculate: [4]

1) Electronic polarizability due to valence electrons per Silicon atom.

ii) If the Silicon crystal sample is electrode on opposite faces, by how many times the
local field is greater than the applied field?

4. a) What is a domain wall? How does a domain wall motion occur? [6]

b) Explain about the applications of soft magnetic materials. [4]




S

b)

<)

b)

)

A superconductor in its superconducting state expels all the magnetic lines of forces,
Jjustify.

Explain how carrier concentration of an n-type extrinsic semiconductor depends on
temperature with necessary diagram and graphs.

Four micrograms of antimony are thoroughly mixed in molten form with 100 gms of
pure germanium. Find the density of antimony atoms, density of donated electrons
and the total resistance of a bar of such n-type material of 2 cm long, 0.012x0.012 cm
in cross-section. Take, density of Ge = 5.46 gm/cm’® and atomic weight of
Sb = 121.76.

The current density in semiconductor devices is affected both by diffusion and
drifting of electrons and holes, justify.

Sample of silicon wafer is doped with 10" Antinomy atoms/cm’. Find the carrier
concentrations, its resistance and the shift in Fermi level from its intrinsic Fermi level
at 27°C. If this sample is further doped with 10 Boron atoms/cm?’ ,» what will be the
change in its resistance.

Show that in n-type semiconductor minority carries concentrations are suppressed.
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Figure: iog—log plot of drift mobility versus temperature for n-type Silicon sample.
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v Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt Al questions.

v' The figures in the margin indicate Full Marks.

v Assume suitable data if necessary.

v Vaiues of commonly used constants are given below.

v Maoss of electron ,m,=9.1*10%kg; 1ev=1.6*10"

v h=6.65*10"%s; k=1.38*10%)/k;

v’ Permittivity of silicon=g,£,~11.9*8.85*16°*F/m

v np=1.45*10"°/cm?® for silicon; U,=1350cm?/v.s(at 300K)

v uy=450 cm’/v.s{at 300K); N,=6.022*10%/mol
1. a) What do you understand by number of states and density of states in quantum

mechanics? Derive appropriate expressions for them.

b) A transmitter type vacuum tube operated at 1500°C has a cylindrical Thorium coated
Tungsten cathode which is 5 cm long with diameter of 1.5 mm. Determine the
saturation current of vacuum tube if the cathode has emission constant of 3x10* Am™
2k and work function of 2.6eV.

2. a) Define and explain the effective mass of electron within a crystal. How do you
understand negative and infinite mass of electron?

b) For silver with Ero = 5.5ev and ¢ = 4.5 ev, calculate the total number of states per unit
volume and compare this with atomic concentration of silver. Density and atomic
mass of silver are 10.5g/cm’ and 107.9g/mol respectively.

3. a) Define local field in relation to polarization. Derive the Clausius-Massotti equation
for ionic polarization, relating polarizability with the permittivity.

b) Name the field of application of different types of dielectric materials.

4. a) Classify the magnetic material based on magnetization. .
b) What type of magnetic material would you chose for electromagnetic relays? Justify.
5. a) For a specimen of V3Ga, the critical fields are 0.176T and 0.528T for 14K and 13K
respectively. Calculate the critical temperature. Also calculate critical fields at 0K and
42K.

b) What is diffusion? Derive Einstein relationship for an n-type semiconductor.

¢) A silicon ingot is doped with 10'° arsenic atoms/cm’. Find the carrier concentrations
conductivity of the sample and the shift in Fermi level from its intrinsic Fermi level at
27°C.

6. a) Suppose a P-N junction is created on silicon wafer at room temperature. If the donor

level on N-side is10'7 cm™ and acceptor level on P-Side is 10" em? calculate built in
potential (V,) and depletion width (W,).

Calculate the resistance of pure silicon cubic crystal of 1 cm’ at room temperature.
What will be the resistance of the cube when it is doped with 1 arsenic in 10° silicon
atoms and 1 boron atom per billion silicon atoms? Atomic concentration of silicon is
5%10%cm’, n; = 1.45%10"%m™.

What are energy bands? Distinguish between a conductor, an insulator and a
cemiconductaor on the hacis of enerov diaoram. Write two characteristic features to
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary._
Values of commonly used constants are given below.
Mass of electron ,m.=9.1*10%kg; 1ev=1.6*10")

=6.65*10%s; k=1.38*10%1/k;

Permittivity of silicon=eoe,=11.9*8.85*10F/m
n=1.45*10"/cm?’ for sificon; 1=1350cm’/v.s{at 300K}
ux=450 cm*/v.s{at 300K); N4=6.022*10"/moli

a)

b)

Define Fermi Energy. What is the probability that an electron having energy less than
Fermi energy will occupy an energy level at absolute zero temperature? Determine the
expectation value for any property of a particle described by a wave function'¥’. [8]

An electron is confined to an infinite potential well of size 0.1 nm. Calculate the
ground energy of the electron and radian frequency. How this electron can be put to
the third energy level? [4]

What is effective mass? The electron at the top of valence band is said to have
negative effective mass. Explain with the help of E-k diagram. [2+4]

Formation of H, molecule is more stable than the formation of H; molecule. Justify
with the help of electron energy versus inter-atomic separation between H-atoms. [6]

Show that the dielectric loss per unit volume is a function of frequency of the applied
field and the loss tangent. [6]

Describe how thermal breakdown and electromechanical breakdown results in
dielectric breakdown in solids. . [4]

Based on magnetization vector, explain the diamagnetism, ferromagnetism and
ferrimagnetisms. .- [8]

Explain how strong magnetic field effects superconductor. Derive the relation of
critical current in superconductor with necessary diagram. [8]

How band bending occurs in semiconductors? Derive Einstein relationship. {10]

If it is desired that the Fermi-level is to be raised to 0.1 eV above intrinsic Fermi-level
at roomtemperature, what type of dopant is to be used? Determine its doping level. (6]

Present a comparison between Si and GaAs semiconductors with the help of their
basic properties and E-k diagram. [6]
Derive the expression of a built-in potential and depletion width of a pn junction with
necessary diagrams. [8]

F %k
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_ Values of commonly used constants are given below.

Mass of electron ,m.=9.1*10%kg; 1ev=1.6*10"

h=6.65*10%s; k=1.38*10%1/k;
Permittivity of silicon=€q€,=11.9*8.85*10"2F/m
no=1.45*10"/cm?’ for silicon; - u,=1350cm’/v.s(at 300K)
ux=450 cm’/v.s(at 300K); N,=6.022*10%/mol

a) What is Thermionic emission and work function? Derive the Richardson's expression for
the thermionic emission for Schottky effect.

b) Consider two copper wires separated only by their surface oxide layer (CuO) of thickness
3 nm. The surface oxide layer offer potential barrier of height 10eV to the conduction
electrons in copper. What is the transmission probability for conduction electrons in
copper, which have kinetic energy of about 7eV?

a) Define lattice and basis of a crystal and draw a neat diagram of body centered cubic
structure of chromium and determine its packing density and state its co-ordination

number. : o [2+4]

b) What is an effective mass of a free electron? Show that effective mass of a free electron

is equal to mass of free electron in vacuum. : [1+3]

a) What are the different types of polarization mechanism in di-electric medium?

b) Describe how thermal breakdown and electromechanical breakdown results in dielectric
breakdown in solids.

a) Explain deperming method of demagnetization. If you place graphite in a non-uniform

magnetic field what will happen? - _ [3+3]

b) What are magnétic domains? Explain the behavior of magnetic domains in presence of

external magnetic field. . [1+3]

a) Whatis Meissner effect? Explain in brief about type-l-and type-Il superconductor.
b) Differentiate Non-Degenérate and Degenerate semiconductors.

a) In doped semiconductors, carrier concentration and drift mobility both are highly
dependent on temperature, justify.

b) Compute the intrinsic concentration and intrinsic resistivity of silicon at' 27°C. Given
that: m*=1.08m¢ pe=1350 cm¥V.s  mp* = 0.6m, pp = 450 cm*/V.s
Where, m* and my,* are effective masses of electron and holes respectively and p. and p,
are electron and hole drift mobility's respectively. The band gap of Silicon = 1.1 eV

a) Find the resistance of 1 cm? silicon crystal doped with arsenic, the doping density is such
that every Arsemc atom sites every 107 silicon atoms. Atomic concentration of silicon is
5x10% ¢m™ , N = 1x10"° em? , te = 1350 cm?V's?! and tn = 450 cm2V‘l 1. Find the
resistance lf the above silicon sample is further doped with Boron, the doping density is
such that every Boron atom sites every 10° silicon atoms.

b) Prove that the position of Fermi level is near the middle of band gap in pure silicon

semiconductor.
%%k
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. a)

. a)

Values of commonly used constants are given below.
Mass of electron ,m,=9.1*10%'kg; 1ev=1.6*10"J
h=6.65*10%s; k=1.38*10%)/k;
Permittivity of silicon=€,€,~11.9*8.85*10"*F/m
nip=1.45*10"/cm’ for silicon; Ua=1350cm*/v.s{at 300K)
Ur=850 cm?/v.s(at 300K); N4=6.022*10"/mol
\\\
From free electron theory of metal, show that E-K diagram is parabolic. Also show
the energy of electron in a linear metal is quantized. {

b) Find the wavelength of an electron accelerated by 100V.

a) Explain with neat diagram how energy levels are filled and different energy bands are
formed when N numbers of Lithium atoms are brought together.

b) Calculate the lattice constants, face diagonal, body diagonal and packing density of
body centered cube (BCC) crystal unit cell.

a) What are the different types of dielectric breakdown? Explain any two of them.

b) Explain mathematically how relative permittivity is related with -electronic
polarizability using Clausius Massoti equation. '

a) A crystal of iron created magnetic field around it but a piece of iron doesn’t why?

b) How hysteresis loop plays an important role in classifying magnetic materials?
Explain.

Define Critical magnetic field and Critical current in a super-conductor with
mathematical relation involved.

b) What is reverse saturation current in pn junction semiconductor?

a) Derive the Einstein relationship showing the relation between electron diffusion
co-efficient in n-type semiconductor and electron mobility.

b) Explain how PN junction is formed when n-type and p-type semiconductor are brought

together. Derive the relation of built-in-potential of a PN junction.

a) Calculate the resistance of pure silicon cubic crystal of 1 cm® at room temperature.
What will be the resistance of the cube when it is doped withlarsenic in 10° silicon
atoms and 1 boron atom per million silicon atoms? Atomic concentration of silicon is
5*10% cm™. Use other required data from above given list. _

b) An n—tyg)e semiconductor doped with 10'°cm™ phosphorus atoms has been doped with

10'%cm™ boron atoms. Calculate the electron concentration in the semiconductor.

*ookok

[4+4]

(4]
[6]

[4]
(4]

(6]
(6]

[4]

(8]
[4]

[81.
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1. a) From the expression E;, =

v Candidates are required to give their answers in their own words as far as practicable.
v Attempr Alf questions.

V' The figures in the margin indicate Full Marks.

v Assume suitable data if necessary. ;

v h=6624 x10°JS; lev=16x10"] ,
v k=138 x102JK; n; =145 x 10'%cm’ for s; 2a
V' ly = 1350em’ v's™ (at 300K); - = 450em® v's”! (at 300K) L
v =6 =119 x885 x 1072 Fim;  Eg=1llev G
v Ny=6.624 x 107 /mol e=1602x10"C _

V' My = 16g/mol (oxygen) Mass of photon = 1.673x10° 2 7kg

v ,

Velocity of lzg}’t = 3x1 08 m/s

, : :
(h,” + hy—2 +h,*), define number of states and density

ml’
of states functions in quantum mechanics. Derive appropriate expressions for them.

b) The mean speed of conduction electrons ia copper is 1.5x10° m/s. The cross sectional
area of scaitering is 3.9x10%’m?® Estimate the drift moblhty of electrons and

conductivity of copper. Given density of copper is 8.96g/cm’ and the atomic mass is
63.56 g/mole. -

2. a) Show that effective mass of an electron iﬁside the crystal is inversely proportional to
the curvature of energy with respect to waye number space.

b) Copper has FCC (Face- centered - cublc) structure. Find the packing densﬁy and

atomic concentration for copper if radius o‘f copper atom is 0.128nm. ¢ 74 > ¢ tp

3. a) Define local field in relation to polanzatlon Derive the Clausms-Massottl _Equation
for ionic polarization, relating polarizability with the permittivity.

- b) Classify the magnetic materials based on magnetization and explain each ‘of them
briefly.

4. a) Whatis sﬁperco_n_gllxgt_or? Differentiate between Type-1 and T_ype-II superconductor

b) Explain hcw donor dopants contribute :lectrons in conduction band in n-type
extrinsic semiconductor. Also prove that conductivity ¢ ~ € n p; where symbols have
their usual meanings.

5. a) A pn-junction is formed at 300k. The acceptor and donor concentration in p-side and
n-side are 10'® cm™ and 10"7 em™ respectively. Find :

1) Built-in potential

ii) Width of deplection layer
iil) Maximum electric field
iv) Width in n and p sides

v) Fermi level n and p sides

b) Explain the diffusion process in semiconductor and derive Einstein relatio‘n for
diffusion process.

kskek
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Candidates are required to give their answers in their own words as far as practlcable

Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary. -

Mass of electron me = 9.1 x107'kg; k= 1.38 x10*Y/K; h =6.65 x 107°*JS; eV =16 x
107 T ni = 1.45 x 10"%en’ for Si;

i = 450ecm™7'S™ (at 300K); 1. = 1350em’ V'S (at 300K);

Ny = 6.022 x 10°/mol;

a) What do you mean by barrier penetration? How the wave function of particle is given

when the particle penetrates the barrier? (8]
b) A transmitter type vacuum tube has a cylindrical cathode, which is 4m long and 2mm
diameter. Estimate the saturation current if the tube is operated a1 160°C. The
emission constant Ag =3 x 10* Am™K™, work function ¢=2.6eV. [4]
¢) Conduction electrons with drift mobility of 53cm?V'S™ and mean speed of
2.2 x 10°ms™ collides. Calculate the mean free path of electrons between collision. [4]
a) Explain, how energy bands are formed in sohds taking the example of N number of '
Lithium atoms for the explanation. [6]
b) What is electric dipole moment? Derive the Clausius- Masotti equation for electronic
polarization, relating polarizability with the permittivity. » [3+7] .
a) What is the significance of Hysteresis loop? Explain. [4]
b) Explain the domain theory of magnetism. [6]
¢) A p-n junction is made by silicon doped with 10'” donor atoms per cm® w1th silicon
- doped 10 accepicr atoms per cn® at room temperature. Calzulate built in potcntnl A
across the ]unctlon and diffusion co-efﬁment in both parts. [6]
a) ‘A pn junction is formed at 300k. The acceptor and donor concentration in p-side and -
n-side are 10" cm™ and 10"%cm™ respectively. Calculate: » (8]
i) Built in potential
it) Width of deplection layer
iii) Maximum value of electric field
'b) What is ‘Meisner effect? Explain the difference between type I and type II
. superconductors. [2+6]
a) Explain about intrinsic Fermi level of a pure semiconductor and derive a relationship
of the intrinsic-Fermi level assuming that intrinsic carrier concentration is known. [244']/
b) Explain how carrier concentration of a semi-conductor depends on temperature with
necessary diagrams and graphs. : 161
¢) What do you understand by diffusion of charge carriers in semiconductor? How does
diffusion contribute to conductivity of a semiconductor? [4]



