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Candidates are required to give their answers in their own words as far as practicable,
Attempt Al 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 16 kg 1eV=16x10"F
h =6.626 x16 Js k=138x10% J/K
Permittivity of Silicon, £= £, £,= 11.9% 8.85x 162 F/m Ite = 1350 cm?/ V.5 (at 300 K)
n; = 1.45x 10°° em3 for silicon Na =6.022 x 10% / mol

Hn = 450 em?/V.s (at 300 K)

a) Explain the significance of operators in quantum mechanics. How do you calculate
the expected energy value of a particle represented by wi(x,t) confined at 2 boundary
of 0 to L?

b) Explain the thermionic emission in metal. Using image charge method, derive an
expression of emission current density for Schottky effect.

a) Caleulate the lattice constant, face diagonal, body diagonal and packing density of
body centered cubic (BCC) crystal unit cell.

b} Drift mobility of conduction electron is 43 em®Vs7 and mean speed is 1.2x10%ms™.
Calculate the mean free path of electrons between collisions,

¢} How does a superconductor expel all the magnetic lines of force at T<Tc?

d) How does Meissner effect help to differentiate superconductor as type-I and type-II?
Explain in brief,

a) Explain how?

(i) If the spacing between parallel plates of a capacitor is less, the dielectric
breakdown will occur soon.
(i} Average dipole moment in dipolar polarization depends on temperature.

b) Distinguish between ferromagnetic and anti-fetromagnetic materials. Give an
example for each class of material.

¢) Explain about the applications of soft magnetic materials,

a) The density of states related effective masses of electrons and holes in silicon are
approximately 1.08m, and 0.6m, respectively. The electron and hole drift mobilities at
room temperature are 1350 and 450 cm?Vlig?! respectively. Calculate intrinsic
concentration and intrinsic resistivity of silicon at T = 300K. The energy band gap for
silicon is 1.1eV.

b) Explain how does the band bends in semiconductor.

¢) Describe the Direct and indirect recombination process between an electron and hole
in semiconductor with necessary diagrams.

a) What is PN junction? Derive the relation for built in potential and depletion layer of a
PN junction.
b) Find the resistance of p-n junction Germanium diode if temperature is 27°C and
Io = 1pA for an applied forward bias 0of 0.2 Volt.
¢) Explain the importance of Fermj energy level in semiconductor.
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v Candidates are required to give their answers in their own words as far as practicable,
v Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
v Values of commonly used constants are given below: _
Mass of eleciron, my - 9.1%10% kg; - lev=16*10"J;
h=6.624*10" Js; . K=138*107 JK;
oty =11.9%8.85* 0 Fimfor St~ . n=1.45%10" Jem® for Si)
po=1I1350cn’fvs.at 300K . =450 em’/v.s. at 300K
e=L6*10%c Ny = 6.022%10% /mol
1. a) Starting from the suitable equation, prove that the energy of an electron that is
confined in an infinite potential well of width L is quantized.

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

2. a) Derive Einstein's relation between mobility and diffusion co-efficient. Also define the
terms electron mobility, conductivity and resistivity.

b) Explain the concept of effective mass in crystal with necessary mathematical
expression. _

3. a) Define polarization. Derive the Clausius-Massoti equation showing the relation
between relative permittivity and electronic polarizability.

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

¢) Classify the magnetic material based on magnetization and explain each of them
briefly.

4, a) Explain how strong magnetic field effects superconductor.

b) Describe the phenomenon of generation of electrons and holes, and conduction in
semiconductor. Also derive equation for conductivity.

¢) How band bending occurs in semiconductors? Derive Einstein relationship.

5. a) A po junction semiconductor has resistivity of 5Q cm. If mobility of holes is 450

b)

m%/Vs, and electron mobility is three times the mobility of holes at room
temperature, find
i) Built in potential
ii) Depletion width that lies in n-region and p-region respectively
iii) Built in electric field at x=0.

Calculate the resistance of pure silicon cubic crystal of lem® at room temperature.
What will be the resistance of the cubic when it is doped with 1 arsenic in 107 silicon
atoms and 1 boron atom per billion silicon atoms? Atomic concentration of silicon is
5%10%cm™, n=1.45%10 POom™. !
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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. '

* Mass of electron, m, _9.0%10% kg -
h=6.624*10% JS; o
eofy = 11.9*8.85*10° F/m for Si
He |

lev=1.6%10"J:
K=138*102 JK;
. . nE=L45*I00 em’ for Si)
= 1350 cn/v.s. at 300 o m=450cmhus at 300K

e=L6*0Pc T 0 My = 6.022*10% /mol

. a)

b)

What is tunneling in quantum mechanics? Explain with necessary mathematical
expression, the nature of wave function in different regions in case of tunneling.

Calculate the Fermi energy level at absolute zero for the copper having electron

_ concentration of 8.43x10%m™.

X-fays of wavelength 0.9 A° fall on a metal plate having work function of 2 eV. Find
the wavelength associated with emitted photoelectrons.

Drift mobility of conduction electron is 43 cm?/V.s and mean speed is 1.2x10° m/s.
Calculate mean free path of electrons between collisions.

What is Meisner effect? Explain the difference between type I and type II super
conductors. '

For silver with Epg=5.5ev and @=4.5 ev, calculate the toal number of status per unit
volume and compare this with atomic concentration of silver. Density and atomic
mass of silver are 10.5 g/cm® and 107.9 g/mol respectively. '

Define magnetic domain and domain walls in magnetic materials. Explain in brief

[4]

about losses that would occur in magnetic materials. [2+4+2]

Define local field in relation to polarization. Derive the Clausius-Massoti Equation for
ionic polarization, relating polarizability with the permittivity.

An n-type silicon wafer is uniformly doped with 106 antimony atoms per cm’. Where
will be the Fermi level compared to its intrinsic Fermi level?

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

Define p-type semiconductor. Derive an expression for minority catrier suppression
and hence prove that the conductivity in p-type semiconductor is mainly due to the
hole.

If it is desired to raise Fermi level to 0.7 eV above the intrinsic Fermi level at room
temperature, what type of dopant is to be used? Also determine its doping level if the

~used intrinsic semiconductor is silicon.

An n-ty{)e semiconductor doped with 10'® cm™ phosphorus atoms has been doped
with 107e¢m™ boron atoms. Calculate the electron and hole concentrations in the
semiconductor.
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Candidates are required to give their answers in their own words as far as practicable. A T
Attempt AUl questions. SRR
The figures in the margin indicate Full Marks. S
Assume suitable data if necessary. ST
Values of commonly used constants are given below: ¥ &i”/ ey
. ‘ ok - =
Mass of electron, m, = 9.1x 10! kg 1eV=1.6x10"J
h=6.626x107*Js k=138x10% J/K
Permittivity of Silicon, £ = € € = 11.9x 8.85x 10" F/m pe = 1350 cm?/V.s (at 300 K)
n; = 1.45x 10*® ¢m™ for silicon Na = 6.022 x 10% / mol
pin = 450 ecm%/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 potential 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% cm™, ni = 1.45%10"° cm-3. (8]
a) Calculate the diffusion coefficient of electrons at 300K in n-type silicon
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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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 = 6.626x 10 Js k=138x102J/K
Permittivity of Silicon, € = & &£ =11.9x8.85x 10" F/m 1te = 1350 em?/V.s (at 300 K)
n; = 1.45 x 10'% em* for silicon Na = 6.022x 10 / mol

pn = 450 em?/V.s (at 300 K)

a) Derive the time independent Schrodinger’s equation, starting with classical wave
equation, y = Asin ZW(ﬁ —%) , where notations have their usual meanings. [8]
b) Find the probability that an energy state SKT above the Fermi level will not occupied
by an electron. [4]
. a) 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 i 0.128 nm
(iv)Density of crystal given that atomic mass.of Cu is 63.55 g mol! [8]
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 is local field in polarization? Derive the Clasuius- Massotti equation for
electronic polarization. ‘ (8]
b) Differentiate between Ferro and Piezo electricity. 4]
a) Explain the significance of hysteresis loop while selecting materials for preparing ;
magnetic materials. [4]
b) Explain the domain theory of magnetism in detail. ' [6]
¢) Define superconductor, critical magnetic field, and critical current density. [4]

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

meanings. A (8]
b) 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 10'7 antimony atom per cm’? [6]

a) Explain the diffusion process in semiconductor and derive the Finstein relation for
diffusion process. [8]

b) Derive an expression of a built-in potential and depletion width of a pn junction with
necessary diagram. [8]
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v' Necessary Graph is attached herewith. e . A
V' Assume suitable data if necessary. ' , N
v’ Values of commonly used constants are given below: e
Mass of electron, m, =9.1x 10 kg : C1leV=186x10"J -
b =6.626x10"4 Js ' k=138x10% J/K -
Permittivity of Silicon, €= &, £,=11.9x8.85x 102 F/im . = 1350 em¥/V.s (at 300K)
= 1.45x 10" em for silicon ' Na =6.022x 102 / mol Sy '

pix = 450 cm?¥/V.s (at 300K) t-

1. a) Define population densrty Prove that fermi energy in a metal is 1ndependent of
temperature and depends only in its electron concentration.

b} Consider a AI-Cu thermocouple pan: Estimate the potential difference available from
this thermo-couple if one junctions is held at 0°C and other at 100°C.

Metal | Fermi Energy, EF (eV) | Constant (x)
Al 11.6 2.78
Cu 7.0 -1.79

2. a) Explain how energy bands are formed in solids taking the example of N number of
Lithium atoms for the explanation.

b) Drift mobility of conduction electron is 43cm?V™'S™! and rﬁean speed is 1.2¥10° ms™. -

Calculate the mean free path of electrons between collisions.
. @) Show that dipolar polarization is a temperature dependent parameter.

b) Determine electronic polarizability due to valence electrons per Si-atoms. If the
sample is supplied by a veltage on its electrode by how much is the local field greater

than the apphed field? Take e, = 11.9 and number of Si-atoms per unit

volume = 5x10%® m™. o
L 4. a) Differentiate between ferrimagnetic and ferromagnetic materials. ,
" b) What is Meissner effect? Differentiate between type I and type II superconductors.

5. a) Explain how donor dopants contribute electrons in conduction band in n-type

extrinsic semiconductor. Also prove that ¢ = nep. where symbols have their usual
‘meanings.

~ {7 Describe the importance of determining Fermi energy in semiconductor materials.

The density of states related effective masses of electrons and holes in silicon are
approximately 1.08m, and 0.56m, respectively. The electron and hole diift mobilities
at room temperature are 1350 and 450em*V7IS™ respectively. Calculate intrinsic

concentration and intrinsic resistivity of silicon. The energy band gap for silicon is
l.1lev.

6. 2) An n—ty?e semiconductor doped with 10'°cm™ phosphorus atoms has been doped with
10"cm™ boron atoms. Calculate the electron and hole concentrations and

conductivity.

b) Explain how does the temperature affect the formation of carrier concentration in
semiconductor?

c) Differentiate between si and GaAs with their respective E-k curve.
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Figure: log-log plot of drift mobility versus temperature for n-type Silicon sample.
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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.

Necessary Graph is attached herewith.

Assume suitable data if necessary.

Value of commonly used constants are giver below:
Mass of electron, m. =9.1x 103 kg 1eV=1.6x10"J
h=6.626x 10" Js L k= 1.38x 10 J/K
Permittivity of Silicon, £= ¢, £, = 11.9x 8.85x 10 F/m e = 1350 cm?/V.s (at 300K)
0; = 1.45x% 10 cm™ for silicon Na = 6.022 x 107 / mol

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

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

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? ’

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.

173
M } where, N is
VPNA '
the number of atoms per unit cell, M is atomic weight, N, is Avogadro's number and
p is density of crystal material.

b) Prove that for a simple cubic structure, the lattice constant: a =[

a) Define local electric field and derive clausius-massotti equation.
-b) The number of electrons per unit volume of Silicon is 6x10%%cm™. Calculate:
1) Electronic polarizability due to valence electrons per Silicon atom.

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

a) What is a domain wall? How does a domain wall motion occur?

b) Explain about the applications of soft magnetic materials.
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a)

b)

c)

-

A supefc_cir?ductor in its superconducting state expels all the magnetic lines of forces,
justify.

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
Sh=121.76. : v '

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-lype semiconducior minority carries concentrations are suppressed.
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v Candidates are required to give their answers in their own words as far as practicable.

v' Attempt Al questions.
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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%)/k;
Permittivity of silicon=e,e,=11.9*8.85*10"%F/m
nw=1.45*10"/cr?’ for silicon; MUn=1350cm?/v.s{at 300K)
us=450 cm’/v.sfat 300K);  Ns=6.022*10"/mol
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. a)

b)

~What do you understand by number of ‘states and density of states in quantum
mechanics? Derive appropriate expressions for them.

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

* gaturation current of vacuum tube if the cathode has emission constant of 3x10*Am™

b)

c)

2k and work function of 2.6eV.
Define and explain the effective mass of electron within a crystal. How do you
tinderstand negative and infinite mass of electron? ‘

I}ér silver with Epo = 5.5ev and ¢ = 4.5 ev, calculate the total number of states per unit

mass of silver are 10.5g/cm’ and 107.9g/mol respectively.

Deﬁné 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 différénfé types of .dielect"n'c materials. L

‘Classify the magnetic material based on magnetization. , _

) What type of magnetic material would you chose for electromagnetic relays? Justify.

For a specimen of V3Gfé.l, 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
4.2K. . _ .

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

A silicon ingot is doped with 10'6 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. . : ';

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 ¢m’ 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%102cm™, n; = 1.45%10"cm”.

What are energy bands? Distinguish between a conductor, an insulator and a
semiconductor on the basis of energy diagram. Write two characteristic features to

distinguish between n-type and p-type semiconductors.
Hdk

volume and compare this with atomic concentration of silver. Density and atomic -
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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*10Is; k=1.38*10%1/k;
Permittivity of silicon=€,6=11.9%*8.85*10°*F/m .
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a) Define Fermi Energy. What is the probability that an electron having energy 16533 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'¥.

~b) An electron is confined to an infinite potential well of size 0.1 nm. Calculate the

U ‘ground energy réffthe'electrdm’a‘nd:iradianf%ﬁ:equency;6H’@W¢thisiieiemﬁﬂpag;bcj?ﬂt to - -

the third energy level?

-

negative effective mass. Explain with the help of E-k diagram.

- b) Formation of H; molecule is more stablerthan.lthé formation of Hs molecule. Justify
- owith the hclp.?of’electmn‘:ener»gy».‘f}versusf:'fimer*‘—,at@mic:separaﬁonfbew;sm H-atoms::

2. a) What is effective mass? The electron at the top of valence band is said to bave

. 3 @) Show that the dielectric loss per unit volume is a function of frequency of the apphed -

~ field and the loss tangent. -

- b) Describe how thermal breakdown and electromechanical breakdown resuks' in
dielectric breakdown in-solids. ' - o

¢) Based on magnetization vector, explain the diamagnetism, ferromagnetism and

- ferrimagnetisms.

4, a) Expiain ~how strong magnetic field effects supér_conductbr. Derive the vrelalticn of
critical current in superconductor with necessary diagram. '

b) How band bending occurs in semic_:ondubtbrs? Derive Einstein relationship.

c) Ifitis desired that the Fermi-level is to be raised to 0.1 eV above intrinsic Fermi—ievel
at room temperature, what type of dopant is'to be used? Determine its doping level.

5. a) Present a comparison between Si and GaAs semiconductors with the help of their

basic properties and E-k diagram.

b) Derive the expression of a built-in potential and depletion width of a pn junction with
necessary diagrams. ' -
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. v Attempr All questiops. . R

B V' Thefiguresin the margm mdzcate Full ]i./[ar= ..
v Assume suitable data.if necessary LR TR

. Values of cammoniy used canstants are given below

Mass of ejectron m=9.1 *m”kg, dev=1.6*10 oy

h=6.65*10%s; .~ L g1
- Permf:tiwty afs:f:can—eae ~11. 9"'?3 *1)

~,

\Sxﬂxx

hat is an eﬁ'ectwe mass of a ﬁee electron‘? Show that effecfxve mass of a free e]ectron o e
ual to mass of free electron in vacuum, : : : Tl s [1+3] AR S

at‘ are the dlfferent types of polarlzauon mechamsm m dl-electrlc medmm" . . v[6] i

D cribe how thermal breakdown and electromechamcal breakdown results in dlelectrlc
-‘breakdown in solids. . ¢ . : v IR

i ; | BRI o
‘ 4. a) Explam depermmg method of demagnetlzatmn If you place graphlte m a non-umform vy 1
' magnetlc field what w111 happen'f‘ L L ot [3+3]

by What are. magnetw domams‘7 Explaln the behavu)r of magnenc dornams m presence of
" external magnetic ﬂeld - : - T L [1+3]_ e

S. a) _What is Melssner effect‘7 Explam in brlef about type-I and type—II superconductor & --;}[8] T

L

b) Differentiate Non-Deg _‘nerate and leov : rate semmonductors

6. a) In doped sem1conductors carrler concentratmn and dr1ft mobxhty both are hlghly

dependent on temperature, Justify a. e -'-‘:[6] e
b) Compute the intrinsic concentratlon and mtnnsm remstwlty of s111con at 27°C leen :
that: . m¥=1. ()Sme pe =1350 cm*/V.s mh* =0.6me = 450 cmz/V § e [6]

~ Where, me* and my,* are effective masses of electron and holes respectlvely and He and uh S
are electron and hole drift mobility's respectwely The band gap of Slhcon =LleV " R

7. ‘a) Find the resistance of 1 cm® sxhcon crystal doped thh arsenic, the dopmg den31ty is such )
that every Arsemc atom sites every 10° silicon atoms Atomic concentration of silicon is
5x10%2 cm?, m; = 1x10'° em?®, pe = 1350 em®V's™ and p, = 450 cm®V''s™. Find the
resistance 1f the above silicon sample is further doped with Boron, the doping density is

such that every Boron atom sites every 106 silicon atoms. [8]
.'b) Prove that the position of Femn level is near the middle of Dand gap in pure silicon

semlconductor , _ , [6]
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| e b) ~Taking . the reference of formauon of thhmm (Ll) sohd from N L1thmm atoms explam

| ‘/ Candidates are, requu'ed to glve thelr answers in thelr own words as far as prac’aoable T
- Artempt All quesi'zons o i v
- ¥ . The figures in'the margin zndzcate F ull Marks

v Assume suitable data if necessary.

~ Values of commoniy. used constants a!

Mass of eler:tron M=, 1*10‘3‘kg- -1

h=6.65*10%)5; k=1

: Permﬁ'twity of. s:frcanveos,—iz 9*3 85 *10
o=1.45*10" /e for 5:&:011, o

,u,,-450 cm’/v s(at smx), S

. a) Whatis densxty of states’?: Descm
: predmt number of energy states.

b) A 3nm thmk ox1de layer of CuO's
B ﬂhﬂlght of 10eV for the conduction of
~:-coefficient if the energy. sof: -'electmn
s icoefficient: if: the ﬁuckness of CuO

in ppe etér:‘ﬁihe;

of electron at room- temperatme Molar mass and densrcy of potassmm are 39 95 and

' 0.91 gm/cc.
- clearly how the conhnuous ‘energy- band are formed in: the solid metal. -

relative permittivity, using Ciausxs~Massott1 equauon RS

b). What is ferroelectnmty and p1ezoelectnc1ty‘? Wnte then' slrmlanties and dlfferences

difference betweeh ferromagnetlc and ferrunag:netlc matenal‘? :

- b) Explain how strong magnetic field effects: superconductor Der1ve the relation_ of R

critical current in suparconductor with necessary dlagram .

c¢) Describe briefly about domain theory of magnetlsm SR ST

a non-degenerate semiconductor.

b) What is PN junction? | Derive. the rcla’uon for bmlt in potentlai clnd depletlon layer of a_

“ PN junction.

6. a) Calculate the chffusxon coefﬁment of electrons at 30°C in sﬂlcon dnped vmh 10
- Arsenic atoms cm Gwen that the dnﬁ mobﬂlty of electron vmh 10 cm’ dopants is -

O

1300 cm 2yl s

" b) The effectwc denszty of sta es at conductmn band and Valence band are 2.9* 1019 em™

and 1. 1#10” cm™ respectwvly Calculate the mtrm31c comcentratlon and mtrmsm

-fmf

resistivity of SthOﬂ at 300 K temperamre

T

What wﬂ] ‘i;be the new: : transmmsmn_;;.}* R
S aced: L - [6]
20 a)y If eleotrical conductivity. of potassmm is 1. 39%’105 m/cm, calculate the dnft ma’oxhty '

W

o]

R R
~+ 3--a) Derive the mathcmancal relation showing the relation between ionic polanzatmn-?nd e

A _‘,.[6'] K
-4 a) C1a881fy magnetic matenals based on their magnenc suscephbﬂmes What 1s the ‘-wasw Y :

: B 4] E .
5 a) Describe the importance of Fermi energy. Also dﬂferentlate between a dégéﬁérate aﬁn’d e o
[3+4]
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Candidates-are required to give their answers in their own words as far as practlcablc
Artempt AUl questions. - '
The figures in the margin indicate _Ij}t_l_l__ﬁ_l_gl‘_kg
Assume suitable data if necessary.

. Vualues of commonly used constants are given below.

Mass of electron ,m.=9.1*10%kg; - lev=1.6*10")
h=6.65*10"s; o =1.38*10%)/k;
Permittlwty of silicon=g,e,=11.9%8.85*10°*F/m
w=1.45%10"7cm?’ for silicon;  Us=1350cm’/v.s{at 300K)
;;,,—450 cm*v. s{at 300K); . N,, 6022"10’3/mol

1. a) Derlve the relation of energy level m51de a potenna.l well of width L. Show»
" mathematically that energy level in a copper wire of length L is quantized similar to.

energy level inside a potential well. [8]
b) An electron is confined in an infinite potential well. The length of confinement is 0.01 :
nm. Find the energy and wave function of electron at third energy level. . 4]

2. a) Derive the expression for effecnve mass of electron and show that it can be posmve
| whideas well as negative. B o L I8]
The ‘width of energy band is typlcally 10ev: calculate: FEIE o [4]
1) - The density of states at the center of the band ’
i) The number of states per unit volume thhm a small energy range KT above
the center. -

Derive. Clausus Massoti equally showmg the relation between electronic polarlzatlon

nd relative permittivity. : [6]
‘Derive the relation for average dipole energy of Hel molecule when it is: apphed w1th
*electric fied of magnitude E. (4]

-¢) Calculate the intrinsic conductivity and resistivity of Ga As at room temperature The
1ntrm51c concentratlon electron m0b111ty and hole mobility of QaAs are 1. 8x10° per

cm™ 8500 em? vis?t and 400 em? v'ls™ respectlvely at 300K. . § o4
4. a) Based on magnenzatxon differentiate between feromagnetlsm, femmagnehsm ‘
antiferrimagnetism and pa:ramagnetlsm . : ) G [4]
b) »Explam the significance of hystercsas loop Whlle selectmg matenals for prepanng
o magnetlc materials. . , 4]
‘5. a) What is critical current? Prove that the critical ourrent decreases linearly with the
increase in applied field for a wire. - . (8]
b A pn Juctlon semiconductor has resistivity of 5Q-cm. If mobility of hole is
450 cm?V'ls"! and electron mobility is three times the mobility of hole. At room
temperature , find (i) Built in potential (ii) deletion width that hesl})n n-reglon and p-
reglon and (iif) Built in elec’mc field at x = 0 (Given m; = 1 45%10" cm? at T=300K,
g=11 9 for si). 8]
6. a) VVhat is mmonty carrier suppression? Prove electron concentration and conduction in
_ n-type semiconductor is defined by impurity donor. [8]
b) Derive the relation for ﬁndmg the ‘concentration ‘of electron in an extrunsm sem1-
- Ticonductor. B [6]
¢) What is minority charge suppressxon in extrmsm sem1-conductor‘7 JESE , [41

ok o
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. : , ' L
The figures in the margin indicate Full Marks. o o o
Assume igggirgwblgadata if necessary. S

values of commonly used constants are given below.

Mass of electron ,m.=9.1*10"kg; lev=1. 6*107%4
h=6.65*10°1s; =1.38*10°7)/k;
Permittivity of silicon=e,6,~11.9*8.85*10°*F/m '
ng=1.45%30"/cr’ for silicon; . ua=1350cm’/v.s{at 300K)

p=450 cm’/v.s(at 300K);  Nz=6:022%10%/mol

. 8) From free electron tﬁeoi"y 6f métal, shdv‘v;'t-ﬁat E-K diagram- isjparabqli_é. 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 to gether.

v center.ed- cube (BCC) crystal unit cell. - _
at are the different types of dielectric breakdown? Explain any two of them. -

""E‘};:plain 'mathematically how relative permittivity is related with electronic Ny

- polarizability using Clausius Massoti equation.

fry‘stal of ~.ironcreatedmagnetic field around it but a piece of iron doesn’t why?

. b) How hysteresis loop pléyé an inlpoi'tant role in classifying magnetic matetials?

Explain.

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

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% e¢m™. Use other required data from above given list. ‘

b) An n—tyge semiconductor doped with 10%cm™ phosphorus atoms has been doped with
10%%m™ boron atoms. Calculate the electron concentration in the se1_niccnduct01:.

oKk

Caloulate the lattice constants, face diagonal, ‘body diagonal 'and.paoking.den'si‘gy of

[4+4]
[4]

161

@
14

161

(4]

(8]

“o

18]
16} -
51

41
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v (Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions.
v - The figures in the margin indicate Full Marks.
—T v’ Assume suitable data zf necessary.

Values of commonly used constants are given below.
Mass of electron ,m.=9.1*10'kg; 1ev=1.6*10"
h=6.65*10"Is; k=1.38*10%J/k
Permittivity of silicon=g,e~=11.9*8. 85 **10"F/m
' Np=1.45 *lolo/cm3 or silicon;  p,=1350em’/v.s{at 300K )
§p=450 cm 2fv.5{at 300K);, ©N,=6.022%10%/mol

1. a) What is tunneling in quantum mechanics? Explain with necessary f mathematical expressaon,

the nature of wave function in different regions in case of tunneling.
b} What is fermi-Driac Distribution function? Prove that probability of finding electron 1.5 KT
above the fermi level. '

4) Explain the formation of H, molecule using molecular orbital bonding theory. Draw the
- ﬁécessary diagrams also.

b) Eiectron mobility in Si is 1400 cm2 V™'s™. Calculate the mean free time in scattering of
: eiectmns Effective mass is m«e/me = 0.33,

‘Eenve the Clausius -Massotti equation showing the relation between relative
ermittivity and electronic polarizability.

a) What are the different types of potarization in dielectric medium? Explain orientation
polarization in detail. . ‘ '

b) Explain how strong magnetlc fleld effects superconductor, Derive the relatlon of critical
" current in superconductor with necessary diagram.

Y

c) Differentiate soft and hard magnetic material taking help of hys.teresis loop.”

4. a) What are ferri magtetic materials? Explam how does its prcperty dlﬂ’er with antl-ferromagnet’ic '

material? X
b} Derive the relation for intrinsic concentration and explain how temperature eﬁects intrinsic
concentration with necessary diagram.

¢} Derive Einstein relationship for a semi-conductor in equilibrium state
5. a} Derive the relation for finding built in potential of PN junction takmg necessary assumptions.

by Fmd the built-in potential for a p-n Si junction at room temperature if the bulk resistivity of
Siis 1 Q cm. Electron mobility in Si at room temperature is 1400 em?V?is?; unfup=3.1;
;=1.05x 1010 cm=3.

¢} An n-type silicon wafer is uniformly dloped with 10" antimony atoms per cm™.Where will
be the Fermi level compared to its ingrinsic Fermi level? Where will the Fermu level be
shifted ifthe sampleis further-doped with 2*10" boron atoms per cm’”®

kkk

i8]
tal ~

I8l

~ [al

sl

14l

_'181 ‘
[61

ial

[6]
161

Isl

16l

161}
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v Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions. -
v The figures in the margin indicate I ull Marks.

v Assume suitable data if necessary. :

Values of commonly used constants are given below.

Mass of electron ,me=9.1*10""kg; 1ev=1.6%10""J
h=6.65*10%Js; k=1.38*10%)/k;
Permittivity of silicon=go,=11.9%8.85**10°F/m ,
np=1.45*10"%/cm’ for silicon; . px=1 350cm?/v.s{at 300K)
[is=450 cni/fv.s(at 300K); - Nx=6.022*10%/mol

1. a) What are the operators in quantum mechanics? Explain their uses in deducing the
expected values of observable quantity.

b) For an electron confined to an infinite potential well of width 0.1 nm, determine the
uncertainty in momentum and kinetic energy. -

.c)Drawa neat diagram of Face centered cubic (FCC) structure and ecalculate Body diagonal
- and Packing Density. ‘

ustraﬁng the E-K diagram, derive the relation for effective mass of electron for a crystal
“solid. _ . N

:What is dielectric strength of a dielectric material? Discuss in brief the different Wpe‘s‘
“of breakdown in dielectric material. - :

plain.any two types of polarization in dielectric. material with necessary mathematical
lationship.:. ‘ ' '

3, a)Classify the magnetic material and explain each of them briefly.

- b) Why hard magnetic materials is preferred for making permanent mgxgnét while soft
magnetic material is used for high frequency application. Explain with B-H curve.

c)‘ What is Meissner effect in superconducting state? How Meissner effect helps to
differentiate superconductor as Type | and Type i? Explain in brief.

4, a) With the help of P-N juction, explain the .phenomsna of forward and reverse biased.
b) An ri-type semiconductor doped with 10% cm? phosphorous atoms has been doped with

(61

(8l
4]

[4]

(4]

a4l

[6]
[8]
[ai%

10 em™® boron atoms. Calculate the electron and hole concentrations in the semiconductors. - [4]

5. a) Prove that the ratio of diffusion coefficient to drift mobility of a charge carrier of an extrinsic
semiconductor remains unchanged if the temperature remains constant.
b) A pn-junction is formed at 300K. The acceptor and donor concentration in p-side and n- sides
are 10%/cm® and 10" /cm® respectively. Find
a) Built in voitage
b)Width of depletion layer.
c) Width of depletion layer in n and p sides.
c) Explain how are there many electrons available in conduction band in n-type semiconductor
even if average thermal energy is insufficient to surmount the electrons from valence band to
conduction band. - g R :

wpk

(6]
[8]

[4]



