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Second Semester Semiconductor Physics &Nano materials
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Answer question 1 compulsory. (14X1 = 14Marks)
Answer one question from each unit. (4X14=56 Marks)
CO BL 1M
1 a) Fermienergy is the energy of the highest filled state at ------------- temperature. Col L4 1NV
b) Write any two failures of free electron theory. col L1 1V
¢) What do you mean by hole? col L1 1V
d) The mobile charge carriers in a semiconductor are co2 L1 1NV
e) Inan intrinsic semiconductor, the number of electrons in conductlon band and holes in co2 L4 1N
valance band are equal. True/false
f)  Write the expression for continuity equation. co2 L1 1NV
g) Mention any two applications of photo diode. COo3 L3 1NV
h) LED emits light under --------------- bias condition. co3 L1 1NV
i) Define Faraday effect. Co3 L1 1NV
J) In nanomaterials, with decrease of particle size the number of atoms at the surface ---------- CO4 L4 1N
k) Mention any two applications of carbon nanotubes. cCo4 L3 1NV
I)  What are nanomaterials? CO4 L1 1NV
m) What do you mean by dark current in APD. CO3 L2 1N
n) State Bragg’s law. CoO4 L1 1NV
Unit-1
2 a) Distinguish between direct and indirect band gap materials. COl L1 4™
b) Explain energy bands in solids by using kronig-penny model and classify the types of CO1 L2 10N
electronic materials based on band theory of solids.
(OR)
3 a) Whatis density of states? Obtain an expression for density of states. COol L1 7™
b) What do you mean by effective mass of an electron? Obtain an expression for effective COol L2 7™
mass of an electron.
Unit-11
4 a) What are semiconductors? Distinguish between n-type and p-type semiconductors. Co2 L1 7™
b) Obtain an expression for concentration of electrons in an intrinsic semiconductor. Co2 L3 7™
(OR)
5 a) Discuss the p-n junction diode in detail. CO2 L2 8M
b) State and obtain the expressions for drift and diffusion currents. CO2 L1 oM
Unit-111
6 a) Distinguish between LED and LCD. CO3 L1 oM
b) Explain the principle, construction and working of solar cell. CO3 L1 8M
(OR)1

7 a) Explain the principle, construction and working of PIN diode. CO3 L2 8M



b)

8 a)
b)
9 7
b)

Calculate the wavelength of radiation emitted by an LED made up of a semiconducting

material with a band gap energy 2.8 eV. Identify the colour of the light emitted from LED.

Unit-1vV
Discuss about quantum confinement effect and surface area to volume ratio in
nanomaterials. Write the important properties of nanomaterials.
Explain in detail the synthesis of nanomaterials by Sol-Gel method.

(OR)
Illustrate the important applications of nanomaterials in different fields of science and
technology.
Describe the construction and working of scanning electron microscope (SEM).

a s —S00 o —mas

I. a) Fermi energy is the energy of the highest filled state at OK temperature.

b) Write any two failures of free electron theory.
Two failures from classical or quantum theories

c) What do you mean by hole?

Absence or vacancy created by electron in valance band.

d) The mobile charge carriers in a semiconductor are electrons and holes.

e) In an intrinsic semiconductor, the number of electrons in

conduction band and holes in valance band are equal. True/false — True

f) Write the expression for continuity equation.
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g) Mention any two applications of photo diode.

Any two applications

h) LED emits light under Forward bias condition.

i) Define Faraday effect.

CO3

CO4

CO4

CO4

CO4

Optically inactive substances acquire the ability of rotating the plane of polarisation of light when they are
subjected to a magnetic field, parallel to propagation direction.

j) In nanomaterials, with decrease of particle size the number of atoms at the surface Increases

k) Mention any two applications of carbon nanotubes.

Any two applications

I) What are nanomaterials?
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The solid materials whose physical size is in the range of 1 to 100nm.

m) What do you mean by dark current in APD.

Current generated in a reverse biased p-n junction in the absence of light

n) State Bragg’s law.

nA = 2d sin@

2. a. Distinguish between direct and indirect band gap materials - 4m

Any 4 differences
Direct bandgap materials

electrons
I Energy gap

holes

Direct bandgap semiconductors

The materials for which maximum of
valence band and minimum of conduction
band lie at same value of k are called direct
band gap materials.

Here there will be direct transitions
By recombination we get light energy

These are used to make opto-electronic
devices like LED, laser diode etc.

Ex: GaAs,InP,GalnP

Indirect bandgap materials

Clectrons

Energy gap

holes

Indirect bandgap semiconductors

The materials for which maximum of valence band
and minimum of conduction band does not occur at
same value of k are called indirect band gap
materials.

Here there will be Indirect transitions
By recombination we get heat energy

These are used for making diodes, transistors etc.

Si,Ge

b) Explain energy bands in solids by using kronig-penny model and classify the types of electronic materials

based on band theory of solids — 10m

kronig-penny model (9m = explanation-5m, diagram-1m, two cases-3m) + 1 difference based on energy

band diagram for three materials-1m



ERONIG-PENNY MODEL:-

The solution of Schrisdinger wave cquation for a varying periodic p«r!cn(inll (s_uqu«ndnl) is not
casily obtained. T'o overcome this problem. instead of assuming a sinusoidal potential. it is assumed that
the ¢lectron moves in a rectangular potential. ‘This model was given by Kronig-Penny. The variation of
potential of electron while it is moving through ion core is as shown in figure. ¥
This modal contains only two regions 1 & 11 | —Aimendional
Forregion i, V(x) = 0 (0O=x=a)

Por region 11, V(x) = Vg (-b=x<0) Where V(x) is potential.
The time independent Schrdsdinger wave equations for the T
1TwWo regions is given as

d?ys  8x’m _ Vo

- — B 0 ) e e e 1) for O=x—a

ax: ¥ ne L Nt

2 2

& d’y,  8x'm (E- Vo) yr =0 (2) for —b=x=0 + —+ o = :

dx® BB o LR e
By assuming total energy. E is less than potential encergy Vo, define two quantitics ex’and 37 such that
s 8x mE ah’
<" - — [ - ———  eweeee——ccccaas 3)
n? 8x’m

£ = 81r’m(l'9 - E)

5 ——eeee (4)
el
Sub. (3) & (@) in (1) & (2)
—» “il.‘__: v axiysr =0 —— - (5)
2

~ 2% -0 M
Using Bloch thecorem, the solution of above two equations is given by

wr (X)) = U, (x)e™, where Uy (x)= U, (x+a). e e (7

:
By differentiating equation (7) twice and by substituting the values of 1”” and w in (5) & (6).

2
two independent second order linear differential equations are obtained. By applying boundary

conditions to the solutions of two equations, we will get four lincar equations in A, B, C, D. The solution

for these equations can be obtained only when the determinant of the coefficients of AL 3. C. D
Vanishes.

On solving the determinant, we will get a condition
> as
rsinaa | cos aa = cos ka e € )
> =2
iV ab
2

Where P = is known as scattering power of potential barricr. With increase in potential, V.

scattering power ‘P’ also increases.

‘1, b is known as barrier strength. And K ~ -%’r- is propagation constant.

From cquation (8) it is clear that LIS valucs arc limited by the R.ILS values. Since cos ka is bounded
between + 1, hence only certain ranges of valucs of a arc allowed. I we plot the left hand side of this
cquation against o a, it will be possible to determine those allowed values. The remaining energy values
which are not allowed are known as forbidden energy values, The plot is as shown in tig.
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rom the above fig. the follo

(1), The motion of electrons
forbidden encrgy.

(2). An the value of oo (enorgy) Incroases, the width of allowoed enorgy bands increases and widih of

forbiddoen bands decreases

ing conclusions may be drawn.
o poriodic lattice ix characterizaed by the bands of allowed encrgey and

in potential barricr the width of an allowed band doecreases. As
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The line spoctrum is shown in figure
soeparatod by forbiddoen regions.

- > 2 -

[from (3)]

Commes narcow and the encrpy spectrum is a line spectrum.,
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This cquation (2) shows that cnorey levels are discorote and are
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Hence we get only K., which moans that the clectrons are complotely free. From the energy spectrum
diangram it is clear that all encrgy levels are allowed and no forbidden energy lovels exist, This concerns

for the case of meatals.

characteristic Metal semiconductor Insulator
Property
1.Band Z
" Conduction band / Conduction bnnd% // e onduation .,nnd%
. = =
o— 1.1 @V Eo—lcov
\ /
2.Forbidden No FEG small FEG of ~1 eV Large FEG of ~ 6eV and
energy gap more

3.a. What is density of states? Obtain an expression for density of states — 7m
Definition -1, diagram-1, explanation-5
Density of Energy States

The density of states is given by the number of available electron states per unit volume per

unit energy range at a certain energy level, E.

Z@mﬁgzﬂi%EEZ

Z(E) is called the density of states function.

%?Qmﬁﬂgmdg

Number of Energy States : Let us consider a specimen of a metal. For the sake of simplicity, we consider
itto have the shape of a cube with the side a. We assume that the free electrons travel absolutely freely
within the volume of the specimen.
h? (n§,+n§,+ﬂé)

gma?
the energy of an electron is determined by the sum of the squares of the quantum numbers n2, nf,, nZ. wWe

The quantized value of energy is given by E =

get the same value for energy for several different combinations of these three quantum numbers.



Corresponding to each set we can find a specific energy state (or energy level) E. Quantum number space
is an imaginary space where the values of quantum numbers are denoted along the three axes

respectively.
In this space. a radius vector » may be drawn from the origin of the coordinate system to a point (zx. ny.

nz) where n® = n% + n_% + nZ

Itis easv to see that all points on the surface of a sphere of radius » will correspond to the same energy.
All points within the sphere represent quantum states with energies smaller than E.
Number of energy states within a sphere of radius #» = Volume of the sphere =?E n?

Since the quantum numbers can have only positive integer values, the n-values can only be defined in the

positive octant of the sphere.
Therefore, the number of quantum states with energy equal to or smaller than E is proportional to the first

octant of the sphere.
fqs . 1 4w
Number of energy states within one octant of the sphere of radius n = EX i

Similarly, the number of energy states within one octant of a sphere of radius (» + gn) corresponding to

1 .4
energy (E + dE) = EX?E (n+ dn]a
The number of energy states having energy values between E and (£ + dE) is given by

Vi —lgim 3l 47 3
NE) dE 9X3(n+dn:] sXon
Terms corresponding to higher powers of gy are negligibly small and are hence neglected.

N(E)IE = n’ dn
By substituting n and involving pouli’s exclusion principle, we finally get

2 1
Number of energy states N(E)E = % {Zmi} a’Ez dE
3 1
And density of statesZ(E)IE = N(E)IE/a®= =3 (2m2 ) E% dE

3.b. What do you mean by effective mass of an electron? Obtain an expression for effective mass of an

3

electron.
Definition-1m, diagram -1m, derivation-5m
Effective mass of an electren:=
“Whenr an electron in a periodic of lattice is c:qceleraled by an electric field or magnetic field ,

then the mass of the electron is called effective mass, m
According to quantum theory, an electron moving with a velocity, ‘v’ can be treated as a

wave packet moving with the group velocity, vg

L ——— —a
Vv Ve Tk (O]
z a 2
where ‘w’ is angular frequency = 2 7 v, ‘k’ is propagation vector = 7” T = :
"""" e [ I

We have energy of an electron, E=hv=Ao®
where i=h/27 andow=2xVv

dE dew dw _ 1 dE
AL =5 82 8D e TG s 3
Erom (2). ne &  dk R dk S ' f
From (1) & (3) vg= hiia{'% ........ @) i ‘ e
o —Ko ] F 39 Na

From E-K relations, the variation of E versus K for the region

_/ato /ais shown in fig.(a). Using this plol- we can
predict that <E?* varies directly with ‘k” up to point of
inflection ‘Kg” and after that E does not vary with K
directly and energy becomes constar}t. _Form 4) we
can calculate velocity using E-K variation graph._

The variation of v’ with K shows _that fo.r K= 0

v = 0. As K increases v increases upto inflection point,

Ko and beyond Ko, Vv decreases and v = 0 at r/a
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the negative values of ‘K’ exhibit same nature.

| o |
|
- (
Variation of m with K:- . 1
I 1
. d |
From (4) acceleration, a = EV" \ i
_d (1dE ,
dt h dK | - 4, k—
o] Rt 2 e ek In
dr\ ndK dK Ty © VashaBon 5 w* Vs ¥
1( d?E dK .
= — —_— S
2T a ( dK®  dr )
h 2
we have momentum, p= hk with 71 —5;& K = 7”
dapP _ . dk LGP _dey . F]
dr dt “dr dt
dk F
— = e 6
dt h ©)
1 d’E F
~From (5) & (6)a= o [ K: 7)
5 h’
G 7|-a (7)
d*E/dk

But force, F = effective mass(m') % acceleration (a)

2
(d’E /dk’)
Fig.(c) shows the variation of m" with k. near k = 0, the effective mass approaches m. as the value of ‘K’
increases m' increases up to inflection point above the point of inflection m' is negative with respect to

- From (Tym’ =

k. As k tends to —, m’ decreases to a small negative value.

4.a. What are semiconductors? Distinguish between n-type and p-type semiconductors.-7m
Definition-1m, any five differences-6m

Semiconductors are defined as substances whose conductivity lies between that of an insulator and a
conductor.

example- Si,Ge,GaAS

Basis of
Difference

Defintion

Type of
impurity added

Sroup of
doping element
{or impurity)

Effect of
impurity or
doping element

P-Type Semiconductor

Wwhen a trivalent impurity is added to an
intrinsic semiconductor, the obtained
semiconductor is known as P-type
semiconductor.

To obtain the P-type ser‘mcor‘lductor a
trivvalent impurity such as

gallium, indium, etc. is added to the pure
semiconductor.

The elements of group 13 are added as
doping elerment to form a P-type
semiconductor.

In case of P-type semiconductor, the
impurity added creates a wvacancy of
electron in the structure, known as hole.

MN-Type Semiconductor

When a pentavalent impurity is
added to an intrinsic
semiconductor, the obtained
semiconductor is known as MN-type
semiconductor.

The pentavalent impurities such as
P, Shb, As, Bi, etc. are added to
pure semiconductor to obtain M-
tyvpe semiconductor.

The selements of group 15 are
added as doping element to form
an MN-type semiconductor.

In case of N-type semiconductor,
the impurity added prowvides extra
electrons in the structure.



Energy levels

Effect of
temperature
rise

Conductivity

Fermi level

P-type semiconductor has acceptor
energy levels very close to the wvalance
band and away from the conduction
band.

When the temperature of P-type
semiconductor is increased, it can easily
accept an electron from wvalance band to
acceptor energy level.

In P-type semiconductors, the
conductivity is due to the presence of
holes.

In a P-type semiconductor, the fermi
level lies between the acceptor energy
level and the valance band.

MN-type semiconductor has donor
energy levels very close to the
conduction band and away from
the valance band.

When the temperature of N-type
semiconductor is increased, it can
easily donate an electron from
donor energy level to the
conduction band.

The conductivity in the N-type
semiconductor is due to the
presence of electrons.

Inan N-type semiconductor, the
fermi level lies between the donor
energy level and the conduction
band.

4.b. Obtain an expression for concentration of electrons in an intrinsic semiconductor.-7m
Calculation of density of electrons
Let dn be the number of electrons available between energy interval E and E + dE in the conduction band.

dn = Z(E) F(E) dE

where Z(E) dE is the density of states in the energy interval £ and E + 4 and
F(E) is the electron occupancy probability i.e. the probability that a state of energy
E is occupied by an electron. If E. is the energy corresponding to the bottom of
the conduction band, to calculate the number of electrons in the conduction band the
above equation (9.1) has to be integrated from E. to the energy corres;';onding to the
top of the conduction band,

o0
ie, n = f Z(E) F(E)dE

E-

We know that the density of states i.e., the number of energy states per unit volume
within the energy interval E and E + dE is given by

4
Z(E)Y dE — h—’; 2m)32EV2 gF

Since the electron is moving in periodic potential, and E starts from bottom of conduction band E. the above
equation becomes

4 >
Z(E) dE = thm;‘)f"f—(g — EHV2aFE

Probability of an electron occupying an energy state £ is given by

F(Ey= — 1

I +exp (LA—"II'L)



= —1
F(E)=[1+cxp E_E")]

For all possible temperatures
E — Ep > kT

Hence F(E):exp_(E_EF)zexp( F—E

o

arr Epr — E
”=fﬁ(2m:)3/2(5_5 )l/zexp< F )dE
E.

a _
=h—’;(2 "‘)3/2/(5——5 )‘/2exp(EF E)dE

__ 4T “3/2 f o 1/2
= h3 2rm22) exp IcT (E ES) exp ———— =T dE

To solve this integral, let us put

E — Ec - X
e E— E: + x
dE = dx
oo
£EF (E: + x) R
n= 47735(2 *)3/2 exp k;-)fxl/zexp—‘——kT——dx
) v
USi"g gamma function it can be shown that
oo 172
— 3/2
fx'/ exp( ) dx kT e
(o]
Hence ) 1
Er — Ecy (k7327 ——.
-
i z ial is given by,
i.e.. The number of electrons per unit volume of the material 1 = v
‘ T & e Ep — EC)
n =2 ——h———) exp 7

5.a. Discuss the p-n junction diode in detail.-8m
Construction — 2m, Forward and reverse bias with graph — 6m

P-N JUNCTION DIODE

This is a two terminal device consisting of a P-N junction formed
either 1n Ge or Si1 Crystal.
a P-N junction is formed from a piece of semi-conductor (say

germanium) by diffusing P-type material to one half side and N-
matcna] to other half side. type




P-type semi-conductor has negative acceptor ions (shown by encircled
minus sign) and positively charged free holes which move about on P
side. Similarly, N-type semi -conductor has positively donor 1ons (sho_wn
by encircled positive sigr) and negatively charged free electroms which

move about N-side.

o[5S o O] [@ 8 @ 8] imRer
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(a) P-type and N-type semiconductor (nqt joined)
(b) P-N junction (after joinlng)). (c) potential barrier
Fig. (12).
Now let usp consider that the two picces are joined g%h&:
shown in fig. (12b). As P-type material has high concentration

and N-type material has high concentration of free _electrc:lns and hc.nf::)
3 = clectrons
there is a tendency of holes to diffuse over to /N-side and

P-side. The process is known as dnffusnon_. So due to diffusion, : 3
the holes from 2ZP-side cross over to /N-side where they combine with

slectrons _and become ncutral. Similarly, some o_t;hul‘: le‘lm from
V-side cross over to P-side where they combine wi oles and become

(1) Forward bias. When an external voltage is applied to P-N junction
in such a direction that it cancels the potential barrier and permits the
cwrent flow is called as forward bias. To apply a forward bias, the positive
termunal of a battery is connected to P-type semi-conductor while the
negative terminal is connected to N-type semi-conductor

(i) Forward bias. For the *
forward bias of a PN junction, P - N DIODE él>
F-type is connected to the positive A
teErminal while the N-type is ,Vx
connected to the negative terminal —/

of a battery. The potential at 2N

junction can be varied with the i

help of potential divider. At some Rh

forward voltage (0-3 V for Ge and

O-7 V for Si) the potential barrier | P
is altogether eliminated and -+ l"': —K)
current starts flowing. This voltage v

is known as threshold voltage (17,)

or cut-in voltage or knee voltage. It
is practically same as barrier voltage V,. For I < Y,5.» the current flow A
negligible. As the forward applied voltage increases bevond threshold
voltage, the forward current rises exponentially as shown in fig. (18). It
should be remembered that if the forward voltage is increased beyond a

ccrtain safe value, it produces an _exiremely Ta%y
destroy the junction due to overheating. ch

(2) Reverse bias. When an external voltage iy applicd to P-IN junction

Fig. (17). Circuit arrangement.

in such a direction that it increases the potential Imr‘riw thern i i.shcall.:-d uli
reverse bias. For reverse bias, the positive terminal of the battery
connccted to N-typc .
semi-conductor and

negative terminal to P-type



(ii) Reverse bias. For the reverse bias of PN junction P-type is

ected to the ncgative terminal while N- is_connected to the
five termunal of a battery. The reverse potential at P-N junction can
bcp————-a{"*iﬁ’—’w help of potential divider. In this case the junction

resistance becomes very high and practically no current flows through the

circuit. However, in practice, a small current of the order 2 A flows in the

—— ' = =
circuit duc 1O mINOrily carrcrs. This is known as reverse curreat. The
reverse currcot is shown in fig. - As the reverse voltage is increased

Fig. (18). Volt-Ampere characternstics of AN junction.
from zcro, the reverse current quickly rises to its maximum or saturation

reverse voltage is further increascd, thE€ KinclUcC cnergy Ol ~cleciruns

(Minority carriers) become so high that they knock out electrons from the

scmiconductor atoms. Ar this stage breakdown of junction occurs and

their is a sudden rise of reverse current. Now the junction is destoryed

permancntly.
5.b. State and obtain the expressions for drift and diffusion currents.-6m
Drift and Diffusion currents-3+3=6M

State and obtain the expressions for drift and diffusion currents.

Drift and Diffusion currents-3+3=6M

Drift:

In a material (metal or semiconductor), in the absence of electric field, the random motion of electrons
results in net charge to be zero. This is because charge movement in one direction is balanced by charge movement
in other direction. But when an external field is applied, each charge carrier experiences a force such that all the
charge carriers move in one direction. This net movement of charge carriers is known as drift. Therefore the electric

current density is given by

Where ‘ne’ is the total charge and vy is drift velocity

We have Ohm’s law in terms of conductivity o and current density J is given by | = oF -----------------

We have mobility u = %" - vy = Uk (3)

From (1) & (3) we can write | = neukE (4)

From (2) & (4) we canwrite o0 = neu (5)

CO2



In case of a semiconducting material, the current flow is due to electrons and holes. Therefore current densities
due to electrons and holes is given by J,,(drift) = nu,eE

Jp(drift) = puyeE
And the total drift current is the sum of above two equations =
J (drift) = nuyeE + puyekE
And total conductivity is given by 0 = neu, + pep,
Diffusion:

In addition to the drift motion, the carriers in a semiconductor may move by diffusion. Diffusion occurs
whenever there is a non-uniform concentration of charge carriers. Excess carriers are introduced locallly in a
semiconductor, either by heating or radiation incidence. Then the excess carriers move from the region of higher
concentration to region of lower concentration tending to produce a uniform distribution. This phenominon is
called diffusion.

Let us suppose that the concentration ‘An’ of electrons varies with distance x in the semiconductor, then

. . . A
the concentration gradient will be %

According to Fick’s law, the rate of carrier diffusion is proportional to concentration gradient and the movement is
a(An)

in the direction of negative gradient. Hence rate of flow is proportional to — o

This implies that rate of flow = —Dn%; where D,, is known as diffusion coefficient. This flow constitutes an

electron diffusion current density given by

J.(dif fusion) = —(e)(rate of flow across unit area)

= —(e) (—Dnm) S IR E— (6)

ax n ax

Similarly for an excess hole concentration, diffusion current density is given by

Jp(dif fusion) = (e)(rate of flow of holes across unit area)

_ aAp)\ _ a(ap)
= (&) (-0, 552) = —eDp B e (7)

6.a. Distinguish between LED and LCD.-6m- Any three differences
LED LCD
LED stands for Light Emitting Diode LCD stands for Liquid Crystal Display
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6.b. Explain the principle, construction and working of solar cell. — 8m
Principle-1m, Constuction-3m, Working-4m

Sotla» coll
Pyénciple 1~ The eclacbhbomagnelc emergy a\am < o e sScm
s caolled Solas emaorgy - )
P-N Jumn chon Riode colic i

— A sAar cetl A o =2dmele
Conver Sclor evergy cntbto elo chical emorgy ond W _wwlr_—g
TN, b pvoniple. I phoctouoltiaic effye k@ & conueHeon I5
gtk emeorgy <nte ele chcal energy - . _
St & aolzo lemooam as Sells y,m_u_atn_d AAassCce - o o uo-(.,lagz

_— S ‘
= %zn\.n.)saxlci s uaa.\.r _hCices e Aars>s< co ol thowkt anity
erxreannal blas - : ) ' )

Covarva chon 3 — A sAaos coll C-onalCalm s P 3 Lum B oy f’“‘DC =
s atly mnadle Jy S S8 e be olro conmshasacked u_jc—fh —rmr;:'y)
other TR erurcondacking o tcaials e Gra AL A'\SWC*QCGOV s),
Az Arse~ide C I ASD Ca Aloyn Arsen~ XA CcaARrRsD . aornd
Can Al TFellusta (CA Ted - - R )

CTein emargy geof —obches ocHn e vaiele yomge I
Tre P JumcHon daxodr=s SO Etrrod 3 pacicad v <o
O oo Ww%m v Hao fop 30 ok (,-:s,odr ooy b=\L wpon
e amad V- epe AraXesikaolda - The ‘HaARemexs I P—ryegs oo iz kopt
3 e dsen betfsRe vyecormbdmatrion toiices place -
lly Thiceness Jis - vegson L aoflso kept maldl to allow holes
%onuatcd Mmoo Fue Susdsscce 4o ot uae o e junmcklon bebsSe

—tioy s>o covmodne -

A hoary dopuing N
= olotr=im a looge phcﬂr@uo’\ﬁxgg -
s Pvovicle A asroamal e P \oye s
A o= co o c = ak Au=a

P omd O-YegpSons & >2 cow~rvyrendad
A POitcdel ploked YOG
collictn ocks < &poslﬁthe
boltovrmn =2ewres <aa e

W\g?na)—
< 3 2 11}/5%\28,1-‘-;"1
rotaeaf Ve o
Plalad =K =P e e —_r'_ —
= S o \ e S -
o = S




b'—,'\f"""_\: Cor ey L a e Aliscireo] Y R P P T po .

OO Houmncas ovs AL Aa FPhoton g Celtla Aa crmtty seal o icesr @loc Pomren

B S G AT Dtaasen Acagtsrci e Ak Crmormey wovrenber la vy b v s lacrsrao

e in P e~k A Xowan . Tlaaan clac oy - het s P = B oy o |

o~ bot i e anct N alAas Sk Aba jearmc Ao >, AV escarvr e Fug-
e ellae cbvovaa A A S =AY e A A nle 34 e ~rv‘ﬂ.rrn' w5 g
Ar Moy e PN, e S e B ] by ‘o R s e
AN oeL eoL\'—)tmt’ —tarce - MNixocaresr ., +tia A AN by el ess o
eRacthencn S —Feunc O mrcda Aida Ao dua bassiasn  eotetood

- e st
o acac tue r~o - BCAon Omc® holas s Ao o - Blcda TTrrosse

5 <. . Z
M P—S2AR a - — e & & e

— > T Thexs o w5 conanblaXas “:7"‘"‘—

t

t

.

—Fa oAy [T N (\':*-9_ e '|

beirng e porra o Loghat

—_— Yo a_ccairmrmcaa o dSov St SR8 o arvd 'clax T A Be =adaa
R A HorcASons Fere ouee o o Opens cacaaik volage  Uoe | SObii
o Lormcdson S Eas o cA AT

s e B ‘coa 2. > covacted to Afa Ccoll | tiov COANIA R VIO Sva s
Cascasi® M&g carsraXk

— wua v —Ha Valboa g tos oA s T LVODITNG Y L Yaa <admsgaat il e

AO R arA 2 Eoca~ as 2XER — Cadcaark  Caaare~t | Agc
cCloro Xasink s ~ -
N -0 Chosa deiines Sk A <Slascald g = e
én o 3howmn On Sqg - Carsans—
Mo pocser cwultpult O obra vned %
oo~  Ha call 2 oPerafad aft  4tna Kaso ==
A S LA T e *\.«:LtA_,.L

Emargy conmvessmon £ &€5ciemcny 1

A stlaoscotls cmarg,y Cororerns cn e /A <X emaay '*q) s
Moo PercoSanye e Covoe Commrer B (( &Ko <bosollocy
G- s elochicadl emasgy > ad CoslUacta

Sdoucal) convesyion elbaency(v)) = Power aukpur
Power. cnputs
Elctvical oukpuk = OO
okt yodiokon capuk x Ak Avea

7.a. E‘xplain th‘e principle, construction and working of PIN diode. -8m

Principle-1m, construction-3m,working-4m
2 p-i-n Photodiode

It is a reverse biased p-n junction which produces photo current(photoelectric effect) with a large intrinsic

rion sandwiched between p and n-regions.The structure of a p-i-n photodiode is shown in Fig. It is a device that
1sists of p and n regions separated by a very lightly doped intrinsic region (). The first and most important feature of
-n photodiode is that its depletion region extends well into the intrinsic region, as it is lightly doped. Under
ficiently large reverse bias, the depletion region could extend through the intrinsic region, where by the entire
rinsic region could be made free of charge carriers. The intrinsic layer in effect widens the depletion region and
rrefore increases area available for capturing light. Thus, the p-i-n structure of the photodiode enables us to increase
» width of the depletion region to a value far greater than a simple pn-junction.
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The p-i-n diode has a wide intrinsic semiconductor layer between p- and n-regions. The intrinsic layer has no
e charges, so its resistance is high and most of the bias voltage drops across it. When an incident photon has energy
:ater than or equal to the band gap energy of the semiconductor material, the photon can give up its energy and
site an electron from the valence band to the conduction band. This process generates free electron-hole pairs. These
riers are mainly generated in the depletion (depleted intrinsic) region where most of the incident light is absorbed.
2 high electric field present in the depletion region causes the free carriers to separate and be collected across the
rerse biased junction. This gives rise to a current flow in the external circuit. As the intrinsic layer is wide enough,
ist of the photons are absorbed and larger photocurrent is produced. Therefore, p-i-n photodiode is more sensitive
In pn-photodiode.

vantages of p-i-n-photodiode

he depletion region is very wide and extends throughout the intrinsic region and hence the reverse bias need not be
‘ied to widen the depletion region.

he reverse bias applied is small, of the order of 5V.

\s the depletion area is wider, most of the incident photons are absorbed in this region and hence the efficiency of
s device is high.

he dark current in this device is smaller.

7.b. Calculate the wavelength of radiation emitted by an LED made up of a semiconducting material with a band
gap energy 2.8 eV. Identify the colour of the light emitted from LED.

formula-1m, calculation-3m, colour identification-2m

We have Eg = h9 = hc/A

For Eg =2.8eV with h=6.625X1073% and ¢ = 3X108
We get A\ =6.625X103*X3X108) = 4.436X107m (aprox.) =4436X10°m=4436 A°

2.8X1.6X10%°
The colour of light will be blue

8.a. Discuss about quantum confinement effect and surface area to volume ratio in nanomaterials. Write the
important properties of nanomaterials. -6m
Quantum confinement-2m, surface area to volume ratio-2m, any two properties-2m
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8.b. Explain in detail the synthesis of nanomaterials by Sol-Gel method.-8m
Diagram-2m, explanation-6m

Sol-gel method:

The sol-gel process is a wet chemical process to make ceramic and glass materials. This synthesis technique
involves the conversion of a system from a colloidal liquid, named sol, into a semi-solid gel phase. The sol-gel
technology can be used to prepare ceramic or glass materials in a wide variety of forms: ultra-fine or spherical
shaped powders, thin film coatings, ceramic fibres etc. An overview of the sol-gel process is illustrated in Fig
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The starting materials used in the preparation of the sol are usually inorganic metal salts or metal organic

compounds, which are dissolved in aqueous solution or alcohol. This solution, by hydrolysis and polycondensation

reactions forms the sol. Further processing of the sol enables one to make ceramic materials in different forms.

Thin films can be produced from sol by spin-coating or dip-coating. By adjusting viscosity of a sol in a suitable

viscosity range, ceramic fibers can be drawn from the sol. Sol can be dried so that the trapped water and alcohol

are removed, the network shrinks and the condensation process moves further. By adding a gelling agent, sol is

brought into gel form through polymerization process. By drying and heat-treatment, the gel is converted into

dense ceramic or glass materials. If the liquid in a wet gel is removed under a supercritical condition, a highly

porous and extremely low density aerogel material is obtained. Ultra-fine and uniform ceramic powders are formed

by precipitation, spray pyrolysis etc. The size and shape of nano material depends on
1. Reagent concentrations 2. P" of solution 3. Temperature and time of reaction

4. Nature and concentration of catalyst 5. Drying

9.a. lllustrate the important applications of nanomaterials in different fields of science and technology.-7m

Any seven applications-7m
9.b. Describe the construction and working of scanning electron microscope (SEM).
Construction-3m, working — 4m



* Electron gun consisting of
cathode and anode.
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SEM WORKING

= The electron gun produces an electron beam when tungsten wire is
heated by current.

- This beam is accelerated by the anode.

= The beam travels through electromagnetic fields and lenses. which
focus the beam down toward the sample.

- A mechanism of deflection coils enables to guide the beam so that
it scans the surface of the sample in a rectangular frame.
- When the beam touches the surface of the sample. it produces:
— Secondary elecurons (SE)
— Back scattered electrons (BSE)
— X - Rays...
= The emitted SE is collected by SED and convert it into signal that is
sent to a screen which produces final image.

= Additional detectors collect these X-rays. BSE and produce
corresponding images.

A secondary electron detector attracts the scattered electrons
and., depending on the number of electrons that reach the
detector, registers different levels of brightness on a monitor.

Incident Beam

Sample
Surface

Amount of Secondary Iimage Formed on CRT

By reducing the size of the area scanned by the scan coils, the SEM
changes the magnification of the image.







