UNIT I

1. Give any two postulates of classical free electron
theory.

* According to this theory, a metal consists of a very large
number of free electrons. These free electrons move freely
throughout the volume of the metal. They are fully
responsible for the electrical conduction in the metal.

Drude assumed that the free clectrons in a metal form
an electron gas. These free electrons move randomly in

all possible directions just like the gas molecules move
In a container.

2. Define mean free path.

The average distance travelled by a free electron between

any two successive collisions in the presence of an applied field
Is Fnown as mean free path.

IL is the product of drift velocity of electrons (v,) and

collision time (T,).

}k=vd><’cp

3. Define relaxation time of an electron.

The average time taken by a fre

equilibrium state from its disturbed stq

an external electrical field is called rel

gy s
e electron to reach ,
. 2 ol

le due to application

axation time.
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4. Define drift velocity of electron. How is it different
from the thermal velocity of an electron?

(A.U. May 2008, Dec 2012)

The average velocily acquired by a
particular direction after a steady

free electron in a
state 1s reached on the
application of an electrical field is called drift velocity.
It 1s denoted as v, and its value is very small (50 em/ s).

- = : ; :
[he thermal velocity is random in nature and its value is

: 5
very high (10 m/s),

5. Define mobility of electrons. (A.U. May 2009)

The magnitude of the drift velocity acquired by the
clectrons per unit electric field is defined as the mobility of
electrons (W)

Vg
1.e.,

n=7

where v, — Drift velocity of electrons

E — Electrical field.

6. Define electrical conductivity. What is its unit.

(A.U. April 2010, Dec 2010)

The amount of electrical charges (q) conducted per unit
time (/) across unit area (A) of the conductor for unit applied
electrical field (E) is defined as electrical conductivity.

-1
) =] =1
Its unit is ohm m or mho m
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7 What are the merits of classical free electron theory?
| (A.U. May 201y

e It is used to verify Ohm’s law.

o [t is used to explain electrical and thermal conductivitjeg

of metals.
e It is used to derive Wiedemann - Franz law.
* It is used to explain the optical properties of metal.

8. What are the drawbacks of classical free electron
- ?
theory? (A.U. May 2009, June 2010, Dec 2012
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10. What is Lorentz number? (A.U. June 2012)

The ratio between thermal conductivity (K) of a metal to
the product of electrical conductivity (o) of a metal and absolute

temperature (7T') of the metal is a constant. It is called Lorentz
number and it is given by

L= XK

ol

11. Define Fermi distribution function. (A.U. May 2010)

The probability F (E) of an electron occupancy for a given

energy level at temperature 7' is known as Fermi distribution
function. It is given by

1
E - E /LT
1+e( Pk

F(E) =

K P Fermi level

k — Boltzmann’s constant
T — Absolute temperature

E — Energy of the level whose occupancy is being
considered.

12, Write down the expression for the Fermi distribution
law and explain for the electrons in a metal.

(A.U. May 2008)

Fermi distribution function is given by

1
IF (E) . Al Al Al
1+ e(l', —ILF) 'RT

where EF is called Fermi energy
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if i <Ep, all levels are filled with electrons

ie, F(E)=1
if £>Eg, all levels are empty

ie, F(E)=0

1
if T>0K at E, FE)=%

13. Define Fermi level and Fermi energy with its

importance. (A.U. Dec. 2008, May 2009, Dec 2010,
June 2012, Dec 2012)

Fermi level: It is the energy level at finite temperature
above 0 K in which the probability of the electron occupation is
1/2 and it is also the level of maximum energy of the filled
states at 0 K.

Fermi energy: It is the energy of the state at which the
probability of the electron occupation is 1/2 at any temperature
above OK. It is also the maximum energy of filled states at 0 K.

Importance: Fermi level and Fermi energy determine the
probability of an electron occupation for a given energy level at
a given temperature.

14. Draw the Fermi distribution curve at 0 K and at any

temperature TK. (A.U. May 2010

(or)
How does the

h) . ? '
Fermi  function varies  with
temperature,
Fermi function varjes with res

. eet to the te aturo 8F
shown in fig.1. At 0 K, a) the ) O

energy states below K, are filled
| empty,
increased, the electron takes gy eng
[unction falls to zero.

and all those above it are When the temporature o

= ’ a11)
gy AT and hence Form
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4 A | T,>T,>T,>0K
F(E) FE) 1 pr 1° = |
T=0K 1 3 "2 1
1 “*\\.\wa
05 —————
R
NS
0 > E E, 0 —E E;
(a) (b)

Fig. Variation of Fermi distribution function with E at
differenl temperatures

15. Define density of states. What is its use?
(A.U. June 2011, Dec 2012, June 2013)

—_ It is defined as the number of available electron states per
unit volume in an energy interval K and E +dE. It is denoted
by Z (E).

It is used to determine Fermi energy at any temperature.

16. Mention any two important features of quantum free
_electron theory of metals. (AU April 2009)

e It shows that the energy levels of an electron are discrete

e Maximum energy level upto which the electrons can be
filled is denoted by Fermi energy level.

[17. Calculate the drift velocity of the free electrons with

a mobility of 3.5><10—3m2 vis ' in copper for an
electric field strength of 0.5 V/m (A.U. June 2008)

Given data

_3 9.-1-1
35x10 "m-V s

Mobility of free electrons (1)

Electric field strength of copper (E) = 0.5 Vm '
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KRONIG-PENNEY MODEL ;

This model illustrates the behaviour of electrons in U(x) 5
a periodic potential. It assumes a one-dimensional model 1 #
of periodic potential (Fig. 27.33). '
The wave equation can be solved in terms of
elementary functions for the square-well array. Ll
The wave functions associated with this model are —a+b)-b 0 aa+b (==

b lea#

calculated by solving the Schrodinger equation Figrd? 33
2 72
—.%—'; gdx_y + Uy = ey ()
Here, U (x) is the potential energy and ¢ is the energy eigenvalue.
In the region 0 <x < a, U= 0. Eq. (1) becomes
2
ddx‘zv + 2;';—’ ey =0 «(2)
The eigenfunction is
vy = Ae™+ Be & w(3) ‘
It represents plane waves travelling to the right and to the left, with energy .
| = h* K*2m xUR
In the region — b <x <0, the Schrodinger wave equation is :
) 1
ddx?**i—'f[e-Uo]w ol ...(5)*
The eigenfunction is E
v = Ce®+De®, A0 |
. Up-& = 1" Q%2m A

Since th ial i ‘odi -
e potential is periodic, the wave functions must be of the form of Bloch function. i€
V (x) = u (x) e"k"‘
Thus the solution in the region a < x < g + b must be rel
e

— b < x <0 by the Bloch theorem: ated to the solution (6) in the

‘V(a<x<a+b)=\y(_b<x<0) cik(u+h)

The constants A, B, C, D are chose '
y £y Ly en So that . ;
Atx=0. v and dy / dx are continuous at v = 0 and ¥ =%

A+B = C+D;
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¢REE ELECTRON THEORY AND BAND THEORY 619
iK(A-B) = QC-D). (11)

At x = a, with the use of (9) for y () under the barrier in terms of wy (- b),
Ae™ + Be ™ = (Ce O 4 Dby o iy .(12)
iK (A" — Be ™) = 0 (Ce O~ pehy gk (a+ b) ..(13)

The four equations (10), (11), (12), (13) have a solution only if the determinant of the coefficients
of A, B, C, D vanishes. This leads to the following equation:

(Q" - K*)/ 2QK] sinh Ob sin Ka + cosh Ob cos Ka = cos k (a + b) .(14)
The result is simplified if we represent the potential by the periodic delta function obtained

when we pass to the limit b =0 and U, = o in such a way that Q2 ba /2 = P, a finite quantity. In this
limit @ >> K and Qb << 1. Then (14) reduces to

(P/ Ka) sin Ka + cos Ka = cos ka --(15)
This is the condlition for the solutions of the wave equation 1o exist.

Figure 27.34 shows a plot of the function (P / Ka) sin Ka + cos Ka versus Ka for P = 31 / Z

b sin Ka + cos Ka
Ka
+1
—3n ~T 0 T 3n 4
—4n 27 ! 2n -
-
Fig. 27.34
The allowed values of the energy € are given by those ranges of
1/2
e 2";*? p .(16)
h

for which the function lies between + 1 and — 1.
Psin Ka

+cos Ka] does not lie between
a

Clearly there are regions for Ka where the value of [
and + 1, For these values of Ka and hence of energy &, no solutions exist. Such regions of energy

=}
ar, 4
€ Prohibited and are called forbidden bands. ‘i

a;hus. the energy spectrum of the electron consists
‘Crnate region of allowed energy (continuous) and
Tefe ed”' €nergy (dotted). These regions are usually
» as the allowed and forbidden energy bands.
i :
'“"hegl( 27.35 shows plot of energy vs. wavenumber

| e fonig-Penncy potential, with 2 = 3n/ 2. Notice /e
| MMW): Baps at ky - n, 2n, 3w ... The figure shows g
Exigy, odic dependence of ¢ on k und demonstrates the "

of forbidden encrgy gaps
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2. Semiconducting Materials

e IS
Intrinsic somiconductor . cnrrvior  concontration
dovivation - Formi level - Vavintion of Fermi lovel with
tomporature < olectrienl  conductivity - band  gap

detorminntion - compound somiconductors - divoot and
indiveet band gap - devivation of cnvvior concontration
in n=type and p-type semiconddetor - vavintion of Fermi
Jevel with tempornture and impurity  concentration -
l'ﬂ““ Ceffect < Deaetormination  of  Iall  coofficiont -
“Applications,

Introduction

Semiconducting material - has  electrical  conductivity
between a good conductor and a good insulator. It is simply
called semiconductor. It is a special class of material
which is very small in size and sensitive to heat, light
and electricity.

Semiconducting materials behave as insulators at  low
temperature and as conductors at high temperature. Morcover,
these materials have two types of charge carriers i.e., electrons
and holes.

Germanium and silicon are two important eclemental
semiconductors. They are used in diodes and transistors.

Gallium arsenide (GaAs) and indium phosphide (InP)

are two important compound semiconductors. They are used in
LEDs and Laser diodes.

The study of semiconducting materials is essential for
engineers due to their wide applications in semiconductor devices
In engineering and technology.

7 The invention of semiconductors opened a new branch of
technology called solid state electronics.



‘\L
It leads to the

development of [Cs. ‘““—'TOPTUC(_‘su;(”.

computers and supercomputers.

In short, semiconductors play a vital rol

€ 1n ulmost all
advanced electronic devices.

Definition

Based on electrical resistance

Semiconductor has electrical resistance which is le

sser thay,
an nsulator but more

than that of a conductor. Its ele

Ct"lcal
resistivity is in the order of 10

' to 0.5 ohm metre,

Based on energy band

A semiconductor has nearly an empty

conduction bang and
almost filled valence band w

ith a very small energy gap (=

1 eV;_
(Fig 2.1)
4 Conduction
E band 2 MARK
empty
/ } Small energy gap B,
/V’élf/ ////b,/ ,éé;
| mia
Fig. 2.1 Energy band diagram of a semiconductor
General properties of the semiconductors
e They have crystalline structure. 2 MARK

* Bonding between the atoms is formed by covalent bond.

They have empty conduction band at OK.
/ * They have aimost filled valence band.
* The energy gap is small.
They cxhibit a negative temperature coefficient of

reast
resistance. ie., increase in temperature leads to dec
in resistance.


2 MARK

2 MARK


o If tmpuritios ave added (o o somdoonductor, s

clootrionl  conduotivity  dnovenwen,  Favthoer i
L]
tempoerature of the semiconductor v inovonued, Hw

cloctrienl conductivily inorenson

This property is in conteavy to that of moetnly in

which il tempoernture  is incronsod o impurition  nre

added, their clectrvienl conduotivity doeorenses,

Classification of somiconductors

The soemiconductors arve clagsihiod munly into two  Lypos

based on the composition of materials. They are
(1) Elemoental semiconductors

(11) Compound scmiconductors

Semiconductors
l
~ Elemental Compound
‘semiconductors somiconductors

Elemental Semiconductors
(Indirect band gap semiconductor)

The semiconductors which are made from a single

element of fourth group elements in periodic table are

known as elemental semiconductors.

They are also called as indirect band gap
semiconductors.

Example

Two important elemental semiconductors and their encrgy
band gaps are given in table 2.1.



Tnble L'.l]

—

-‘ e ] - .
S.No. Element E.inoeV
0.72 O

1 i
-

l Crormanium

1.1

' Sthicon

12.1) COMPOUND SEMICONDUCTORS
(Direcl band gap semiconductors)

Semiconductors which are formed by comb;

. N . - ln‘
third and fifth group or second and sixth group elem B
. . Y e
in the periodic table are known as compo o

ung

semiconductors.

They are also called as direct bandgap semiconductors

Characleristics
e The compound semiconductor have large forbidden gap

and carrier mobility.
rmed by both ionic and covalent bonds.

e The recombination of olectron and hole takes place
directly. During this process, the light photons are

emitted in visible or infrared region.

pound semiconductors are give

e They are fo

n in

Some important com

table 2.2.
Table 2.2

"S.No. jrouf Compoundsemwondqctor
—  [Combination of |Gallium Phosphide (GaP)

third and fifth Gallium Arsenide (GaAs)

group clements Indium Phosphide (InP)

(111 and V) Indium Arsenide ([_,1/’\')—”/

9. |[Combination of Magnesium Oxido (MgO)

gecond and gixth Magnesium Gilicon (MgSy)

group elements Zine Oxide (Zn0)

(11 and VI) zine Sulphide (ZnS) "




{/netnl

nre used in o photovoltzic

materinds, photoconductive coll, LIDg [Light Kmitting Diode] snd

1 rulnlmllnf’ sgoermiconducbors
| et diadleg,
The dilferences  between

”mnimm'Ht‘,l.m'n inre ygiven in table 2

gemiconductor)

ifferences
gemiconductors

Tubhle 2.3

bhetween

clemental

(indirect an:’ direct

. .
7 (/ // . 77 % i 7 % A
i /Z/////: ;:/:4 4?4&/{//’//’/57/,97///4%%/‘/’0?%‘” il

dJemental  and  compound
‘i
Ly

2 MARK

and

comgound
band gap

DI

0

They are made of a single

element
[Example: Germanium (Ge),

Silicon (Si).

They are made of
compounds

Example: GaA, GaP, CdS,
MgO.

They are  known  as
indirect band gap
semiconductors.

They are known as direct
band gap
semiconductors.

Electron - hole
recombination takes place
through traps which are
present in band gap.

Electron - hole
recombination takes place
directly with each other.

Life time of charge carriers
is more due to indirect
recombination.

Life time of charge carrier
is less due to direct

recombination.

Heat energy is produced
during recombination.

Light photons are emitted
during recombination.

They carry more current.

They carry less current.

They are used for making
diodes and transistors.

/ -
They are used for making

LED’s and Laser diodes.



2 MARK


NN

Types of Semiconductors
When a suitable impurity is added to g bur,

semiconductor, its clectrical conductivity changes, “él:-;rrd

on this property, the semiconductors are classified into twg LY pos

They are

(i) Intrinsic semiconductor or pure semiconduclo,

(ii) Extrinsic semiconductor or impure semtconducy,,
or Doped semiconductor

TR A & Ayt
 Semiconductor
L A s
-l ,‘ 55 20 ‘ o 5}1’,, ;(’-"/‘;2'7' i ‘;,},‘ ,;:I:N;:./;
. Intrinsic 1
Aigaand T G St
semiconductor

CTOR
INTRINSIC SEMICONDU > MARK

A semiconductor in extremely pure form is known g4
intrinsic semiconductor. Its electrical conductivity i
changed only by thermal excitation.}

The common examples for intrinsic semiconductors are pure
silicon (Si) and germanium (Ge)\They belong to fourth group
elements in the periodic table. Germanium has 32 electrons and

silicon has 14 electrons in their atomic structures.

They are tetravalent atoms since they have four valence
electrons. The neighbouring atoms form covalent bonds by

sharing four electrons with each other so as to form a stable
structure.

Fig. 2.2 shows a two-dimensional crystal structure of

germanium and energy band representation of this

semiconductor at very low temperature.


2 MARK


Conduction band
(vacant)

Valence l;and
(filled)

> >

(2) (b)
Fig. 2.2 Germanium crystal at OK

(a) Two-dimensional representation of pgermanium solid.
No free electron is available as all the valence electrons
are engaged in covalent bonds.

(b) Energy band representation. Valence band is fully
occupied and conduclion band is completely vacant.

At very low temperature say OK, no free electrons are
available for conduction. Hence, this semiconductor behaves as
an insulator at very low temperature.

Charge carriers in an intrinsic semiconductor

To get free electrons, covalent bonds must be broken. There
are many ways of breaking covalent bond and setting the

clectrons free. One such way is to increase crystal temperature
above OK.

When the temperature of intrinsic semiconductor is increased,

some of the electrons get sufficient energy to break covalent bonds.

Once the electrons are liberated from bond, they become
free electrons. These free electrons move randomly
through crystal. (Fig. 2.3(a))



BN
When an electrical field is applied, these free elo

Clrop,
- ' ‘ tribute tg .
acquire directional motion and con elean_e;
conductivity.
B
A '
Conduction band
———
— ———
EC
e — e — 0]
o — ‘E v
——=Valenceband ——
(b)

(a) Thermal vibrations of atoms lead to breaking up of
covalent bonds. Consequently,

a free electron and g
vacancy are produced simultaneously.

Energy band representation. Ene

transition of electrons

band, leaving vacancie

(b)

rgy Eg (=E, —E ) causes
from valence band to con

duction
8 (hole) behind.

When an electron acquires e

band to conduction band. As g
1s created in valence band.

nergy E , it jumps from valence



[for overy celectron freed from covalent bond, one hole is
crentod in the erystall Itas rolatively casy for o valence electron
in o neighbouring atom to leave its covalent bond and fill this

h“lll‘.

As o result, an clectron moving from a covalent bond to

{ill a hole leaves behind a hole in its original position.

The hole effectively moves in a direction opposite to that
of an clectron, The hole in ils new position may now be filled
by an clectron from another covalent bond and thus hole will
correspondingly move one more step in the direction opposite to

the motion of the electron.

Therefore, in intrinsic semiconductor, current conduction is
due to the movement of bpth eclectrons and holes. Here, the
number of electrons is equal to the number of holes at any given

temperature.

CARRIER CONCENTRATION IN AN 16 MARKS
INTRINSIC SEMICONDUCTOR

Definition

(The number of electrons in conduction band per unit
volume of the material is <called as electron

concentration (n).

Similarly the number of holes in valence band per unit

volume of the material is called hole concentration (p).

In general, the number of charge carriers per unit
volume of the material is called carrier concentration.

It is also known as density of charge carriers.

16 MARK


16 MARKS

16 MARK


Pensity of Electrons in Conduction band (Derivati0 -
n)

~The number of electrons per unit volume in condygy;

. N !
yand for energy between E and K +dE is given by R
dn=72 (E)F (E)dE \/(1
LY

vhere Z (E)dE - Density of states in energy belween
E and E +dE

F (E) — Probability of electron occupancy.

Number of clectrons in conduction band for the entjre ran
1s calculated by integrating eqn (1) between energy EC ai;

+ oo,
+ oo
jdnzn = j Z (EYF (E)dE —
E +(2)
C

E. is energy corresponding to the bottom most levye] ang

———

+ = 1s energy corresponding to the upper most level in conduction
band. (Fig 2.4). ‘

4 + o0
E
— 0—
©O— t‘
EC
— -
l—.‘ —e
—s —
d —D—
— o0

Fig. 2.4 Energy band diagram of intrinsic semiconductor



Density of states in conduction band between the energy
range 1 and I£ + dE is given by

An
\/Z(E)dE - -——(2n Sl Onlr?)

e ...(3)

: ¢lectrons in conduction band are not totally free. They
move in a iodic potential of the crystal lattice. Therefore, in
eqn (3), the mass 0 electron (m) is replaced by its effective

L] . .
mass m,, according to band of solids.

The bottom edge of the conduction band (E,) denotes the
potential cnergy of an electron at rest. Therefore, (E - E_;) is
the kinetic energy of conduction electron at higher energy levels.

Thus, in eqn (3), £ 1s replaced as (E—EC)

S

7 (E) dE = —g(zm) *E-Ep'* o
h (4)

The probability of electron occupation is given by Fermi
distribution function

F(E) =

1
1 +e(E—EF)/kT \{5

Substituting eqns (4) and (5) in (2), we get

+ oo

4 1/2 1
n = J. = (Zm) (E—EC) X E-E)IkT dE

= h 1+e /

JE .(6)

=
I
|
™
3
m‘-—/



N

: YA 'y small and (£ - E,) is greater than j,
Since kT is very sm ( I kp

(- EKT
e

—

b
1s very large compared to ‘1’ Hence,
denominator of eqn (6) is neglected.

T from the

ie.,, 1+

E-E)/RT E-ENkT
LETENIT _ E-Ey

Now, eqn (6) becomes

n
h

47 s3/0 | (B
—3 (2m,) j

L 172
-E,) "dE
E-E_)/kT

e( F)e

-

EC
| o0
4n *3/2 -E-E
n - _3(2me) J (E—Ec)lme D) LF)/deE /
E,
+ oo
4qn "
n = -’;5(2117.0)3/2 I (E—Ec)l/2 eEr-E) IhT dE ~
Eq
4m *3/2 E kT .
n=-L0q 172 —gipr
ha( m,) e f E-E) dE
E, (7

E-—EC:x
E=Ec+x
dE = dy

3/2 E_s
(2m)°"< FF/HT

Neqn (7), let us assume
when when
E =EC E =+ oo
EC-_EC:x +00—Ec=x
g x=0 X = 4+ o0
(7), we have

*®

c"-'_?'&



A7 ¥ 312 (B~ 1)kT 1/
= ——E(Zme) o E s . zH .\/f.'ldx

N (8

0

Using the gamma function, it is shown that

[=2=)

372 1172
1/2 —x/kT (kT i .
J- x e Tdx = Vol . T, o (9)
y
0
. . " /
Substituting egn (9) in egn (8), we have
312 1727
47 »3/2 (E.-E )T | (RT) ™
n=—0@m,) e’ | -
h Z
21 * 372 3/2 112 (B, -E)kT
n=—@2m) (£T) m P e
h
. 1/2 ., *3/2 , ,3/2 (B, ~LE)ET
2nm " (2m,) (RT) e ! '
n = n —_—
2372
(h) /
. 3/2
2mm 167‘ I’ I g
’ DIy DNV Y | ‘
n=g| —e— | N .(10)
17

Equation (10) is the expression for concentration of
electrons in the conduction band of intrinsic semiconductor,

Density of holes in Valence Band of Intrinsic
Semiconductor (Derivation) 16 MARK

\/@know that if an electron is transferred from valence

band to conduction band, @ hole is created in valence hand.

Let dp be the number of holes per unit volume in valence

band between the energy £ and I+ dF. /

dp=Z(E)(1 - F(E))dE ~.(1)


16 MARK


where Z (E)dE — Densily of states in the energy by
range K and K + dE.

Since F (E) is the probability of electron ocey

1 -F (E) is the probability of an unoccupied electron N state,
probability of presence of hole.

"1

1
. = § —
1-F(E) L+ BB /T
14 B ERRT
= (E-E)/RT

1+e

LB - EQIKT \/
1-F(E) =

- (2)
E-E)/ kT )
1+ 5P

Since E is very small when compared to E,

n valence
band, (E-E p) 1S a negative quantity. Therefore, ¢~ Fo/AT . is
very small and it is neglected in the denominator term of eqn
(2). e —

ie,  Tae” BRMT _
1-F(E) = & Ep /AT i .(3)
Density of states in valence band,
Z (E)dE = 5 (2mh)3/2 E'? 4E (4/
Here, m,

1s the effective mass of the hole in valence band.

E, top of energy level in valence band is the POtenﬁa}

energy of a hole at rest. Hence, (E,—-E) is the kinetic ener&
of the hole at level below E . So the term E in eqn (4) is replacet

——
as (E -E).

¥_’—
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Z(EVAE = = @my)" (k- )" uE a

1
Substituting eqns (3) and (6) in (1), we got

i .« 3/2 ., .."'-' E=K )T i
dp = =5 (2m,) " (E_- h)r”L B0 ATk /

h 6)

The number of holes 1n valence band for the entire energy
range 18 obtained by integrating eqn (6) between limits ~ «= to

E

I'.'v
4 AT 2 (E-E '
[ dp =p = _[ =5 @emy e - P  ap
h

e

E,

4n «3/2 (-EJkT . 1/2 E/kT ,,.
p = —(2m,) e (E.-E) e dF

h T D

To evaluate the above integral in eqn (7), let us assume,

when when
E,-E =x E=-e E=E,
E=E -x E,-(-=)=x E -E =x
dE = - dx E +eo=x x =0
x =eo /

Substituting these values in eqn (7), we have

0
1in 3/2 (-E kT ' - :
1



e e (1 BT 12 x/kr
P '1(‘)‘”'/.) ¢c v ! 2 ¢ ¢

o x
h

0
| =ve sign is omitlted by interchanging the limitg)

Using the gamma function, it is shown that,

32 112
/2 x/kT RT) " m
x e dx =

2 - (10
0

Substituting cqn (10) in eqn (9), we have /

3/2 1/2
An w2 i -Eyer| (R
p = —.—;(2m,'1)” o5, I‘F)lkl{( T) =
h 2

[}

21 * 3/2 3/12 1/2 (E -E /LT
po= g @my) Gy BB
l

\

x 3/9
172 (2m,))

m3/2 (B -E
(kT)*'2 o= EIRT
372
2
()
2nm, kT i /
T m i 3
p=2 2h B mEN 1 RT

h ..(11)

p = 21w

Equation (11) is the expression for the concentration

of holes in valence band of intrinsic semiconductor.

-

e

TRINSIC CARRIER CONCENTRATION 16 MARK

En an 1ntrinsic semiconductor, the number of clectrons in

condtiction band is equal to the number of holes in valence band- >


16 MARK


In general, intrinsic carrier concentration n is equal to

olectrons concentration in conduction band (n) or holes

concentration in valence band (p).
s n.=n=p (1)
f— 2 ¢
n,Xn =n.=np ...(2)

-/Svtfﬁstituting the expressions of n and p in eqn (2), we have

( . 3/2 y i 72
| 2rim RT " 2mm kT
: , e (E_-E)IkT | . (E -E )IkT
n :21 —9 e F C) pod 27 L B e f‘)
i 2 i 2
{ h h
\
3
2 2nkT - =3/2 (E -EJ)/kT
n =4 (mm,) e v €
i 2 e "h
h
3
2 o2nkT s = 3/2 -E [kT
n = (mm,) e ¢
1 h2 e 1
..(3)

where E. - E =Eg is forbidden energy gap.

Taking square root on both sides in eqn (3), we have

\“

3 ‘ 1/2
2.1/2 2n kT » % 3/2 -E /kT\
(ni)l B \( 4 h2 (me mh) e ¢
3/2
12 2nkT « +3/21/2 -E /KT 1/2

n..= 4 h2 ((me mh) ) e ¢ )

3/2
) Z“kT] « *3/4 -E | 2kT ~ |
L h2 } (memll)_ € ...(4)

' i TP S i ion
The eqn (4) is expression for intrinsic carrier concentrat



WITH TEMPERATURE

\./ﬁ.'mi level is a characteristic enel"gy'level Of th,,
material. The position of Fermi level is 1mp'01‘tant in
determining the electron and hole concentrations in ,
semiconductor.

In intrinsic semiconductor, the number of electrop,
in conduction band is equal to the number of hojeg in
valence band.

j.e., n = p '(1)

Substituting the expressions of n and p in eqn (1), we have

3/2 3/2

’ omm kT —E /1
/ . 2nm§kT e‘-Ep"EcWT o g e(Ev E /KT
h h

#3/2 (E_-E)/kT *3/2 (E -E)/kT
e

Rearranging, we get

(m*)alz
oL EQIRT _ Uty - o &= EQIRT

(m,)

. \3/2
e(EF'Ec)’kT B

_h oFu = Ep)/kT

eEF/kT o Ec/hT

I

e
‘)
E /KT s Y2
o F mh eEU/kT

L \3/2
m
[__’L ¢E/HT - ikT
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Fvwmw!ﬂ?’m;‘;‘}"’::'r"&:v T T e L S o

m‘ Y
eEF/kTeEF/kT _ 1; eEU/kT eEC//e’I
m /
. 3/2 (3)
2B _ m, e(EU+EC)/kT
*
m

e

Taking log on both sides, we get

. \3/2
. m 2 L ENVk
log. 2B KT _ log, i, i ]Ogee(EU!EC)//T
| m
e
2F ) ﬁ]o m}lw X E +E,
kT = 2 Be| kT
=y
[~ n
log,x =nlog, x
andlogeexzx
m, | E +E
E, = 5| glog| =+ | + ~57
m,
m, E +E
S sz( vac]
m, )
L~ : )
— E. = 32T log, m}: + EU-IZ-EC,
m, | ...(4)
* * m*
If m,=m, then log,| — | = log1 =0
m

Hence, eqn (4) becomes
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“18. 2.5 Positions of Fermi level in intrinsic semicondy

clor o
variwous temperatures.

(@) Ag T =0K, Fermi level is in the middle of the forbidde,
band.

(b) As the temperature rises, it shifts upward since mp;>m'
L e

\/ E, - 2ot
F 2
.. (B)

Thus, Fermi level ig located half way between the top of
valence band and bottom of conduction band as shown in

fig.2.5 (a). Its position is independent of temperature.

In reality m;;> mz, Fermi level is Just above the middle of

energy gap and it rises slightly with increasing temperatury
Mobility

n an electrical field
the free ch

velocity v,

(E) is applied to a semiconductor,
€ carriers free electrons and holes attain drift

The drift veloa

attained by the charge carriers 1
proportional to the stren

of electrical field E. It is differen;
for different semiconducting nMaterials and for different types 0

charge carriers.
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L EFFECT
g) HAL

e olectrical conductivily measurements are not syff;
: . . . sullicie
o Jetermination of number of charge carriers ang L}: o
o 1 . ; ‘ !
o ties. Morecover, these measurements (o o
bt

jor curT

not indic;
. . (lt 3
ent conduction 1s due to electrons or holes ‘

Hence, it is very difficull to distinguish between p - lype
i - type semiconductors.  Besides, the conductivity

and e e

. lqlu.cmcnts do not give any information about the sign of the
ness . . .

! inent (p type or n type) charge carriers.

10

Hall effect is used to distinguish between two types of

parge carriers (electrons and hole). It also provides information
chiths .

pout the s181 of charge carriers.
a

Statement

When a conductor carrying a current (I) is placed
perpendicular to a magnetic field (B), a potential
difference is produced inside the conductor in a direction

perpendicular to current and magnetic field. (Fig. 2.19)

This phenomenon is known as Hall effect. The
voltage thus generated is called Hall voltage.

\
Voltage
v
Magnet
Conductor
_ Current
S
+ |

=
|r

Fig. 2.19 Hall Effect



Hall effect in n - type semiconduclor

amic Ing material j ‘
vonsider a n - type semiconducting m: 1l‘m the fory, y
a rectangular slab. In this slab, current flows in X-djmcti”‘
¢ . . . . n
and magnetic field B is applied in Z-direction. Due to Hy|

C{f,
voltage is developed along Y - direction as shown in fig. 2.2:)%1)
Y
n-typc T
semiconductor | GHE - @
: @ Face2® Hall
e R x  Voltage

— |.g5995095, g

z / Magnetic

field

Fig. 2.20 Hall effect

The current flow is entirely due to the flow of electrong
moving {rom right to left along X-direction.

When a magnetic field (B) is applied in Z-direction, the
electrons moving with velocity v experience a downward force.

Downward force experienced by the electrons = Bev . (1)

This downward force deflects the electrons in downward

direction. Hence, there is an accumulation of negative charge
electrons on the bottom face of the slab (fig 2.21).

This causes bottom face to be

more negative with respect
to top face.

Current —| .. ..

<+ C

Fig. 2.21 Hall effect in n-type semiconductor



4 potential aitlerence 1S developed between top and

/
Now» he slab.

attom 186¢° of t
0

This P
y - direction. It is called Hall field.

otential difference produces an electric field E, in

ﬂegative
This electric field develops a force (Lorentz force). This force
ding in the upward direction on each electron.
is @

ypward force acting on each electron = eE,

. (2)

At equilibrium, downward force balances upward
force.

Bev = eEH
E, = Bv ..(3)

The current density (J ) along X - direction is related to

velocity v as

J = —nev ...(4)

X

where n is the concentration electrons.

- ...(9)

X

ne

SUbstituting eqn (5) in eqn (3), we have

~BJ ...(6)
X
E, = -
.(7)
E, =R,J. B
1 for electrons)
where R, = e (for elec
Ey




.

R, is a constant and il is known as ITall coefﬁciem.

‘ on indic al the electri ] _
The negative sign indicates that tric fielg "

oveloped in negative Y — direction.

Hall effect in p-type semiconductor
vonsider a rectangular slab of p-type semjconducting
material. The current flow in this material is entirely due {,

the flow of holes (positive charge) from left to right as showy

in fig. 2.22,

The current flow is along X - direction and the magnetic
field is applied in the Z - direction. Due to applied magnetic field,
charge carrier holes accumulate in the bottom of the slab. Thug

a potential difference is developed.

hol e ¢Ey 4

Face 1

Fig. 2.22 Hall effect in p-type semiconductor
Similar to n-type semiconductor, we can write

Eu = Ry, J B

where Hall coefficient (l2) is written as

Ry =+

where p is concentration of holes.

The positive sign indicates that the electrical field (Hall
field) is developed in positive Y - direction.



in Materials

all voltage

[t is the thickness of the sample ang y
1

Cd: then

i

dcvelop
Vi = Eyt

where EH 1s Hall fielq.

gubstituting eqn (7) in eqn (8), we have
Vy = Ryd Bt
If b is breadth of the sample, then

(Cross sectional area

of the sample (A)

bt
I

X

'conducl
o7 . . c 2.55
|7 efficient in terms of II

1s the voltage

-.(8)

~.(9)

Breadth (b) x Thickness (t)

Current density J =

bt
Substituting eqn (10) in eqn (9), we get

R.I Bt
H x
V="

H x
VH_

Hall coefficient R H=

Area of the sample (A)

..(10)

..(11)

type’ the polarity (sign) of VH is oppos

o to that of




IODIIILY Ol charge carriers

We know that Hall coefficient

This expression is correct only when the charge carrio,
re free from any type of attractive forces in energy bang an(‘
150 they are moving with a constant drift velocity . But, g,
' not true in the case of semiconductors. L

Considering the average speed, it is shown that

R = 1.18 for electrons
1 ne
i 1.18 Q
e =
2,
Ru - 118 for holes
pe
1.18
pe = e [2)
R

Electrical conductivity of n-type semiconductor,
G, =neu,

G,

B, = ,—7-(-3— where K, 1s the mobility of electrons +(3)

Substituting eqn (1) in eqn (3), we have

Ge
He = 7113
R,
o, R, . (4)
Mobility of electron [p, = - 118




7= )]cC“'iCa] conduclivity of p - {ypq SeMmicondy,

E Ltor,
O), =pep,
9)
h
—_— | — . '["
Mh pe ( ))

gubstituting eqn (2) in eqn (5), we haye

G1'1
Mn = 113
Ry,
oy 1Ry
Mobility of the hole | u, = ERTR

DETERMINATION OF HALL COEEFICIENT

The experimental set up to measure Hall-coefficient is
shown in fig. 2.23.

Magnetic ﬁgl_d‘along Z-axis
Rectangular Slab " . "
(semiconductor) - A ‘[
{
Current " ¥ !
.
A

-----
~ e

i
v 223
Exper imental arrangement to measure
e coefficient

A




Engi :
= Y
A semiconducting material is laken in {he 0 |

orm
rectangular slab of thickness ¢ and breadth 4. A Suitab], N o,

. - T . T, rr@n
I, ampere is passed in to this sample along X-axig by Con“ectiné
it to a battery.

This material is placed between north and sout

. . ] h Polgg o
an electromagnet. The magnetic field is applied alon

g Z‘aXis.
) is developeq in g

e
sample. This voltage is measured by fixing two probes g 0
centers of the boltom and top faces of the sample, e

Due to Hall effect, Hall voltage (V4

By measuring Hall voltage, Hall coe

fficient is determjned
from the formula

v, b
A

From Hall coefficient, carrier concentration

and mobility
can be determined.

APPLICATIONS OF HALL EFFECT

(i) Determination of semiconductor type

The sign of the Hall coefficient is used to determine
whether a given semiconductor i1s n-type or p-type.

(ii) Calculation of carrier concentration

By measuring Hall coefficient R, carrier concentration is

determined from the relation

(iii) Delermination of mobility

We know that electrical conductivity,

o, =new,.



Thus, Py measuring electricg]
fficient of a sample, the mobility of
ettic

leulated.

conductivity and Hall

charge carriers can be

) Magnetic field meter
i

The Hall voltage VH for a given curren

t is Proportiona] tq
5. Hence, Vy, measures the magnetic field

B,

(v) Hall effect multiplier

1onal to the seco

then Hall voltage VH 1S Proportional to the product



Principle, Construction and Working of Photovoltaic cell
Advantages, Disadvantages and Applications

Introduction:

e It is an electronic cell that converts light /photon energy into electrical

energy in certain semiconducting materials.

e This directly converts light energy to electricity without any intermediate

process.

e The most common uses of photovoltaic cells are solar panels and

thermostats.

e The most common element required for the current flow in a photovoltaic

cell is silicon.

e A photovoltaic cell is a type of PN _junction diode which converts light

energy into electricity.

e They generally work in a reverse bias condition.

e Itissimilar to a solar cell since they belong to similar working principles

but have distinct differences.



Construction and working of Photovoltaic Cell:

Sunlight

M-type Material
p-n Junction
p-type Material

Panel

Flow

The photovoltaic effect occurs in solar cells. These solar cells are composed of
two different types of semiconductors. One is p-type and another one is n-type.
Both are joined together to create a p-n junction. By joining these two types of
semiconductors, an electric field is formed in the region of the junction
as electrons move to the positive p-side and holes move to the negative n-side. This
field causes negatively charged particles to move in one direction and positively

charged particles in the other direction.

Lightis composed of photons, which are simply small bundles (hv)
of electromagnetic radiation or energy. These photons can be absorbed by a

photovoltaic cell (i.e) the type of cell that composes solar panels.

When light of a suitable wavelength is incident on these cells, energy from the
photon is transferred to an atom of the semiconducting material in the p-n junction.

Specifically, the energy is transferred to the electrons in the material.


https://energyeducation.ca/encyclopedia/Semiconductor
https://energyeducation.ca/encyclopedia/Electric_field
https://energyeducation.ca/encyclopedia/Electron
https://energyeducation.ca/encyclopedia/Electron_hole
https://energyeducation.ca/encyclopedia/Light
https://energyeducation.ca/encyclopedia/Photon
https://energyeducation.ca/encyclopedia/Electromagnetic_radiation
https://energyeducation.ca/encyclopedia/Energy
https://energyeducation.ca/encyclopedia/Wavelength
https://energyeducation.ca/encyclopedia/Atom

This causes the electrons to jump to a higher energy state known as
the conduction band. This leaves behind a "hole" in the valence band that the electron
jumped up from. This movement of the electron because of added energy creates

two charge carriers, an electron-hole pair.

When unexcited, electrons hold the semiconducting material together by
forming bonds with surrounding atoms, and thus they cannot move. However, in their
excited state in the conduction band, these electrons are free to move through the
material. Because of the electric field that exists because of the p-n junction, electrons
and holes move in the opposite direction as expected. Instead of being attracted to the
p-side, the freed electron tends to move to the n-side. This motion of the electron
creates an electric current in the cell. Once the electron moves, there is a "hole" that
is left. This hole can also move, but in the opposite direction to the p-side. It is this

process which creates a current in the cell.

Advantages, Disadvantages and Applications of Photovoltaic Cell:

Advantages :

They generate clean energy and are sustainable for the environment

@)

o Low maintenance costs.

o Itisarenewable energy source and easily available.

o They have a lower risk for the loss of efficiency and can be used for a
longer time period.

o Cancels noise pollution.

o They can generate electricity anywhere if there is enough sunlight in a
particular area.

o Can resolve our world’s energy crisis.


https://energyeducation.ca/encyclopedia/Conduction_band
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Disadvantages :

o Theinfrastructure for photovoltaic cells is not readily available on a larger
scale.

o Though maintenance costs are low, the installation is much more
expensive.

o Currently photovoltaic cells cannot produce electricity at a commercial
level, they operate on devices which require less electricity and power.

o Long-range transmission is difficult when it comes to photovoltaics.

o They are fragile and can be easily damaged.

Applications :

Some main applications of photovoltaic cells are as follows.

o Can be used in making solar farms, which would generate gigawatts of
electricity.

o In difficult topographical conditions photovoltaic cells would efficiently
deliver electricity than the conventional source.

o Primary power source for space explorations and experiments, due to its
lightweight.

o Navigation aids.



Difference between Solar cell and Photovoltaic Cell:

Property Solar Cell Photovoltaic Cell

Definition A device that converts sunlight A device that converts light energy

directly into electricity into electricity using the photovoltaic
effect
Source ofiSunlight Any light source (not necessarily
Energy sunlight)

Applications |Generate electric power fromGenerate electric power from
sunlight, solar calculators, solarisunlight as well as artificial light,
panels solar photovoltaic modules, building

integrated photovoltaics

Examples  Silicon solar cell, CadmiumCrystalline silicon photovoltaic cell,
telluride solar cell, Perovskite Thin film photovoltaic cell, Dye-

solar cell sensitized solar cell



Diagram, Construction and Working of a solar cell:

Light Energy
Nikel plating

Anti-reflecting
Coating —>
Load

o ¢ N-type Silicon

P-type Silicon
+ @ Hole -
- @ Electron

The construction of a solar cell is shown in the figure. The principle layer of this cell
includes an anti-reflective cover glass. This glass guards the semi-conductor materials
against the sunlight. In this cell, small grid patterns with slight metallic strips are available
under the glass. So that the top layer of this cell can be formed by using the glass, metallic

strips and anti-reflective coat.

The most important part of the cell is the middle layer where solar energy can be
formed through the effect of photovoltaic. It consists of two semiconductor layers

which are made up of p-type and n-type materials.



The base layer of this cell consists of two parts. A rear metallic electrode is situated
below the p-type semiconductor and it works with the metallic grid to generate an electric
current in the pinnacle layer.

A reflective layer is the last layer in this cell used to decrease the loss of light within
the system. Based on the application, solar cells utilize various materials based on their

application and cost.

Working:

Once the solar energy falls on a solar panel, then it absorbs. Each panel in the solar
panel includes semiconductor material to combine the properties of insulators and metal.
So, it makes to convert the light energy into electrical.

Once the energy from the sun falls on the panel then a semiconductor absorbs, the
energy of photons transfers to electrons and allows the flow of electrons through the
material like an electric current. There are different kinds of semiconductor materials
used in solar cells like silicon, photovoltaics like Thin-film, organic and concentration

Photovoltaics.



Zener diode

The diode which operates in the reverse breakdown region with a sharp breakdown voltage is
called a Zener diode.

Zener diode is a heavily doped silicon diode used in reverse biased condition. It is specially

designed to be operated in the breakdown region. A typical current-voltage (I-V) characteristic for
a Zener diode is shown in Figure.
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Figure: I-V characteristics of Zener-diode

Applications:

e Zener diode can be used as voltage regulator
e |t can be used for calibrating voltages
e Itis used to provide fixed reference voltage in a network for biasing

e Itis used to protect of any gadget against damage from accidental application of
excessive voltage
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Light emitting Diode (LED)

LED is a p-n junction diode which emits visible or invisible light when it is forward biased. Since
electrical energy is converted to light energy, this process is also called electroluminescence.

The circuit symbol of LED is shown in figure. The direction of arrows indicates that light is emitted
from the diode.
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e The colour of the light is determined by the energy band gap of the material.

e Therefore, LED’s are available in a wide range of colours such as blue (SiC), green (AlGaP)
and red (GaASP). Nowadays, LED which emits white light (GalnN) is also available.

Applications

e LED’s are used in indicator lamps on the front panel of the scientific and laboratory
equipments.

e LED can be used as seven-segment displays.

e They are used in traffic signals, emergency vehicle lighting etc.

e They are used in remote control of television, air-conditioner etc.
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glasses are ideal  materinls  for making  surgical
mstruments,.
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'hey are used as prosthetic materials for implantation
in human body.

@ SHAPE MEMORY ALLOYS

A group of metallic alloys which shows the ability
to return to their original shape or size (i.e., alloy appears
to have memory) when they are subjected to heating or
cooling are called shape memory alloys.

Phases of shape memory alloys

Martensite and austenite are two solid phases in SMA
as shown in fig. 6.4

=3 A

Deformed
Martensite Martensite

Fig. 6.4 Phases of SMA

Austenite

(i) Martensite is relatively soft. It is easily deformable

| phase which exists at low temperature (monoclinic) (fig
6.5). |

(iiy Austenite is a phase that occurs at high temperature

11} \us

having a crystal structure and high degree of symmetry
avin

(cubic) (fig 6.5).
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Types of Shape memory alloys

There are two types of shape memory alloys
(i) One - way shape memory alloy
(ii) Two - way shape memory alloy

A material which exhibits shape memory effect only upon
heating is known as one-way shape memory. A material
which shows a shape memory effect during both heating and
cooling ig called two-way shape memory.

Examples of shape memory alloys

Generally, shape memory alloys are intermetallic
compounds having super-latlice structures and metallic - ionic
_ covalent characteristics. Thus, they have the properties of both

metals and ceramics.
e Ni — Ti alloy (Nitinol)
e Cu — Al - Ni alloy
s Cu - Zn - Al alloy
e« Au - Cd alloy
Ni — Mn - Ga and Fe based alloys



SAERINOW, 1 duys, shupe memory: alloys are also available
in panophase structures,

ods of Processing
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I'he shape memory alloys oy generally prepared in vacuum
or in an inert gas atmosphere due 1o the high reactivity of the
jtanium present in the compound.

r % .- )

I'he methods sspch as plasma arc melting, clectron beam
melting, vacuum mductlgn, cle, are used for the commercial
preparations of shape memory alloys,

(66) CHARACTERISTICS OF SMAS

1. Shape memory effect

r I 3 1. * e .

Fhe change in shape of a material atl low temperature by
Joading and regaining of original shape by heating it, is known
as shape memory effect. |

The shape memory effect occurs in alloys due to the change

in their crystalline structure with the change in temperature
and stress.

e While loading, twinned martensite becomes deformed
martensite at low iemperature.

e On heating, deformed martensite becomes austenite
(shape recovery) and upon cooling it gets transformed to
twinned martensite (fig. 6.6).

2. SMAs exhibit changes in electrical resistance, volume and
length during the transformation with temperature.

3. The mechanism involved in SMA is reversible (austenite to
martensite and vice versa.)

4. Stress and temperature have a great influence on martensite
transformation.
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Fig. 6.6 Malerial crystalline arrangement
during shape memory effect

5. Pscudo elasticity

Pseudo - clasticity occurs in shape memory alloys whey j
is completely in austenite phase (temperature is greater than
A[ austenite [inish temperature).

Unlike the shape memory ellect, Pseudo-elasticity occurs

due to stress induced phase lransformation without a change in
0

Load

—D

L4

Mg M, 4 Ag Temperature
Fig. 6.7 Load diagram of pseudo elastic effect
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wmperature- lh? load on the shape memory alloy changes
Letenite phase inlo martensite (g, 6.7.) "~
aust )

As soon as the loading decreases the martensite begins to
ansform to austenite results in shape recovery.

This phenomenon of deformation of a SMA on
ﬁpp];'.cm:wion of large stress and regaining of original shape
on removal of the load is known as psuedo elasticity.

This pseudo elasticity is also known as super
elasticity.

6. Hysteresis

The temperature range for the martensite to austenite
transformation which takes place upon heating is somewhat

higher than that for the reverse transformation upon cooling.
The difference between transition t{emperature

upon
heating and cooling is called hysteresis. The hysteresis curve
for SMAs is shown in fig. 6.8.

The difference of temperature is found to be 20 — 30 °C.

x 100
|

Temperature —

Fig. 6.8 hysleresis curve for SMA’s
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9;0 PROPERTIES OF Ni - Ti ALLOY

Nickel - Titanium [Ni-Ti] is a type of ghape mer

which has high shape memory strain.
It haos the following propertice,
e Ni-'Il alloy has high shape memory strain (8.5%

e The density of Ni-Ti is 6450 kgr m
e It is more {lexible,
o It has high melling point [(1300°C].

e The {ransformation temperature varies Dbetweer
~200°C and 110°C.

e It has high thermal stability.

e Jt has high corrosion resistance

e The thermal conductivity ranges from 8.5 [Martensite
: 1 -1
to 18 [Austenite] WK m

o It has very high yield strength of about 70 1o 140 MPe
in Martensite form and about 200 to 700 MPz =
Austenite form.

APPLICATIONS OF SHAPE MEMORY ALLOYS

Shape memory alloys have a wide range of applications

1. Microvalve (Actuators)

One of the most common applications of SMAs ¥

. , - e glloy
microvalves. Fig. 6.9 shows a microvalve made of Ni-Ti 'O-
actuator. Actuator is a microsensor which triggers the operat®

of a device. The electrical signal initiates an action.
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Fig. 6.9 Schematic of microvalves which open and
close according to temperature

£ szt~ Orifice On state Fluid flow

When an electrical current of 50 to 150 mA flows in Ni -

: actuator, it contracts and lifts the poppet from the orifice
:nd opens the valve.

2. Toys and novelties

Shape memory alloys are wused to

make toys and
ornamental goods.

Fig. 6.10 Ni- Ti actualed butterfly

A butterfly using SMA as shown in fig. 6.10.

It moves
ts wi : icity.
‘S wings in response to pulses of electricity

3. Medical field

Blood clot filters
(i) Blood clot filters are SMAs, properly shaped and

inserted in to veins to stop the passing blood clots,
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When the SMA is in contact
temperature, 1t expands and stops the clot ang
-10L and py,
passes through the velns.
(ii) They are used in artificial hearts.

(jii) Orthodontic applications
Ni-Ti wire holds the teeth tight with a constant s,

the strain produced by B
permanent deformation even j

i
i..lf.f: trcst

irrespective  of
movement. It resists
_toxic and non - corrosive with bod;

is bent. Ni-Ti is non

fluid.

Giv) SMAs (Ni-T1) are used to make eye glass frames and

medical tools. Sun-glasses made from superelastic Ni-Ti
provide good comfort and durability.

frames
4. Antenna wires
The flexibility of superelastic Ni - Ti wire makes it 1dea
for use as retractable antennas.
5. Thermostats
SMAs are used as thermostat to open and close the valve
at required temperature.
6. Cryofit hydraulic couplings
for metal pipes

SMAs materials are used as couplings

gs, shock absorbers and valves
o SMAs, spriné’

7. Sprin
Due to the excellent clastic property of th !
can be made which have varied industrial applications. Somé ~
them are listed here.
suPPOﬁF

o Engine micro valves
e Medical stents (Stents are internal inplant

provided for body organs)

» Firesafety valves and
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, Aecrospace latching mechanismsg

] motors
y StePP’nz‘-f

Digital SMA slepping motors are used for robotic control.

g, Titanium-aluminium shape memory alloys offer excellent
Jrength with less weight and dominate in the aircraft industry.
they are high temperature SMAs, for possible use in aircraft
engines and other high temperature environments.

69) ADVANTAGES OF SHAPE MEMORY ALLOYS
e They are simple, compact and high safe.
e They have good bio - compatibility.

¢ They have diverse applications and offer clean, silent and

spark-free working condition.

e They have good mechanical properties and strong

corrosion-resistance.
6.10] DISADVANTAGES OF SHAPE MEMORY ALLOYS
* They have -poor fatigue properties.
e They are expensive.

i = :
\ ¢ They have low energy efficiency.
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