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CRYSTAL GRowTy

\JELT GROWTH:

It is the process of crystallisation by fusion and resolidi

FYPES OF MELT GROWTH:
o Czochralski Technique
o Bridgman Technique
¢ Vemeuil Technique

o Zone Melting Technique

D cZOCHRALSKI TECHNIQUE:

o Principle

e Description and working
e Advantages

e Disadvantages

o Examples

PRINCIPLE:
It is a crystal pulling technique from melt. This is initiated by seed crystal.

DESCRIPTION AND WORKING:

-o The apparatus consists of Crucible, Heating coils, Seed crystal and Crystal holder.
o The pure material is taken in the crucible.

» The material is heated by using heating coils.

¢ Hence the melt is obtained in the crucible.

¢ Now the sced crystal is introduced in to melt by using crystal holder.

¢ A small portion of the seed crystal is initially melted.

¢ Therefore a single crystal is obtained.

o The diameter of the grown crystal is controlled by temperature of the melt.

* So large size cylindrical shaped grov crystal is obtained. This is called crystal ingot

fication of starting materials,
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ADVANTAGLES:

e Defcet free crystal is obtained.

e It can produce large single crystal.

e It cnables casy control of atmosphere.
DISADVANTAGES:

e High vapour pressure can be produced.

e It may produce contamination of melt.
EXAMPLES:

s Silicon & Germanium

(ii) BRIDGMAN TECHNIQUE:

s Principle

s Types

s Description and working
e Advantages

* Disadvantages

e Examples

PRINCIPLE:

The selective cooling of molten material by solidification along a particular direction.

TYPES:
¢ Vertical Bridgman Technique
¢ Horizontal Bridgman Technique

In both techniques the melt is frozen from one end by any one of the following
methods.

J . Maoving the furnace

. Moving the crucible

; ™ K(}Cl).l g b()lll l]]rnllce 'lnd c !
,' ing C1 ]C Stationary and coolj
J”g the fumace

DESCRIPTION AND WORKING;:

o The material is taken in a cylindrical crucible which is mag
P . ¢ up of plati
o The crucible is suspended in the upper furnace unti 1h platinum,
¢ maleria

he crucible is slowly low
The ¢ owly lowered from upper furnace to lower furnace with the hel f
elp o

electric motor,
o The crucible enters the lower furnace, then its star (o form crystal
rystal.

o As the crucible is continuously lowered ungi] al] the melt becomes solid crystal

o Thus a bulk single pure crystal is obtained.

ADVANTAGES:
¢ Simple technique
e Crucible can be evacuated and sealed, hence oxidation is prevented.
¢ Control over vapour pressurc
DISADVANTAGES:
s Crystal perfection is not better than seed.
~ * No visibility of material during growth.

EXAMPLES:
i O Sodium chloride and Potassium chloride.

Lis completely melted,
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SOLUTION GROWTIL:
TYPES:
o Low temperature solution growth (35°C-100C)

e Uigh temperature solution growth ( about 1200°C)
TYPES OF LOW TEMPERATURE SOLUTION GROWTIH:

s Slow cooling method
e Slow evaporation method
SLOW COOLING METHOD:

e Itixthe casiest method to grow bulk single crystal trom solution,

¢ This technique needs enly vessel,

*  The temperature is in the range of 45°C-75°C and the lower limit of cooling is room
ICmperiture,

SLOW EVAPORATION METHOD:

*  The saturated solution is keptat a particular temperature and provision is made for
evaporation.
*  The basic apparatus called Manson jar erystalliser is shown in figure.

*  The temperature stabilisation is about 0.05°C and rate of evaporation is few mm*/h.

(ll‘]lf!l

ADVANTAGES:

*  Simple and convenient method,

o Defect free erystal is possible,

*  Growth of prism type erystal is possible,
DISADVANTAGES:

¢ The growth substance should not react with solvent,
. Small crystals are also formed on the w

. Ql_lulity ol'the crystal may be affected.

alls of the vessel near the surface of the liquid.

e - S —

@l_

——--

j .

1

S

CR\rQT/\L DEFECTS (OR CRYSTAL IMPERFECTIONS

3 1 atoms arc not arranged in 5 perfectly
v The various types of defects in crysoals o=
v Lattice vibrations
v' Point defect {or) Zero dimensioray .
v Line defect (or)One dimensiopaj dg,-w-
v Surfnce defect (or) Plane defect
v Volume defect (or) Bulk defect
() LAT’l‘lCI‘. VIBRATIONS:
Atoms are not stationery in their latics posifiams Bz
> These vibrations affect the electrical, specific hes

.e s ‘1’ ad
ST IMEMes g € 50T 26 e
.\4’-:.5;;.".}"‘9 ,—.-‘,’._;_

(o) Too SErmmnsine & i
(07) Teree Sonencioml Aot

mm.:]:zzrz:zm
&mm 6 e ey

(b) POINT DEFECT (OR) ZERO DIMENSIONAL DEFECTS

» The defect which takes place due to imperfact pa_'t;_n._ of mms Smine cselEmee
¥ There arc threg types of point defect.

v" Vacancies
v' Interstitial
v Impurities

())VACANCIES

» Itis the simplest point defect referring to a one T more missing 2%
» This is due to imperfect packing during erystallization =nd thermal \1h-'-mm, of atoms
at high temperature.
» Itis classificd into two types.
v Schottky defect
v Frenkel defect

(1) SCHOTTKY DEFECT:

v Tt refers to the missing of pair of positive and negative ions in an ionie crystal,
¢

Jr "F)

oao = °’ =

o

(i1) FRENKEL DEFECT

site to interstitial site. .
from the regular
shift of cation

x

v Itreferstothe 1
/It occurs in ionic crystal.

fvit ]
v Itincreases the electrical conductivity- i
< ; ‘
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(ii) INTERSTITIAL DEFECT .
» When an cxtra atom occupies interstitial space within the crystal structure Wilhoy
removing parent atom is called interstitial defect.

> It has two types.
v Self-interstitial
v Foreign interstitial

(I) SELF-INTERSTITIAL
v ‘If an atom from same crystal occupies interstitial site is called Seﬂl‘f-imemma]
(II) FOREIGN INTERSTITIAL

v If the impurity atoms occupies interstitial site is called Foreign interstitig)

)

(iii) IMPURITIES

» When the foreign atoms (impurities} are added to crystal lattices, they are called impuritjes,
This is called impurity defect.
> Itisof two types.
¥ Substitutional impurity
v’ Interstitial impurity

(DSUBSTITUTIONAL IMPURITY

> It refers to the foreign atom that replaces parent atom in the lattice.

> Example: n type and p type semiconductors have Substitutional impurity from fifth group and
third group elements.

(DINTERSTITIAL IMPURITY

> Itis the small size atom occupying the empty space in parent crystal without affecting the
parent atom.

> This atom is smaller than parent atom.

locag )
2 Portion ;‘I’l“ ofatoms along a line is called line defect.
n . P -
¢ ?ypes of line d:r::;al“ms 1s missing from the regular site.
e 'Slﬁtation -
. Crew di slocag;
() EDGE DISLo gy on
v .
An edge dlSloc;ltiOn ari
does not extend thro
¥ The atomjc plane
v ltis Viewed as 4y extr
Y The edge of
v

S5 When one of the atomic planes forms only partially and
ugh the engige crystal. '

lerminateg atB. '
suchap ; zl;ge inser?cd in bem'feen asetof Pa‘ta‘]‘lel £ .lane&
There are ty, types. s a line defect is called edge dislocation.
Positive edge dislocation
Negative edge dislocatiop

(I POSITIVE EDGE DlSLOCATION
v I the extra plane of atoms i

positive edpe dislocatjon,
v' Itis denoted by L

above the slip‘plax_xe of the crystal is called

() NEGATIVE EDGE DISLOCATION

v If the.extra Plane of atoms is below the slip plane of the crystal is called
negative edge dislocation. |

v Itis denoted by T
(ii)SCREW DISLOCATION

It is due to a displacement of atoms in one part of a crystal relative to rest of the crystal.
It forms spiral ramp around dislocation line.

The row of atoms marking the termination of the displacement is the screw dislocation.

EF indicates dislocation line.

If spiral motion of one part of crystal is in clockwise direction then dislocation is right handed
and in anti-clockwise direction it is left hand.
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- “BURGER’S VECTOR T

-

ﬁ
i ion li burger vector B
location line are expressed by 2 vector B .
: ;}:fl;lcsa?:: the amount and direction of the shift in lattice on slip plane.

> By the presence of dislocation the burger circuit will not complete.
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d) SURFACE DEFECT (OR PLANE DEFECT (OR TWO DIMENSIONAL DEFECTS

rial is called surface defect.

L

Dig located ity N

|
{
\

{
!
> The defect on the surface of the mate
> It is a two dimensional defect.
» Itis of four types.

v Grain boundaries

v Tilt and Twist boundaries

v Twin boundaries

v Stacking fault

()GRAIN BOUNDARIES

v Whenever the grains of different orientations separate the general pattern of atoms and
exhibit a boundary. the defect caused is cailed grain boundary.
v 1Itis formed when two growing grain surface meet.
v This defect takes place during solidification.
(ii)TILT AND TWIST BOUNDARIES

v Tiit boimdary isan array—of parallel edge Jistocation of same sign arranged one above the

othern an array. It is a type of low angle boundary. \
v Twist boundary consists of atleast two sets of parallel screw dislocations lying in the

boundary. It is a type of low angle boundary.

Y o

(iiiy TWIN BOUNDARY ] ‘

v “The atomic arrangement of one side of boundary is mirror image of the arrangement of atoms

on other side.

(iv) STACKING FAULT

v Whenever the stacking of atoms is not in proper sequence throughout the crystal, defect
caused is called stacking fault.
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(c) VOLUME DEFECT (OR) BULK DEFECT‘I(OR) THREE DIMENSIONAL DEFECTS

w— 3

%+ Whenever a cluster of atoms are missing, large vacancy is created.
» This is called volume defect.

t
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