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UNIT V CRYSTAL PHYSICS

Single crystalline, polycrystalline and amorphous materials – single crystals: unit cell, crystal
systems,  Bravais  lattices,  directions  and  planes  in  a  crystal,  Miller  indices  –  inter-planar
distances - coordination number and packing factor for SC, BCC, FCC, HCP and diamond
structures – crystal imperfections: point defects, line defects – Burger vectors, stacking faults
– role of imperfections in plastic deformation - growth of single crystals: solution and melt
growth techniques.

INTRODUCTION TO CRYSTAL PHYSICS

Crystal Physics’  or ‘Crystallography’  is a branch of physics that deals with the study of all
possible types of crystals and the physical properties of crystalline solids by the determination of
their actual structure by using X-rays,neutron beams and electron beams.

Solids can broadly be classified into two types based on the arrangement of units of matter. The
units of matter may be atoms, molecules or ions. They are, 

(i) Crystalline solids and (ii) Non-crystalline (or) Amorphous solids 

CRYSTALLINE SOLIDS
A crystalline material  can either be a single (mono) crystal  or a polycrystal.  A single crystal
consists  of  only  one  crystal,  whereas  the  polycrystalline  material  consists  of  many  crystals
separated by well-defined boundaries. Examples Metallic crystals – Cu, Ag, Al, Mg etc, Non-
metallic crystals – Carbon, Silicon, Germanium 

NON CRYSTALLINE SOLIDS
In amorphous solids, particles are arranged in an orderly manner. They are randomly distributed. 
They do not have directional properties and so they are called as `isotropic’ substances. 
They have wide range of melting point and do not possess a regular shape. Examples: Glass,
Plastics, Rubber etc.

SINGLE CRYSTALS 
Single crystals have a periodic atomic structure across its whole volume. 
At long range length scales, each atom is related to every other equivalent atom in the structure 
by translational or rotational symmetry 

POLYCRYSTALLINE SOLIDS 
Polycrystalline materials are made up of an aggregate of many small single crystals.Theyhave
a high degree of order over many atomic or molecular dimensions. 
Grainsare separated by grain boundaries. The atomic order can vary from one domain to the 
next. The grains are usually 100 nm - 100 microns in diameter. Poly crystals with grains less 
than 10 nm in diameter are nanocrystalline

SPACE LATTICE
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A lattice is a regular and periodic arrangement of points in three dimension.It is defined as an
infinite array of points in three dimension in which every point has surroundings identical to that
of every other point in the array. The Space lattice is otherwise called the Crystal lattice 

TWO DIMENSIONAL SPACE LATTICE

BASIS
A crystal structure is formed by associating every lattice point with an unit assembly of atoms or 
molecules identical in composition, arrangement and orientation. 
This unit assembly is called the `basis’. When the basis is repeated with correct periodicity in all 
directions, it gives the actual crystal structure. The crystal structure is real, while the lattice is 
imaginary. 

UNIT CELL
A unit cell is defined as a fundamental building block of a crystal structure, which can generate
the complete crystal by repeating its own dimensions in various directions. 

LATTICE PARAMETERS
The three interfacial angles and their corresponding intercepts are essential. These six parameters

are said to be lattice parameters. 
Similarly the angles between X and Y and Z  axes are denoted by α, β and γ respectively as
shown in the above figure. These angles α, β and γ  are called as interaxial angles or interfacial
angles. 

CRYSTALS SYSTEMS
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The seven systems are, 
Cubic  
Tetragonal 
Orthorhombic 
Trigonal (Rhombohedral) 
Hexagonal 
Monoclinic and 
Triclinic 

Primitive lattice: It has lattice points only at the corners of the unit cell. 

Body centred lattice: It has lattice points at the corners as well as at the body centre of the unit
cell. 

Face centred lattice :It has lattice points at the corners as well as at the face centres of the unit
cell. 

Base centred lattice:It has lattice points at the corners as well as at the top and bottom base
centres of the unit cell. 
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MILLER INDICES

It is  defined as the reciprocals  of the intercepts made by the plane on the three
crystallographic axes and they are used to designate plane in the crystal. 

The three  possible  integers  represented  as  (h k l)  designates  the plane  in  the  crystal  ,is  the
reciprocal of the intercept made by the planes on the crystallographic axes.

Procedure for finding Miller Indices 
Step 1:  The intercepts of the plane are determined along the axes X,Y and Z in terms of the
lattice constants a,b and c. 

Step 2: The reciprocals of these numbers are determined. 

Step 3: The least common denominator (lcd) is obtained and multiplied with each by this lcd. 

Step 4:The Miller indices are written within the parenthesis in the form of (h k l). 
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DETERMINATION  OF  ‘MILLER  INDICES’FOR  THEPLANE  ABC  HAVING
INTERCEPTS OF 2 UNITS ALONG X-AXIS, 3 UNITS ALONG Y-AXIS AND 2 UNITS
ALONG Z-AXIS. 

Step 1:2,3 and 2 are the intercepts on the three axes. 
Step 2:The reciprocals are 1/2, 1/3 and 1/2.
Step 3:The least common denominator is ‘6’. Multiplying each reciprocal by lcd, we get, 3,2 and
3.
Step 4:Hence Miller indices for the plane ABC is (3 2 3)

MILLER INDICES OF FEW IMPORTANT PLANES
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SDs

Consider a cubic crystal of side ‘a’, and a plane ABC. 

This plane belongs to a family of planes whose Miller indices are (h k l) because Miller indices 
represent a set of planes. 
Let ON =d, be the perpendicular distance of the plane A B C from the origin. 

The relation between the interplanar distance and the interatomic distance is given by, for cubic 
crystal. 
If (h k l) is the Miller indices of a crystal plane then the intercepts made by the plane with the 
crystallographic axes are given as where a, b and c are the primitives. 
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Crystal Systems

The  unit  vectors  a,  b  and  c  are  called  lattice  parameters.Based  on  their  length  equality  or
inequality and theirorientation (the angles between them, α, β and γ) a total of 7crystal systems
can be defined. 14 kinds of 3Dlattices, known as Bravais lattices, can be generated.
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   Simple Cubic                         Body Centered cubic               Face centered cubic

Characteristics of unit cell
1. Number of atoms per unit cell 
2. Coordination number 
3. Atomic radius 
4. Atomic Packing factor or Packing Density 

Number of atoms per unit cell: The number of atoms present in the unit cell. 
Coordination number: The number of equidistant nearest neighbouring atoms surrounding the
particular atom considered. 
Atomic Radius (r) :It is defined as half the distance between the nearest neighbouring atoms in
a crystal. 
Atomic Packing factor or Packing Density: It is the ratio of the volume occupied by the atoms
in an unit cell (v) to the volume of the unit cell (V). It is also called packing fraction or packing
density. 
BODY CENTERED CUBIC STRUCTURE
The coordination number of BCC crystal is 8.

FACE CENTERED CUBIC STRUCTURE
In the FCC lattice each atom is in contact with 12 neighbor atoms. FCC coordination number Z =
12.



STU
D
EN

TSFO
C
U
S.C

O
M

HEXAGONAL CLOSED PACKED STRUCTURE(HCP)

1. NUMBER OF ATOMS PER UNIT CELL
It  consists of three layers of atoms. The bottom layer has six corner atoms
 and one base  centered  atom. The middle layer has three full atoms. The 
upper layer  has six  corner  atoms and one base centered atom. Each and
 every corner atom contributes 1/6 of its part to one unit cell. 

The number of total atoms contributed by the corner atoms of both top and 
bottom layeris 1/6  12 =2.

 The face centred atom contributes 1/2 of its part to one unit 
cell. Since there are 2 base centered atoms, one in the top and the other in
 the bottom layers, the number of atoms contributed  by base centered atoms
 is 1/2´ 2 = 1.

Besides these atoms, there are 3 full atoms in the middle layer. 
Total number of atoms present in an HCP unit cell is 2+1+3 = 6.

2. CO-ORDINATION NUMBER (CN)
The face centered atom touches 6 corner atoms in its plane. The middle layer has 3 atoms.There
are three more atoms, which are in the middle layer of the unit cell. Therefore the total numbers
of nearest neighbouring atoms are 6+3+3=12.

3. ATOMIC RADIUS (R)
Consider any two corner atoms. Each and every corner atom touches each other.

Therefore a = 2r.
i.e.,   Atomic radius, r = 

4. ATOMIC PACKING FACTOR (APF)
APF = 

v = 6 r3

Substitute r =     ,

v = 6  x 
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v = a3

AB = AC = BO = ‘a’.CX = c where c  height of the hcp 
unit cell

Area of the base = 6  area of the triangle – ABO
= 6  AB  OO

Area of the base = 6  a  OO
 In triangle OBO

OO = a cos 30º = a 
Now, substituting the value of OO,
 Area of the base = 6  a a

= 
V = Area of the base × height
 V =  X c
APF = 

  =

 =
In the triangle ABA,

Cos 30º =
AA = AB cos 30º = a 

But AX =     AA=X a
AX =

In the triangle AXC,
AC2= AX2+ CX2

Substituting the values of AC, AX and CX,

Now substituting the value of c/a to calculate APF of an hcp unit cell,
APF = 

        = = = 0.74

DIAMOND STRUCTURE:It has Face centered Cubic structure
with the basis of two carbon atoms X and Y . The X atom is
located with an origin (0,0,0) and Y atom is located with an
origin of .Thus the Diamond structure is formed
due to the combination of two interpenetrating FCC sub lattices.
1. Number of atoms per unit cell

Number of atoms contributed by the corner atoms to an unit cell is 
1/8×8 =1 and number of atoms contributed by the face centred atoms
to the unit cell is 1/2 × 6 = 3 and atoms inside the structure=4 ,so 
total number of atoms present in a diamond cubic unit cell is 1 + 3 + 4 = 8, 
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2. Atomic radius
The corner atom do not have contact with each other and the face 
Centeredatom also do not have contact with the corner atoms. Butboth the 
centered atoms and the corner atoms have contact with the four atoms 
(1,2,3,4) situated inside the unit cell.

                         XY2 = XZ2+ ZY2

                                 = XT 2 + TZ 2 + ZY 2

                          = + + 
                          =  +  +

=
    Since XY = 2r,         (2r) 2  =
                                      4r2      =  
                                        r        = 
3. Coordination number

Each carbon atom is surrounded by four more carbon atoms, the co-ordination number is 4 

4. Atomic packing factor
APF       = 

……………(1)

Volume occupied by one atom = π r3

In diamondthere are 8 atoms per unit cell

v = 8 x π r3

Atomic radius for diamond structure  r        = 
v = 8 x π x 

Volume occupied by the atoms per unit cell v = π a3

…………….. (2)

Since diamond has cubic structure , the volume of unit cell V = a
3

…………….. (3)

Substituting (2) and (3) in (1) we get 

APF = π a3

APF = 
  Atomic Packing factor = 0.34 

 Packing density = 34% . Thus we can say 34 % of the volume the unit cell in diamond cubic
structure is occupied by atoms and the remaining 66 % of the volume is vacant. 
Since the packing density is very low, it is termed as loosely packed structure.

CRYSTAL GROWTH TECHNIQUES
A crystal or crystalline solid is a solid material whose constituent atoms, molecules, or ions are
arranged in an orderly repeating pattern extending in all three spatial dimensions. The scientific
study of crystals and crystal formation is known as crystallography.
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Crystal  growth  is  an  interdisciplinary  subject  covering  physics,  chemistry,  material  science,
chemical  engineering,  metallurgy,  crystallography,  mineralogy,  etc.  In  the past  few decades,
there  has  been  a  growing  interest  on  crystal  growth  processes,  particularly  in  view  of  the
increasing demand of materials for technological applications.
INFLUENCE  OF  CRYSTAL  GROWTH:  The  strong  influence  of  single  crystals  in  the
present day technology is evident from the recent advancements in the above mentioned fields.
Hence, in order to achieve high performance from the device, good quality single crystals are
needed.  Growth of single crystals  and their  characterization  towards device  fabrication  have
assumed great impetus due to their importance for both academic as well as applied research. 
Solution, Solute and Solvent..
Solution – homogeneous mixture composed of
only one phase.
 Solute – substance dissolved in 
another substance known as Solvent

METHODS OF CRYSTAL GROWTH
Solid Growth - Solid-to-Solid phase transformation 
Liquid Growth - Liquid to Solid phase transformation 
Vapour Growth - Vapour to Solid phase transformation 

Concentration :Amount of solute dissolved in solvent
Supersaturation: Solution that contain more of dissolved material that can be dissolved by the
solvent

CRYSTAL GROWTH TECHNIQUES:
 Growth from solution
 Growth from melt
 Growth from vapour

1. GROWTH FROM SOLUTION: Crystals grown by solution growth method has high
solubility and have variation in solubility with temperature in a proper solvent.

SEQUENCE OF THE GROWTH OF CRYSTAL
1. Supersaturation
2. Crystal nuclei
3. Growth of crystal

METHODS IN SOLUTION   GROWTH
Low temperature solution 
growth

High temperature solution 
growth

• Aqueous solution
• Gel growth

• Flux growth
• Hydrothermal growth

Low temperature solution growth: Materials having moderate to high solubility in temperature
range, ambient to 100 °C at atmospheric pressure can be grown by low-temperature solution
method 
High temperature solution   growth:  The constituents of the material to be crystallized are
dissolved  in  a  suitable  solvent  and  crystallization  occurs  as  the  solution  becomes  critically
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supersaturated. The supersaturated may be promoted by evaporation of the solvent, by cooling
the solution or by a transport process in which the solute is made to flow from a hotter to a cooler
region.

GEL GROWTH METHODS: This method is extremely simple and inexpensive.
A gel is defined as a semisolid having high viscosity. It is a porous material comprised of a semi
rigid network. Examples are silica gel , agar – agar gel and gelatin gel. 
The various gel method to grow single crystal may be classified into three.

a. Reaction method
b. Complex dilution
c. Reduction of solubility

HYDROTHERMAL GROWTH: Materials that have no sufficient 
solubility in water or other solvents at normal temperature andpressure
may be grown under hydrothermal conditions.

FLUX GROWTH:Absence of proper solvent for low temperature solution 
can be carried out using high temperature solvent usually salt also called flux.

BRIDGMAN TECHNIQUE: There are two different types of Bridgman 
technique

(i) Horizontal Bridgman Technique
(ii) Vertical Bridgman Technique

It consist of vertical cylinder container in which the crystal 
to be grown is kept as shown in figure. The container is tapered
conically with a point bottom and is surrounded by two furnaces. Furnace-1 
maintains hot zone and Furnace-2 maintains coldzone.Container 
removedup anddown using a pulley during crystallisation process  
to heat or cool the melt.
The material to be crystallised is kept inside the container.
Furnace –I is switched on and the material is heated to high
temperature. When the material attains molten state it is lowered from Hot to Cold Zone. The
movement should be in the range of 1-30 mm/hr.
Crystallisation begins from tip and starts growing from 
first formed seed by solidification.

Horizontal Bridgman growth is used for synthesis of Poly 
crystals:Used for the synthesis of the Polycrystals.

Advantages:
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 Cheap when compared to other pulling method.

 Simple technology is used.

 During growth melt composition can be controlled.

Disadvantages:

 Growth rate is low.
 Polycrystals may grow instead of single crystal.
 Material cannot decompose before melt using this method.

CZOCHRALSKI METHOD: Used for the production of bulk single crystals.

Bulk single crystals can be grown by this method. Material to be grown 
is placed inside the crucible and is heated by means of induction heater
coil so that clear melt is obtained. Seed is attached to the pulling rod 
and is mounted above the melt surface. Rod can be vertically rotated
 during growth. Heater coil is adjusted and certain portions of seed 
crystal are re melted.
Pulling rod is rotated and it moves upwards. Melt freezes on the crystal 
in the same direction as the seed and single crystal is grown. Pulling rate, 
rotation rate and power to heater controls the shape of the crystal.

CRYSTAL IMPERFECTIONS 
Imperfection” is  generally  used to describe any deviation  from the perfect  periodic array of
atoms in the crystal. 
Crystal imperfections can be classified on the basis of geometry given by

1. Point Imperfections
2.  Line imperfections
3. Surface (or) plane imperfections and 
4. Volume imperfections

1. POINT IMPERFECTIONS



STU
D
EN

TSFO
C
U
S.C

O
M

In Imperfect point- like regions, one or two atomic diameters in size and hence referred to
as ‘zero dimensional imperfections’. Different kinds of point imperfections are VACANCIES. If
an atom is missing from its normal site in the  matrix, the defect is called a vacancy defect. It may
be a single vacancy, divacancy or a trivacancy.

SCHOTTKY IMPERFECTIONS
When the regular atom leaves, a vacancy is created. A pair of one cation and one anion can be
missed from an ionic crystal. Such a pair of vacant ion sites is called Schottky imperfection.

                                
SUBSTITUTIONAL IMPURITY 

Foreign atom that substitutes for or replaces a parent atom in the crystal.  Pentavalent or
trivalent impurity atoms  doped  in Silicon or Germanium  are  substitutional   impurities in the
crystal.

                                                   
INTERSTITIAL IMPURITY
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A small sized atom occupies the void space in the parent crystal without disturbing the
parent atoms from their  regular sites, then it is called as ‘interstitial impurity’. 

2. LINE IMPERFECTIONS
The defects, which  take place due to dislocation  or distortion of atoms along a line, in
some direction are called as ‘line defects’. They are also called dislocations. It may be
called  as  ‘one  dimensional  defects’.  A  dislocation  is  defined  as  a  disturbed  region
between two substantially  perfect  parts  of a  crystal  and it  is  also responsible  for the
phenomenon of slip by which most metals deform plastically.
The two types of dislocations are,
(i) Edge dislocation  
(ii) Screw dislocation
(i) If  one of these vertical  planes  does  not  extend to  the full  length,  but  ends  in

between within the crystal it is called  ‘edge dislocation’.

(ii) In this dislocation, the atoms are displaced in two separate planes perpendicular to
each other.
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3. SURFACE (OR) PLANE IMPERFECTIONS

Surface imperfections arise from a change in the stacking of atomic planes on or across a
boundary.

4. VOLUME IMPERFECTIONS
Volume defects such as cracks may arise in crystals  when there is only small

electrostatic  dissimilarity  between  the  stacking  sequences  of  close  packed  planes  in
metals. Presence of a large vacancy or void space, when cluster of atoms are missed is
also considered as a volume imperfection.




