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Classification of Defects:
Based on Dimensionality
1. Zero Dimensional or Point Defects: VVacancies and Impurities.
2. One dimensional or Line defects : Edge and Screw Dislocation.
3. Two dimensional or Surface defects: Free Surface, Grain boundary, Twin boundary, stacking fault.

Real crystal are finite crystal has a boundary line and that boundary has an external surface or free
surface.

Above the absolute zero temperature, all crystals have atomic vacancies or atoms missing from lattice
sites in the crystal structure. The vacancies exist as a requirement of thermal equilibrium and are called

thermodynamic defects. Vacancies introduce disorder into the crystal by upsetting the perfect
periodicity of atomic arrangements.

1. Zero Dimensional or Point Defects: Vacancies and Impurities
At some instant, there may be one atom with sufficient energy to break its bonds and jump to an
adjoining site on the surface, as depicted in Figure 1.45. This leaves a vacancy behind, just below

the surface. This vacancy can then diffuse into the bulk of the crystal, because a neighboring atom can
diffuse into it.
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(a) Perfect crystal
without vacancies

(b) An energetic
atom at the surface

(c) An atom in the

(d) Atomic diffusions

bulk diffuses to fill
the vacancy thereby
displacing the
vacancy toward the
bulk.

cause the vacancy to

breaks bonds and diffuse into the bulk.

jumps on to a new
adjoining position on
the surface. This
leaves behind a
vacancy.

Figure 1.45 Generation of a vacancy by the diffusion of an atom to the surface and the subsequent diffusion
of the vacancy into the bulk.

Vacancies are only one type of point defect in a crystal structure. Point defects generally involve lattice
changes or distortions of a few atomic distances, as depicted in Figure 1.46a. The crystal structure may
contain impurities, either naturally or as a consequence of intentional addition, as in the case of silicon
crystals grown for microelectronics. If the impurity atom substitutes directly for the host atom, the result
is called a substitutional impurity and the resulting crystal structure is that of a substitutional solid
solution, as shown in Figure 1.46b and c. When a Si crystal is “doped” with small amounts of arsenic
(As) atoms, the As atoms substitute directly for the Si atoms in the Si crystal; that is, the arsenic atoms
are substitutional impurities. The impurity atom can also place itself in an interstitial site, that is, in a

void between.




(a) A vacancy in the
crystal.

(b) A substitutional
impurity in the crystal.
The impurity atom is
larger than the

(c) A substitutional
impurity in the crystal.
The impurity atom is
smaller than the host

(d) An interstitial
impurity in the crystal.
The impurity occupies
an empty space

host atom. atom. between host atoms.
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?-) Figure 5.11a. Because B has only three valence electrons, when it shares them with
a

four neighboring Si atoms, one of the bonds has a missing electron, which of course
is a hole. A nearby electron can tunnel into this hole and displace the hole further
away from the boron atom. As the hole moves away, it gets attracted by the negative
charge left behind on the boron atom and therefore takes an orbit around the B~ ion,
as shown in Figure 5.11b. The binding energy of this hole to the B~ ion can be
calculated using the hydrogenic atom analogy as in the n-type Si case. This binding
energy turns out to be very small, ~0.05 eV, so at room temperature the thermal
vibrations of the lattice can free the hole away from the B~ site. A free hole, we




recall, exists in the VB. The escape of the hole from the B™ site involves the B atom
accepting an electron from a neighboring Si-Si bond (from the VB), which effectively
results in the hole being displaced away and its eventual escape to freedom in the VB.
The B atom introduced into the Si crystal therefore acts as an electron acceptor and,
because of this, it is called an acceptor impurity. The electron accepted by the B atom
comes from a nearby bond. On the energy band diagram, an electron leaves the VB
and gets accepted by a B atom, which becomes negatively charged. This process leaves
a hole in the VB that is free to wander away, as illustrated in Figure 5.12.

(a)
Figure 511 Boron-doped Si crystal.

B has only three valence electrons. When it substitutes for a 5Si atom, one of its
bonds has an electron missing and therefore a hole, as shown in (a). The hole orbits
around the B~ site by the tunneling of electrons from neighboring bonds, as shown
in (b). Eventually, thermally vibrating Si atoms provide enough energy to free the
hole from the B~ site into the VB, as shown.

Electron energy
A B atom sites every 10° Si atoms

E 'L l '|' i > x Distance

into crystal

Figure 512 Energy band diagram B B~ B~ B~
for a p-type Si doped with 1 ppm B. Ea -— -——-

There are acceptor energy levels E, x
Just above E, around B~ sites. These E 18
acceptor levels accept electrons 9
from the VB and therefore create ]
holes in the VB. @




It is apparent that doping a silicon crystal with a trivalent impurity results in a
p-type material. We have many more holes than electrons for electrical conduction
since the negatively charged B atoms are immobile and hence cannot contribute to
the conductivity. If the concentration of acceptor impurities N, in the crystal is much
greater than the intrinsic concentration n;, then at room temperature all the acceptors
would have been ionized and thus p = N,. The electron concentration is then deter-
mined by the mass action law, n = n%/Na, which 1s much smaller than p, and con-
sequently the conductivity is simply given by ¢ = eN_u,,.

(b)
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The energy of an electron is given by E = P _Ik

2m 2m

Where p is momentum, m is mass of electron, h is planks constant and k is propagation constant. Thus
E o« k? which is an equation of parabola. The graph of E vs k is shown below

AE AE

Conduction Conduction

Barid electrons e

electrons

i Energy Gap Energy Gap

Valence Valence
band holes band holes
> k
Direct bandgap Semiconductors Indirect bandgap Semiconductors
Maximum of VB and minimum of CB occur at same | Maximum value of VB and minimum of CB occur at
momentum values two different momentum values.

The minimum of CB and maximum of VB occurring at | The minimum of CB and maximum of VB occurring at
same propagation constant (k). different propagation constant (k).

Electron making transition from CB to VB, need not|In order to make transition from minimum point in CB
undergo any change in its momentum. When electron fall | to maximum point in VB, the electron requires some
from CB to VB, it disappear with hole (recombination of | momentum. First it will go to some defect state and
electron and hole) and their pair release the energy in the | then fall directly on the VB. When ever it has some
form of Light. i.e Photon of light. deflection, it radiates the energy in the form heat in the
lattice itself.

The compound semiconductor such as GaAs, GaN, GaSb, | All elemental semiconductor such as Si, Ge, SiC, GaP
InP, InAs are direct gap semiconductor. are indirect gap semiconductor.

These direct gap semiconductors are used in LED and | These indirect gap semiconductors are used in diodes
Lasers etc. and solar panels etc.

4. | Piezo-resistivity is an electromechanical phenomenon in which the electrical resistivity of a material
(b) | changes reversibly with strain.

Stress — Force per unit area
Strain — Deflection per unit length/area
Applications: Variety of Sensors such as Force, strain, pressure and bio-medical instruments.

The change in the resistivity may be due to a change in the concentration of carriers or due to a change
in the drift mobility of the carriers, both of which can be modified by a strain in the crystal. Typically,
in an extrinsic or doped semiconductor, the concentration of carriers does not change as significantly as
the drift mobility; the piezoresistivity is then associated with the change in the mobility.
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