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2.  

(a) 

Classification of Defects: 

 Based on Dimensionality 

1. Zero Dimensional or Point Defects: Vacancies 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. 

 
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. 



 
2. 

(b) 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

 

 



 
 

3. 

(b) 

 

 

 

 

 

 

 

 

 



4. 

(a) 

 

The energy of an electron is given by 𝐸 =
𝑝2

2𝑚
=

ℎ2𝑘2

2𝑚
 

Where p is momentum, m is mass of electron, h is planks constant and k is propagation constant. Thus 

𝐸 ∝ 𝑘2 which is an equation of parabola. The graph of E vs k is shown below 

 

 

4. 

(b) 

Piezo-resistivity is an electromechanical phenomenon in which the electrical resistivity of a material 

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. 

 

 

 

 

 

 

 



5.  

 

 

 


