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Chapter 6: Imperfections in Solids

ISSUES TO ADDRESS...

There is no such thing as a perfect crystal.

Many of the important properties of materials are due to the presence of
imperfections.

Types of Imperfections
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Imperfections in Solids

Solidification result of casting of molten material

Start with a molten material – all liquid

Crystals grow until they meet each other

Callister & Rethwisch 9e.
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6.2 Point Defects in Metals

Vacancies: vacant atomic sites in a structure.

Self Interstitials: "extra" atoms positioned between atomic sites.
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Equilibrium Concentration: Point Defects

Equilibrium concentration varies
with temperature!

Measuring activation energy,
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6.4 Impurities in Solids

Two outcomes if impurity (B) added to host (A):
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6.4 Impurities in Solids

Conditions for substitutional
solid solution (S.S.)

W. Hume – Rothery rule

Application of Hume–Rothery rules – Solid
Solutions

Element Atomic Crystal Electro Valence
Radius Structure negativity
(nm)



77 SCHOOL OF MECHANICAL ENGINEERINGLECTURER: PROF. SEUNGTAE CHOI

6.5 Point Defects in Polymers

Defects due in part to chain packing errors and impurities such as chain ends
and side chains

Callister & Rethwisch 9e ISV.
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6.6 Specification of Composition

Weight percent

Atom percent

Composition Conversions
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6.7 Dislocations Linear Defects

Linear Defects (Dislocations)

Edge dislocation:

b
Screw dislocation:

b
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Edge, Screw, and Mixed Dislocations

Callister & Rethwisch 9e.
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Structure: close packed planes & directions are preferred.

Comparison among crystal structures:

Specimens that were tensile tested.

Dislocations & Crystal Structures
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Molecular Dynamics Simulation of a Dislocation

Molecular dynamics simulation
Edge Dislocation in Aluminum
Non-local and non-linear 
Non-uniform field of long-range interaction

1 1 1110 211 12 1
2 6 6



Defects in Electronic Devices

30 nm 64 Gb NAND Flash Memory

At nanoscale, defects become critical in
the function of devices.

Crystal defects degrade devices.

Elastic analysis of defects in single
crystals provides energetic behavior of
defects.
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Defects in Thin Films

Dislocation cores at the 20 nm BaTiO3/SrTiO3
(Sun et al., Appl. Phys. Lett., 2004)

How can we deal with the mechanical behavior of defects in thin films and
layered structures?

Cubic Si gap
= 1.17eV

Strained GeSi
gap = 0.78eV

0.37eV

0.02eVEc

Ev

Band alignments for Ge0.2Si0.8 on unstrained Si(100) substrate

Wu and Weatherly, 
Acta Mat. (1999)
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One case is a twin boundary (plane)

Stacking faults

Grain Boundaries

Planar Defects in Solids

Callister & Rethwisch 9e.

Callister & Rethwisch 9e.
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Catalysts and Surface Defects

A catalyst increases the rate of a chemical reaction without being consumed
Active sites on catalysts are normally surface defects

Callister & Rethwisch 9e.

Callister & Rethwisch 9e.
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6.11 Basic Concepts of Microscopy

Crystallites (grains) and grain boundaries vary considerably in size.

Crystallites (grains) can be quite large.

Crystallites (grains) can be quite small (mm or less)

Two features of microstructure: Grain size and shape

Microscopy
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6.12 Microscopic Technique: Optical Microscopy

Grain boundaries

(a)

(b)
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6.12 Microscopic Technique: Electron Microscopy

Optical resolution: 0.1 m = 100 nm

For higher resolution need higher frequency
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6.12 Microscopic Technique: Electron Microscopy



221 SCHOOL OF MECHANICAL ENGINEERINGLECTURER: PROF. SEUNGTAE CHOI

6.12 Microscopic Technique: SPM

Scanning Probe Microscopy (SPM)
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6.12 Microscopic Technique
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