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The Periodic Table of the Elements
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Why Silicon?

The 8 most common elements in Earth’s crust: 

46.6% Oxygen (O)

27.7% Silicon (Si)

8.1% Aluminum (Al)

5.0% Iron (Fe)

3.6% Calcium (Ca)

2.8% Sodium (Na)

2.6% Potassium (K)

2.1% Magnesium (Mg) 

- Abundance of silicon

- Higher melting temp. for wider processing range

- Wider temp. range of operation

- Natural growth of silicon dioxide

1.1 Semiconductor Materials
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Figure 1.1 1.2 Types of Solids
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Figure 1.1 1.2 Types of Solids

H
H

H

H

H

H

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (©  McGraw-Hill, 2002)

http://Materials.Usask.Ca

(c) Two dimensional schematic representation
of the structure of hydrogenated amorphous
silicon. The number of hydrogen atoms shown
is exaggerated.

Dangling
bond

(b) Two dimensional schematic representation
of the structure of amorphous silicon. The
structure has voids and dangling bonds and
there is no long range order.  

(a) Two dimensional schematic
representation of a silicon crystal

Fig. 1.58: Silicon can be grown as a semiconductor crystal or as an
amorphous semiconductor film. Each line represents an electron in a
bond. A full covalent bond has two lines and a broken bond has one line.
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Figure 1.1 1.2 Types of Solids

 

 

Crystalline Si 

c-Si 

 

Amorphous Si 

a-Si 

 

Hydrogenated a-Si 

a-Si:H 

Structure 

 

Diamond 
cubic.  
 

Short range order only. On 
average, each Si covalently 
bonds with four Si atoms. 
Has microvoids and dangling 
bonds 
 

Short range order only. 
Structure contains typically 10% H. 
Hydrogen atoms passivate dangling 
bonds and relieve strain from bonds. 
 

Typical 

Preparation 

 

Czochralski 
technique 
 

Electron beam evaporation of 
Si 
 

Chemical vapor deposition 
(CVD) of silane gas by RF (radio 
frequency) plasma. 

 

Density 

g cm
-3
 

 

2.33 
 

About 3-10% less dense.  
 

About 1-3% less dense 
 

Electronic 

Applications 

 

Discrete and 
integrated  
electronic 
devices. 

None 
 

Large area electronic devices such as 
solar cells, thin film transistor arrays in 
flat panel displays and photoconductor 
drums used in photocopying. 
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Figure 1.2

-lattice

1.3 Space Lattices
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Figure 1.3

- unit cell

1.3 Space Lattices

- effective # of atoms
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Figure 1.4

- primitive cell → (effective # of atoms = 1)

1)-(1             csbqapr ++=

1.3 Space Lattices
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Crystal Systems (7 crystal system)

1.3 Space Lattices
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7 crystal system and 14 Bravais lattices

1.3 Space Lattices
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Figure 1.5

- simple cubic (sc)

- body-centered cubic (bcc)

- face-centered cubic (fcc)

1.3 Space Lattices
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Figure 1.5 1.3 Space Lattices
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Figure 1.8 1.3 Space Lattices
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Figure 1.10 1.3 Space Lattices
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Figure 1.11 1.4 The Diamond Structure

Diamond cubic 

structure

https://physicsopenlab.org/2018/01/28/silicon-

germanium-crystal-structure/
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Figure 1.11 1.4 The Diamond Structure
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Figure 1.11 1.4 The Diamond Structure
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Figure 1.11 1.4 The Diamond Structure
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Figure 1.11 1.4 The Diamond Structure

https://www.youtube.com/watch?v=vXk6Uhq74nU
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Figure 1.12 1.4 The Diamond Structure
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Find the distance x between Si atoms. (@T = 300K, a of Si = 0.543 nm )

x

22 )
4

1
()

4

2
( aax +=

nmax 235.0
4

3
==

1.4 The Diamond Structure

a = lattice constant

# of atoms = 8 a = 0.543 nm

volume density of Si = 8/a3 5x1022 [#/cm3]
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Figure 1.13 1.4 The Diamond Structure
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Figure 1.14 1.4 The Diamond Structure

GaAs, InP (Compound Semiconductors)
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Figure 1.15 1.4 The Diamond Structure
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From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (©  McGraw-Hill, 2002)

http://Materials.Usask.Ca

(b)

Cl­Na+ Na+ Na+Cl­ Cl­

Cl­Na+ Na+
Na+Cl­Cl­

Cl­Na+ Na+ Na+Cl­ Cl­

Cl­Na+ Na+ Na+Cl­Cl­

Cl­Na+ Na+ Na+Cl­ Cl­

Cl­Na+ Na+ Na+Cl­Cl­

(a)

Fig. 1.9: (a) A schematic illustration of a cross section  from solid

NaCl. NaCl solid is made of Cl­ and Na+ ions arranged alternatingly
so that the oppositely charged ions are closest to each other and
attract each other. There are also repulsive forces between the like-
ions. In equilibrium the net force acting on any ion is zero. (b) Solid
NaCl. 

- ionic bond

1.5 Atomic Bonding
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- covalent bonding

Figure 1.16 & Figure 1.17 1.5 Atomic Bonding
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From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (©  McGraw-Hill, 2002)

http://Materials.Usask.Ca

Free valence

electrons forming an

electron gas

Positive metal

ion cores

Fig. 1.7: In metallic bonding the valence electrons from the metal
atoms form a "cloud of electrons" which fills the space between the
metal ions and "glues" the ions together through the coulombic
attraction between the electron gas and positive metal ions.

- metallic bonding - van der Waals bond

1.5 Atomic Bonding
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Figure 1.18

Imperfections and Impurities in Solids

1.6 Imperfections and Impurities in Solids
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Figure 1.19

Edge dislocation line

(a) Dislocation is a line defect. The dislocation shown runs into the paper.

Compression

Tension

(b) Around the dislocation there is a strain field as the atomic bonds have

been compressed above and stretched below the islocation line 

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (©  McGraw-Hill, 2002)

http://Materials.Usask.Ca

Fig. 1.46: Dislocation in a crystal is a line defect which is accompanied
by lattice distortion and hence a lattice strain around it.

line dislocation

1.6 Imperfections and Impurities in Solids
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Figure 1.20

- substitutional impurity

- interstitial impurity
- doping

1.6 Imperfections and Impurities in Solids
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Figure 1.21

Czochralski method

→ Single crystal Si ingot

1.7 Growth of Semiconductor Materials
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1.7 Growth of Semiconductor Materials
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