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Introduction: 

Objective: To learn the basics of semiconductor (SC.) 
materials, devices, and related applications

Goals: Text book is designed to acheive the following:
1- to provide students with a sound understanding 
for existing SC. Devices
2- most interestingly is to give the basic tool with 
which the students can later learn about newly 
developped materials, devices, and applications



Introduction: 
Why this course is important?

It is directly related to high technological applications such as

Silica sand (SiO2) Si wafer

microprocessor

Cell-phone 
towers

Air-
plane satellite Cell-phones Computers



Course Contents
•Ch.1 Semiconductor Materials 
•Ch.2 Atoms and Electrons 
•Ch.3&4 Energy Bands and Charge Carries in 
Semiconductors
•Ch.5 p-n Junction 
•Ch.6, 7,8, &10 Devices 

 Field-Effect Transistors
 Bipolar Junction Transistors
 Optoelectronics Devices
 Microwave and power Devices

•Ch.9 Integrated Circuits Fabrication Overview

Introduction: 



Ch. 1: Crystal Properties and Growth
of Semiconductors

Objectives: 1- Describe what is Semiconductor

2- Perform simple calculations about crystals

3- Understand epitaxial crystal growth in solids and 
thin films

4- Learn about crystal defects

The transport of charge through a metal or a semiconductor depends not only 
on the properties of the electron but also on the arrangement of atoms in the 
solid. This gives an argument why there is a change in electrical properties 
between different SC. materials



1.1 Semiconductor materials
What are semiconductors?

1) Materials with electrical conductivity in between conductors and insulators

conductors InsulatorsSemiconductors

less conductivity less conductivity

Metals 
(silver, gold, etc)

Silicon, germanium, Ceramics
(quartz, alumina) 

ρ = 10-6-1 ohm.cm ρ = 10-2 -106 ohm.cm ρ > 107 ohm.cm

2) the conductivity of a semiconductor materials can be varied over orders 
of magnitude by changes in a) temperature, b) optical excitation, c) 
electrical exitation and d) impurity content (by doping)
3) Type of semiconductor



Elemental Sc’s.

Compound Sc’s.

3) Semiconductor materials are found in column IV and 
neighboring columns of the periodic table as shown below

1.1 Semiconductor materials



Table 1-1 shows : (a) where semiconductors occur in the periodic table; 
(b) elemental and compound semiconductors.

4) Types of semiconductors (table 1-1)
a) Elemental Sc. composed of single species of atoms (most commonly Si and Ge)

b) Compound Sc. Compounds of binary (two elements - table 1-1), ternary (three 
elements- like GaAsP), or quaternary (four elements- like InGaAsP) elements 
semiconductor

1.1 Semiconductor materials



5) Applications of semiconductor compounds:

a) The elemental semiconductor Ge and Si is now used for the majority of 
diodes, rectifiers, transistors, integrated circuits, and infrared and 
nuclear radiation detectors

b) III-V compounds such as GaN, GaP, and GaAs are common in light-
emitting diodes (LEDs)

c) II-VI compound semiconductors such as ZnS (Fluorescent materials) are 
usually used in television screens

d) Light detectors are commonly made with InSb, CdSe, or other 
compounds such as PbTe and HgCdTe.

e) Microwave Gunn diode, is usually made of GaAs or InP. 
f) Semiconductor lasers are made using GaAs, AlGaAs, and other
ternary and quaternary compounds.

1.1 Semiconductor materials



6) The most important characteristics for semiconductor compounds that 
distinguish them from each other and from metals and insulators is the 
energy band gap (Eg)

1.1 Semiconductor materials

Eg determines the wavelengths of light that can be absorbed or emitted 
by the semiconductor. The following equation show the relation between 
the photon energy E in ev and its wavelength λ in nm.
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Eg for different Sc. Materials 
can be found in appendix III of 
the text book

As a result of the wide variety of semiconductor band gaps, light-emitting 
diodes and lasers can be constructed with wavelengths over a broad range 
of the infrared and visible portions of the spectrum.

7) The optical and electronic properties of semiconductor materials are 
strongly affected by impurities, which may be added in precisely controlled 
amounts by a process called doping.



1. Crystalline Solids



1.1 Crystal Lattices
Properties such as mechanical, electrical and optical are intimately tied to 
crystal type.

1.2.1 Periodic structure
A crystalline solid (single 
crystal solid) is composed 
of atoms arranged in a 
periodic fashion (repeated 
through out the entire solid 
in 3D).

3) Some solids have no 
periodic structure at all. 
They are called 
amorphous solids

2) Other solids are 
composed of many small 
regions of single-
crystals. They are called 
polycrystalline solids.

Crystalline or single 
crystal: long range 
ordered arrangement 
of atoms

Polycrystalline: small 
regions of many 
single-crystals

Amorphous: no 
ordered arrangement 
of atoms 



1) Crystal lattice: Periodic arrangement of points (in 3D space) making 
up the crystal. Note: Each point may have a single atom or multiple 
atoms in an arrangement called basis to get the crystal.

2) Always, arrangement of atoms or a volume called unit cell can be moved 
in space (regularly repeated) by unit lattice constant in each direction to 
create the entire crystal lattice.
Note: Lattice constant:Smallest distance between periodically arranged 
atoms in each direction

3) The smallest unit cell is called primitivr cell; it has lattice points (shared 
between 4 primitive cells) at the corners (as for figure shown)  effective 
number of lattice points for each primitive cell is unity (one).

4) The primitive cell can be represented by primitive vectors (vectors 
represents the primitive cell) a, b, and c (for 3D lattice). It can be translated 
by integer multible of primitive vectors according to 

r = ua + vb + wc

where u, v, and w are integers



The figure above shows an example of a crystal a lattice. It shows a two 
-dimensional arrangement of atoms called a rhombic lattice, with a Two 
dimention primitive cell ODEF. The primitive cell is translated to a a new 
primitive cell identical to the original (O'D'E'F) by    r = 3a + 2b

5) In many lattices, however, the primitive cell is not the most convenient
to work with. It is more convinient and simpler to choose to work with a 
larger rectangular unit cell, PQRS with lattice point T at the center (a so-
called centered rectangular lattice), rather than the smallest primitive cell, 
ODEF. A unit cell allows lattice points not only at the corners, but also at 
the face center (and body center in 3-D) if necessary. 



Structure



Structure



Structure

1.

2.



Structure

3.

4.



Structure



Structure

Examples of materials having different crystal systems



■ The simplest unit cell is a cubic volume with lattice constant a; such as 
the three cells shown in figure below. All three structures have different 
primitive cells, but the same cubic unit cell. 

a) simple cubic structure (sc) has an atom located at each corner of the unit 
cell. 

b) body-centered cubic (bcc) lattice has an additional atom at the center of 
the cube

c) face-centered cubic (fcc) unit cell has atoms at the eight corners and 
centered on the six faces. 

Structure



Structure



Structure



Structure
In crystal studying, we always refer to what is called planes 
and directions we need to know what is called Miller indices



Structure

• If plane intercept the origin, for example plane parallel to y-z axis and intercept 
x at 0  intercepts are: 0,∞,∞. taking reciprocals we will have (∞00) plane. This 
is forbidden in miller indices  we take parallel plane that intercept x- axis at 1 
 it will have miller indices (100) 



Structure

)1(000)1(000)1( (001) (010) (100)               
are indicies ve-  withfamily planes All

≡       



Structure



 The interplanar spacing (space between same planes of same 
miller indices) in a crystal can be calculated as follows   
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 The angle     between two planes (h1k1l1) and (h2k2l2) can be 
calculated from the relation:    

φ
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Point coordinates are 
½, ½, 1  direction is [112]
Also 0, 1, ½   [021]
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Structure

%100×=
cellunitofvolume

cellunittheinatomsofvolumeFractionPacking

cellunitofvolume
cellunittheinatomsofmass density ltheoretica ==

V
mρ

Atomic weight (A) ~ NA of atoms or molecules
mass of atoms in the unit cell (??) ~ n (no. of atoms in unit cell



Structure

Theoretical Density

(Molecular weight mass of 1 mole for material)



Structure
Example, for Fcc lattice of lattice constant a, Find
a) The coordination number

b) Number of atoms per unit cell

c) The nearest neighbor distance

d) Radius of each atom (assume atoms are spheres)

e) Volume of each atom

f) Packing fraction

g) Density of GaN which has an fcc structure, lattice constant 
(a = 4.5 Å), atomic weight (μGa = 69.7 g/mol,μN = 14 g/mol) 
and Avogadro’s number (NA = 6.02×1023 particles/mole). 



Structure
a) Coordination number = 12

b) 

c) 

d) 

e) 

f) 

g) 



The Diamond Lattice
Many important semiconductors have the arrangement of diamond structure
Like: Compound SC’s (III-V compounds 

- GaAs, InP - zinc blend structure)
Elemental SC’s (Si, Ge, C -
diamond structure)

Basic 
FCC

Two 
interpenetrating 
FCC –diamond 
or zinc blend 
structure



The Diamond Lattice

(0,0,0)
(¼, ¼, ¼)

fcc first site
fcc second site

Diamond structure is an fcc lattice with a basis of two atoms displaced by  
¼, ¼, ¼   two interpenetrating fcc (two fcc sites displaced by ¼, ¼, ¼ .
Diamond structure is fcc lattice with extra atoms placed at a/4, b/4, c/4 from 
each atom. single fcc diamond structure looks like

■ If the two fcc sites have same type of atoms  it is called diamond 
structure like Si, Ge, C
■ If each fcc site have different type of atom zincblend structure like 
GaAs  Ga occupy 1st site and As occupy the 2nd site



The Diamond Lattice

Useful features for III-V compounds (zinc blend structure):
■ Ability to vary the mixture of elements on each fcc site to get new 
compounds

Ternary compounds like AlGaAs (Al from coulomn III substitute Ga: 
AlxGa1-xAs) with x ranges from 0 (GaAs) to x=1 (AlAs)

 Quaternary compounds like AlGaAsP (Al substitute Ga and P from 
coulomn V substitute As): AlxGa1-xAs1-yPy

■The ability of changing the compound gives a semiconductors of very wide 
range of applications



Bulk Crystal Growth
To get effective Semiconductor devices and integrating circuits, the 
semiconductor must be highly pure (less that 1 ppm) single crustal
■ A) To obtain highly pure semiconductor like Si for instance

sand
Very high temperature arc 
furnace

 Polycrystalline

MGS is refined more by reacting Si with dry HCl

EGS is (1) highly pure for electronic applications
(2) polycrystalline



■ Growth of single crystal: in this step we convert EGS to single crystal 
Si ingot. This can be done by the 

Heat to Si 
melting point 
1412 ºC

Bulk Crystal Growth



The Diamond Lattice
■ CZ growth method: a seed crystal is lowered into molten Si then 
raised slowly wile being rotating slowly  Crystal grow onto the seed.
Rotating allow homogeneous solidification by averaging temperature



Bulk Crystal Growth



Si Wafer production
Bulk Crystal Growth



Bulk Crystal Growth



Bulk Crystal Growth

V= m/ρ =

Si density 2.33 g/cm3.



Bulk Crystal Growth



Epitaxial Growth



Epitaxial Growth



Epitaxial Growth



Ch. 1 summary 
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