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Chapter 8: SEMICONDUCTOR CRYSTALS
Introduction

Carrier concentrations 
for metals, semimetals, 
and semiconductors. 
The semiconductor

b t d drange may be extended 
upward by increasing 
the impurity p y
concentration, and the 
range can be extended
d ddownward to merge 
eventually with the 
insulator rangeinsulator range.
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Chapter 8: SEMICONDUCTOR CRYSTALS
Introduction

 Conductors are classified based on electron concentration.
 Semiconductors are generally classified by their electricalg y y
resistivity at room temperature, with values in the range of 10‐2 to
109‐cm, and strongly dependent on temperature.

 At 0 K, a pure, semiconductor will be an insulator.
 Devices based on semiconductors include:
 transistors transistors
Switches
Diodes
photovoltaic cells
Detectors
Thermistors

Popular semiconductors are: silicon, germanium, and gallium
arsenide
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arsenide.
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Semiconductor Classes

Semiconductors are classified into 3 main types:
 lll‐V (three‐five) compounds. Examples are indium antimonide( ) p p
and gallium arsenide.

 II ‐VI compound; examples are zinc sulfide and cadmium sulfide.
 IV‐IV compound like: Silicon carbide SiC .

Semiconductors are also classified in different way:
 Intrinsic: (pure semiconductor)
 the electrical properties of a semiconductor are not
essentially modified by impurities in the crystalessentially modified by impurities in the crystal.

 An electronic band scheme leading to intrinsic conductivity is
indicated in Fig. 2.indicated in Fig. 2.

 The conduction band is vacant at absolute zero and is
separated by an energy gap Eg from the filled valence band.

King Saud University, Physics Dept. Phys. 570, Nasser S. Alzayed (Nalzayed@ksu.edu.sa)



Chapter 8: SEMICONDUCTOR CRYSTALS
Intrinsic Semiconductor

Figure 2 Band scheme for intrinsic conductivity in a semiconductor. 
At 0 K the conductivity is zero because all states in the valence band 

f ll d d ll h d b d hare filled and all states in the conduction band are vacant. As the 
temperature is increased, electrons are thermally excited from the 
valence band to the conduction band where they become mobilevalence band to the conduction band, where they become mobile. 
Such carriers are called "intrinsic."
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Extrinsic Semiconductors

Extrinsic: (doped semiconductor)
 This type is not pure. Its conductivity depends on doping.yp p y p p g
 An extrinsic semiconductor can be formed from an intrinsic 
semiconductor by adding impurity atoms to the crystal in a process 
k dknown as doping.
 For instance, Since Silicon belongs to group IV of the periodic table, it has 4 valence
electrons. Each atom shares an electron with a neighboring atom. In this state it is anelectrons. Each atom shares an electron with a neighboring atom. In this state it is an
intrinsic semiconductor. B, Al, In, Ga all have three electrons in the valence band. When a
small proportion of these atoms, (less than 1 in 10 6 ), is doped into the crystal the dopant
atom has an insufficient number of bonds to share bonds with the surrounding Silicong
atoms. One of the Silicon atoms has a vacancy for an electron. It creates a hole that
contributes to the conduction process at all temperatures. Dopants that create holes in
this manner are known as acceptors. This type of extrinsic semiconductor is known as p‐
type . Elements that belong to group V of the periodic table such as As, P, Sb have an extra
electron in the valence band. When added as a dopant to intrinsic Silicon, the dopant
atom contributes an additional electron to the crystal. Dopants that add electrons to the
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crystal are known as donors and the semiconductor material is said to be n‐type.
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Intrinsic and Extrinsic Semiconductors

P t (l ft) d t ( i ht) f t i i i d tP‐type (left) and n‐type (right) of extrinsic semiconductors
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Chapter 8: SEMICONDUCTOR CRYSTALS
Definition of Band gapf f g p

The band gap is the difference in energy between the lowest 
point of the conduction band and the highest point of the valence p g p
band. 

The lowest point in the conduction band is called the conduction 
band edge

the highest point in the valence band is called the valence band 
edgeedge. 

As the temperature is increased, electrons are thermally excited 
from the valence band to the conduction band (Fig. 3). ( g )

Both the electrons in the conduction band and the vacant orbitals 
or holes left behind in the valence band contribute to the 
electrical conductivity.
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Definition of Band gapf f g p

Figure 3: Intrinsic electron concentration as a function of  temp. for (a) germanium and (b) 
silicon. Under intrinsic conditions the hole concentration is equal to the electron 
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concentration. 
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Direct and Indirect absorptionp

 The intrinsic conductivity and intrinsic carrier concentrations are 
largely controlled by Eg/KBTg y y g/ B
When this ratio is large, the concentration of intrinsic carriers will 
be low and the conductivity will be low.
 The best values of the band gap are obtained by optical 
absorption. There are 2 different methods:

1 direct absorption process1‐ direct absorption process
2‐ indirect absorption process

 For Direct absorption Process:p
the threshold of continuous optical absorption at frequency g
measures the band gap Eg = ħg as shown in Figs. 4a and 5a. A 
photon is absorbed by the crystal with the creation of an 
electron and a hole.
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Indirect Absorption Processp

 For Indirect absorption Process:
 in Figs. 4b and Sb the minimum energy gap of the band structure g gy g p
involves electrons and holes separated by a substantial 
wavevector kc .

Here a direct photon transition at the energy of the minimum gap 
cannot satisfy the requirement of conservation of wavevector.

But if a phonon of wave vector K and frequency  is created inBut if a phonon of wave vector K and frequency  is created in 
the process, then we can have:

k( ) k +k 0photon  ck( ) k +k 0

g

photon
and E

 
   

as required by the conservation lawsas required by the conservation laws.
phonon energy ħ is usually much less than Eg
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Energy Gap Experimentalgy p p
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Direct and indirect Absorption schematicallyp y

Illustration of a photon emission process in (a) the direct and (b) 
the indirect band gap semiconductors
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the indirect band gap semiconductors
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Measuring Band gapg g p

 The band gap may also be deduced from the temperature 
dependence of the conductivity or of the carrier concentration in p y
the intrinsic range. 

 The carrier concentration is obtained from measurements of the 
Hall voltage. 

 Optical measurements determine whether the gap is direct or 
indirectindirect. 
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EQUATIONS OF MOTION

We derive the equation of motion of an electron in an energy 
band. We look at the motion of a wave packet in an applied p pp
electric field .

G l it i d fi d dGroup velocity is defined as :  

/

gv
dk

   



    

1 1: ( )                                                 (1)kg
dv or v k
dk
    

  

 

The work  done on the electron by the electric field E in the time
interval t is:

                                                         (2)geEv t  

W d th l k E f t Di l t
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We used the normal work eq. –eE = force, vbt = Displacement
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EQUATIONS OF MOTION

From eq. (1) we notice that;

(3)d                                                    (3)

(2) and (3) give:

g
d v
d
  


  

( ) ( ) g
( / )                                                       (4)
/
eE t

dk dt eE
  
  





kd
dt

  F                                                         (5)

 This is an important relation: in a crystal ħdk/dt is equal to the 
external force on the electron. 

 In free space mdv/dt is equal to the force.
 the electron in the crystal is subject to forces from the crystal 

l tti ll f t l
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lattice as well as from external sources.
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EQUATIONS OF MOTION

 Eq. (5) Also includes forces from electric field (E) and from 
Lorentz force for a moving electron in Mag . Field (B).g g ( )

 Hence, we can write the eq. of motion of the electron in the 
existence of B as:

k v B                                                             (6)

1

d e
dt

  
 



1using: ( ),  we get:

k B (7)

kv k

d e





 

 

  


 

k2 B                                                        (7)

Now LHS and R
dt

   


H S use k space.

 (7) h i B l i k i di i (7) means that in B, an electron moves in k space in a direction 
normal to the direction of the gradient of the energy , so that 
the electron moves on a surface of constant energy
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the electron moves on a surface of constant energy.


