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Silicon band structure

Near the bottom of the conduction band, the band structure looks like a parabola. 
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This effective mass is used to describe the response of 
electrons to external forces in the particle picture. 

Effective mass

 
2 2

2 2 2 21
2( )

2 2x y z

p
E k k k k mv

m m
    

 

2( ) x

x

kdE k

dk m





2
*

2

2

( )
x

x

m
d E k

dk






2 2

2

( )

x

d E k

dk m





Effective mass

*F eE m a  
  

E

kx



When all states in a band are occupied, the band 
does not contribute to the current. There are as 
many left-moving electrons as right-moving 
electrons.  
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valence band, holes



valence band, holes
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In the valence band, the effective mass is negative.



Holes

Charge carriers in the valence band can be considered 
to be positively charged holes. The number of holes in 
the valence band is the number of missing electrons. 

m*h = effective mass of holes
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Silicon density of states

T = 300 K
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electrons in 
the 
conduction 
band
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Boltzmann approximation
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Density of electrons in the conduction band
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Density of holes in the valence band 
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Density of holes in the valence band 
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Density of electrons in the conduction band
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Silicon valence bands



Density of holes in the valence band 
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http://www.matprop.ru/semicond





Law of mass action
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For intrinsic semiconductors (no impurities)

intrinsic carrier density
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Intrinsic carrier concentration
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Good for thermometer, bad for designing circuits.



Fermi energy of an intrinsic semiconductor
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Si GaAs

Temperature dependence of EF
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http://lamp.tu-graz.ac.at/~hadley/ss1/semiconductors/intrinsic_so.php

Intrinsic semiconductors 
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Extrinsic semiconductors
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The introduction of impurity atoms that can add electrons or holes 
is called doping.

n-type : donor atoms contribute electrons to the conduction band. 
Examples: P, As in Si.

p-type : acceptor atoms contribute holes to the valence band. 
Examples: B, Ga, Al in Si.
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The electron density and hole density are:

The law of mass action:



Ionization of dopants

Easier to ionize a P atom in Si 
than a free P atom
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Ionization energy is smaller by a factor:

Ionization energy ~ 25 meV



acceptors in Si donors in Si



images from wikipedia

Czochralski Process

add dopants to the melt

Crystal growth



Neutron transmutation

30Si + n  31Si + g
31Si  31P + b

image from wikipedia

Float zone Process

Crystal growth



http://www.microfab.de/foundry/services/diffusion/index.html

Gas phase diffusion

AsH3 (Arsine) or PH3 (phosphine) for n-doping 
B2H6 (diborane) for p-doping.



image from wikipedia

Chemical vapor deposition

Epitaxial silicon CVD SiH4 (silane) or  SiH2Cl2 (dichlorosilane)
PH3 (phosphine) for n-doping or B2H6 (diborane) for p-doping.



Ion implantation

Implant at 7º to avoid channeling




