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Density of states

• is the number of states per volume in a 
small energy range. 

( )Eg

� � � �� 	 
 � � � ��	 
 �� � 
 � ��� � ( ) ( ) 21

C

2
3

2

*
n

C EE
h
m2

4Eg -�
�

�
�
�

�
= p �	 
�� �� �� �

� � � �� � �� 
 � � �� � 
 � ��� � ( ) ( ) 21

V

2
3

2

*
p

V EE
h

m2
4Eg -��

�

�
��
�

�
= p �	 
�� �� �� �



Effective density of states
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Fermi Level

• The distribution of electron/holes satisfy Fermi-
Dirac distribution

• Fermi Level can be defined by the occupation 
probability of electrons at 0K
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Example:Density of states, distribution 
function and electron density for degenerate  
and non-degenerate n-type semiconductor



Basic Properties of Fermi Level

• Fermi Level is an intrinsic property of the 
material, it is sufficient to describe the 
carrier occupation function by Fermi Level 

• Only the available bands can have 
electrons/holes even when the occupy 
function f(E) is not zero.

• Intrinsic carrier density is a strong function 
of temperature
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Why do we need non-Boltzmann
model

• The available situation for Boltzmann
approximation if that that the Fermi level is 
far from band edges.

• When highly doped, Fermi Levels are very 
near band edges.

• Most laser devices are highly doped.
• The 3-D integration is a hard work. That is 

the challenge of using Fermi-Dirac Model.



Doping

• N - type • P - type 
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Temperature dependence

http://touch.caltech.edu/courses/EE40%20Web%20Files/Thermoelectric%20Notes.pdf



Steady state vs. Equilibrium State

• Equilibrium refers to a condition of no 
external excitation except for temperature, 
and no net motion of charge.

• Steady state refers to a nonequilibrium
condition in which all processes are 
constant and are balanced by opposing 
process.
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