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Density of states for electrons  
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effective mass 

2 4
e C e ep pε ε α β− = +

2

 ......

1=
2 2 e

p
m m

ε α ∗=

2

2

1 e

e e

d
m dp

ε
∗ ≈

can  be asymmetric? 

1 0   at   e V
em

ε ε∗ < ≈

free electrons 



Energy distribution of electrons ne 
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condition:  temperature T and volume V must be fixed 

density of states occupation function ( )e eD ε

principle:  minimum of Free Energy  F = E - TS 



Properties of holes 
holes = missing electrons in the valence band 
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Electron and hole concentrations  
in the dark 

( ) ( )
3 2

2

2exp  ;   =2
C

C F e
e C C

m kTn D f d N N
kT hε

ε ε πε ε ε
∞ ∗ − = = −   

   
∫

* 19 3  and  300K:   2 10 / cme e Cm m T N= = = ×

( ) ( )
3 2

2

21 exp  =2
V

F V h
h V V

m kTn D f d N N
kT h

ε ε ε πε ε ε
∗

−∞

 − = − = −         
∫

independent of  
independent of doping 

electrons 

for 

holes 

2exp G
e h C V in n N N n

kT
ε = − = 

 

( ) 





 −
−≈

kT
f Fεεε exp

effective density 
of states 

Fε

for F kTε ε− 



Doping 

n – type,  donors p – type,  acceptors 

1 or more valence electrons more 
 than host 

1 or more valence electrons less 
 than host 

e.g. P, As in Si 
       Si on Ga site in GaAs 

e.g. In, B in Si 
       Si on As site in GaAs 

binding energy of electron to donor  (hole to acceptor) from hydrogen model 
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Electrons in n-type semiconductor 
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Transport properties, drift current 
caused by electric field E 
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Diffusion current  (looking for a driving force) 

diffusion current 

Einstein relation 
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total charge current 
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for electrons (zi = -1) and holes (zi = 1) 
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Energies of electron-hole pairs 
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Free Energy: electrochemical energy, electrical energy + chemical energy 

in the dark 
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Energy scale for electrons 

e = 0  for a free electron 
 
1. in vacuum 
2. in el. potential  = 0 
3. with e,kin = 0 
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energy scale for holes ? 



Contact between different materials 



Density of states for photons  

energy distribution of states from uncertainty principle ( ) ( )3 3 3x p h∆ ∆ ≥
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Planck`s law 

photon current density per solid angle 

( ) ( ) ( ), ,dj cD f dγ γ γω ω ω ωΩ Ω=   

( ) ( )2
2

, 3 3 3 3 3

2( )
4

D
h c cγ

ω
ω ω

πΩ = =


 



( ) 1

exp 1
f

kT

γ ω
ω

=
  − 
 






	�Zustandsdichten�effektive Masse, Beweglichkeit
	Density of states for electrons 
	effective mass
	Energy distribution of electrons ne
	Properties of holes
	Electron and hole concentrations �in the dark
	Doping
	Electrons in n-type semiconductor
	Transport properties, drift current�caused by electric field E
	Diffusion current  (looking for a driving force)
	total charge current
	Energies of electron-hole pairs
	Energy scale for electrons
	Contact between different materials
	Density of states for photons 
	Planck`s law

