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3 Energy Bands and Charge Carriers in Semiconductors 
 
 

 



Charge Carriers concentration 

Temperature dependence 



The Fermi distribution for intrinsic 
(undoped) semiconductor 



The Fermi distribution for n-doped 
semiconductor 



The Fermi distribution for p-doped 
semiconductor 



Electron and hole concentration in 
equilibrium 

For electrons applies 
 
 
 
 
Where               is the density of states in cm-3 within dE 

Integrations gives (appendix IV) 

Subscript denotes Equilibrium 



Electron concentration in equilibrium 

Effective density of states 

Ec-Ef>kT 
kT=0.0259 eV RT 



Hole concentration in equilibrium 

Effective density of states 

Ef-Ev>kT 



Band-diagram (undoped) 



Band-diagram n-type 



Band-diagram p-type 



Effective mass  

•Effective mass when calculating the density of states, silicon 
 
 
 
 

•Effective mass when calculating the conductivity 
(movement of charge), silicon 
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6  Energy surfaces     
in silicon 
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Effective mass 

For GaAs, where the conduction band is spherically is the 
effective mass of the electrons in the calculation of the density 
of states and conductivity as (0.067mo) 
 



Effective mass table 



The temperature dependence of the 
carrier concentration 

Arrenius-plot! 

The law of mass 
action at equilibrium 
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Compensating and charge neutrality 

Doped with 1015 cm-3 

Donators (n-type) 



Compensating and charge neutrality 

Nd>Na 

Nd=Na n0=p0=ni 



Conductivity and mobility 

Thermal motion of the electron in the material. 

On average, for a greater number of 
electrons, no net movement can be seen 

With an electric field, we get a net movement of electrons 

Drift velocity in electric field 



Conductivity and mobility 

px  and  t  depends on the electrons scattering in the crystal lattice 

mobility 

Can also be written as 

t¯ is the average time between two 
scatterings  



Conductivity and mobility 

Effective mass for conductivity is calculated for electrons in Silicon with;  
Or can be downloaded from the table! 

Both holes and electrons! 



Drift and Resistance 

Both hole and electron 
movement in the material. 



Temperature and doping effects on 
mobility 

Calculation of mobility 

The probability increases for scattering when the thermal 
speed decreases for the charge carrier and the probability 
of scattering against ionized impurities (doping) increases 

The mechanism that causes 
the lowest mobility 
dominates! 



Temperature and doping effect on 
mobility 



Effects at high field 

Charge carrier velocity has a 
maximum value! 

At vdsat reduces the mobility with increased electrical field 

vdsat 

kisel 



Hall effect ( in a p-type semiconductor) 

Magnetic force 
acting on the 
holes 

An electric field 
arises that prevents 
further movement of 
holes 

Hall coefficient 



Hall effect ( in a p-type semiconductor) 

Measurement of Hall voltage gives an 
accurate measurement of hole 
concentration 

Hall coefficient and resistivity 
produces a measurement of 
mobility 



Fermi level at equilibrium 

Fyllda tillstånd i M1 Ofyllda tillstånd i M2 

EF1=EF2 

N1f1N2-N1f1 N2f2=N2f2N1-N2f2N1f1 


	Bildnummer 1
	Outline
	Charge Carriers concentration
	The Fermi distribution for intrinsic (undoped) semiconductor
	The Fermi distribution for n-doped semiconductor
	The Fermi distribution for p-doped semiconductor
	Electron and hole concentration in equilibrium
	Electron concentration in equilibrium
	Hole concentration in equilibrium
	Band-diagram (undoped)
	Band-diagram n-type
	Band-diagram p-type
	Effective mass 
	Effective mass
	Effective mass table
	The temperature dependence of the carrier concentration
	Compensating and charge neutrality
	Compensating and charge neutrality
	Conductivity and mobility
	Conductivity and mobility
	Conductivity and mobility
	Drift and Resistance
	Temperature and doping effects on mobility
	Temperature and doping effect on mobility
	Effects at high field
	Hall effect ( in a p-type semiconductor)
	Hall effect ( in a p-type semiconductor)
	Fermi level at equilibrium

