
Institute of Solid State Physics
Technische Universität Graz

Electrons



Exam
One A4 handwritten notes
One hour
Like the exams online



Silicon density of states

T = 300 K

1012

electrons in 
the 
conduction 
band

T = 300 K



Institute of Solid State Physics
Technische Universität Graz

Boltzmann Approximation



The free electron density of states is modified by the effective mass. 
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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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Law of mass action
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For intrinsic semiconductors (no impurities)
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Intrinsic carrier concentration
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Chemical potential of an intrinsic semiconductor
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http://lampx.tugraz.at/~hadley/ss1/semiconductors/boltzmann.php



The electrical contribution to the 
thermodynamic properties of insulators 
depend on band edges



http://lamp.tu-graz.ac.at/~hadley/ss1/semiconductors/intrinsic.php



http://www.matprop.ru/semicond



Narrow bandgap semiconductors 

Ev Ec

Use the programs for metals for small bandgap semiconductors.



Large gap -> large effective mass
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polytypes

Different polytypes Different properties
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Graphene

Two atoms per unit cell

Graphene has an unusual dispersion relation in the vicinity of the 
Fermi energy. 
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Tight binding, graphene
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www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 
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http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/dispgraphene.html

Another band is included here.
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http://lampz.tugraz.at/~hadley/ss1/bands/tbtable/dispbn.html

2.8

2-D boron nitride



www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 

Carbon nanotubes - rolled up graphene

armchair

zig-zag

chiral



http://www.personal.rdg.ac.uk/~scsharip/tubes.htm

(m,n) notation



Carbon nanotubes 

metallic (5,5)  armchair tube
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http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/CNTs.html



Carbon nanotubes 

http://lampz.tugraz.at/~hadley/ss1/bands/tbtable/cnt_files/cnts.html



laser-induced pyrolysis of polymers



The properties of solids

electronic band structure E vs. k
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phonon band structure w vs. k

density of states

Electrical conductivity, thermal conductivity, Seebeck effect



Calculating energies

Electronic component

Phonon component



metal b Sn white tin

semiconductor: electrons make a 
negligible contribution to the entropy
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Structural phase transition in Sn



Structural phase transition in Sn

semiconductor
diamond crystal 
structure

metal
tetragonal 
crystal structure



metal b Sn = A5

Structural phase transition in Sn

http://lampx.tugraz.at/~hadley/ss1/materials/sgte/SGTE.html


