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Electron bands





All properties 
depend on n and m

Fit data to n amd m



Bloch Theorem

Eigenfunction solutions of the Schrödinger equation have Bloch form. 
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is a wavevector in the first Brillouin zone. 

is a periodic function.



Bloch waves in 1-D



Band structure in 1-D



Empty lattice approximation



G           X     W             G             U  X

empty lattice approximation



Metals, semiconductors, and insulators

From Ibach & Lueth

Insulators: band gap > 3 eV



2N states per Brillouin zone

A crystal L×L×L has       primitive unit cells.
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The first Brillouin zone contains                               k points.
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Each k state can hold 2 electrons (spin).

There are 2N electron states per Brillouin zone.

2N electron states per band



http://lampx.tugraz.at/~hadley/ss2/fermisurface/2d_fermisurface/2dsquare.php



http://lampx.tugraz.at/~hadley/ss2/fermisurface/3d_fermisurface/index.html



Band structure calculations

Knowing how the atoms are arranged, calculate the electron states

Density Functional Theory (DFT)
Plane wave method
Tight binding



Band structure calculations



Plane wave method

The potential is periodic

Bloch form

We can relabel the reciprocal lattice vectors since we sum over them.



Plane wave method

Central equations: 

Only the terms with the same wavelength can be equal to each other. 

There is one equation for each      vector.





Tight binding

Harrison, Electronic Structure, Freeman 1980



Tight binding, fcc
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Density of states (fcc)

Calculate the energy for every allowed k in the Brillouin zone

http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/tbtable.html



http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/tbtable.html



Tight binding, fcc

Christian Gruber, 2008



Tight binding, fcc

http://www.phys.ufl.edu/fermisurface/



http://www.phys.ufl.edu/fermisurface/



http://www.springermaterials.com/navigation/bookshelf.html#l_2_106048_



Lithium bcc
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Sodium



http://lampx.tugraz.at/~hadley/ss1/bands/bandstructures/Cr/Cr_Bandstructure.html



Transition metals 



d band metals, transition metals

f band metals, rare earths



Copper dispersion relation and density of states

from Ibach & Lueth

Empty
lattice
approx.

4s overlaps more than 3d



Silver



Gold



Measure the density of states 
with photoemission 
spectroscopy 

Photoemission spectroscopy

UPS - Ultraviolet 
photoemission spectroscopy 

From: Ibach & Lueth

Secondary 
electrons 



Angle resolved photoemission spectroscopy (ARPES) 

Measure the dispersion relation with angle resolved photoemission  



Optical absorption 

Hydrogen atom

Copper fcc crystal



Thermodynamic properties of metals

From the band structure measurements, we obtain the electron 
density of states.

Thermodynamic 
properties can be 
calculated from the 
tabulated data for the 
density of states



Thermodynamic properties of metals



http://www.sciencedirect.com/science/article/pii/036459169190030N

SGTE data for pure elements 


