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Fermi surface for fcc in the empty lattice approximation 

Valence 4



The flat planes are edges of the Brillouin
zone boundary, not the Fermi surface.





Band structure calculations

Start with the full Hamiltonian.

Everything you can know is contained in this Hamiltonian.

Usually this is too difficult to solve.
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Fix the positions of the nuclei (Born Oppenheimer approximation) and 
consider the many electron Hamiltonian.

This is still too difficult. Neglect the electron-electron interactions.
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Electrons in a crystal



Separation of variables

The electronic Hamiltonian separates into the molecular orbital 
Hamiltonians.

Helec(r1,r2,...rn) = HMO(r1) + HMO(r2) + ... HMO(rn)

elec(r1,r2,...rn) = |MO(r1)MO(r2)  ... MO(rn)>
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Solving the molecular orbital Hamiltonian

Band structure calculations:

Plane wave method 
Tight binding (LCAO+)

DFT
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http://www.quantum-espresso.org/
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Tight binding

Tight binding does not include electron-electron interactions

22 2

0

( )
2 2 4

A
MO

Ae e A

Z eH V r
m m r r
 

    
 
 

    1 2 3 1 2 3
, ,

expk a a
l m n a

i lk a mk a nk a c r la ma na          
        

Assume a solution of the form.

atomic orbitals: 
choose the relevant 
valence orbitals

http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tightbinding/tightbinding.php



Tight binding
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There is one equation for each atomic orbital



Tight binding, one atomic orbital 

For only one atomic orbital in the sum over valence orbitals
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