
Calculating Band Structure

Nearly free electron
ÅAssume plane wave solution for electrons

ÅWeak potential V(x)

ÅBrillouin zone edge

Tight binding method

ÅElectrons in local atomic states (bound states)

ÅInteratomic interactions >> lower potential

ÅUnbound states for electrons

ÅEnergy Gap = difference between bound / unbound states 

Crystal Field Splitting

ÅGroup theory to determine crystalline symmetry

ÅCrystalline symmetry establishes relevant energy levels 

ÅField splitting of energy levels

However all approaches assume a crystal structures.  Bands and energy gaps 
still exist without the need for crystalline structure.  For these systems, 
Molecular Orbital theory is used.



Free Electron Model

Å Energy bands consist of a large number of closely spaced energy levels.

Å Free electron model assumes electrons are free to move within the 

metal but are confined to the metal by potential barriers.

Å This model is OK for metals, but does not work for semiconductors since 

the effects of periodic potential have been ignored.



Kronig-Penny Model

Å This model takes into account the effect of periodic arrangement of 

electron energy levels as a function of lattice constant a

Å As the lattice constant is reduced, there is an overlap of electron 

wavefunctions that leads to splitting of energy levels consistent 

with Pauli exclusion principle.

Energy bands for diamond versus lattice constant.

A further lowering of the 

lattice constant causes the 

energy bands to split again



Formation of Bands

Inter-atom interactions

Many more states

Periodic potential

Band gap



Conduction / valence bands

Bound states

Conduction band states

Free electron model

Valence band states



Conduction / valence bands

Conduction band states

Lowest Unoccupied 

Molecular Level

(LUMO)

Valence band states

Highest Occupied 

Molecular Orbital 

(HOMO)



Electrons fill from bottom up
Semiconductor = filled valence band



Example band structures

Find:
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