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6.730 Physics for Solid State Applications

Lecture 14: Electrons in a Periodic Solid

• Review Electronic Bandstructure Calculations

• Example: 1-D Crystals with Two Atomic Functions

• Example: 1-D Crystals with Two Atom Basis

Outline

March 6, 2004

OverviewOverview

2N electrons

2N electrons each 
for px,py,pz
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TightTight--binding and Lattice Wave Formalismbinding and Lattice Wave Formalism

Lattice WavesElectrons (LCAO)

Energy for LCAO BandsEnergy for LCAO Bands
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Energy for LCAO BandsEnergy for LCAO Bands

Reduced Hamiltonian Matrix: Reduced Overlap Matrix:

Reduced Overlap Matrix for 1Reduced Overlap Matrix for 1--D LatticeD Lattice
Single orbital, single atom basisSingle orbital, single atom basis
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Reduced Hamiltonian Matrix for 1Reduced Hamiltonian Matrix for 1--D LatticeD Lattice
Single orbital, single atom basisSingle orbital, single atom basis

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Single orbital, single atom basisSingle orbital, single atom basis
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LCAO LCAO WavefunctionWavefunction for 1for 1--D LatticeD Lattice
Single orbital, single atom basisSingle orbital, single atom basis

2N electrons

2N electrons each 
for px,py,pz

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis
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Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

Reduced Hamiltonian and Overlap Matrices:

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

2x22x2 2x12x1
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Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

Hamiltonian MatrixHamiltonian Matrix

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

Overlap MatrixOverlap Matrix
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Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

SolutionsSolutions

E(k)

k
−π/a π/a
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At k=0:

pure s

pure p

E(k)

k
−π/a π/a

At Brillouin
Zone  Center

At k=π/a:
pure s

pure p

For k away from zone center and zone boundary, bands are mixture of s and p
but will have a dominant s-like or p-like character….

E(k)

k
−π/a π/a

At Brillouin
Zone  EdgeEnergy gap
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Energy Band for 1Energy Band for 1--D LatticeD Lattice
Two orbital, single atom basisTwo orbital, single atom basis

SolutionsSolutions

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Single orbital, two atom basisSingle orbital, two atom basis
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Energy Band for 1Energy Band for 1--D LatticeD Lattice
Single orbital, two atom basisSingle orbital, two atom basis

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Single orbital, two atom basisSingle orbital, two atom basis

At k=0:



12

Energy Band for 1Energy Band for 1--D LatticeD Lattice
Single orbital, two atom basisSingle orbital, two atom basis

At k=π/a:


