6.730 Physics for Solid State Applications

Lecture 13: Electrons in a Periodic Solid

QOutline

e Review Electronic Bandstructure Calculations
e Example: 1-D Crystals with Two Atomic Functions
e Example: 1-D Crystals with Two Atom Basis



Overview

2 electrons each
for p,,p,.P,

2V electrons



Tight-binding and Lattice Wave Formalism
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Energy for LCAO Bands
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Energy for LCAO Bands
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Reduced Overlap Matrix for 1-D Lattice

Single orbital, single atom basis
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Reduced Hamiltonian Matrix for 1-D Lattice
Single orbital, single atom basis
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Energy Band for 1-D Lattice

Single orbital, single atom basis

H(k)e=FES(k)e

B H(k) B Es_l_vssa(eika_l_e—ika)
~ S(k) 14 S(1)(etka 4 e—ika)

E(k) E(k) = E(k 4+ n27/a)

S(1)] <« 1

E(k) ~ Es+ 2 Vsss COSka



LCAO Wavefunction for 1-D Lattice

Single orbital, single atom basis
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Energy Band for 1-D Lattice

Two orbital, single atom basis

2N electrons each
for p,,p,.P,

2V electrons



Energy Band for 1-D Lattice

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

Two orbital, single atom basis
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Energy Band for 1-D Lattice
Two orbital, single atom basis
Hamiltonian Matrix
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Energy Band for 1-D Lattice
Two orbital, single atom basis
Overlap Matrix
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Energy Band for 1-D Lattice

Two orbital, single atom basis
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Energy Band for 1-D Lattice
Two orbital, single atom basis
Solutions
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At k=0:
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Energy Band for 1-D Lattice
Two orbital, single atom basis
Solutions

At k=r/a:
: S 1
Ei(rm/a) = Es+42|Vsso| with e>(0) = ( 0 ) pure s
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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....

At high symmetry points tight-binding returns pure orbitals...



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

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

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

Single orbital, two atom basis

At k=0:
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Energy Band for 1-D Lattice

Single orbital, two atom basis

At k==/a:
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