6.730 Physics for Solid State Applications

Lecture 15: Electrons in a Periodic Solid
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e Review 2-D Tight-binding

e 3-D Tight-binding

e Semiconductor Fermi Energy
e Silicon Bandstructure



2D Monatomic Square Crystals
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2D Monatomic Square Crystals
Dispersion Relations
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2D Monatomic Square Crystals

Dispersion Relations
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2D Monatomic Square Crystals
Variations with Lattice Constant
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2D Monatomic Square Crystals
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2D Monatomic Square Crystals
Fermi Energy

How many states per band ?
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where nis the areal density of atoms

To estimate Fermi energy we need to know the number of
outermost valence electrons each atom has...
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2D Monatomic Square Crystals
Dispersion Relations

Es= -10.11 Ep=-4.86 Wsss5=-0.135266 Vsps= 04635 Vpps= 0816816 Vppp= 020404
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Reducing g, makes Mg a
conductor (semimetal) !



LCAOQO Basis for FCC Crystals

Ga: [Ar]3d104s? 4p!
As: [Ar]3d!04s? 4p°

c[Rn] = Cp.1




Tight-binding for 3-D Crystals

p(r) =) D ca[Rylda(r — Ry)

a n:Rg

Best estimate for energy with LCAO basis....
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Hamiltonian matrix....
ﬁﬁ,a(Rm Rm) = <¢B(I’ - Rn)|7:[|¢a(r — Rm))

Overlap matrix....

S5 o(Rn, Rp) = (¢5(r — Rn)|¢a(r — Rp))



Tight-binding for 3-D Crystals

p(r) =) D ca[Rylda(r — Ry)

a n:Rg

Since the probability of finding electrons at each lattice site is equal...

¢[Rn + R/] = X Rec[Ry] c[Rn] = ek Rng

Consequently...

H(k)é = ES(k) ¢

H(k) = Zﬁ(Rp)e—ik-Rp S(k) = Z g(Rp)e—ik-Rp
Rp Rp



Energy Band for 1-D Lattice
Two orbital, single atom basis
Hamiltonian Matrix
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Orbital Overlaps for 3-D Crystals

Diamond and Zincblende

Nsso = —1.40 &~ —97° /64 Nppe = 3.24



Orbital Overlaps for 3-D Crystals
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Orbital Overlaps for 3-D Crystals
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Orbital Overlaps for 3-D Crystals

Diamond and Zincblende
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Zincblende LCAQO Bands

Reduced Hamiltonian Matrix
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Zincblende LCAQO Bands

Nearest Neighbors

Rz — —5(}7 + 2)
Ry = —(2+%)
Ry=——(%+7%)
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Zincblende LCAQO Bands

Reduced Hamiltonian Matrix
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Silicon Bandstructure

Si: [Ne] 3s”3p?

4 e- per silicon atom
2 silicon atoms per lattice site
total: 8 electrons at each site




Silicon and Germanium Bandstructure

Si: [Ne] 3s* 3p* Ge: [Ar]3d!104s? 4p?



LCAO and Nearly Free Electron Bandstructure
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