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MSE 423 Fall 2025 – Week 11

“Dr. Fermi, I presume?”
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Last week

• Diamond/zincblend lattices and their BZs – special points and 
paths

• Band structures and ARPES
• Diamond and zincblende semiconductors
• Free electron gas and silicon; silicon vs lead; silicon vs 

germanium vs GaAs (also, OSSCAR)
• Valence and conduction band minima/maxima – discussion in 

Si/Ge/GaAs along a path or in 3D BZ
• Band gaps (values), and direct/indirect
• Perovskites, coinage metals, localized vs delocalized
• Group velocity and effective mass



The Fermi surface
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The Fermi surface
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The Fermi surface (fcc)
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The Fermi surface

http://www.phys.ufl.edu/fermisurface/ 
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http://www.phys.ufl.edu/fermisurface/


The independent-electron gas

• Hamiltonian

• Eigenvalues and eigenfunctions
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The independent-electron gas

• BvK boundary conditions
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The independent-electron gas

• Counting the states
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The independent-electron gas

• Particle density
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The independent-electron gas

• Energy density
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Density of states (for any solid)
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Massive vs massless bands
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Dimensions d=1 d=2 d=3

Massless (E≈k) const E E2

Massive (E≈k2) 1/sqrt(E) const sqrt(E)
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•  S goes as kd-1 , where d is the dimensionality

•          for a band that  has kl dispersions goes as k-(l-1),

•  the integral goes as kd-l 

•  energy is proportional to kl, the integral goes as ε(d-l)/l 
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Statistics of classical and quantum particles
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Probability and partition function
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Chemical potential
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Fermi-Dirac distribution
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Tight-binding (LCAO for solids)

• Hamiltonian
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Ĥ = Ĥat + ΔÛ !r( )



Tight-binding (LCAO for solids)

• Bloch eigenstates of an ATOMIC CRYSTAL
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Tight-binding (LCAO for solids)

• Bloch eigenstates of a REAL CRYSTAL
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From levels to bands
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From levels to bands
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How many bands in silicon ?
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Tight-binding vs. empirical psp
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Tight-binding vs. empirical psp

MSE 423 Fundamentals of Solid-state Materials - Nicola Marzari (EPFL, Fall 2025)

Band structure of graphene
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Band structure of graphene
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Carbon nanotubes
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Zone folding: Band structure of nanotubes
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