MSE 423 Fall 2025 — Week 12
Semi-conductors

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

Last week

* Fermi surfaces

* The independent-electron gas: BvK boundary conditions
and the counting of states

* Particles density and energy density

* Density of states; massive vs massless bands

* Statistics of classical and quantum particles

* Probability and partition function

e Chemical potential and Fermi-Dirac distribution
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Tight-binding (LCAO for SO|IdS)
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Tight-binding (LCAO for solids)
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e Bloch eigenstates of an ATOMIC CRYSTAL
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Tight-binding (LCAO for solids)
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From levels to bands
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From levels to bands
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Tight-binding vs. empirical psp
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Fig. 2.24. The valence band structure and density of states (see Sect. 4.3.1 for definition)
of Si calculated by the tight-binding method (broken curves) and by the empirical pseu-
dopotential method (solid lines) [2.19]

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

Tight- bmdmg vs. empirical psp
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Fig. 2.25. A comparison between the band structure of Ge caleulated by (a) the tight-binding method. (b) the empirical pseudopotent
method. and (¢) the nearly free electron model [Ref. 2.18. p. 79]

/_—-_-—-

e

13823 Fundamentals of Solid-state Materials - Nicola Marzari (EPFL, Fall 2025)

Band cnergy [¢V]

ial



Band structure of graphene
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Band structure of graphene
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Band structure of graphene
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metallic
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Band structure of nanotubes
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Sb-doped
m
Germanium
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Figure 28.2 : e N
The resistivity of antimony-doped germanium as a function of 1/T for several impilfi;y con-

MSE 423 Fundamentals  centrations. (From H. J. Fritzsche, J. Phys. Chem. Solids 6,69 (1958))



