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Semi-conductors
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Tight-binding (LCAO for solids)
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Tight-binding (LCAO for solids)

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

e Bloch eigenstates of a REAL CRYSTAL
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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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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]
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Tight-binding vs. empirical psp
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Fig. 2.25. A comparison between the band structure of Ge calculated by (a) the tight-binding method. (b) the empirical pseudopotential

method. and (¢) the nearly free electron model [Ref. 2.18. p. 79]
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Band structure of graphene
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Band structure of graphene
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Band structure of graphene
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Carbon nanotubes
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Energy (eV)

Zone folding: Band structure of nanotubes

(8,0) semiconducting
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Resisiivity (ohm-cm)
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The resistivity of antimony-doped germanium as a function of 1/T for several impixirity‘ con-
MSE 423 Fundamentals  cenrations. (From H. J. Fritzsche, J. Phys. Chem. Solids 6,69 (1958)) e

Optical absorption in Ge
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Density of carriers at thermal equilibrum
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Density of carriers at thermal equilibium

(non-degenerate sc)
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Density of available states
(isotropic effective mass)
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Miracle! Law of Mass Actio.n

ne(T) = N, (T)e (€e=#)/ KT

po(T) = Py(T)e~(h=€)/KsT A & \p

— N,(T)P,(T)e” K5t

This is a property of the material (does not depend on doping)
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Intrinsic case
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Intrinsic case
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