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DATI REGISTRO
insegnamento FISICA DELLO STATO SOLIDO (cod. 204BB)

corso di studi WFI-LM - FISICA
Condiviso con altri corsi di laurea dettaglio

periodo Primo semestre
responsabile STEFANO RODDARO
docenti STEFANO RODDARO , ALESSANDRO PITANTI

totale ore 55
( Lezione: 53 ore , Esercitazione: 2 ore )

Calendario lezioni  Dettaglio ore

LEZIONI

1. Lun 23/09/2019 16:00-18:00 (2:0 h) lezione: Course description and organization. Periodic
unidimensional systems. Bloch theorem and representation of the eigenvalues in the reciprocal
space. Kronig-Penney model. (STEFANO RODDARO)

2. Mar 24/09/2019 10:00-12:00 (2:0 h) lezione: Transfer matrix method. Properties of the transfer
matrix and expression in terms of the amplitudes r and t. Double barrier problem and resonant

tunneling. Limit of infinite barrier sequence and link to the Kronig Penney model. Resonance
conditions for N identical barriers. (STEFANO RODDARO)

3. Gio 26/09/2019 10:00-11:00 (1:0 h) lezione: Simplified tight binding model in 1D: link between the
hopping parameter and band width. Nearly free-electron model in 1D. (STEFANO RODDARO)

4. Lun 30/09/2019 16:00-18:00 (2:0 h) lezione: Group velocity. Acceleration theorem (classic and
guantum versions). Constant electric field: single band approximation and its validity; Block
oscillator. (STEFANO RODDARO)

5. Mar 01/10/2019 10:00-12:00 (2:0 h) lezione: Geometry of crystals. Bravais lattice, primitive vectors
and cells. Restriction theorem. Plane groups. Space groups. Simple and compound crystals.
Common crystal examples. (STEFANO RODDARO)

6. Gio 03/10/2019 10:00-11:00 (7:0 h) lezione: Reciprocal lattice. First Brillouin zone: definition and
common examples. Particle scatteirng on a crystal, introduction. (STEFANO RODDARO)

7. Lun 07/10/2019 16:00-18:00 (2:0 h) lezione: X-ray diffraction. Bragg condition, von Laue condition
and their equivalence. Effect of the BL and of the base on the diffraction pattern. General
introduction to the hierarchy of the 32 point symmetry groups in 3D. (STEFANO RODDARO)

8. Mar 08/10/2019 10:00-12:00 (2:0 h) lezione: Definition of nth Brillouin zone and folding of a free-
electron parabola in 2D and 3D. Degeneracy and filling of the electronic bands, definition of Fermi
surface. Density of states and critical points in 1D, 2D and 3D. (STEFANO RODDARO)

9. Gio 10/10/2019 10:00-11:00 (7.0 h) lezione: Exercises: degeneracies in the folded free-electron
dispersion (2D and 3D case); band structure of Al; diffraction from a diamond structure. (STEFANO
RODDARO)

10. Lun 14/10/2019 16:00-18:00 (2:0 h) lezione: Exercise on Zener tunneling using the Landau-Zener
formula for non-adiabatic transitions. Single-orbital tight binding on a square/cubic lattice:
"squarium" and "cubium", critical points, density of states and open Fermi surfaces. (STEFANO
RODDARO)

11. Mar 15/10/2019 10:00-11:00 (7:0 h) lezione: The "k dot p" theory and the calculation of the effective
mass tensor. Energy gaps and band mass in llI-V semiconductors. (STEFANO RODDARO)

12. Mar 15/10/2019 11:00-12:00 (7.0 h) lezione: Fronzen lattice approximation. From the many-
electron problem to the one-electron hamiltonian: Hartree approximation. (STEFANO RODDARO)

13. Lun 21/10/2019 16:00-18:00 (2:0 h) lezione: Hartree-Fock approximation. Basic ideas behind DFT.
Intro to band calculation methods. Tight binding formalism and semi-empirical TB. (STEFANO
RODDARO)

14. Mar 22/10/2019 10:00-12:00 (2:0 h) lezione: Tight binding examples: nearest neighbour expansions
K on a simple FCC, s-band and p-bands; graphene. (STEFANO RODDARO)
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. Gio 24/10/2019 10:00-11:00 (1:0 h) lezione: Herring catastrophe. Orthogonalized plane waves.



Pseudopotentials. (STEFANO RODDARO) ’_—*___\_’

16. Mar 29/10/2019 10:00-12:00 (2:0 h) lezione: Empirical pseudopotentials for diamond and zincblend
structures. Norm-conserving pseudopotentials. Intro to conduction, Drude model . (STEFANO
RODDARO)

17. Gio 31/10/2019 10:00-11:00 (1:0 h) lezione: Orders of magnitude for metals parameters in Drude
theory. Sommerfeld model and Sommerfel expansion. (STEFANO RODDARO)

18. Lun 04/11/2019 16:00-18:00 (2:0 h) lezione: Sommerfeld expansion: dmu/dT, cV. Boltzmann
transport equation in the relaxation time approximation, charge transport. (STEFANO RODDARO)

19. Mar 05/11/2019 10:00-12:00 (2:0 h) lezione: Heat current density and demonstration of WF law.
Seebeck coefficient. Limits for the Sommerfeld model. Thermoionic emission and Richardson law.
(STEFANO RODDARO)

20. Gio 07/11/2019 10:00-11:00 (1.0 h) lezione: Magnetic effects in the semiclassical limit, Bohr-
Leeuwen theorem (only mentioned). Magnetization and free energy. Landau levels. (STEFANO
RODDARO)

21. Lun 11/11/2019 16:00-18:00 (2:0 h) lezione: Landau levels and magnetization effects. Landau
tubes and magnetization effects in the Sommerfeld model. De Haas Van Alphen effect. (STEFANO
RODDARO)

22. Mar 12/11/2019 10:00-12:00 (2:0 h) lezione: Integer quantum Hall effect. Landau level quantization
with edge modes. Calculation of the current. Effect of disorder. (STEFANO RODDARO)

q 23. Gio 14/11/2019 10:00-11:00 (1.0 h) lezione: More details on magnetization oscillations,
formalization of the integral of orbital magnetization for a free electron system. (STEFANO
¢ RODDARO)

24. Mar 19/11/2019 10:00-12:00 (2:0 h) lezione: Born Huang approximation and Born Oppenheimer
approximation. (STEFANO RODDARO)

25. Gio 21/11/2019 09:00-11:00 (2:0 h) lezione: Linear monoatomic and diatomic crystal: derivation of
acoustic and optical phonon dispersions. Strong coupling and coupling of lattice vibrations with
light: phonon-polaritons. (ALESSANDRO PITANTI)

26. Lun 25/11/2019 16:00-18:00 (2:0 h) lezione: Lorentz model for dielectric function. Quantum theory
of the harmonic crystal and derivation of specific heat (Einstein and Debye). Anharmonic effects:
corrections to specific heat, Lindemann criterion, thermal conductivity and umklapp processes.
(ALESSANDRO PITANTI)

27. Mar 26/11/2019 10:00-12:00 (2:0 h) lezione: Optical transitions, transverse and longitudinal
dielectric constants. Direct optical transitions (dipole approximation). Kramers-Kronig relationship.
Plasma Frequency. Examples of absorption spectra. Purcell effect for spontaneous emission.
(ALESSANDRO PITANTI)

% 28. Gio 28/11/2019 09:00-11:00 (2:0 h) lezione: Indirect optical transitions. Various examples of
absorption spectra and different trends. Drude model for dielectric function and optical properties of
metals. Surface Plasmon Polaritons. (ALESSANDRO PITANTI)

29. Lun 02/12/2019 16:00-18:00 (2:0 h) lezione: Introduction to semiconductors and to band
dispersions close to the gap for commons cubic semiconductors. Carrier statistics in intrinsic
semiconductors. (STEFANO RODDARO)

30. Mar 03/12/2019 10:00-12:00 (2:0 h) lezione: Shallow impurities and deep center. Envelope function
approximation. Statistics of electron occupancy in impurities. Carrier density in doped
semiconductors. (STEFANO RODDARO)

31. Gio 05/12/2019 09:00-11:00 (2:0 h) lezione: Drift-diffusion equations. Generation-recombination
phenomena, model for radiative GR and for trap-mediated GR. Diffusion length. (STEFANO
RODDARO)

q 32. Lun 09/12/2019 16:00-18:00 (2:0 h) esercitazione: Final details about magnetism and very brief
* introduction to excitonic effects in semiconductors. ** END OF THE COURSE ** (STEFANO
RODDARO)

Calendario lezioni  Dettaglio ore



