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General competences:
— Realization of a team activity and identification of specific professional roles
Course-specific competences:
— Description of physical systems, using specific theories and tools (experimental and theoretical
models, algorithms, schemes, etc.)
— Proper use of numerical methods and mathematical statistics in the analysis and processing of
specific physical data
— Application of Physics knowledge both in given situations in related fields and in experiments,
using standard laboratory equipment.
— Explanation and interpretation of physical phenomena by formulating assumptions and
operationalizing key concepts and proper use of laboratory equipment.

On successful completion of this course, the students will be able to:

e Explain the periodic atom distribution in the solid state and the consequences of this distribution;

e Explain the energy band structure, highlighting the differences between metals, semiconductors
and insulators;

e Describe the charge carrier transport phenomena occurring in solid bodies;

e Describe the main investigation techniques of the solid state using the data for calculating
characteristic parameters;

e Use laboratory equipment to characterize different solid state materials.

Main characteristics of the solid state. Crystalline lattice. Examples and properties. Bravais lattices. Planes
and directions in real lattices, Miller indexes. Reciprocal lattice. Atomic coordinates, packing factor.
Examples of crystalline structures (metallic, ionic and covalent crystals). Structural defects.

Crystalline bond. General properties. Van der Waals, hydrogen, metallic, ionic and covalent bonds.

Lattice vibrations. Cases of 1 and 2 atom base. Brillouin zones. Born-Karman conditions. Normal modes.
Phonons.

Thermal properties of solids. Specific heat. Debye and Einstein models.

Energy bands in crystalline solids-phenomenological approach.

Electron energy spectra in the solid body. Schrédinger eq. for a crystal.

Different models for calculating energy spectra (Sommerfeld, adiabatic, Hartree-Fock, tight bonding
electrons etc.). Bloch functions. k space. Fermi sphere and energy. Density of states. Kronig-Penney model.
Differences between metals and semiconductors (Mott-Gurney model).

Free charge carrier (CC) statistic in metals and semiconductors. Temperature dependence of CC
concentration and Fermi level position in intrinsic and extrinsic semiconductors.

Transport phenomena in solids. Effective mass. Boltzmann eq. Scattering and relaxations mechanisms.
Thermal conductivity. Diffusion. Electrical conductivity in metals and semiconductors.

Galvanomagnetic, thermoelectric and thermomagnetic effects.

Non equilibrium CC statistic. Drift and diffusion currents. Einstein relations.

Optical and photoelectrical phenomena in solids (absorption, photoconduction, Dember and photomagnetic
effects, luminescence)

Magnetic properties of solids. Classification and models (dia-, para-, fero-, feri- etc.-magnetism). Dielectric
properties of solids.

Basic methods for study of the solid body. X-ray diffraction (Bragg relation, Laue egs., different techniques),
tunneling microscopy, AFM techniques, etc.)




Laboratory content:

Presentation of rules for work safety and protection. Equipment and conduct of the activities.
Determination of the symmetry elements of the Bravais lattices.

Determination of crystalline grain size for different metallic, alloy and semiconducting materials.

Study of the crystal dislocations structure. Determination of dislocation density.

Temperature dependence of the electrical conductivity for metal and semiconductor materials.
Determination of the semiconductor band-gap.

Study of the Hall effect. Applications.

Thermoelectrical (Seebeck) effect.

Study of the Peltier effect.

Photoconduction phenomena. Determination of optical band-gap from photoconduction spectra.

Optical absorption. Determination of the absorption spectra and optical activation energy.

Photovoltaic effect. Determination of solar cells efficiency.

Study of magnetization mechanism for ferro- and ferri-magnetic materials.

Study of dielectric properties of solids. Temperature dependence of permittivity.

Seminar content:

Symmetry elements of the crystalline lattices. Examples for 1 and 2 dimensional lattices.

Coordination number for some real crystalline structures. Determination of the primitive cells for complex
lattices.

Atomic coordinates, atomic radius, package factor. Examples.

Determination of the Miller indexes for different planes and directions. Calculation of the interplanar spacing
in different structures.

Presentation of the most important complex crystalline structures.

Determination of the total energy for van der Waals crystals and of the Madelung energy for ionic crystals.
Fermi level position in degenerate semiconductors. Degeneration criteria. Numeric examples.
Determination of some numeric values for typical parameters of semiconducting materials.

Determination of the dependence of Hall coefficient on temperature for n-type semiconductor.
Determination of some lattice parameters from X-Ray patterns.
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LEARNING AND TEACHING METHODS | Problem solving, demonstration, collaboration

Lecture, media presentation

ASSESSMENT METHODS e [Exam

e Colloguium
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