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Course annotation

The goal of this course to provide thorough understanding of selected topics in solid
state physics. The course will consist of three main parts: a) Description and
characterization of crystalline state using X-ray and other diffraction methods, b) charge
transport in materials with different crystallinity, ¢) polarization phenomena in solid state

and phase transitions.

Crystals and crystal structures. Bravais lattices and crystal systems. Miller indexes and
zone axis. Reciprocal lattice. Bragg’s law. X-ray diffraction. Ewald’s sphere. Possible
diffraction geometries and scans. Determination of crystal phase, structure, orientation,
composition , strain, thickness, dislocation density of crystalline materials. Electron

diffraction in TEM, RHEED, EBSD techniques.

Transport of charge carriers: high and low conductivity materials, conductivity
relaxation time, space charge limited current, influence of trapping, ambipolar mobility.
Charge carriers transport in mesoscopic structures, ballistic transport, quantization of
conductivity, single electron transistor. Transport in amorphous materials, forbidden gap of
mobility, Anderson’s localization criteria. Models of the charge carriers transport in organic
materials, hopping of charge carriers, movement through the Gaussian density of states.
Experimental techniques for estimation of the charge carriers mobility.

Electric polarization in condensed matter. Interaction between electromagnetic
radiation and electric dipoles, nanoclusters and phonons. Phase transitions in condensed
matter, thermodynamic and statistical theory of phase transitions, models describing static
and dynamic properties of phase transitions. Metastable states and self-organizing systems.
Experimental methods to study phase transitions. Ferroelectric and related materials.
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