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Course annotation

Objectives and expected skills

Task of the study: to gain knowledge about the properties of semiconductor structures,
fundamental mechanisms and technological methods for intentional development of layered
hybrid structures creating the basis for practical devices such as radiation sources, detectors,
physical and chemical exposure sensors, energy sources (solar cells) and integrated autonomous
systems, converting optical, electrical, magnetic and mechanical effects into an electronic
signal. Skills to be improved: to select and understand the essence of the information found in
various sources, to use the information in solving the scientific problems, as well as for
improvement of the professional competence and knowledge in performing the scientific
research and development of innovative products and technological processes.

Content of the subject and main themes

1. Structure and related properties of semiconductor materials. Transfer phenomena:

- models for formation of semiconductor crystals and layers, growth methods;

- structure, electronic and photonic properties, charge transfer phenomena.

2. Multilayer and multicomponent structures. Band engineering:

- quantum structures: wells, supercells, stripes, dots;

- intentional changes in the electronic structure ("band-gap-engineering"); A2B6 and A3B5
compounds and solid solutions; energies of the electronic states under the quantum limitations;
the density state functions in quantum structures.

- tunnelling phenomena, discontinuity of the bands; quantum transport (influence of magnetic
field on the 2D electrons, Shubnikov—de Haas experiments, quantum Hall effect).

- heterojunctions and related properties.

3. Optical properties of quantum structures:

- excitons and shallow impurities in the quantum structures;

- absorption, optical emission, interband transfer;

- Bloch oscillations; quantum limitations related to the Stark effect.

4. Thin film technologies and applications:

- mechanisms and models explaining thin film growth: epitaxy, stressed layers, dependence on
the substrate-layer contact, layer adhesion, nanoclusters — nucleation during growth,
polycrystalline layers, formation of intergranular boundaries, methods for characterization of
the properties in the layers;

- formation of metal-semiconductor contacts in the planar structures, measurement of the
characteristics, specific aspects of the electrical properties;

- methods for formation of thin-layer planar field-effect transistors, possibilities to reduce the
dimensions, fundamental and technological limitations; insulating and passivating coatings

- optoelectronic devices and their properties;




- deposition methods and growth technologies for thin films: PVD, CVD (PECVD), MOCVD,
MBE, ALD;

- lithography methods (photolithography, laser, e-beam, x-ray), related processes; formation of
the functional structures by etching (wet chemical etching, dry etching based on reactive ions
plasma);

- principles of the technology for the CMOS and integrated systems; clean rooms, general
principles for functioning.

5. Methods for investigation of materials and nanostructures:

- structural characterisation: x-ray structural analysis;

- analysis of chemical composition: XPS, .RBS, ESCA, SIMS, Auger spectroscopy.

- methods of microscopy: optical microscopy, SNOM, SEM, TEM, methods of scanning probe
microscopy;

- cathodo- and photo-luminescence measurements, Raman spectroscopy, FTIR spectroscopy,
ellipsometry.

6. New materials and technologies:

- nanostructured materials and structures, hybrid structures and formation technologies
including the bottom-up growth principles, self-arrangement;

- methods for producing of the two-dimensional materials of the atomic thickness (graphene,
transition metals dichalcogenides (TMD), etc.), technologies for large-area production,
intentional modification of the properties, applications for device development;

- printing and writing methods for formation of the elements and systems on the flexible
substrates, hybrid system integration methods; wearable electronics; electronic systems on a
transparent and flexible substrate.

7. Semiconductor based structures applied in systems converting external influence into
output signals:

-detection of mechanical features: pressure, force, acceleration, stream, principles of
functioning and mechanisms originating the response;

- laser based distance measurement, basis of functioning and applied solutions;

- methods for detection and identification of surrounding chemical composition, sensors and
functioning principles, resistive gas sensors, ion sensitive field effect transistors, photo-
spectrometers;

- IR, vis and UV light emitting sources (emitters) and detectors;

- thin film photovoltaic elements, multi-junction solar cells.
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Subject submission and evaluation

Teaching approaches

Primary method for the subject study is learning.

Consultations with the responsible supervisors are available on individual basis for specific
themes.

Final exams

The final test of the knowledge of the subject is based on a report on a pre-defined topic. The
report have to cover the main aspects of the scientific and technological problems that are the
basis of the doctoral studies and the dissertation theme. The size of the report is less than 30
pages (A4 sheet, Times New Roman 12pt, line spacing - 1). The discussions about the work
problems must be related to at least 2-3 themes from the list of the subject topics and have to
be disclosed in details.

Assessment method

The exam includes three parts with individual scoring. First, the report have to be submitted to
the commission 2-3 weeks before the exam date. Second, an oral presentation based on the
slides have to be given during the exam session. The presentation must not exceeding 30
minutes. The third part of the exam is based on the discussions after the oral presentation. The
discussion is the process of the questions of the commission members and the answers of the
student on the aspects of the topic of the report and the presentation.

The date of the exam is determined by agreeing between the members of the comission and
the student. The scoring sum include the report up to 3 points, report up to 3, answers to
questions and discussions up to 4 points (total up to 10 points).
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