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Overview
New materials and technologies often lead to significant innovations, improving the quality of life and driving economic growth. Breakthroughs in materials science and technology have historically paved the way for advancements in various industries, from healthcare to transportation and electronics, resulting in enhanced products and services
This course is devoted to provide the knowledge and skills of materials engineering and advanced growth technologies. To realize the peculiarities of fabrication and processing of micro- and nano- optoelectronic devices
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Ability to understand the technical literature. Deepening of theoretical knowledge for materials engineering;
· Ability to interpret and apply knowledge I the field of material engineering;
· Understanding the problems of materials engineering and generating of possible solutions;
· Ability to perform comparisons of materials of different categories and to analyze their application, considering various physical processes and phenomena occurring during the production (construction).
Content
· (topic 1) Introduction. Basics of materials science and technology. Micro- and nanoscale technology, history, concepts of routes and technological operations. Work safety and ecology problems. Classification of materials
· (topic 2) Mechanisms and kinetics of phase transformation. Mechanical properties of materials. Phase diagrams, their formation. Phase diagrams of multicomponent compounds. Diagram interpretation and application for monocrystals and thin layers growth
· (topic 3) Methods of crystals growth. Self- and heterogeneous formation of crystal seeds, crystal growth and structural defects. Physical chemical analysis methods. Crystal growth methods. Peculiarities of crystal growth of elemental and complex materials. Methods of crystal growth: Czochralski, Bridgman and zone melting. Principles, peculiarities, applications. Glass and glass compound technology. Processing and application aspects of bulk crystals
· (topic 4) Doping of crystals. Diffusion in crystals. Fick laws
· (topic 5) Methods of manufacturing semiconductor, dielectric and conductive layers. Initiating processes in layers. Nucleation. Types of layer formation and growth. Types of layers: epitaxial, polycrystalline and amorphous layers
· (topic 6) Chemical technologies of thin layer production. Classification of reactions. Gas epitaxy, chemical deposition using metallo-organic sources
· (topic 7) Physical thin layer technologies. Thermal evaporation, electron beam deposition. Peculiarities of coating of metal layers. Laser and magnetron deposition. Peculiarities of growth of oxides and multi-component layers. Epitaxial technologies. Molecular beam epitaxy. Homoepitaxy and heteroepitaxy. Heterogeneous compounds and structures. Nanoscience and nanotechnologies
· (topic 8) Modern technologies of photovoltaic cells. Peculiarities of thermal evaporation of multicomponent solar cells. Production of photovoltaic cells by magnetron sputtering using multiple sources. Formation of the crystalline structure by ex-situ annealing process. Routes for forming photovoltaic contacts
Teaching methods
· Lectures: 32 hours
· Practical work: 16 hours in order to implement concepts introduced in the lectures, to practice on real applications using state-of-the-art equipment
· Seminars: 16 hours for a more complex discussions on material engineering and applications topics.
Study materials	
· Handbook of thin films process technology, by David A. Glocker and S. Ismat Shah, Philadelfia (1995)
· Fundamentals of Materials Science and Engineering, by William D. Calhslev, John Wiley&Sons (2001).
· The science and engineering of microelectronic fabrication, Stephen A. Campbell, Oxford University Press (2001)
· Tutorials, lectures and notes provided by the course instructor.
Assumed Knowledge
· Knowledge of general physics. 
· solid state physics and quantum mechanics.
· General chemistry and material science knowledge is preferable.
Evaluation criteria
· Written exam 50%
· Seminar rating 50%

