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Objectives: The objective of the course is to teach fundamentals of the electronic structures of 

different types of electronic materials especially metals and semiconductors along with details 

about the alloys and nuclear materials. The band structures of the materials are important to 

understand the optical and electrical properties. With the help of theory of semiconductors, 

fabrication of the devices is also discussed.  

 

Expected course outcomes:  Student should understand the concepts of band structures of 

materials, and be able to interpret the optical and electrical data. They should be in a position 

to understand various aspects of alloys and familiar with the fundamentals of nuclear reactors 

and materials used in them.   

Unit I 

Metals: Band structure - Brillouin zones- Wigner Seitz approximation. Energy wave vector 

curves. Brillouin zones relation with Bragg planes. Density of states. Fermi surface -F.C.C & 

B.C.C- De Haas van Alphen effect. Electronic properties of metals – Boltzman transport 

equation. Electrical conductivity, thermal conductivity, Galvanomagnetic effects, thermionic 

and field emission in metals.                  18 hours 

Unit II 

Semiconductors: Energy bands, effective mass. Direct and indirect band gaps. Determination 

of band gaps. Donors and acceptors, carrier concentrations at thermal equilibrium. Calculation 

of Fermi level. Degenerate and non-degenerate semiconductors. Semiconductor Crystal growth 

– Introduction, Methods - Bridgman, Czochralski, zone melting/refining techniques. Contact 

phenomenon- semiconductor-semiconductor, metal-semiconductor contacts. Schottky and 

Ohmic contacts. Preparation of semiconductor devices - Fabrication of junctions- wafer 

preparation, IC technology: monolithic IC- masking and etching - elements of lithography 

(brief description).                                                                                                        18 hours 

Unit III 

Alloys: Long range order theory-Super lattices and transitions. Diffusion in alloys - Darken's 

equations, determination of diffusion coefficient. Some special alloys - ferrous and non-

ferrous. Super alloys.  

Nuclear materials: General aspects of reactor design. Fissile materials used in different types 

of reactors- Moderator and coolant and cladding materials. Radiation effects in materials - 

Swelling, He-embrittlement, induced radioactivity. Erosion and fretting corrosion-stress 

corrosion cracking, H2-embrittlement.                        18 hours 
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