
Course Type Course Code Name of Course L T P Credit 

DE NPHD403 SEMICONDUCTING MATERIALS AND DEVICES 3 0 0 3 

 

Course Objectives 

The course with the above title has the following objectives. 
 To impart knowledge on structural, optical and electrical properties of inorganic and organic 

semiconductors. 
 To explain the basic principles of semiconductor devices. 
 To highlight the essence of semiconductor based quantum devices. 

Learning Outcomes 

 The students will gain knowledge and expertise on the properties of semiconducting materials and 
their device applications. They may be inspired to develop skills on optoelectronic device fabrications 
to build up their career in semiconductor industry. 

 

Unit 
 No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 
Review of crystal structure: Unit cell, Bravais lattice, 
Reciprocal lattice, Electron states in a crystal, Band structures, 
Density of states and joint density of states. 

3 

Students will learn the 
basics of crystal structure 
and energy eigenstates of 
electrons in a crystal. 

2 

Crystal structure of semiconductors, Energy bands; Direct and 
indirect band gaps in semiconductors, Electrons and holes, 
Fermi-Dirac distribution, Intrinsic and extrinsic 
semiconductors; Hydrogenic model of shallow dopants, Carrier 
Mobility, Drift and diffusion, Optical properties of 
semiconductors: absorption, generation and recombination, 
carrier lifetime. 

8 

One can have good 
knowledge of carrier 
dynamics, optical and 
electrical properties of 
semiconductors. 

3 

Elemental semiconductors, III-V, II-VI semiconductors, ternary 
and quaternary semiconductors, Organic semiconductors, 
Metal-Semiconductor junctions, Semiconductor hetero-
structures, Superlattices. 

8 

One can learn the optical 
and electrical properties of 
different types of 
semiconductors in detail. 

4 

Semiconductor fabrication technology: An overview of 
processing of semiconductor devices and integrated circuits. 
Introduction into modern qubits semiconductor technologies 
and Future of the Semiconductor Industry. 

7 
To learn industrial 
technology, that leads to 
product development. 

5 

Semiconductor crystal growth and wafer production: 
Introduction to crystal growth techniques –Bulk semiconductor 
growth- Semiconductor-Grade Silicon- Czochralski Growth 
(Cz)- Float Zone (FZ) techniques, Zone melting, Bridgmann 
techniques. Basic Process Steps for Wafer Preparation. 

8 

This unit will help student 
to understand basis crystal 
growth techniques and 
wafer production. 

6 

Modern semiconductor devices: Semiconductor laser, Quantum 
well laser, Quantum dot infrared photodetector, Resonant 
Tunneling Diodes, Single Electron Transistor. High Frequency 
Devices, Fundamentals of MESFET, equivalent circuit and 
figure of merit of MESFET, Evolution of HEMT from MESFET 
structure and fabrication. 

8 

The reader can gain 
theoretical knowledge on 
semiconductor based 
quantum devices. 

 Total 42  



 Textbooks:  

1. Semiconductor Devices: Basic Principles: J. Singh, 1st Edition, Wiley, 2001. 
2. Semiconductors: R. A. Smith, 2nd Edition, Cambridge University Press, 1978. 
3. Physics of Semiconductor Devices: S. M. Sze, 3rd Edition, Wiley-Interscience, 2007. 

 

Reference Books:  

1. Physics and Technology of Semiconductor Devices: A. S. Grove, 1st Edition, Wiley, 1967. 
2. Metal-Semiconductor Schottky Barrier Junctions and Their Applications: B. L. Sharma, 1st Edition, 

Plenum Press, 1984. 
3. Metal-Semiconductor Contacts: E. H. Rhoderick, R. H. Williams, 2nd Edition, Oxford University Press, 

1988. 
4. Principles of Electronic Materials and Devices: S. O. Kasap, 4th Edition, McGraw-Hill, 2017. 
5. Semiconductor-Device Electronics: R. M. Warner, B. L. Grung, 1st Edition, Oxford University Press, 

1991. 
6. Semiconductor Physics and Devices: D. A. Neamen, 4th Edition, McGraw-Hill, 2011. 

 
 

 

 

  


