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DE NPHD302 OPTICAL MATERIALS AND DISPLAY DEVICES 3 0 0 3 
 

Prerequisite 

 Students will gain knowledge on optical properties of materials and devices that are common around us  

Course Objective 

 To give basic knowledge on materials which are commonly used in making optical devices. 
 To prepare students that are ready to work in the industries related to the display devices. 

 

Learning Outcomes  

Upon successful completion of this course, students will learn about:  
 The basic properties of materials that are needed to introduce optical functionality in the materials and 

then how to use them in various energy converting and display devices. 
 

 

Unit 
No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 

General properties of materials: Absorption in solids, 
absorption coefficient, Beer’s law, Charge carrier generation 
in semiconductors, equilibrium and non-equilibrium carrier 
concentration in semiconductors, charge carrier drift and 
diffusion, Fermi level. Plasmon, exciton, exciton-polariton 
and phonon-polariton. 

6 

In this section students will 
learn basic properties of 
semiconducting materials 
required for the light trapping 
and electrical energy 
conversion processes. 

2 

Semiconducting materials for light energy conversion: 
Photovoltaic (PV) solar cells, Photoelectrochemical (PEC) 
cells, solar radiation spectrum and conversion efficiency, 
Types of solar cells, Principle, construction and working of 
solar cells, Structure and properties of light energy 
converting materials such as amorphous and crystalline 
silicon, cadmium telluride, and copper indium gallium 
diselenide and perovskites.  

8 

In this section students will 
learn about working of solar 
cells and materials required to 
produce them. 

3 

Semiconducting materials as light emission: Radiative and 
non-radiative transitions in semiconducting materials 
luminescence efficiency, mechanism of recombination of 
charge carriers, light emission through photoluminescence, 
thermoluminescence and electroluminescence processes, 
Materials for light emitting diodes (LEDs), quantum 
efficiency, calculation of photometric parameters through 
CIE color chromaticity diagram, white light emitting diodes 
(WLEDs) and their fabrication. 

10 

In this section students will 
learn about semiconducting 
materials to produce light 
emitting devices. 

4 

Insulating materials for light emission: Glass and ceramic 
materials, Doping with transition metal and lanthanide ions 
for light emitting application, Absorption and emission 
processes in isolated ions, Selection rules: allowed and 
forbidden transitions, Energy transfer mechanism and rate 
equations. Synthesis of amorphous glasses and crystalline 
nanophosphors for applications in WLEDs. Requirements of 
displays and display technologies. Use of phosphors in 
displays, phosphor-in-glass display. 

10 

In this section students will 
learn about insulating doped 
materials to produce white 
light emitting devices. 

5 

Organic materials for light emission: Introduction to 
organic semiconductors, HOMO-LUMO transitions, 
Organic materials such as small organic molecules, 
conducting polymers, metal-dielectric composites, hybrid 
perovskites for photoluminescence and electroluminescence, 
Organic light emitting diodes (OLED) structure and 
operation, device fabrication, types of OLEDs., LED 
displays. 

8 

The students will know about 
organic semiconductors 
suitable for development of 
multilayered OLED structure. 
The students will also get the 
idea on different types of 
OLEDs, performance, merits 
and demerits. 

 Total 42   



 
Textbooks:  

1. Semiconductor Physics: Basic Principles: D. A. Neamen; 4th Edition, McGraw-Hill Education, 2011. 
2. Fundamentals of Semiconductors: Physics and Materials Properties: P. Y. Yu, M. Cardona; 4th Edition, 

Springer, 2010. 
3. Optical Properties and Spectroscopy of Nanomaterials: J. Z. Zhang; 1st Edition, World Scientific, 2009. 
4. Light-Emitting Diodes (LEDs): Applications, Performance and Challenges: L. M. Zamora, N. C. 

Montoya; 1st Edition, Nova Science Publishers, 2024. 
5. Fundamentals of Phosphors: W. M. Yen (Ed.); 1st Edition, CRC Press, 2007. 

 
 
Reference Books: 

1. Handbook of Advanced Materials: Enabling New Designs: J. K. Wessel (Ed.); 1st Edition, Wiley-
Interscience, 2004. 

2. Applied Spectroscopy: A Compact Reference for Practitioners: J. Workman Jr., A. Springsteen; 1st 
Edition, Academic Press, 1998. 

 
 
 
 
 
 
  


