
 

Prerequisite Course  

*1. Purpose of Course 

A series of lectures involves the structure-property relationships of ceramic materials and 

their application to several emerging devices such as solar cells and fuel cells. Topics 

include:  

1) basic introduction to materials science,  

2) the crystal structure of ceramics, 

3) defects and transport properties in ceramics materials, 

4) electric and optical properties of ceramics with different crystal and defect structures, 

5) application of ceramics with a focus on energy devices such as solar cells, fuel cells, 

and capacitors. 

*2. Materials and 

Reference 

1) C. Barry Carter, M. Grant Norton, “Ceramic Materials,” Springer (2013). 

2) William D. Callister Jr., David G. Raethwisch, “Materials Science and Engineering: 

An Introduction 10th Edition,” John Wiley and Sons Inc (2018). 

3) “The Physics of Solar Cells,” Jenny Nelson, Imperial College Press (2003). 

4) Fuel Cell Fundamentals (2nd ed.),” Ryan O’Hayre, Suk-Won Cha, Whitney Colella, and 

Fritz B. Prinz, John Wiley & Sons (2006). 

*3. Evaluation (%) 

Attendance Assignment Midterm Final 
Additional 

Evaluation 
Attitude Other 합계 

10  15 30 30 15   100 

Attendance Policy : 

Students who are absent for over 1/3 of the class will receive a grade 

of 'F' or U' for the course. (Exceptions can be made when the cause of 

absence is deemed unavoidable by the course instructor.) 

Other Remarks : Additional evaluation includes group presentation in class. 

*4. Lecture Plan 

Week 1: general introduction to materials science with a focus on differences between 

ceramics, metals and polymers 

Week 2: a) crystal structures of ceramics - types of interatomic bonds including ionic, 

covalent, and secondary bonding, b) electron energy in different atomic bonds - energy 

band diagrams: Electron Energy Bands. 

Week 3: a) simple fcc structures: Rocksalt, Fluorite and zinc blende, b) simple hcp 

structures: Wurtzite, Corundum, Rutile. 

Week 4: introduction to glasses with a focus on structural similarities and differences 

between crystalline silicates and glasses 

Week 5: defects in ceramics (I) – physical origin of defects, 2) point defects including 

ionic and electronic defects  

Week 6: defects in ceramics (II) - stoichiometry and defect equilibria as a function of 

temperature and ambiance 

Week 7: a) electric conductivity in ceramics, b) ionic conductivity in oxides, application 

to oxygen sensors, c) heat transfer in ceramics and its application to design of electrical 

packaging and refractories. 

Week 8: optical properties of ceramics - band gap and color center in ceramics 

Week 9: application of optical properties - a) photon-photon conversion and photon-

electron conversion, leading to light emission and/or electrical carrier generation, b) 

differences between light emitting devices and solar cells. 

Week 10: introduction to solar cells – device physics and structures of silicon solar cells 

Week 11: ceramic materials for solar cells with a focus on emerging thin film solar cells 

Week 12: application of ionic conduction in ceramics – basic science and device structure 

of solid oxide fuel cells 

Week 13: application of electronic conduction in ceramics – transparent conducting oxide 

and chemical sensors 
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Week 14: dielectric properties of ceramics – different polarization mechanisms 

Week 15: application of dielectric properties – various capacitors including MLCC and 

supercapacitor  

Week 16: course wrap-up and final exam  

5. Additional Notes for 

Students 
 

6. 

Assistance 

for 

Students 

with 

Disabilities 

Class 

○ Visual Impairment: Make textbooks(digital textbook, braille textbook, enlarged textbook 

etc.), Allow note takers 

○ Physical Disability: Make textbooks (digital textbook), Allow note takers and assistants 

○ Hearing Impairment: Allow note takers and translators, Allow lecture recording 

○ Health Impairment: Excuse absence due to health problems, Allow note takers 

○ Learning Disability: Allow note takers 

○ Intellectual Disability / Autism Spectrum Disorder: Allow note takers and mentors 

Assignment 

& 

Evaluation 

○ Visual Impairment / Physical Disability / Hearing Impairment / Health Impairment / Learning 

Disability: Extend assignment deadlines, Offer alternate assignment submission and response 

method, Extend testing period, Offer alternate testing method, Offer different testing room 

○ Intellectual Disability / Autism Spectrum Disorder: Offer individualized assignments and 

alternative evaluations 

Others 

Students who take this course can get appropriate level of support service including the support 

listed above depending on the students’ individual characteristics and needs through consultation 

with professors and the Support Center for Students with Disabilities. If you have any questions 

concerning support service for students with disabilities you can contact Professor ***(Contact 

Information) or Support Center for Students with Disabilities (02-880-8787). 

 

 




