
SYLLABUS 2021/2022
	Level of study
	Master’s Course


	Course title in Ukraine
	Напівпровідникові матеріали

	Course title in English
	Semiconductor materials

	Course code 
	
	ECTS credits
	5

	Lecturer(s)
	PhD, Ivanchenko A.V.

Email address: IvanchenkoAV@ukr.net



	Course objectives

(learning outcomes)
	 
This course aims to deepen students' knowledge of semiconductor materials. Students will study the basic properties and classification of semiconductor materials, model concepts of the mechanism of electrical conductivity, the basics of band theory, theory of lattice vibrations, statistics of electrons and holes, carrier scattering mechanisms, generation and recombination of charge carriers, diffusion and drift of nonequilibrium charge carriers, contact and surface phenomena in semiconductors optical, photoelectric properties of semiconductors, and the use of these materials in radio electronics.


Prerequisites:
	Knowledge
	Knowledge of mathematics and physics on the level of bachelor in physics or applied physics or micro- and nanoelectronics.

	Skills 
	Mathematical and physical skills on the level of bachelor in physics or applied physics or micro- and nanoelectronics.

	Courses completed
	The bachelor in physics or applied physics or micro- and nanoelectronics.


Learning effects:
	Knowledge
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	W01 The student has a basic knowledge of the basic properties and classification of semiconductor materials.
W02 The student gets acquainted with the model concepts of the mechanism of electrical conductivity, the basics of the band theory, the theory of lattice vibrations, statistics of electrons and holes.
W03 The student knows the basic mechanisms of carrier scattering, generation and recombination of charge carriers, diffusion and drift of nonequilibrium charge carriers.
W04 The student understands contact and surface phenomena in semiconductors, optical, photoelectric properties of semiconductors.
W05 The student has basic knowledge of the application of semiconductor materials in radio electronics.
	W01 – W05



	Skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	U01. Student is able to classify semiconductor materials.

U02. The student can calculate the electrical parameters of various semiconductor materials based on knowledge of the mechanism of electrical conductivity, band theory, lattice vibration theory, statistics of electrons and holes.

U03. The student is able to predict the characteristics of various semiconductor materials based on knowledge of charge carriers, contact and surface phenomena in semiconductors.

U04. The student can use knowledge to analyze and create elements of radio electronics based on semiconductor materials.
	U01 – U04



	Social skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	K01. A student has the creativity and the ability to conceptual thinking.
K02 A student is able to present and justify the personal point of view.
K03 A student is able to use the information technologies for the communication with the scientific community.
K04 A student is aimed to expand personal knowledge and skills.
K05 A student has the legal erudition.
K06 A student concerned about the environmental safety of physical experiment.
	K01 – K06



Course organization:
	Form of classes
	Lecture

(W)
	Group-exercises

	
	
	A (large group)
	
	K (small group) 
	
	L (Lab)
	
	S (Seminar)
	
	P (Project) 
	
	Exam
	

	Contact hours
	54
	
	
	
	
	
	ZO

	Semester 
	  2

	Language 
	 Ukrainian


ZO – credit with a grade
Teaching methods:

	Classes will be performed in tutorial system on a weekly basis using multimedia presentation and internet in a form of the lectures open for discussion and questions.

In-class exercises are designed to probe knowledge developed through this process, with emphasis on how well students have understood the underlying mathematical and physical ideas.

The students will prepare one individual presentation. 


Assessment  methods:

	
	E – learning
	Didactic games
	Classes in schools
	Field classes
	Laboratory tasks
	Individual project
	Group Project
	Discussion participation
	Student’s presentation
	Written assignment (essay)
	Oral exam
	Written exam
	Test 
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Assessment  criteria:
	Grades
	The grading scale will be as follows: 

90 – 100 % - A including A- excellent (eq. in Ukraine:відмінно (very good))

82–89 % : B including B – very good   (eq. in Ukraine: добре ( good))

75–81 %: C including C -   good           (eq. in Ukraine: добре ( good))
64–74 %: D including D – satisfactory (eq. in Ukraine: задовільно (satisfactory))
60–63 %: E including E – acceptable    (eq. in Ukraine: задовільно (satisfactory))

   < 59 %: F  failded     (eq. in Ukraine: незадовільно (unsatisfactory))

	Criteria
	A. A student knows all terms and concepts mentioned in W1-W4, U1- U4 and  K1-K4. A student can work without any assistances, his/her knowledge’s are creative and easily applied to decision of specific problem.

B. A student knows all terms and concepts mentioned in W1-W4,   U1- U4 and  K1-K4, yet needs a little help when decision of specific problem. 

C. A student knows all terms and concepts mentioned in W1-W4,   U1- U4 and  K1-K4, however needs a help when decision of specific problem. 

D. A student knows the most of terms and concepts mentioned in W1-W4,   U1- U4 and K1-K4 and has difficulty in decision of specific problem.
E. A student knows only several terms and concepts mentioned in W1-W4,   U1- U4 and K1-K4 and can solve only a simple problem.
F. A student does not know most of terms and concepts mentioned in W1-W4,  he/she did not reach the satisfactory level of knowledge this course.


Course content (topic list):
	Topics
	W1. Semiconductor material classification.

Organic.

Inorganic.

W2. Model concepts of the mechanism of electrical conductivity.

Own semiconductors.

Impurity semiconductors.

W3. The basics of band theory.

Schrödinger equation.

Brillouin zones.

W4. Lattice vibration theory.

Vibrations of a monatomic linear chain.

Vibrations of a diatomic linear chain.

Vibrations of a triatomic linear chain.

W5. Electron and hole statistics.

Fermi-Dirac distribution function.

Impurity zones.

W6. Carrier scattering mechanisms.

Boltzmann kinetic equation.

Scatter center types.

W7. Generation and recombination of charge carriers.

Generation mechanisms.

Recombination mechanisms.

W8. Diffusion and drift of nonequilibrium charge carriers.

Continuity equation.

Diffusion and drift currents.

W9. Contact and surface phenomena in semiconductors.

Work output.

Contact potential difference.

Surface levels.

W10. Optical, photoelectric properties of semiconductors.

Light absorption by semiconductors.

Semiconductor luminescence.

Photoelectric phenomena.

W11. Semiconductor materials in radio electronics.

Diodes.

Switching devices.

Transistors.


Literature:
	Compulsory reading


	1. Berger L. I., Semiconductor Materials. –  Boca Raton: CRC Press, 1996. –  496 p.

2. Фізика процесів у напівпровідниках та елементах електроніки: курс лекцій. Навчальний посібник. / Д. М. Фреїк, В. М. Чобанюк, З. Ю. Готра та ін.; за заг. ред. М. Фреїка. – Івано-Франківськ: Видавництво Прикарпатського національного університету імені Василя Стефаника, 2010. – 263 с.
3. Sze S. M., Yiming Li, Kwok K. Ng. Physics of semiconductor devices. – John wiley & sons, 2021. – 944 p.
4. Шалимова К.В. Физика полупроводников. – СПб: Лань, 2010. – 400 с.
5. Електроніка та мікросхемотехніка. Електронний посібник. URL: http://elib.tsatu.edu.ua/dep/enf/etem_1/1/index1.html

	Recommended reading


	1. Grundmann M. The Physics of Semiconductors. An Introduction Including Nanophysics and Applications. – Springer International Publishing, 2021. – 889 p.
2. Пека Г.П. Физические явления на поверхности полупроводников. – К: Вища школа. Головное издат-во, 1984. – 214 с.

3. Стриха В.И. Контактные явления в полупроводниках. Kиев: Выща школа. Головное издательство, 1982. — 224 с.


Estimation of the total working time of students:
	Contact hours 
	Lectures
	54

	
	Seminars
	

	
	Other (consultation, meetings)
	10

	Students’ work

hours (without the lecturer)
	Reading books and preparation for the lectures
	21

	
	Preparation to the seminar 
	

	
	Preparation of an individual presentation
	20

	
	Preparation to the test
	20

	Total works’ hours 
	125

	ECTS credits  1 ECTS = 25 h
	5


5

