




INTRODUCTION 
1. Academic discipline purpose – obtaining in-depth and systematic knowledge of the physics of 
semiconductor heterostructures, which includes understanding the basic phenomena and physical 
laws in this class of semiconductors, methods and principles of both theoretical solution of physical 
problems. 

 

2. Preliminary requirements for the discipline selection: 
Successful learning of the following courses: “Electricity and Magnetism”, “Solid State Physics”, 
“Physics of semiconductors”. 

 

3. Abstract: 
The course "Physics of semiconductor heterostructures" considers both classical and modern 
achievements in the field of law-dimensional semiconductors.  
The purpose of studying the discipline is to master the general principles of physics of 
semiconductor heterostructures, in particular, the phenomena of shielding charge carriers, near-
surface quantization, the basics of capacitive spectroscopy, self-regulation processes in obtaining 
low-dimensional semiconductor structures. 
The educational task of the course is to master the basic methods of obtaining and studying 
semiconductor nanosystems, including quantum wells, superlattices, quantum wires, quantum dots. 
The course outcome lies in the ability to apply knowledge of the basics of operation and application 
of low-dimensional semiconductor systems. 
Teaching methods: lectures. Assessment methods: mid-semester tests, final test.   The overall score 
bases on mid-term evaluations (60%) and the final test (40%). 
4. Teaching purposes – acquaintance of students with physical fundamentals of functioning of low-
dimensional semiconductor systems and of semiconductor nanotechnologies. 
According to Ukrainian High Education Standard demands, the second (Master’s) level of the Higher 
education, area of knowledge 10 Natural Sciences, specialty 104 “Physics and Astronomy”, “Physics 
of Nanosystems” Education and Science Program provides the achievement of the following 
competences:  
 
Integral: 
Ability to solve complex problems and problems of research and innovation in physics and 
astronomy.  
 
General: 
ЗK01. Ability of the knowledge application. 
ЗK03. Ability to find, process and analyze information from various sources. 
ЗK04. Ability of modern knowledge independent learning. 
ЗK05. Ability to use the modern communication and information technologies. 
ЗК06. Ability to identify and solve problems. 
Professional: 
СK01. Ability to use the laws and principles of physics in combination with the necessary 
mathematical tools to describe nature phenomena. 
СK02. Ability to formulate, analyze and synthesize solutions to scientific problems in physics. 
СK04. Ability to communicate with colleagues orally and in writing in the native and English 
languages on scientific achievements and research results in the field of physics and astronomy. 
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СK05 Ability to comprehend and integrate the obtained knowledge in physics and astronomy, as 
well as the capability to obtain the new knowledge in physics, astronomy and interdisciplinary 
sciences, required for complex problem solutions. 
СK08. Ability to formulate new hypotheses and scientific problems in physics, to choose 
appropriate methods for their solution taking into account available resources. 
СК12. Ability to apply theories concerning the nano-system physics properties. 

 

5. Discipline outcomes: 
The discipline learning outcome 

(1. To know; 2. To be able to; 3. Communication; 4. 
Autonomy and responsibility) 

Code The learning outcome 
Teaching methods Assessment 

methods 

Percentage 
of the total 

rating 
1.1 To know the general principles of physics 

of semiconductor heterostructures 
Lectures, individual 
work, consultations 

Interrogation 
during lectures, 
checking 
written essays 
and other forms 
of individual 
work, modular 
test 

20 

2.1 To be able to apply the methods of 
quantum mechanics and solid state physics 
to describe the properties of semiconductor 
heterostructures 

Lectures, individual 
work, consultations 

Interrogation 
during lectures, 
checking 
written essays 
and other forms 
of individual 
work, modular 
test 

20 

2.2 To be able to logically and consistently 
formulate the basics of determination of 
energy states in low-dimensional 
semiconductors 

Lectures, individual 
work 

Modular test 10 

2.3 To be able to work independently with the 
scientific literature in the field of physics of 
semiconductor heterostructures 

Individual work Modular test, 
control over the 
performance of 
individual work 

10 

 

6. The relation of the discipline outcomes with the program outcomes: 
Discipline outcomes 

Program outcomes 1.1 2.1 2.2 2.3 

РН 1. To use conceptual and specialized knowledge and understanding of current 
problems and achievements of selected areas of modern theoretical and experimental 
physics in order to solve complex problems and practical problems 

+ +   

РН 2. To do experimental and theoretical research in physics and astronomy, analyze 
the results in the context of existing theories, draw reasoned conclusions (including 
estimating the degree of uncertainty) and make suggestions for further research 

+ +  + 

РН 4. To choose and to use appropriate methods for processing and analyzing physical 
research data and assessing their reliability 

 +   

РН 5. To carry out phenomenological and theoretical descriptions of the studied 
physical phenomena, objects and processes 

+    

РН 7. To estimate the novelty and credibility of the scientific results in chosen field of 
physics, proclaimed in the oral or written form 

  + + 
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РН 8. To disseminate research results in the form of reports at seminars, conferences, 
etc., make a professionally written description of research, taking into account the 
requirements, purpose and target audience 

   + 

РН 9. To analyze and summarize scientific results in the chosen field of physics, track 
its latest developments, communicating with colleagues 

 +  + 

РН 10. To search for information and data needed to solve complex problems of 
physics using various sources, in particular, scientific publications, scientific databases, 
etc., to evaluate and critically analyze information obtained 

   + 

РН 11. To apply theories, principles and methods of physics to solve complex 
interdisciplinary scientific and applied problems 

+   + 

РН 15. To plan scientific researches taking into account the purposes and restrictions, to 
choose effective methods of research, to draw the reasonable conclusions on results of 
research 

   +  

 

The course structure 
The course consists of 2 modules: “Quantum confinement” containing 7 lectures, and “Carrier 
transport” containing 8 lectures. 

 
7. The assessment scheme: 

7.1. Forms of student assessment:  
- semester assessment:  

1.  Module test 1 (max 30 points). 
2.  Module test 2 (max 30 points).  
              

- Final assessment is in the form of test. 
 

7.2. Final assessment in the form of test: (the written test is mandatory) 
 M1 M2 Test Total 
Min 18 18 24  60 
Max 30 30 40 100 

The student having the semester score less than 36 points is not allowed for the test 

7.3. The assessment relevance:  
 

Passed 60-100 
Fail 0-59 

 

  
88..  TThhee  ddiisscciipplliinnee  ssttrruuccttuurree 

Number of hours № 
п/п Lecture title 

Lectures Laboratory 
works 

Individual 
work 

 
Module 1. Quantum confinement 

1 

Topic 1. Introduction. Spatially inhomogeneous equilibrium 
distributions of charge carrier concentrations. Screening. 
I.w. Lecture studying. 
Poisson equation in k-space. Shielding radius within the 
framework of the Debye-Hückel and Fermi-Thomas theory. 

4  6 
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2 

Topic 2. Energy diagrams of p-n and heterojunctions. 
Diffusion and barrier capacitance. 
I.w. Lecture studying. 
p-n junction and its energy diagram. Capacitance of p-n and 
heterojunction. Surface quantization. Injection of minor 
charge carriers in p-n and heterojunction. Photoelectric 
properties of p-n and heterojunctions. 

4  6 

3 

Topic 3. Capacitance spectroscopy of heterojunctions. 
I.w. Lecture studying. 
Capacitance spectroscopy of quantum dots. 
Capacitancevoltage characteristics. Measurement of 
stationary and non-stationary capacity in the dark and under 
illumination. Deep level transient spectroscopy for the study 
of heterostructures. 

4  6 

4 

Topic 4.  Quantum confinement and low-dimensional 
structures. 
I.w. Lecture studying. 
Dimensional quantization and conditions for observing the 
quantum-confinement effect. Classification of 
heterostructures. 

2  10 

 Module test 1   2 
 

Module 2. Carrier transport 
 

5 

Topic 5. Properties of hetero-interface. 
I.w. Lecture studying. 
Isolated heterojunction. Boundary conditions at the interface. 
Building a band diagram near the hetero-interface. Calculation 
of bending zones near the heterojunction. 

2  4 

6 

Topic 6. Density of states. 
I.w. Lecture studying. 
Density of states in bulk semiconductors (3D system case). 
Density of states in the low-dimensional case (2D, 1D, 0D 
nanosystems). 

4  4 

7 

Topic 7. Effective density of states. 
I.w. Lecture studying. 
The concept of effective density of states. Calculation of the 
effective density of states in the case of a 3D system and in the 
low-dimensional case (2D, 1D, 0D). 

2  4 

8 

Topic 8. Concentration of charge carriers in semiconductor 
nanosystems. 
I.w. Lecture studying.  
Calculation of the concentration of free charge carriers in the 
case of a 3D system and in the low-dimensional case (2D, 1D, 
0D). 

2  4 

9 

Topic 9. Interference effects in the above-barrier transport of 
charge carriers. 
I.w. Lecture studying. Preparation for Module test 2. 
Calculation of the scattering probability in the case of electron 
barrier transport. 

2  4 

9 

Topic 10. Tunnel transport of charge carriers. 
I.w. Lecture studying. Preparation for Module test 2. 
Landauer formula. T- and S-matrices. Landauer-Buttiker 
formalism. Mesoscopic structures and quantum chaos. 

4  8 

 Module test 2   2 
 Total 30  60 

 
 
Total 90 h.: 
Lectures – 30 h. 
Seminars –  0 h. 
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Laboratories – 0 h. 
Individual work –  60 h. 

 
 

Questions for individual work 
Module 1 

1. Kinetic effects in two-dimensional systems: relaxation time and mobility, vertical transport 
in a system of quantum wells. 

2. Kinetic phenomena in strong magnetic fields. Fractional quantum Hall effect. 
3. Impurity states in semiconductor systems of reduced dimension. 
4. Coulomb bound states and interface defects in semiconductor heterostructures. 
5. Technology of growing Si/Ge heterostructures. 

 
Module 2 

1. Quantum transport: ideas of localization, thermoactivated conductivity in the localization 
mode, Tauless theory. 

2. Measurements of magnetic fields by quantum magnetometry. 
3. Biomedical nanostructures: micro-nanomotors and their biomedical application, 

nanostructures as molecular nanomotors, nanostructures for drug transport. 
4. Epitaxy of monocrystalline films. Homo- and heteroepitaxy. Fundamentals of the theory of 

nucleation and growth of epitaxial films during their deposition from gaseous phases. 
5. Thermodynamic and molecular kinetic approach to the description of heteroepitaxy. 
6. Methods of liquid epitaxy. Epitaxy from the gaseous phase: method of chemical reactions, gas 

transport epitaxy. Condensation from the vapor phase. 
 

9. Recommended literature 1: 
Basic: 
1. Nadtochiy A., Podolian A., Korotchenkov O., Schlosser V. Ultrasonic Processing of Si and SiGe 

for Photovoltaic Applications. - Rijeka (Croatia), IntechOpen: Open access peer-reviewed chapter. 
-In: “Solar Cells - Theory, Materials and Recent Advances ”. - 2021. - P. 117-140. 
https://doi.org/10.5772/intechopen.96939  

2. Banerjee J.P., Banerjee S. Physics of semiconductors and nanostructures. CRC Press, 2019, 434 
p. https://www.routledge.com/Physics-of-Semiconductors-and-Nanostructures/Banerjee-
Banerjee/p/book/9781482223040; 
https://books.google.com.ua/books?id=Q96dDwAAQBAJ&pg=PT214&dq=Banerjee+J.P.,+Baner
jee+S.+Physics+of+semiconductors+and+nanostructures&hl=ru&sa=X&ved=2ahUKEwj_nfmu1d
f1AhXrsYsKHa2hDMIQ6AF6BAgCEAI#v=onepage&q=Banerjee%20J.P.%2C%20Banerjee%20
S.%20Physics%20of%20semiconductors%20and%20nanostructures&f=false 

3. Davies J.H. The physics of low-dimensional semiconductors. Cambridge Univ. Press, 1998, 438p. 
https://books.google.com.ua/books?id=_YXoT2Tyq6oC&pg=PR4&dq=Davies+J.H.+The+physics
+of+low-
dimensional+semiconductors&hl=ru&sa=X&ved=2ahUKEwi29YPc1df1AhVii8MKHaUjAYsQ6
AF6BAgKEAI#v=onepage&q=Davies%20J.H.%20The%20physics%20of%20low-
dimensional%20semiconductors&f=false 

4. Singh J. Physics of semiconductors and their heterostructures. McGraw-Hill: New York, 1993, 
851 p. https://www.biblio.com/book/physics-semiconductors-heterostructures-mcgraw-hill-
series/d/829913175 

5. Коротченков О. О., Надточій А.Б. Вступ до фізики низькорозмірних напівпровідникових 
систем. Дослідження теплових та термоелектричних властивостей тонких  плівок. Вінниця, 

                                         
1 Including Internet resources 
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Видавництво ТОВ «Нілан-ЛТД», 2021 – 76 с 
https://gen.phys.univ.kiev.ua/biblioteka/pidruchniki-ta-posibniki/ 

6. Nadtochiy A., Kuryliuk V., Strelchuk V., Korotchenkov O.,  Li P.-W.,  Lee S.-W. Enhancing the 
Seebeck effect in Ge/Si through the combination of interfacial design features, Scientific Reports. 
– 2019. – Volume 9. – Р.16335. https://www.nature.com/articles/s41598-019-52654-z 

7. Jena D. Charge Transport in Semiconductors (Advanced Semiconductor Physics). 
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.542.1244&rep=rep1&type=pdf 

 

Supplementary: 
1. Datta S. Electronic transport in mesoscopic physics. Cambridge Univ. Press, 1995, 377 p. 

https://books.google.com.ua/books?id=28BC-
ofEhvUC&printsec=frontcover&dq=Datta+S.+Electronic+transport+in+mesoscopic+physics&hl=r
u&sa=X&redir_esc=y#v=onepage&q=Datta%20S.%20Electronic%20transport%20in%20mesosco
pic%20physics&f=false 

2. Bastard G. Wave Mechanics Applied to Semiconductor Heterostructures. Les Editions de 
Physique, 1991, 358 p. https://www.amazon.com/Mechanics-Semiconductor-Heterostructures-
Monographs-Editions/dp/0470217081 

3. Bimberg D., Grundmann M., Ledentsov N.N. Quantum dot heterostructures. Wiley, 1999, 32 8 p. 
https://www.wiley.com/en-us/Quantum+Dot+Heterostructures-p-9780471973881 

4 Gonsalves K.E., Halberstadt C.R., Laurencin C.T., Nair L.S. Biomedical nanostructures. Wiley, 
2008, 516 p. https://www.wiley.com/en-us/Biomedical+Nanostructures+-p-9780471925521 

5. https://nptel.ac.in/content/storage2/courses/113106062/Lec1.pdf (Lec1-Lec32) 
 


