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Academic course information
	Discipline’s code
	Discipline’s title
	Type
	No. of hours per week
	Number of credits
	ECTS

	
	
	
	Lect.
	Pract.
	Lab.
	
	

	TIPIS 5307
	Technological Principles of Manufacturing Semiconductor Structures
	BC 
	1
	1
	1
	3
	5

	Lecturer
	Sagidolda Yerulan, PhD, Senior Lecturer
	Office hours
	Scheduled

	e-mail
	E-mail: Erulan.Sagidolda@kaznu.kz
	
	

	Telephones
	Telephone: +7 707 459 9325
	Auditory
	104


	Academic presentation of the course
	Type of course Theoretical and practical; Elective. Its purpose to Study of the basic principles of the manufacturing process of micro- and nanoscale structures semiconductors; identify the advantages and disadvantages of various methods of producing semiconductor structures.
The aim of the course: 
Cognitive competence:

Knowledge. Mechanisms of preparation nanofilms of semiconductors; to determine the three main mechanisms of film growth; Remember kinds of optical absorption in semiconductors.
Understanding. The basic principles of epitaxy methods of manufacturing semiconductor nanostructures; interpret mechanism of nanostructure synthesis phase epitaxy; demonstrate an understanding of the band diagrams of intrinsic and extrinsic crystalline and amorphous semiconductors.
Functional competence:

Application. Apply obtained knowledge to produce heterostructures. homojunction and heterojunction count; use the methods of formation of superlattices.
Analysis. To analyze the methods of forming quantum wells, filaments; classify the latest achievements in the field of manufacturing technology of semiconductor nanostructures.

System competence:

Synthesis. Nanostructure liquid phase epitaxy; theorize obtaining nanostructures vapor phase epitaxy method; justify the processes at solid-state laser and vacuum epitaxy.
Evaluation. Critical issues, attitudes and trends, reflecting the state of the art production of new nanomaterials with desired properties.
Social competence:

Willingness to cooperate: To formulate and to express own idea to team, to explain problems in technological principles of manufacturing semiconductor structures and to find its solutions.

Metacompetence: 

Skills in the field of education. Objective evaluation of achievements during study of discipline, identify technological principles of manufacturing semiconductor structures as for further personal and professional development.

	Prerequisites 
	“Semiconductor Physics”, “Fundamentals of Materials Science”.

	References and Resources
	1. K.V.Shalimova. Physics of Semiconductors. M .: Energoatomisdat, 1985. - 392 p.

2. Sarsembinov Sh.Sh. Prikhodko OY, SY Maximova Physical bases of modification of the electronic properties of non-crystalline semiconductors. Ch. H. Modification of the electronic properties of amorphous diamond-like carbon films. Almaty Kazak universiteti 2005, -341 p.
3. Peter Y.Yu., Manuel Cardona. Fundamentals of Semiconductors. Springer Heidelberg Dordrecht London New York

Available online: Additional training material on the technological principles of the production of semiconductor structures, guidelines for practical exercises, tasks to perform SWS will be available on your page on the site univer.kaznu.kz EMCD section.

	Academic policy of the course in the context of university moral and ethical values
	Academic Behaviour Rules: Compulsory attendance in the classroom, the impermissibility of  late attendance. Without advance notice of absence and undue tardiness to the teacher is estimated at 0 points.

Submission of assignments (Independent work of students, midterm control, laboratory tasks, projects and etc.) prior to the deadlines.  The violation of submission deadlines leads to the deduction of penalty points.

Academic values: Academic honesty and integrity: independent performance of assignments; inadmissibility of plagiarism, forgery, cheating at all stages of the knowledge control, and disrespectful attitude towards teachers. (The code of KazNU Student’s honor) Students with disabilities may receive advice via Erulan.Sagidolda@kaznu.kz E- address, phone 87074599325

	Evaluation and attestation policy
	Criteria-based evaluation: 
Classroom assignments       25%

Independent research          35%

Examinations                       40% 

Total                                     100% 

Summative evaluation: Your final score will be calculated by the formula:

The final grade on discipline =[image: image2.png]BC1+BC2

-0,6+ 0,1MT+0,3TC




Below are minimum estimates Percentage:
95% - 100%: А

90% - 94%: А-

85% - 89%: В+

80% - 84%: В


75% - 79%: В-

70% - 74%: С+

65% - 69%: С


60% - 64%: С-

55% - 59%: D+
50% - 54%: D-

0% -49%: F

	Calendar (schedule) the implementation of the course content (Appendix 1)
	Weekly description of lecture topics, practical / seminar / laboratory / project work , assignments for independent work of students; an indication of the topic scope and grading scheme, including an assessment of the control task. Summary and analysis of the curriculum content after the first half of the semester (midterm control 1) in the form of a scientific essay / system-oriented analysis of scientific issues of studied topics / presentation of individual case studies / evaluation of personal contribution to the development of a group project assignment, and others.
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APPENDIX 1
Calendar (schedule) the implementation of the course content:

	Week / date
	Topic title (lectures, practical classes, Independent work of students)
	Number of hours
	Maximum score

	1
	2
	3
	5

	1
	Lecture 1. Classification of semiconductors. Basic semiconductors. Mechanisms of preparation nanofilms of semiconductors. Three main mechanisms of film growth. Substrates of films of semiconductors and requirements for them. Types of semiconductor substrates.
Practical class 1. The types of the chemical bond in solids. The binding energy.
	1

2
	5

7

	2
	Lecture 2. The growth of single crystal semiconductor substrates. Requirements for the semiconductor substrate. Quality control of the substrate and film through the probe and electron microscopy. Modification of the semiconductor substrate. Mechanical restoration. Quality control machining. Technical-chemical processing and preparation of substrates. The objectives of technical-chemical processing of substrates.
Practical class 2. The crystalline structure and the amorphous semiconductor.
	1

2
	5

7

	3
	Lecture 3. Protective, insulating and other optional coatings. Dielectric films. The films of organosilicon compounds, polymers and glass. Additional coating films.
Practical class 3. The electrical conductivity of semiconductors.
Independent work of student with teacher: Assignment submission 1 

«Features of formation of films mechanisms. Requirements for substrates and buffer layers in the formation of nanostructures», presentation
	1

2

1
	5

7

5

	4
	Lecture 4. Manufacturers of semiconductor nanostructures by molecular beam epitaxy.
Practical class 4. Types of optical absorption in semiconductors.
	1

2


	5

7



	5
	Lecture 5. Manufacturers of semiconductor nanostructures by epitaxy methods. The synthesis of nanostructures by liquid-phase epitaxy (LPE). Obtaining nanostructures way vapor phase epitaxy (VPE). The solid phase epitaxy and laser vacuum.
Practical class 5. The band diagram of intrinsic and extrinsic crystalline and amorphous semiconductors.
Independent work of student with teacher: Assignment submission 1 

«The role of protective, insulating and masking in nanostructures», presentation
	1

2

1
	
5

7

3

	6
	Lecture 6. Preparation of heterostructures. Heterojunctions and homojunction. Methods of formation of superlattices. Superlattice. Preparation of superlattices. Methods of formation of quantum wells and threads. Low-dimensional systems. Nanosystems with quantum wells. Preparation of quantum wires. Methods for the preparation of quantum dots. Quantum dots.
Practical class 6. Photoconductivity and photoluminescence.
	1

2

1
	5

7

3

	7
	Lecture 7. Preparation nanostructures with DEG. The two-dimensional electron gas. Formation type TIR and MOS nanostructures.
Practical class 7. A semiconductor p-n junction.

Independent work of student with teacher: Assignment submission 1 

«The role of the passivation coating in nanostructures», presentation
	1

2

1
	5

7

4

	
	Boundary Control 1
	
	100

	8
	Lecture 8. Fabrication of devices from nanostructures. Heterostructures and heterojunctions. Superlattice. Quantum dots.
Practical class 8. A semiconductor heterojunction. Variband structure.
	1

2

1
	5

6

3

	
	Midterm
	1
	100

	9
	Lecture 9. Nanowires. Clusters and their associations. The formation of clusters. Preparation of clusters with thermal and laser methods. Synthesis of clusters using molecular beams.
Practical class 9. Types of quantum structures.
Independent work of student with teacher: Assignment submission 1 

«What is the difference between MBE and thermal spraying in a vacuum? What nanostructures prepared by methods LPE?», presentation
	1

2

1
	5

6

3

	10
	Lecture 10. Nanolithography.

Practical class 10. Size quantization of the electronic subsystem of quantum dots.
	1

2

1
	5

6

3

	11
	Lecture 11. Modes of growth heteroepitaxial structures. Self-organization of quantum dots and quantum wires.
Practical class 11. Photonic crystals
Independent work of student with teacher: Assignment submission 1 

«What nanostructures prepared by methods HPE? What are the similarities and differences between different types of low-dimensional nanostructures?», presentation
	1

2

1
	5

6

3

	12
	Lecture 12. Elements of nanoelectronics.
Practical class 12. Fabrication of Photonic Crystals.
	1

2

1
	5

6

3

	13
	Lecture 13. Elements of optoelectronics.
Practical class 13. Preparation of semiconductor films by thermal evaporation, ion-plasma sputtering and plasma-chemical (reactive) precipitation.

Independent work of student with teacher: Assignment submission 1 

«What are the known methods of forming superlattices? What are the methods of formation of nanowires and clusters», presentation
	1

2

1
	5

6

3

	14
	Lecture 14. Quantum dot lasers.
Practical class 14. Obtaining of semiconductor nanostructures by ion implantation.
	1

2

1
	5

6

3

	15
	Lecture 15. The quantum dots in biology and medicine.
Practical class 15. Recent advances in fabrication technology of semiconductor nanostructures.
Independent work of student with teacher: Assignment submission 1 

« What are the differences and similarities between the method of cluster formation and thermally synthesis using molecular beams? In what devices, nanostructures are used?», presentation
	1

2

1
	5

7

4

	
	Boundary Control 2
	
	100

	
	Exam
	
	100

	
	Total
	
	100


APPENDIX 2

DESCRIPTION 
of the expected learning outcomes as the system of formed competences 

 (on the Dublin descriptors).

А) a short summary of the competence content, B) verbs to formulate the content of competence in the discipline, identify methods, techniques, types of tasks, aimed at the formation of these competencies; define the typology of examination tasks and questions are given in brackets. 
Cognitive competence:
Knowledge. [А) memorization and reproduction of learned material – from the specific facts to a complete theory; B) know, organize, identify, repeat, fill in the tables, remember, name, organize, recognize, relate, recall, repeat, reproduce; make a list, select, tell, show.] 
Understanding. [А) the ability to convert material from one form of expression - into another, interpret information, to express assumption about the future course of occurances, events; B) classify, describe, identify characteristics, discuss, explain, express, certify, find, recognize, report, restate, review, select, translate.]  

Functional competence:

Application. [А) ability to apply learned material in specific circumstances and new situations; B) apply, choose, demonstrate, dramatize, illustrate, interpret, operate, practice, develop a schedule / sketch, solve, use, write.]
Analysis. [А) the ability to separate parts of the integrity; identify the relationship between them; define the organization principles of the integrity; carry out a distinction between facts and consequences; evaluate the importance of the data;  B) analyze, evaluate, calculate, classify, compare, criticize, differentiate, differ, distinguish, examine, experiment, reveal the similarities and differences, clarify the parameters, check.] 

System competence:

Synthesis. [ А) the ability to combine elements to get integrity with novelty, (essay, presentation, report, project, case, quest, and others.); B) organize, gather, collect, compile, build, create, develop, formulate, prove point of view, manage, organize, plan, predict, prepare, propose, create, write.] 

Evaluation. [А) ability to assess the value of one or another particular material, the logic of information, construction of the text, compliance with conclusions, importance of activity outcome;  B) evaluate, discuss, pertain, choose, compare, defend, evaluate, judge, predict, select, maintain, defend a point of view, prove, predict, submit argument.] 

Social competence:

Willingness to cooperate: A) to provide with information, ideas, problems and solutions, work in a team; B) to formulate (problem, purpose, objectives, conclusions, conditions, etc.); to define (requirements, criteria, guidelines); make decisions and report them to make conclusions, give argumentation, to justify, to insist, to persuade, etc..
Metacompetence: 

Skills in the field education. [A) to develop skills essential to continue education with a high degree of autonomy; B)  Being able to reflection, objective evaluation of their achievements; realize necessity of new competencies; identify areas for further personal and professional development, and others. ]
