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Functional Materials and Nanotechnologies

Prerequisites

Basics of Physics and Mathematics

Main aim

To teach the basic knowledge about functional materials, modern methods of nanotechnologies,
instrumentation and its applications for creation of extremely small devices

Course (module) Learning Outcomes

No. | Outcomes Teaching / Assessment
B Learning Methods | Methods
Is able to define the structure and properties of advanced Mid-term
1 . . Lecture L
functional materials examination
Know and understand the basic principles of operation of Mid-term
2 . . . . Lecture A
atomic force and scanning tunneling microscope examination
Understand and is able to adapt nanoprobe and perform Laboratory
3 ) . . Laboratory classes .
measurements with atomic force microscope examination
4 | Is able to define methods of micro- and nanotechnology Lecture erttgn .
examination
L Laboratory
5 | Is able to perform processes of microlithography Laboratory classes examination
Is able to define fabrication principles of micro- and Written
6 - Lecture o
nanoelectromechanical systems examination
Is able to evaluate micro- and nanodevices by optical and Laboratory
7 ; . Laboratory classes I
scanning electron microscope examination
8 | Is able to present the results of scientific literature analysis | Individual project | Paper

Summary

Theoretical knowledge on structure and properties of advanced functional materials will be assimilated.
After completion of course students will know and understand the principles of operation of atomic force
and scanning tunneling microscope as well as technological specialities of micro- and
nanoelectromechanical systems. The students will be taught to adapt cantilever and perform measurements
of functional materials by atomic force and scanning electron microscope. After completion of course
students will be able to use the surface and bulk micromachining technologies, to make ordered

microstructures in thin films for micro- and nanodevices.

Level of module

Level of programme

Cycle Degree Subject group
First Bachelor Special Subjects

Syllabus

Ne, Sections and themes

1. | Functional materials and nanoscopic control methods

1.1 | Classification of functional materials

1.2 | Interatomic and intermolecular bonds in materials

1.3 | Crystal structure and defects

1.4 | Status diagrams and phase transitions

1.5 | Nanoprobes. Atomic force microscopy

1.6 | Scanning tunneling microscopy

2. | Nanotechnology techniques and nanodevices

2.1 | Methods of micro- and nanotechnology




Ne.

Sections and themes

2.2

Nanoimprint lithography

2.3

Electron beam nanolithography

2.4

Atomic lithography and three dimensional nanostructures

2.5

Micro- and nanoelectromechanical system technologies

2.6

Surface and bulk micromachining

2.7

Thin film etching. Bosch process

2.8

Functional micro- and nanodevices

Evaluation procedure of knowledge and abilities:

The ten-grade scale and the cumulative evaluation system are applied. The module’s final evaluation
consists of the sum of multiplications of the grades of the intermediate assessments and the final

assessment multiplied by weighting coefficients (percentage components).
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Teaching form
Mode of - Structure Total .
Ne | o dies Semester Lectures Practical Laboratory Tutorial Independent | | < Credits
(supervised) | (supervised) Learning
1 [Standard| A | S 32 0 16 0 112 160 6

Teaching form




Schedule of individual work tasks and their influence on final grade

Week of presentment of task (*) and
Final Ne. of |[Total|Influence on reporting (0)
Assessment form LAssessment] syllabus [hours| grade, % 17-
’ 1{23|45/6(7|8|9(10]11{12]|13(14{15|16 20
Mid-term examination 1-6 30 30 * 0
Paper 1-14 20 10 * 0
Laboratory examination 1-14 24 20 * 0
Written examination \ 7-14 | 38 40 * 0
Total: - - 112 100
Assessment criteria and connection to the study module's study results
Assessment form Assessment Assessment criteria Course (module) Learning
week Outcomes
Mid-term examination | 9 e During the exam all o Is able to define the
questions are properly structure and properties
answered. of advanced functional
materials
e Know and understand
the basic principles of
operation of atomic
force and scanning
tunneling microscope
Paper 14 e The relevant issues are o Isable to present the
analyzed using a novel results of scientific
literature without literature analysis
essential errors.
Conclusions and
recommendations are
well formulated. The
work is written in the
correct language, in a
scientific style. The
structure and layout of
the work is correct.
Laboratory examination | 16 e The laboratory work e Is able to evaluate
was presented properly, micro- and nanodevices
all questions were by optical and scanning
answered. electron microscope
e Isable to perform
processes of
microlithography
e Understand and is able
to adapt nanoprobe and
perform measurements
with atomic force
microscope
Written examination 17 e During the exam all e Isable to define
questions are properly fabrication principles of
answered. micro- and
nanoelectromechanical
systems
e Isable to define
methods of micro- and
nanotechnology







