                                                                                                                                                  Appendix No. 1.5 to the Resolution No. 7/2023 
                                                                                                                                                      of the Rector of the University of Rzeszów

SYLLABUS
REGARDING THE QUALIFICATION CYCLE FROM 2026TO2027
ACADEMIC YEAR 2026/2027

1. Basic Course/Module Information 
	Course/Module title
	Advanced Materials Characterization Techniques for Mechatronics

	Course/Module code *
	

	Faculty (name of the unit offering the field of study)
	Faculty of Exact and Technical Sciences

	Name of the unit running the course
	Institute of Computer Science

	Field of study
	MECHATRONICS

	Qualification level 
	FIRST-CYCLE STUDIES

	Profile
	PRACTICAL

	Study mode
	FULL-TIME STUDIES

	Year and semester of studies
	YEAR 2, SEMESTER 3

	Course type
	LECTURES

	Language of instruction
	English

	Coordinator
	Małgorzata Trzyna-Sowa, D. Sc. Eng.

	Course instructor
	Małgorzata Trzyna-Sowa, D. Sc. Eng.



* - as agreed at the faculty


1.1.Learning format – number of hours and ECTS credits 

	
Semester
(n0.)
	Lectures
	Classes
	
Laboratories

	Seminars
	Practical classes
	Internships
	others
	ECTS credits 

	3
	
	
	
	
	30
	
	
	5




1.2. Course delivery methods
x conducted in a traditional way
x involving distance education methods and techniques

1.3. Course/Module assessment (exam, pass with a grade, pass without a grade)
laboratory classes - pass with a grad 


2. Prerequisites 
	
Knowledge of general physics and basic electronics. Ability to use computer software.





3. Objectives, Learning Outcomes, Course Content, and Instructional Methods

3.1. Course/Module objectives
	O1
	Introducing students to the fundamental concepts related to quality control of engineering materials using modern analytical techniques.

	O2
	Presenting commonly used research methods, with emphasis on criteria for selecting appropriate analytical techniques for material analysis.

	O3
	Familiarizing students with the basic principles of advanced material testing methods, such as Electron Microscopy, Mass Spectrometry, Thermography, Raman Spectroscopy and Profilometry.

	O4
	Introducing the principles of working in a clean room laboratory environment using advanced material testing techniques, along with examples of their practical applications.



3.2. Course/Module Learning Outcomes  (to be completed by the coordinator)


	Learning Outcome
	The description of the learning outcome 
defined for the course/module
	Relation to the degree programme outcomes

	LO_01
	Knows and understands the fundamental principles of quality control in engineering materials and the role of modern analytical techniques in mechatronic design
	K_W02, K_W05

	LO_02
	Can identify and select appropriate material testing methods based on specific analytical criteria and application requirements.
	K_U01, K_U05

	LO_03
	Understands the operating principles of advanced material testing techniques such as Electron Microscopy, Mass Spectrometry, Thermography, Raman Spectroscopy, and Profilometry. Is able to apply selected analytical techniques in a laboratory setting, including clean room environments, and interpret results in the context of mechatronic systems.
	K_W03, K_W06


	LO_04
	Demonstrates awareness of the importance of material characterization in the development of reliable and innovative mechatronic devices. 
	K_U07, K_U08, 

	LO_05
	Is able to apply selected analytical techniques in a laboratory setting, including clean room environments, and interpret results in the context of mechatronic systems.
	K_K01, K_K02



3.3. Course content  (to be completed by the coordinator)

A. Classes, laboratories, seminars, practical classes

	Content outline

	1. Introduction to material quality control. Overview of engineering material properties and their relevance in mechatronic systems. Classification of materials used in devices: structural, functional, electronic, composite, and specialized materials.


	2. Criteria for selecting analytical techniques. Principles of choosing appropriate methods depending on material type, structure, application, and investigated properties.


	3. Basics of Electron Microscopy (SEM/TEM). Sample preparation, imaging, and interpretation of microstructural features. Surface morphology analysis of semiconductor materials produced by MBE (Molecular Beam Epitaxy).


	4. Mass Spectrometry in material analysis. Operating principles, instrumentation, and elemental composition identification. Analysis of oxidized surface layers of special steels using TOF-SIMS.


	5. Fundamentals of Thermography. Application of thermal imaging cameras for non-invasive detection of weld defects in structural steels and assessment of material integrity.


	6. Principles of Raman Spectroscopy. Molecular characterization of materials and detection of structural changes in electronic semiconductor materials.

	7. Profilometry. Surface roughness measurement of TiN coatings and topography analysis using contact and non-contact methods.

	8. Clean room laboratory procedures. Safety rules, protocols, and equipment handling in controlled environments.

	9. Hands-on laboratory sessions with selected techniques. Sample preparation. 

	10. Case studies and applications. Examples of using advanced material testing techniques in the design of mechatronic devices.



3.4. Methods of Instruction
e.g.
Lecture: a problem-solving lecture/a lecture supported by a multimedia presentation/ distance learning
Classes: text analysis and discussion/project work (research project, implementation project, practical project)/ group work (problem solving, case study, discussion)/didactic games/ distance learning
Laboratory classes: designing and conducting experiments


1. Laboratory: designing and conducting experiments, drawing up reports. 


4. Assessment techniques and criteria 

4.1 Methods of evaluating learning outcomes 


	Learning outcome

	Methods of assessment of learning outcomes (e.g. test, oral exam, written exam, project, report, observation during classes)
	Learning format (lectures, classes,…)

	LO-01
	Written test – assessing knowledge of fundamental concepts and principles of material quality control and analytical techniques
	laboratory 

	LO-o2
	Written test, Project work
	laboratory

	LO-o3
	Laboratory report, Observation during laboratory classes
	laboratory

	LO-o4
	Oral presentation – presenting a case study on the application of a selected testing technique in mechatronic device design, Project work
	laboratory

	LO-o5
	Laboratory report, Observation during laboratory classes
	laboratory




4.2 Course assessment criteria 

	Laboratory
•	positive assessment of preparation for laboratory classes
•	performing the tasks set in the exercise program
•	positive assessment of activity during laboratory classes
•	writing and submitting reports




5. Total student workload needed to achieve the intended learning outcomes 
– number of hours and ECTS credits 


	Activity
	Number of hours

	Course hours
	30

	Other contact hours involving the teacher (consultation hours, examinations)
	10

	Non-contact hours - student's own work (preparation for classes or examinations, projects, etc.)
	85

	Total number of hours
	125

	Total number of ECTS credits
	5


* One ECTS point corresponds to 25-30 hours of total student workload


6. Internships related to the course/module

	Number of hours

	

	Internship regulations and procedures
	



7. Instructional materials

	Compulsory literature:
1. Ch. Kittel, Introduction To Solid State Physic, University Of California, Berkeley, Sbn 0-471-41526-X, 2005
2. John C. Vickerman And David Briggs, Tof-Sims: Materials Analysis By Mass Spectrometry, [Isbn 978-1-906715-17-5]
3. Characterization Of Metallic Materials: Microstructure, Forming, And Heat Treatment, 10.3390/Books978-3-7258-1219-6, 9783725812202, 9783725812196, Mdpi - Multidisciplinary Digital Publishing Institute, Www.Mdpi.Com/Books


	Complementary literature: 
1. Atomic Force Microscopy, on-line tutorial http://nanohub.org/resources/520
2. Methods for Nanopatterning and Lithography Materials Science. TM. Volume 6, http://www.sigmaaldrich.com/content/dam/sigma-aldrich/materials-science/material-matters/material_matters_v6n1.pdf
3. Applications of XPS, AES, and TOF-SIMS, Scott R. Bryan, Physical Electronics, https://mrsec.wisc.edu/wp-ontent/uploads/sites/282/2018/04/Scott-Bryan.pdf
	4. Jenny Whiting , Lisa Yen, Nikki Stanford. 
Micron, September 2022, vol 160 MY-SCOPE, MICROSCOPY ON LINE TRAINING, MICROSCOPY AUSTRALIA,  https://myscope.training/





s



Approved by the Head of the Department or an authorised person
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