SYLLABUS
Solid State Electronics / Electronica solidului
University year 2026-2027

1. Information regarding the programme
	1.1. Higher education institution
	Babes-Bolyai University

	1.2. Faculty
	Physics

	1.3. Department
	Solid State Physics and Advanced Technologies

	1.4. Field of study
	Physics

	1.5. Study cycle
	Master

	1.6. Study programme/Qualification
	Solid State Physics

	1.7. Form of education
	full-time education/ învățământ cu frecvență



2. Information regarding the discipline
	2.1. Name of the discipline
	Electronica solidului / Solid State Electronics
	Discipline code
	FME1402

	2.2. Course coordinator
	Prof. Dr. Coriolan Tiusan 

	2.3. Seminar coordinator
	Prof. Dr. Coriolan Tiusan

	2.4. Year of study
	I
	2.5. Semester
	2
	2.6. Type of evaluation
	E
	2.7. Discipline regime
	DA



3. Total estimated time (hours/semester of didactic activities)
	3.1.  Hours per week  
	4
	of which: 3.2 course
	2
	3.3 seminar/laboratory
	2

	3.4.  Total hours in the curriculum
	56
	of which: 3.5 course  
	28
	3.6 seminar/laborator
	28

	Time allotment for individual study (ID) and self-study activities (SA)
	hours

	Learning using manual, course support, bibliography, course notes (SA)
	20

	Additional documentation (in libraries, on electronic platforms, field documentation)
	16

	Preparation for seminars/labs, homework, papers, portfolios and essays  
	30

	Tutorship 
	3

	Evaluations
	3

	Other activities: 
	-

	3.7.  Total individual study hours
	72

	3.8.  Total hours per semester
	128

	3.9.  Number of ECTS credits
	6



4. Prerequisites (if necessary)
	4.1. curriculum
	· Solid State Physics, Quantum Physics, Magnetism, Semiconductor Physics

	4.2. competencies
	· To know basic notions on physics from the basic courses 
· To valorisatie physical fundamentals, methods and tools of Solid-State Physics and Material Science for specific applications. 
· Use and development of research laboratory equipment and industrial laboratory for conducting research experiments.



5. Conditions (if necessary)
	5.1. for the course
	Classroom equipped with blackboard and projector

	5.2. for the seminar /lab activities
	Access to the research laboratories (Institute Ioan-Ursu, IIRBNS) of Babes-Bolyai University 


6.1. Specific competencies acquired [footnoteRef:1] [1:  One can choose either competences or learning outcomes, or both. If only one option is chosen, the row related to the other option will be deleted, and the kept one will be numbered 6.] 

	Professional/essential
competencies
	· Apply advanced knowledge of solid-state physics, mathematics, and solid-state chemistry to the study of materials, including the ability to analyze and synthesize physical data and to model complex physical phenomena.
· Effectively leverage fundamental principles, methods, and tools of solid-state physics and materials science in production-related activities, technical expertise, and process monitoring, within a multidisciplinary and interdisciplinary framework.
· Plan, conduct, and independently implement experimental investigations using research and industrial laboratory equipment, critically evaluating results and associated uncertainties.
· Communicate complex scientific concepts, experimental methodologies, and results clearly and coherently in oral and written form.
· Generate, justify, and disseminate scientific results, including the preparation of scientific manuscripts and professional interaction with editorial boards and peer-review processes in the relevant research field.

	Transversal competencies
	· Carry out professional tasks effectively and responsibly, in compliance with legal and ethical standards, under appropriate qualified supervision.
· Exercise autonomy and sound judgment in the execution of professional duties, based on critical self-assessment and responsible decision-making.
· Collaborate effectively within multidisciplinary teams at various hierarchical levels, assuming defined roles, demonstrating initiative and leadership, and fostering dialogue, cooperation, mutual respect, diversity, multicultural awareness, and continuous improvement.
· Use information sources, communication tools, and training resources efficiently in both Romanian and at least one foreign language.
· Objectively assess personal training needs to support employability and continuous professional development, and adapt proactively to the evolving requirements of the labor market.


6.2. Learning outcomes
	Knowledge
	After completing the course, students will be able to:
· Demonstrate solid knowledge of electronic structure in solids, including energy bands, work function, emission phenomena, and charge transport across metal, semiconductor, insulating, and superconducting interfaces.
· Understand the physical principles governing electronic, magnetic, and superconducting junctions and heterostructures, including Schottky contacts, tunnel junctions, MOS structures, and Josephson junctions.
· Explain interface-related phenomena such as proximity effects, interface magnetism, exchange interactions, magnetic anisotropy, and their role in multilayer and composite structures.
· Describe the physical mechanisms underlying spin-dependent transport phenomena and quantum effects, including Hall effects, magnetoresistance (GMR, TMR), spin-transfer torque, and emerging quantum and spintronic devices.

	Skills
	After completing the course, students will be able to:
· Analyze energy-band diagrams and current–voltage characteristics of metal–metal, metal–semiconductor, semiconductor–semiconductor, metal-insulating-semiconductor, and various tunneling structures.
· Apply theoretical models to interpret spin-dependent transport, magnetoresistance, and interface-driven phenomena in multilayer and hybrid electronic systems.
· Evaluate the influence of interfaces, proximity effects, and dimensionality on the electronic, magnetic, and superconducting behavior of solid-state devices.
· Integrate concepts from solid-state physics, electronics, and magnetism to critically assess the operation and performance of spintronic, superconducting, and quantum electronic devices.

	Responsibility
and autonomy:
	After completing the course, students will be able to:
· Take responsibility for the correct use and interpretation of theoretical models and experimental data related to solid-state electronic and spintronic systems.
· Exercise autonomous judgment in selecting appropriate physical descriptions for complex interface phenomena and coupled electronic–magnetic effects.
· Critically assess the limitations, assumptions, and applicability of models used in solid-state electronics and quantum device analysis.
· Communicate complex concepts, analyses, and conclusions related to solid-state electronic devices clearly and responsibly to audiences with diverse technical backgrounds.



7. Objectives of the discipline (outcome of the acquired competencies)
	7.1 General objective of the discipline
	Thorough knowledge of the theoretical and practical aspects in solid state electronics and, within it, the proper use of specific language in communicating with different professional backgrounds.

	7.2 Specific objective of the discipline
	· Valorisation of physical fundamentals, of theoretical and practical knowledge related to the study of the contact between electrical and magnetic materials with different contacts underlying solid state electronic devices, magnetic discs, magnetic sensors, magnetic memories, reading heads magnetic tapes and discs etc.
· Use and development of research and/or industrial equipments to perform research experiments.



8. Content
	8.1 Course
	Teaching methods
	Remarks

	1. Introduction: electrons in crystal, energy bands, workfunction, thermoelectric emission, Schottky field emission.
	Lecture combined with debates. 

The video projector and the blackboard will be used. 

For online teaching, specific platforms: MsTeams, Zoom, Skype will be used.
	2h

	2. Metal-metal contact. Energy diagram of the contact at equilibrium. Potential contact.
	
	2h

	3. Metal-semiconductor contact. Energy diagram of the contact. The volt-ampere characteristic.
	
	2h

	4. Non-degenerate and degenerate semiconductor-semiconductor contact. Energy diagram of the contacts. The volt-ampere characteristic. Metal insulating metal tunnel junction structures. Magnetic tunnel junctions.
	
	2h

	5. Metal-oxide-semiconductor structures and devices. 2DEG in strong magnetic fields. Quantum Hall effect. Classes of Hall effects.
	
	2h

	6. Superconductor-insulator-superconductor Josephson junctions and applications.
	
	2h

	7. Interface magnetism and proximity effects concepts/phenomena. Bulk vs surface/interface magnetic anisotropy. Asymmetric exchange (Dzyaloshinski Moriya Interaction) and noncollinear spin textures induced by proximity interface effects.
	
	2h

	8. Metallic/magnetic multilayer structures. Interlayer exchange coupling. Coupling by spin-polarized tunneling. The concept of complex Fermi surface.
	
	2h

	9. Exchange bias. Spring magnets. Magnetization characteristics of composite thin magnetic films.
	
	2h

	10. Electronic structure basis of spin filtering phenomena and magnetoresistance. Band-matching and consequences on spin dependent conduction and magnetoresistance. Case studies on GMR (CIP, CPP, granular heterogeneous systems, magnetic clusters in non-magnetic matrices) and TMR effects.
	
	2h

	11. Spin transfer torque effects in multi-layered heterostructures and applications in data storage technologies.
	
	2h

	12. Proximity effects at the interface between magnetic and superconducting materials. Mechanisms of Skyrmion-Vortex Coupling (SVC) in a Chiral Magnet-Superconductor Heterostructures.
	
	2h

	13. Quantum materials, devices and future perspectives. 
	
	2h

	14. Unconventional computing using spintronic devices: stochastic computing, issues on quantum communication and quantum computing neuromorphic spintronics.
	
	2h

	Bibliography
1. Hendrik Bluhm, Thomas Brückel, Markus Morgenstern, Gero Plessen, Christoph Stampfer, Electrons in Solids- Mesoscopics, Photonics, Quantum Computing, Correlations, Topology, Advanced Solid State Physics: Electronic Properties, (De Gruyter Textbook) (Graduate Texts in Condensed Matter)
2. A. E. Berkowitz, J. R. Michell, M.J. Carey, A. P. Young, S. Zhang, F. E. Spada, F. T. Parker, A. Hutten, G. Thomas, Giant magnetoresistance in heterogeneous Cu-Co alloys, Phys. Rev. Lett. 68 (1992) 3745-3748
3. S. J. Blundell, Magnetism in condensed matter physics, Oxford University Press, Oxford, 2001
4. André Moliton, Solid-state physics for electronics, John Wiley & Sons, Inc. 2009.
5. M. Coldea, Electronica solidului, Ed. Univ. Babeş-Bolyai, Cluj-Napoca, 2002
6. M. Coldea, Magnetorezistenta si aplicatiile ei, Presa Universitara Clujeana, 2009.
7. R. F. Hummel, Electronic Properties of Materials, Springer-Verlag Berlin, 1993
8. M. Johnson, Spintronics, J. Phys. Chem. B, 109 (2005) 14278-14291
9. T. Thio, S. A. Solin, Extraordinary magnetoresistance in inhomogeneous narrow-gap semiconductors, Appl. Phys. Lett. 72 (1998) 4397- 4400
10. C. Tannous, J. Gieraltowski, Giant magneto-impedance and its applications, J. Mat. Science :Materials in electronics 15(2004)125-133
11. E. Y. Tsymbal, I. Žutić, Spintronics Handbook, Second Edition: Spin Transport and Magnetism, SBN 9780367779566 (2020).
        12. W. Han, Y. Otani & S. Maekawa, Quantum materials for spin and charge conversion, npj Quantum Materials (2018) 27.

	8.2 Seminar / laboratory
	Teaching methods
	Remarks

	1. Energy spectrum of electrons in solids: metals, insulators and semiconductors.
	
Critical presentation of given subjects. Will be used the video projector and the blackboard.

For online teaching specific platforms: MsTeams, Zoom, Skype will be used.

	2h

	2. Superconductor–insulator–superconductor and Superconductor–metal–superconductor Josephson junctions. Josephson effect (AC, DC, inverse Josephson effect). Applications in SQUID magnetometry and superconducting electronics, superconducting spintronics and quantum technologies (qubits).
	
	2h

	3. Classes of Hall effects: Ordinary, Quantum, Anomalous, Quantum anomalous, Spin, Quantum spin - Hall effect.
	
	2h

	4. Graphene and Its Application in Electronics.
	
	2h

	5. Materials used in spin electronics: ferromagnetic metals and alloys, antiferromagnetic materials, oxides, magnetic semiconductors, semimetals
	
	2h

	6. Quantum materials, devices and future perspectives. Unconventional computing using spintronic devices: stochastic computing, issues on quantum communication and quantum computing neuromorphic spintronics.
	
	2h

	7. Physics in less than 3D.
	
	2h

	Bibliography
1. Sood, A. K., Lund, I., Puri, Y. R., Efstathiadis, H., Haldar, P., Dhar, N. K., … Fritze, M. (2015). Review of Graphene Technology and Its Applications for Electronic Devices. Graphene - New Trends and Developments. doi:10.5772/61316
2. von Klitzing, K. (1993) Nobel Lecture, December 9, 1985, The Quantized Hall Effect. In: Frangsmyr, T. and Ekspong, G., Eds., Nobel Lectures, Physics 1981-1990, World Scientific, Singapore, 317.
3. Hang Chi and Jagadeesh S. Moodera, Progress and prospects in the quantum anomalous Hall effect, APL Mater. 10, 090903 (2022).
4. L. J. Challis (1992), Physics in less than three dimensions, Contemporary Physics, 33:2, 111-127, DOI: 10.1080/00107519208219535.
5. Braginski, A.I. Superconductor Electronics: Status and Outlook. J Supercond Nov Magn 32, 23–44 (2019). https://doi.org/10.1007/s10948-018-4884-4.
6. W. Han, Y. Otani & S. Maekawa, Quantum materials for spin and charge conversion, npj Quantum Materials (2018) 27.
7.  E. Y. Tsymbal, I. Žutić, Spintronics Handbook, Second Edition: Spin Transport and Magnetism, ISBN 9780367779566 (2020).



9. Corroborating the content of the discipline with the expectations of the epistemic community, professional associations and representative employers within the field of the program
	· Course content is consistent with what we study in other universities from Romania or abroad being adapted to the peculiarities of research activity at Babes-Bolyai University. To adapt to the requirements of the labour market, the content of these lectures was adjusted to the specific requirements of university education, research institutes and industry.






10. Evaluation
	Activity type
	10.1 Evaluation criteria
	10.2 Evaluation methods
	10.3 Percentage of final grade

	10.4 Course
	Depth knowledge and understanding of concepts, basic theories and methods in physics of magnetic and superconducting materials.
Using advance knowledge of material sciences for explanation and interpretation of new concepts, situations, processes, projects etc. associated to physics of magnetic and superconducting materials.
	Written examination
	





70 %

	10.5 Seminar/laboratory
	Integrated use of conceptual and methodological apparatus to solve theoretical and practical problems.
Nuanced and meaningful use criteria and assessment methods to make valuable judgments and promote constructive decisions.
	Essay on an imposed theme, with public presentation.
Lecture and laboratory work to strengthen experimental skills. 
	30%

	
	
	The attendance to the presentation of colleagues is compulsory.
	

	10.6 Minimum standard of performance

	· Understanding of basic concepts related to solid state electronics, the commonality among different phenomena related to the junction, interface effects and proximity effects.
· Make correlations between Solid State Physics, Electronic Structure, Magnetism and Electronic Transport.
· Getting more than 50% of the total final mark.



11. Labels ODD (Sustainable Development Goals)[footnoteRef:2] [2:  Keep only the labels that, according to the Procedure for applying ODD labels in the academic process, suit the discipline and delete the others, including the general one for Sustainable Development – if not applicable. If no label describes the discipline, delete them all and write „Not applicable.”.] 
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	Signature of course coordinator
	Signature of seminar coordinator
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