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Dalyko anotacija / Subject anotation

Déstomo dalyko turinys susideda i§ 6 pagrindiniy daliy:

1. Superjoninés keramikos ir jy technologijos / Solid electrolyte caramics and their
technologies (Dr. Tomas Salkus);

2. PavirSiaus analizés metodai / Surface analysis methods (Prof. Roland Tamositinas);

3. Lazerinés technologijos elektronikos ir fotonikos medziagy apdirbimui/ Laser technologies
for processing the electronics and photonics materials (Dr. Gediminas Raciukaitis);

4. 3D mikro-/nano-litografija paremta lazeriniu tiesioginiu rasymu, naudojant
ultratrumpuosius impulsus / 4. 3D micro-/nano-lithography based on laser direct writing using
ultrafast pulses (Prof. Mangirdas Malinauskas);

5. Netvarkios organinés ir neorganinés medziagos (Prof. Kestutis Arlauskas);

6. Nanometriniai dariniai, technologijos ir jy taikymai / 6. Nanometric derivatives,
technologies and their applications (Dr. Vaidas Pacebutas).

1. SUPERJONINES KERAMIKOS IR JU TECHNOLOGIJOS

1.1. SUPERJONINIU KRISTALU STRUKTUROS

- Ag" superjoniky kristalinés struktiiros;

- Vo™ ir H* superjoniky kristalinés struktiiros;

- Li* ir Na" superjoniky kristalinés struktaros.

1.2. SUPERJONINIU KERAMIKU GAMYBOS TECHNOLOGINIAI YPATUMAI
- Keraminiy milteliy gamyba;

- Keramiky kepinimo metu vykstantys procesai;

- Keramiky kepinimo temperatiiros jtaka jy mikrostruktarai, dilatometriniai tyrimai.
1.3. JONU DINAMIKA SUPERJONIKUOSE

- Impedanso spektroskopijos pagrindai;

- Superjoninés keramikos impedanso spektras;

- Relaksaciné ir rezonansiné superjoniky joninio laidumo dispersijos.




1.4. SUPERJONINIU KERAMIKU TAIKYMAS
- Superjoniniai akumuliatoriai;

- Kuro gardelés;

- Dujy jutikliai;

- Jonistoriai.

Pagrindiné literatiira / Main literature:

1. Tetsuichi Kudo and Kazuo Fueki “Solid State Ionics”, Kadansha, 1990.

2. M.B. Salamon “Physics of Superionic Conductors”, Springer-Verlag Berlin Heidelberg,
New York, 1979.

3. AF. Orliukas, “Superjoniniai laidininkai”, Vilnius, VUL, 2004.

4. J.Ross Macdonald, Impedance Spectroscopy, 1987.

1. SOLID ELECTROLYTE CARAMICS AND THEIR TECHNOLOGIES
1.1. CRYSTAL STRUCTURES OF SOLID ELECTROLYTES

- Crystal structures of Ag™ solid electrolytes;

- Crystal structures of Vo™ and H* solid electrolytes;

- Crystal structures of Li* and Na* solid electrolytes.

1.2. TECHNOLOGY OF SOLID ELECTROLYTE CERAMICS

- Ceramic powder synthesis;

- Processed taking place during ceramics sintering;

- The influence of ceramics sintering on their microstructure, dilatometric measurements.
1.3. ION DYNAMICS IN SOLID ELECTROLYTES

- Basics of impedance spectroscopy;

- Impedance spectrum of solid electrolyte ceramics;

- Relaxation and resonant dispersion of ionic conductivity in solid electrolyte.
1.4. APPLICATIONS OF SOLID ELECTROLYTE CERAMICS

- All-solid- state battery;

- Fuel cell;

- Gas sensors;

- lonistors.

2. PAVIRSIAUS ANALIZES METODAI

2.1. ELEKTRONU DETEKTAVIMAS

- Fotoelektrony spektroskopija (XPS, UPS);

- OzZe elektrony spektroskopija (AES);

- Elektrony energijos praradimo spektroskopija (EELS);
- Mazos energijos elektrony difrakcija (LEED);

- Kitos elektronus detektuojancios metodikos.

2.2. JONU DETEKTAVIMAS

- Antriniy jony masés spektrometrija (SIMS);

- Antriné neutralios masés spektrometrija (SNMS);

- Rezerfordo sklaidymo atgal spektroskopija (RBS);

- Mazos energijos jony sklaida (LEIS);

- Kitos jonus detektuojancios metodikos.

2.3. FOTONU DETEKTAVIMAS

- Rentgeno spinduliy dispersijos pagal energija spektroskopija;
- Rentgeno spinduliy difrakcija (XRD);

- IR atspindzio sugerties spektroskopija (RAIRS);

- Ramano sklaida;

- Elipsometrija;

- Kitos fotonus detektuojancios metodikos.




2.4. SIUOLAIKINIAI MIKROSKOPIJOS METODAI
- Atominiy jégy mikroskopija (AFM);

- Skenuojanti tuneliné mikroskopija (STM);

- Elektroniné mikroskopija (TEM, SEM+FIB);

- Artimo lauko optiné mikroskopija (SNOM);

- Kitos mikroskopijos.

2. SURFACE ANALYSIS METHODS

2.1. ELECTRON DETECTION

- Photoelectron spectroscopy (XPS, UPS);

- Auger-electron spectroscopy (AES);

- Electron energy loss spectroscopy (EELS);

- Low-energy electron diffraction (LEED);

- Other electron-detection techniques.

2.2 ION DETECTION

- Secondary ion mass spectroscopy (SIMS);

- Secondary neutral mass spectroscopy (SNMS);
- Rutherford back-scattering spectroscopy (RBS);
- Low-energy ion scattering (LEIS);

- Other ion-detection techniques.

2.3. PHOTON DETECTION

- Energy-dispersive X-ray spectroscopy (EDX);

- X-ray diffraction (XRD);

- Reflection absorption IR spectroscopy (RAIRS);
- Raman scattering;

- Ellipsometry;

- Other photon-detection techniques.

2.4. ADVANCED MICROSCOPY TECHNIQUES
- Atomic force microscopy (AFM);

- Scanning tunneling microscopy (STM);

- Electron microscopies (TEM, SEM+FIB);

- Near field optical microscopy (SNOM);

- Other microscopies.

Pagrindiné literatiira / Main literature:

1. G.Friedbacher, H.Bubert. Surface and Thin Film Analysis. Wiley, 2011.

2. J.C.Vickerman, 1.S.Glimore. Surface Analysis — The Principal Techniques. Wiley, 20009.
3. B.Voigtlanders. Atomic force microscopy. 2nd Ed. Springer, 2019.

4. A.Ul-Hamid. A Beginners’ Guide to Scanning Electron Microscopy. Springer, 2018.

5. P.W.Hawkes, J.C.H.Spence. Science of Microscopy. Springer, 2006.

3. LAZERINES TECHNOLOGIJOS ELEKTRONIKOS IR FOTONIKOS MEDZIAGU
APDIRBIMUI

3.1 LAZERINIS MIKROAPDIRBIMAS

- lazerinio mikroapdirbimo metodai,

- lazeriai naudojami mikroapdirbimui,

- pagrindiniai mikroapdirbimo procesai (suvirinimas, pjovimas, zenklinimas, legiravimas).
3.2. LAZERINE ABLIACIJA

- abliacijos ypatumai naudojant jvairios trukmés (fs- [Js) impulsus,

- metaly abliacija ir mikrostruktiiry formavimas,

- plastiky abliacija ir mikrostruktiiry formavimas,




- dielektriky abliacija naudojant vienfotong ir daugiafotone sugerti,
- abliacija skystyje,

- raibuliy formavimasis,

- pavirSiy valymas.

3.3 LAZERINIS MEDZIAGU MODIFIKAVIMAS

- atkaitinimas,

- kristalizacija,

- legiravimas,

3.4 LAZERIU ASISTUOTAS MEDZIAGU APDIRBIMAS
- lazeriu asistuotas cheminis ésdinimas,

- impulsinis lazerinis nusodinimas.

3. LASER TECHNOLOGIES FOR PROCESSING ELECTRONICS AND
PHOTONICS MATERIALS
3.1 LASER MICROPROCESSING

- laser micromachining methods,

- lasers used for micromachining,

- basic micromachining processes (welding, cutting, marking, alloying).
3.2. LASER ABLATION

- specifics of ablation using pulses of various durations (fs- us),

- metal ablation and microstructure formation,

- plastic ablation and microstructure formation,

- ablation of dielectrics using single-photon and multi-photon absorption,

- ablation in liquid,

- formation of ripples,

surface cleaning.

3.3 LASER MODIFICATION OF MATERIALS

- annealing,

- crystallization,

- alloying,
3.4 LASER-ASSISTED PROCESSING OF MATERIALS

- laser-assisted chemical etching,

- pulsed laser deposition.

Pagrindiné literattira / Main literature:

1. D.Bduerle, Laser Processing and Chemistry, 3rd Edition, Springer 2000 788 p.. (ISBN: 3-
540-66891-8).

2. S. Nolte, F. Schrempel, F. Dausinger, Ultrashort Pulse Laser Technology, Springer, 2016,
358 p. (ISBN: 978-3-319-17658-1).

3. R. Osellame, G. Cerullo, R. Ramponi (Eds.), Femtosecond Laser Micromachining,
Springer, 2012, 483 p. (ISBN: 978-3-642-23365-2)

4. H. Misawa. S. Juodkazis, 3D Laser microfabrication. Principles and Application, Wiley-
VCH Verlag, 2006.

5. O. Balachninaité, A. Bargelis, A. Dementjev, R. JonuSas, G. Raciukaitis, V. Sirutkaitis,
Lazeriné technologija, Vilnius, VUL, 2008.

4.1 TURINIS DIELEKTRIKU MODIFIKAVIMAS ULTRATRUMPAIS IMPULSAIS

- Optin¢ galia, doz¢ ir intensyvumas, Sviesos poliarizacija;

- Erdvélaikyje lokalizuotos Sviesos-medziagos sgveika: darinio dydis ir erdviné skyra;

- Tiesiné ir netiesiné saveika, stochastiniai ir deterministiniai reiskiniai, grititiné jonizacija ir




daugiafoton¢ sugertis, termoakumuliacija;

- Fotopolimerizacijos mechanizmai ir tinklinamos medZiagos;

- Skaidriy terpiy lazio rodiklio modifikavimas.

42. TRIMACIU MIKRO IR NANODARINIU FORMAVIMAS LAZERINIO
TIESIOGINIO RASYMO BUDU IR JU TAIKYMAI

- Lazerinio tiesioginio rasymo 3D litografija;

- Lazerinis tiesioginis jraSymas skaidriose kietakiinése medziagose;

- Lazerio indukuotas tiesioginis perneSimas (LIFT);

- Sviesa paremtas 4D spausdinimas ir 5D atmintis;

- 3D mikrodariniy pavyzdziai: mikromechaniniai jrenginiai, mikrofluidiniai lustai,
mikrooptikos komponentai, fotoniniai kristalai, metamedziagos.

4.1 VOLUMETRIC MODIFICATION OF DIELECTRICS VIA ULTRAFAST PULSES
- Optical power, dose, intensity, light polarization;

- Spatio-temporal localised light-mater interaction: feature size and spatial resolution;

- Linear and non-linear interaction, stochastic and deterministic phenomena, avalanche
ionization and multi-photon absorption, thermal accumulation;

- Photopolymerization mechanisms and cross-linkable materials;

- Photomodification of transparent materials.

4.2 DIRECT LASER WRITING OF THREE DIMENSIONAL MICRO- AND NANO-
ADDITIVE MANUFACTURING, ITS APPLICATIONS

- Direct laser writing 3D lithography;

- Direct laser writing in solid transparent dielectrics;

- Laser induced forward transfer (LIFT);

- Applications of 3D microstructures: micromechanical systems, microfluidic chips, micro-
optical components, photonic crystals, metamaterials.

Pagrindiné literatiira / Main literature:

1. T. Baldacchini (Ed.), Three-Dimensional Microfabrication Using Two-Photon
Polymerization (2nd Edition), Elsevier, (2020), 766 p. (eISBN: 9780128178287).

2. M. Malinauskas, A. Zukauskas, S. Hasegawa, Y. Hayasaki, V. Mizeikis, R. Buividas, and
S. Juodkazis, Ultrafast laser processing of materials: from science to industry, Light: Sci.
Appl. 5, 16133 (2016);

10.1038/1sa.2016.133, Nature Publishing Group.

3. E. Skliutas et al., Photopolymerization mechanisms at spatio-temporally ultra-confined
light, Nanophotonics 10(4), 1211-1242 (2021); 10.1515/nanoph-2020-0551.

5. NETVARKIOS ORGANINES IR NEORGANINES MEDZIAGOS
5.1. NETVARKIU MEDZIAGU FORMAVIMAS

- netvarkos apibrézimas;

- stikl¢jimas;

- stikly formavimas i§ skystos ir dujinés faziy.

5.2. AMORFINIU MEDZIAGU MORFOLOGIJA

- artimosios tvarkos geometrija ir chemija;

- struktiiros charakterizavimo metodai;

- atsitiktinis arba tolydus artimas i$sidéstymas.

5.2.1. CHALKOGENIDINIAI STIKLAI, ORGANINIAI POLIMERAI
- 1D, 2D tinklinés sandaros, kompozicinis laisvumas;

- ,,8 —n* taisyklé ir ,,idealus stiklas®;




- topologiniai defektai ir kintamas valentingumas;

- organiniy stikly sandaros modeliai.

5.2.2. TETRAEDRINES AMORFINES MEDZIAGOS (a-Ge, a-Si)
- amorfonas ir istisinio atsitiktinio tinklo (continuous random network — CRN) modeliai;
- tabaluojantys® (dangling) ry$iai;

- legiravimas.

5.3. ELEKTRONU BUSENOS

- elektrony biiseny tankis;

- vietiniai lygmenys.

5.4. SVIESOS SUGERTIES YPATUMALI

5.5. KRUVININKU PERNASA

- zoninis, difuzinis, Suolinis, poliarony modeliai;

- perkoliacija.

5.6. KRUVININKU REKOMBINACIJA

5.7. NETVARKIU MEDZIAGU TAIKYMAS

- saulés celés;

- Sviesos diodai;

- lauko tranzistoriai;

- jutikliai;

- kopijavimo ir spausdinimo jrenginiai.

5. DISORDERED ORGANIC AND INORGANIC MATERIALS
51. FORMATIONOF DISORDERED MATERIALS
- definition of disorder;
- glazing;
- the formation of glasses from liquid and gaseous phases
5.2. MORPHOLOGY OF AMORPHOUS MATERIALS
- geometry and chemistry of close network;
- characterization methods of structures;
- accidental or continuous close arrangement.
5.2.1. CHALCOGENIDE GLASSES, ORGANIC POLYMERS
- 1D, 2D net structures, compositional looseness;
“8 —n” rule and "ideal glass";
- topological defects and variable valency;
- models of the structure of organic glasses.
5.2.2. TETRAHEDRAL AMORPHOUS MATERIALS (a-Ge, a-Si)
- amorphone and continuous random network (CRN) models;
- “dangling” bonds;
- Doping.
5.3 ELECTRON STATES
- density of electron states;
- local states.
5.4. FEATURES OF LIGHT ABSORPTION
5.5. CHARGE CARRIER TRANSPORT
- zonal, diffuse hopping, poliaron models;
- percolation.
5.6. RECOMBINATION OF CHARGE CARRIERS
5.7. APPLICATION OF DISORDERED MATERIALS
- Solar cells;
- light emitting diodes (LED);
- field effect transistors (FET);




- Sensors;
- copying and printing devices.

Pagrindiné literattira / Main literature:

1. Morigaki K., Physics of Amorphous Semiconductors. Imperial College Press and World
Scientific Publishing Co. Pte. Ltd. 1999, 415 p.

2. Zallen R., The Physics of Amorphous Solids. WILLEY-VCH Verlag GmbH & Co. KGaA,
Weinheim, 2004, 300 p.

3. Madan, A., Shaw, M.P., The physics and applications of amorphous semiconductors.
Academic Press Complimentary Copy Coordinator, Marketing Dept.,San Diego, CA, 1988,
488 p.

4. Mott N. F., Davis E. A., Electronic Processes in Non-Crystalline Materials. Clarendon
Press, Oxford, 1979, 710 p.

5. Popescu M.A., Non-Crystalline Chalcogenides. Kluwer Academic Publishers, Dordrecht —
Boston — London, 2000, 377 p.

6. C N R Rao, A K Cheetham and A Thirumurugan, Hybrid inorganic—organic materials: a
new family in condensed matter physics. J. Phys.: Condens. Matter 20 (2008) 083202.

7. C. Brabec, U. Scherf, V. Dyakonov, Organic Photovoltaics: Materials, Device Physics, and
Manufacturing Technologies, Wiley-VCH, 2008, 597 p.

6. NANOMETRINIAI DARINIAI, TECHNOLOGIJOS IR JU TAIKYMAI
6.1. EPITAKSINES PUSLAIDININKIU TECHNOLOGIJOS

- Skystiné epitaksija;

- Dujiné epitaksija, metaloorganinis cheminiy dujy nusodinimas;

- Molekuliy pluosteliy epitaksija.

6.2. KVANTISKAI RIBOTI PUSLAIDININKINIAI DARINIAI
- Kvantiniai taskai ir jy taikymai;

- Kvantinés duobeés ir jy taikymai optoelektronikoje;

- Puslaidininkinés kvantinés gijos.

6.3. NANOTECHNOLOGIJOS IR JU TAIKYMAI

- Nanokristaly gamybos technologijos ir taikymai;

- Nanovieleliy gamybos technologijos ir taikymai;

- Anglies nanotechnologijos (grafenas, nanovamzdeliai, fulerenai).

6. NANOMETRIC DERIVATIVES, TECHNOLOGIES AND THEIR APPLICATIONS
6.1. EPITAXIAL SEMICONDUCTOR TECHNOLOGIES

- Liquid-phase epitaxy;

- Vapor-phase epitaxy, metalorganic chemical vapor deposition;

- Molecular beam epitaxy.

6.2. QUANTUM CONFINED SEMICONDUCTOR DERIVATIVES
- Quantum dots and their applications;

- Quantum wells and their applications in optoelectronics;

- Semiconductor quantum wires.

6.3. NANOTECHNOLOGIES AND THEIR APPLICATIONS

- Nanocrystal fabrication technologies and applications;

- Nanowire fabrication technologies and applications;

- Carbon nanotechnologies (graphene, nanotubes, fullerenes).

Pagrindiné literatiira / Main literature:

1. Stephen A. Campbell, The science and engineering of microelectronic fabrication, second
edition, New York -Oxford, Oxford University Press, 2001.




2. John H. Davies, The Physics of Low-Dimensional Semiconductors, An Introduction,
Cambridge University Press, 1998.

3. Paras N. Prasad, Nanophotonics, Wiley-Interscience, 2004.

4. H-G. Rubahn, Nanophysik und Nanotechnologie, Teubner-Verlag, 2002.
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