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Uplatnenie vysledkov projektu

Vysledky ziskané poCas rieSenia projektu mézu najst’ vyuzitie v oblasti zakladného
vedeckého poznania ohladne dizajnu fotonickych Struktur, v rovine technologickych
postupov pripravy fotonickych Struktar a ich integracie s optickymi viaknami a v rovine
aplikacného vyuzitia fotonickych snimacov. Do kategorie uplatnitelnych vysledkov v oblasti
zakladného vedeckého poznania dizajnov fotonickych Struktur, ktorych poznanie moze
rozvijat’ dalSie navrhy Struktur, mézeme okrem iného zahrnut navrh a charakterizaciu
Struktury pre povrchovu plazmonovu rezonanciu a Struktury na meranie magnetického pola,
obidve integrovatelné s optickym vliaknom. V rovine technologickych postupov méze najst
praktické uplatnenie spésob prenosu a integracie 3D polymérnych Struktur s ¢elom
optického vlakna, vytvaranie planparalenych polymérnych Struktur s opticky odraznou
plochou na kremennych viaknach za u€elom vytvorenia Fabryovych-Perotovych dutin a
priprava feromagnetickych gulé&ok mikrometrovych rozmerov. Z hladiska aplikacného
vyuzitia vysledkov projektu v oblastiach snimacej a meracej techniky mozu najst’ uplatnenie
pripravené prototypy snimacov na meranie vertikalnej zlozky magnetického pola so
submikrometrovym diZkovym rozliSenim, snimacov na meranie dynamickej prevadzky
kolajovych vozidiel integrovatelnych so zeleznicnou kolajou a snimacov na Studium
napuciavania polymérov v parach latok.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
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V rovine teoretickych poznatkov vzhladom na stanovené ciele sa podarilo navrhnut’ viacero
3D polymérnych Struktur, a to Struktury na zaklade Fabryho-Perotovho interferometra z
polyméru IP-Dip s pohyblivou membranou, fotonicku Struktdru pre povrchovu plazménovu
rezonanciu v Kretschmannovej konfiguracii, polymérnu Strukturu s Kagome mriezkou a
Stvorcovou mriezkou, polymérne vinovodné interferometrické Struktury pre delenie optického
vykonu a vidknové $truktiry a mikrodtruktiry pre detekciu pozdizneho prediZenia. Zaroven
sa zrealizoval vypocCet prenosovych vlastnosti navrhnutych Struktur vo viditelnej a blizkej
infraCervenej oblasti v zavislosti od zmien ich geometrickych a materiadlovych parametrov v
programoch Matlab a Mathematica a pomocou simulaénych metéd TMM, RCWAa FDTD.
V rovine experimentalnych poznatkov sa podarilo navrhnuté Struktary pripravit aj pomocou
metody laserovej 3D tlaCe realizovanej litografickym systémom Nanoscribe a zmerat ich
prenosové viastnosti. Pri vybranych Strukturach bola realizovana aj ich integracia s
optickymi viaknami a vypracované spésoby modifikacie ich vlastnosti magnetickym pofom,
normalovou silou, zmenou indexu lomu okolitého prostredia alebo absorpciou okolitych
latok. Délezitym experimentalnym zistenim bol poznatok, Ze systém Nanoscribe ma
obmedzené pouzitie pri priprave kvalitnych optickych odraznych ploéch, €o viedlo k
vypracovaniu technoldgie pripravy planparalenych polymérnych Struktur s plochami v
optickej kvalite. Bol taktiez vypracovany technologicky postup integracie polymeérnych
fotonickych Struktur s Celami optickych viakien a priprava a integracia feromagnetickych
gulécok s polymérnymi membranamiz IP-Dipu. TaktieZ boli Studované optické viastnosti
tenkych vrstiev magnetickych kvapalin ako potencidlneho materialu, ktory je schopny
modifikovat’ optické vlastnosti polymérnych fotonickych Struktur.

Suhrnné vysledky v rovine aplikacného vyuzitia obsahuju pripravu, realizaciu a overenie
funk&nosti 3 prototypov fotonickych snimacov a to snimaca na meranie vertikalnej zlozky
magnetického pola, snimac¢a na studium napucania polymérov a snimaca na meranie
dynamickej prevadzky kolajovych vozidiel. Pomocou snima¢a magnetického pola bolo
zmapované magnetické pole permanentného magnetu so subnanometrovym linearnym
rozliSenim s citlivostou 78,15 mT/nm. Pomocou snimaca napucania polymérov boli pre
polydimetylsiloxan stanovené napucacie pomery pre rézne koncentracie par a kinetika
napucania pre nasytené pary toluénu, acetonu a izopropanolu vo vzduchu. Pre meranie
dynamickej prevadzky kofajovych vozidiel boli pripravené a v naro¢nych environmentalnych
podmienkach uspesSne testované snimace, pomocou ktorych je mozné detegovat’ niektoré
vlastnosti prechadzajucich Zelezni€¢nych suprav, ako poc€et naprav, poc€et vozrov, rychlost
vlaku, zrychlenie vlaku a chyby voziiov a Zelezni€nych kolies, ako su vylupky, navarky a
ploché kolesa.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Based on the given set of goals, at the level of theoretical knowledge, we succeeded in
designing several 3D polymer structures, namely structures based on a Fabry-Perot
interferometer made of IP-Dip polymer with a moving membrane, a photonic structure for
surface plasmon resonance in the Kretschmann configuration, a polymer structure with a
Kagome lattice and square grating, polymer waveguide interferometric structures for optical
power splitting, and fiber structures and microstructures for longitudinal elongation detection.
At the same time, the calculation of the transmission properties of the designed structures in
the visible and near-infrared regions was carried out depending on the changes in their
geometric and material parameters in the Matlab and Mathematica computing software and
using the TMM, RCWA, and FDTD simulation methods.

At the level of experimental skills, we succeeded in preparing the proposed structures using
the laser 3D printing method realized by the Nanoscribe lithography system and measuring
their transmission properties, as well. For selected structures, their integration with optical
fibers was realized and methods of modifying their properties by magnetic field, normal
force, changes in the refractive index of the surrounding environment, or absorption of
surrounding substances were developed. An important experimental finding was that the
Nanoscribe system has limited use in the preparation of high-quality optical reflective
surfaces, which led to the development of a technology for the preparation of plane-parallel
polymer structures with surfaces of optical quality. A technological procedure for integrating
polymer photonic structures with optical fiber ends and preparation and integration of
ferromagnetic spheres with polymer membranes from IP-Dip was also developed. The
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optical properties of thin layers of magnetic fluids were also studied as a potential material
capable of modifying the optical properties of polymer photonic structures.

The summary results at the level of application use include the preparation, implementation,
and verification of the functionality of 3 photonic sensor prototypes, namely a sensor for
measuring the vertical component of the magnetic field, a sensor for studying polymer
swelling, and a sensor for measuring the dynamic operation of rolling stock. Using a
magnetic field sensor, the magnetic field of a permanent magnet was mapped with a
subnanometer linear resolution with a sensitivity of 78.15 mT/nm. Using a polymer swelling
sensor, swelling ratios for different vapor concentrations and swelling kinetics for saturated
vapors of toluene, acetone, and isopropanol in the air were determined for
polydimethylsiloxane. To measure the dynamic operation of rolling stock, sensors have
been prepared and successfully tested in demanding environmental conditions, using which
it is possible to detect some characteristics of passing railway sets, such as the number of
axles, the number of wagons, train speed, train acceleration and errors of wagons and
railway wheels, such as spalling, shelling, and flat wheels.
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