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Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Projekt mal charakter zakladného vyskumu.

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace
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A.,Substrate dependent epitaxy of superconducting niobium nitride thin films grown by
pulsed laser deposition (2021) Applied Surface Science, 551, art. no. 149333, .
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Uplatnenie vysledkov projektu

Vysledky projektu najdu uplatnenie v zakladnom vyskume supravodivych proximitnych javov
a heteroStruktur supravodi¢ - feromagnet a maju potencial vyuzitia v spintronike, napriklad
pri generacii spin-polarizovaného prudu.

Poznatky dosiahnuté poCas rieSenia projektu budu uplatnené aj v zakladoch tedrie merania
proximitnych javov pomocou hrotovej kontaktnej spektroskopie.

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

Vzhladom na stanovené ciele projektu sme zoptimalizovali pripravu supravodivych NbN,
feromagnetickych Ni, Co, NiCu vrstiev a vytvarili sme heteroStruktury supravodic-
feromagnet (S/F) ako aj supravodi¢-feromagnet-supravodi¢ (S/F/S). Na tychto
heteroStrukturach sme Studovali proximitné javy meranim Andrejovskej reflexie pomocou
hrotovej kontaktnej spektroskopie. Hrotovy kontakt sme vytvarali pomocou odporovového
prepinania v TiO2 dielektrickej vrstve nanesenej na S/F Strukture. Elektrickym prierazom
sme vyformovali vodivy filament (bodovy kontakt) nanometrovych rozmerov, ¢im sme
dosahovali balisticky transport. Na takto pripravenom kontakte sme boli schopny merat' R-T,
ako dl/dV (Andrejovské reflexie) charakteristiky aj cez niekofko desiatok hrubu NiCu ako aj
Ni vrstvu, ¢im sme ukazali proximitnu supravodivost v slabom ako aj silnom feromagnete.
Zaznamenali aj rézne anomalie ako napr. vyraznu jamu v diferencialnej vodivosti, ktoru sme
vysvetlili pomocou velkej bariéry medzi vlastnym supravodi€om NbN a indukovanou
supravodivostou vo feromagnete, ako aj neobvyklé zvySenie vodivosti (zero bias anomaly)
ktoré sme sa snazili teoreticky popisat. Na dvojvrstvach S/F sme tiez skimali novy spdsob
manipulacie virov v nanometrovych tenkych supravodivych vrstvach typu Il (NbN), ktory hra
podstatnu ulohu pri zvySovani transportnych charakteristik supravodivych zariadeni.
Nasledne sme pripravili planarne Struktary S/F/S pre Studium proximitného javu meranim
transportnych charakteristik v magnetickom poli. Ukazuje sa, Ze NbN/NiCu/NbN ako aj
NbN/Ni/NbN spoj, kde hrubka feromagnetu bola 50, resp. 20 nm v tesnej blizkosti dvoch
supravodi¢ov vykazuje proximitnu supravodivost na pomerne dlhu vzdialenost.

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

Considering the set goals of the project, we optimized the preparation of superconducting
NbN, ferromagnetic Ni, Co, NiCu layers and created superconductor-ferromagnet (S/F) and
superconductor-ferromagnet-superconductor (S/F/S) heterostructures. We studied proximity
phenomena on these heterostructures by measuring Andreev reflection using point contact
spectroscopy. We created the point contact using resistive switching in the TiO2 dielectric
layer deposited on the S/F structure. By electrical breakdown, we formed a conductive
filament (point contact) of nanometer dimensions, which achieved ballistic transport. We
were able to measure the R-T and dl/dV (Andreev reflections) characteristics on the contact
prepared in this way even through several tens of NiCu and Ni layers, thus showing
proximity superconductivity in both weak and strong ferromagnets.

They also recorded various anomalies such as a significant dip in the differential
conductivity, which we explained using a large barrier between the intrinsic superconductor
NbN and the induced superconductivity in the ferromagnet, as well as an unusual increase
in conductivity (zero bias anomaly) that we tried to describe theoretically. On S/F bilayers,
we also investigated a new way of manipulating vortices in nanometer-thin type Il (NbN)
superconducting layers, which plays an essential role in enhancing the transport
characteristics of superconducting devices. Subsequently, we prepared planar S/F/S
structures for the study of the proximity phenomenon by measuring the transport
characteristics in the magnetic field. It turns out that NbN/NiCu/NbN as well as NbN/Ni/NbN
joint, where the thickness of the ferromagnet was 50, resp. 20 nm in close proximity of two
superconductors shows proximity superconductivity over a relatively long distance.
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