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vysledkami projektu

Podana pat. prihlaska:

Nazov vynalezu: Spdsob vyroby hrotu pre magneticku silovi mikroskopiu, hrot vyrobeny
tymto sp6sobom a spdsob skenovania magnetického pola pouzitim tohto hrotu Cislo
prihlasky: 50030-2019 Datum priority: 3.7.2019 Majitel / spolumaijitel: Elektrotechnicky
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2. Feilhauer, J., Saha, S., Tébik, J., Zelent, M., Heyderman, L.J., and Mruczkiewicz, M.:
Controlled motion of skyrmions in a magnetic antidot lattice, Phys. Rev. B 102 (2020)
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3. Szulc, K., Graczyk, P., Mruczkiewicz, M., Gubbiotti, G., and Krawczyk, M.: Spin-wave
diode and circulator based on unidirectional coupling, Phys. Rev. Applied 14 (2020) 034063.
4. Mruczkiewicz, M., Gruszecki, P., Krawczyk, M., and Guslienko, K.Y.: Azimuthal spin-
wave excitations in magnetic nanodots over the soliton background: Vortex, Bloch, and
Néel-like skyrmions, Phys. Rev. B 97 (2018) 064418.

5. Neilinger, P., ééepka, T., Mruczkiewicz, M., Dérer, J., Manca, D., Dobrocka, E.,
Samardak, A.S., Grajcar, M., and Cambel, V.: Ferromagnetic resonance study of sputtered
Pt/Co/Pt multilayers, Applied Surface Sci 461 (2018) 202-205.

6. Neilinger, K., Soltys, J., Mruczkiewicz, M., Dérer, J., and Cambel, V.: Dual-cantilever
magnetometer for study of magnetic interactions between patterned permalloy
microstructures, J. Magnetism Magnetic Mater. 444 (2017) 354-360.

Uplatnenie vysledkov projektu

1.V pripade patentu ide o novy princip snimania magnetického pola, po dalSich testoch
skuskach by sa dal priemyselne vyuzit

2. Mnozstvo novych vedeckych poznatkov vymedzuje smer dalSieho vyskumu v oblasti
skyrmidénov.

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

V projekte sme dosiahli mnozstvo vedeckych vysledkov, ktoré posuvaju poznatky v oblasti
skyrmionov v uzavretych objektoch. Takéto poznatky posuvaju nazor vedeckej obce na
moznost vyuzitia skyrmidnov v oblasti pamati s vysokym rozliSenim. V pracach sme
ukazali, Ze indukcia skyrmiénu napr. pomocou hrotu MFM, nie je jednoducha, musia byt
splnené Specialne podmienky. Ukazali sme, Ze zaujimavou moznostou je vyuZzit tzv. anti-dot
mriezku, v ktorej je mozné kontrolovane posuvat skyrmiony impulzmi prudu. Tato praca
bola na EIU vybrana Vedeckou radou za pracu roka 2020 v oblasti zakladného vyskumu.
Vyvinuli sme novu metodiku mapovania magnetického pola pomocou tzv. vortex-core hrotu.
Tento hrot sme si vyrobili, ukazali jeho funk&nost, spravili teoreticki analyzu jeho vlastnosti
a aj sme tento napad prihlasili na patentovanie. Skumali sme aj dynamické vlastnosti
vortexov a skyrmiénov v nanomagnetickych &trukturach, vyvinuli sme nové vypoctové
metodiky — aplikovali sme napr. metadynamiku na vypocet bariér v magnetickych
systémoch.

Ukazali sme na zaklade simulacii funkénost cirkulatora a spinovo-vinovej diédy s
moznostou manipulacie spinovych vin v irokom frekvenénom rozsahu v Ghz reZime. Tento
prispevok podporuje oblast’ energeticky vyhodnych logickych suciastok na baze magnénov,
¢im sa otvaraju moznosti aplikacii digitalnych a analogovych obvodov v gigahetzovej oblasti.
Ako vidno zo suboru VPP, projekt NanoSky priniesol mnozstvo vysledkov. Celkovo sme
publikovali 8 prac, zu€astnili sa na 10 konferenciach, mali sme 3 pozvané prednasky. Na
zaklade projektu sme ziskali niekolko zahrani¢nych a domacich projektov, vychovali sme 3
doktorandov, zacali sme niekolko perspektivnych vedeckych spoluprac.

Celkovo hodnotime z nasho hladiska rieSenie projektu Nanosky ako velmi Gspedné. Skoda,
Ze sa kvoli pandémii v poslednom roku nepodarilo dotiahnut’ vSetky experimenty do konca.

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

We have achieved several scientific results within the project, which shift the knowledge in
the field of skyrmions located in closed objects. Such knowledge is important e.g. for
exploitation of skyrmions in high-resolution memories. We have shown that the induction of
skyrmion by MFM tip is not trivial, it can be realised under special conditions only.
Interesting way is to use for it antidot mesh, in which one can control the shift of individual
skyrmions by current pulses. This work was selected as the best work of 2020 in basic
research by the Scientific Board of the Institute. We have developed also new methodology
for the magnetic field imaging using so called vortex-core (VC) tip. We have fabricated the
tip, showed its functionality, analysed its properties and applied for patent. We have
explored also dynamic characteristics of vortices and skyrmions in nanomagnetic structures,
we have developed novel calculation methods -we applied methadynamics for the
calculation of barriers in magnetic systems. Based on our simulations, we have shown the
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funcyionality of circulator and spin-wave diode with the possibility to manipulate spin waves
in wide frequecy range in Ghz regime.This part supports the field of energeticaly convenient
logic devices based on magnons, which opens their application in digital and analog curcuits
in GHz regime.

As shown by the VPP file, project NanoSky produced a lot of scientific results. We have
published 8 papers, participated on 10 conferences, we had 3 invited talks. Based on the
project, we succeed in several international and national projects, we have educated 3 PhD
students, and we started several scientific collaborations.

From our poit of view the project NanoSky was very successful. Unfurtunatelly, due to
pandemia not all experiments were finished in time last year.
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