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IIEHOK B TeueHHe | waca. Temmeparypa omkura BapbupoBanack B npeaenax 100-
400°C. TeH30MarHUTOPE3UCTUBHBIE CBOMCTBA MOTYUYEHHBIX CTPYKTYP U3MEPSUINCH HA
cnenuain3upoBaHHol yctaHoBke EMPD-2 B ycnoBusix KOHTpoaupyeMo# aedopma-
uuu. ['ucrepe3ncHple CBOMCTBA KOHTPOJIMUPOBAIUCH 10 MATHUTOONTUYECKUM TETIISM
TUCTEpE3Nca, U3MEPEHHBIM ¢ ToMolblo Kepp-mMukpockona Evico-magnetics.

B pesynbrare npeacTaBieHbl CUCTEMATUYECKNE DKCIIEPUMEHTAJIBHBIE TaHHBIE, 110-
Ka3bIBAKOIINAE, YTO OTKUI CYIIECTBEHHO BiuseT Ha TMP-cBoiicTBa MHOTOCIONHBIX
wi€Hok. Ha ux ocHOBe omnpeseneHbl ONTUMAJIbHBIE YCIOBHS TEPMOMArHUTHOM 00pa-
OO0TKH, KOTOPbIE, B YACTHOCTH, MO3BOJISAIOT YBEIUYUTh UyBCTBUTEIbHOCTD IUIEHOYHBIX
AJIEMEHTOB K jaedopManuu 6onee yeM Ha 100% npu MUHUMAJIBHOM THCTEpE3Uce Mo-
JIE3HOT'O CUTHAJA.

Paboma evinonnena npu ¢unancosoti nooodepoicxke epanma « VYMHUKY, dozosop
Nel19881°Y/2017 om 04.07.2017.
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Barrier layers of porous alumina were used as substrates for depositing the Finemet alloy
providing a flexible control over the curvature parameters. Investigation of macroscopic and
local magnetization processes on samples with curvature diameter of 105 and 320 nm re-
vealed the increased coercivity comparing to the flat films with similar magnetization reversal
mechanism. The conditions for vortices formation were determined using micromagnetic
modelling and verified experimentally.

Introduction of the curvature to the planar surface in a controlled way provides a
new possibility of functionalization by tailoring the geometry rather than material prop-
erties. This approach makes possible topologically driven magnetization distribution
which is particularly useful in many emerging areas of spintronics and magnonics [1].
Curvilinear geometry at nanoscale leads to a variety of exotic configurations including
skyrmionic systems, vortices, and magnonic crystals [2]. In this work we investigate
magnetization processes in thin films deposited onto the substrates with nanoscale cur-
vature, consisting of hexagonally-packed semispheres with precisely controlled param-
eters. To determine and verify the conditions for the appearance of vortex-like config-
urations we employed micromagnetic modelling as well a variety of experimental
methods.
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Samples were synthesized by depositing 5 to 30 nm thick films of the Finemet alloy
with Fe-Nb-Cu-Si-B composition by magnetron sputtering onto the glass (reference
sample) or anodic alumina substrates. Periodically arranged semispheres appeared on
a barrier layer of porous alumina oxide layer as a result of anodization process. The
diameter and the distance between the centers of the nearest semispheres were con-
trolled by choosing the appropriate anodization and varied between 105 nm and 320
nm. Hysteresis loops were measured using the vibrating sample magnetometer or the
Kerr microscope, which was also employed for visualizing the magnetic domain struc-
ture on the mesoscopic scale. Local magnetization configurations were studied using
the magnetic force microscopy. Micromagnetic simulations were performed using the
GPU-accelerated program mumax® [3].

Using the micromagnetic simulation, we determined a phase diagram showing re-
gions of film thicknesses and semispheres diameters where vortex configurations can
be stabilized. The presence of magnetic interconnections between the semispheres
were demonstrated to strongly reduce the size of such region. The minimal diameter
for getting stable vortices was shown to be around 300 nm with thickness less than 30
nm. The hysteresis loop typical for vortex configuration, however, was observed for
only for separate semispheres, whereas for continuous film the loop had regular rec-
tangular shape with reduced remanence. These results were confirmed experimentally
for Finemet films with semispheres diameter of 105 and 320 nm: hysteresis loops had
enhanced coercivity and no stable vortices were detected by magnetic force micros-
copy. In conclusion, at the current stage no stable vortices were observed experimen-
tally, but, according to the results of micromagnetic simulations, they can be stabilized
more easily by using semispheres of large diameter (around 500 nm), or by weakening
the connection between semispheres by using the oblique deposition.
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