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Hemispherical cap structures capable of hosting skyrmions were fabricated by depositing
Ir/Fe/Co/Pt multilayer films onto self-assembled polystyrene (PS) particle arrays. The
multilayer structure, with nominal layer thicknesses in nanometres, follows the configuration:
Ta(3)/Pt(10)/[Ir(1)/Fe(0.2)/Co(0.5)/Pt(1)]./Pt(5), where n denotes the number of repetitions.
These stacks were deposited via DC magnetron sputtering onto both thermally oxidized silicon
substrates and densely packed PS particle arrays. A 10-nm-thick Pt layer was employed as a
seed layer to promote epitaxial growth, while a 5-nm-thick Pt capping layer was added to
prevent oxidation. Deposition onto the curved surfaces of the PS spheres resulted in the
formation of hemispherical magnetic cap structures (see Fig. 1). The repetition number n was
varied to systematically tune the uniaxial magnetic anisotropy of the system. Additionally, to
study the influence of curvature on skyrmion stability, films with a fixed n were deposited onto
PS arrays of varying diameters. For reference, identical multilayer stacks were also deposited
on flat, thermally oxidized Si substrates.

Ta(3)/Pt(10)[Ir(1)/Fe(0.2)/Co(0.5)/Pt(1)] /Pt(5)

Fig 1: Schematic showing the growth of skyrmions hosting magnetic multilayers on polystyrene
spheres

We investigated Ir/Fe/Co/Pt multilayer films consisting of 20, 10, and 5 repetitions, deposited
both on planar substrates and on polystyrene (PS) spheres of varying diameters. Figures 2(a)
and 2(b) present the normalized out-of-plane and in-plane hysteresis loops for the planar films
with 20 and 10 multilayers, respectively. The out-of-plane hysteresis loops indicate the
presence of perpendicular magnetic anisotropy in the multilayer films. Notably, the
characteristic "bow-tie" shape of these loops suggests the presence of strong dipolar
interactions. Combined with interfacial Dzyaloshinskii—-Moriya interaction (DMI), these
interactions contribute to the stabilization of skyrmions.
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Fig. 2: Normalized out-of-plane and in plane hysteresis loops for

Ta(3)/Pt(10)[Ir(1)/Fe(0.2)/Co(0.5)/Pt(1)]./Pt(5) multilayers deposited on a Si/SiO, planar substrate
with (a) n=20, and (b) n=10. (c) Variation of Skyrmion nucleation (Hn) and annihilation (Ha)
fields as a function of number of multilayers.
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Differentiating the out-of-plane magnetization curves with respect to the applied field reveals
distinct features in the magnetic susceptibility, corresponding to different magnetic phase
transitions. Initially, the magnetization increases rapidly from a demagnetized state due to the
collapse of stripe domains. This is followed by a more gradual increase associated with the
nucleation of skyrmions, marking the skyrmion nucleation field (HN). In this regime, a
characteristic peak is observed in the susceptibility curve. As the applied field continues to
increase, the magnetization changes slowly, indicating the formation of a stable skyrmion
lattice. Beyond the skyrmion annihilation field (HA), the skyrmions are destroyed, and the
system transitions to a saturated ferromagnetic state.

Figure 2(c) shows the variation of HN and HA with the number of multilayers. Both the
nucleation and annihilation fields decrease with a reduction in the number of multilayers. This
trend reflects the competing influences of exchange energy, demagnetizing energy, and
perpendicular anisotropy, which collectively determine skyrmion stability in these systems.

Micromagnetic simulations were conducted to investigate the magnetic configurations and
field-dependent evolution of skyrmions in [Ir(1)/Fe(0.2)/Co(0.5)/Pt(1)],, multilayer disks of
varying diameters using the MuMax3 simulation package. The disks were modeled as circular
structures oriented in the xy-plane, with the multilayer stack extending along the z-axis. The
simulations employed the following magnetic parameters, consistent with experimentally
reported values for similar multilayer systems: saturation magnetization (Ms) = 0.82 MA/m,
exchange stiffness constant (A) = 11.5 pJ/m, and uniaxial perpendicular magnetic anisotropy
(Ky) = 0.642 MJ/m3. A relatively high Gilbert damping parameter (a = 0.5) was used to ensure
rapid convergence of the simulations.

To accurately reproduce the experimentally observed magnetic textures, particularly the stripe
domain width as seen in magnetic force microscopy (MFM) images, the interfacial
Dzyaloshinskii—-Moriya interaction (DMI) constant was set to 1.1 mJ/m2. The computational
domain was discretized into cuboidal cells with dimensions 5 x 5 x 7 nm? to balance spatial
resolution with computational efficiency. In addition to small-diameter disks, simulations were
also performed on disks with a diameter of 2 ym to emulate the behavior of planar thin films
and facilitate direct comparison with experimental results.
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Fig. 3: The magnetization reversal images at different magnetic field applied along the out-
of-plane direction for nanodisk of size 2um (a)B= 0mT (b) B=156mT and (c) B=134 mT

The magnetic system was first allowed to relax in the absence of an external field.
Subsequently, an out-of-plane magnetic field ranging from 0 to 0.4 T was applied incrementally
to the relaxed state to study the evolution of the initial magnetization curve. The resulting spin
textures for the planar equivalent system are shown in Fig. 3. At zero magnetic field, the
system stabilizes a labyrinthine stripe domain configuration, which is characteristic of strong
DMI and perpendicular anisotropy. As the field strength increases, the stripe domains
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progressively shrink and eventually break into isolated skyrmions. The magnetic field at which
the stripe domains completely transform into skyrmions is defined as the skyrmion nucleation
field (Hn). Upon further increase in the magnetic field, the skyrmions are gradually annihilated,
resulting in a uniform single-domain ferromagnetic state. The field corresponding to the
complete disappearance of skyrmions is termed the skyrmion annihilation field (Ha). A
systematic investigation of disks with decreasing diameters revealed a corresponding
reduction in both Hy and Ha. This size-dependent behavior suggests that geometric
confinement significantly influences skyrmion stability, likely due to changes in the balance
among exchange energy, DMI, demagnetizing energy, and perpendicular anisotropy as the
system size decreases.
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