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The unique properties of non-trivial topological states, e.g. magnetic
skyrmions [1] may path the way towards novel spintronic devices [2].
However, these spin textures have only been observed in special classes
of materials possessing non-centrosymmetric crystal structure [1,3-6]
and at low temperatures, which limits their application potential. We
offer an alternate route to design synthetic magnetic heterostructures
that resemble swirls, vortices or skyrmions with distinct topological
charge densities at room temperature. By vertically stacking two mag-
netic nanopatterns with inand out-of-plane magnetization and tailoring
the interlayer exchange coupling, non-collinear spin textures with tun-
able topological charge can be imprinted (Fig. 1a). We will present re-
sults on nanostructures consisting of soft-magnetic 40 nm thick Permal-
loy (Py, NiB0OFe20) and 5 nm thick Co/Pd multilayers. First we conduct
systematic micromagnetic simulations of the magnetic spin texture in a
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Figure 1

a) Conceptual approach: Vertically stacking of out-of-plane magnetized and mag-
netic vortex state imprints non-collinear spin textures into the originally out-of-
plane magnetized film.

(b) Ensemble of remanent states obtained by micromagnetic simulations of
nanopatterned disks.

(c) Experimental proof via MXTM of imprinting magnetic vortices into Co/Pd multi-
layers with originally outof- plane anisotropy:.

(d) Simulations show that an intermediate interlayer coupling strength allows for
switching the topological charge of donut states at remanence and at room tem-
perature by applying small magnetic fields.

(e) Line profile of the out-of-plane magnetization component for donut state [ and II
and magnetic spiral.
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disk-like heterostructure with a diameter of 400 nm where the interlayer
exchange coupling strength between Py and Co/Pd sub-systems is var-
ied from 0.1 to 2 m]/m2. In strongly coupled heterostructure, the mag-
netic state of the Co/Pd is determined by the spin configuration in the
Py disk resulting in the in-plane circulation of the magnetization (Figs.
1b,c). At an intermediate coupling strength, remanent donut states with
a central vortex within the Co/Pd layers occur. Driving full or minor hys-
teresis loops allows to stabilize topologically distinct donut states with
topological charges of about 1 and 0. The magnetic configuration of the
donut state set at remanence after saturating the sample is similar to
those found in a disk with Dzyaloshinskii-Moriya interaction [7] hence
suggesting that skyrmion-like structures can be experimentally real-
ized in exchange coupled heterostructures. Owing to the larger switch-
ing field of the vortex core compared to the surrounding Co/Pd spins, a
reversible switching between the two states is achieved. In this way, the
topological charge can be switched in a digital manner at room temper-
ature and at zero field (Fig. 1d). As our concept does not rely on vortex
polarity switching in contrast to [8], much lower static magnetic fields
are needed to manipulate the topological state of the material.

We have experimentally studied the magnetization reversal pro-
cess and magnetic domain patterns in nanostructured [Co/Pd]/Pd/
Py stacks sputter deposited onto assemblies of non-magnetic silica
spheres with a diameter of 500 nm. The Pd spacer thickness is var-
ied from 1 to 30 nm. Evidence for the stabilization of non-collinear
spin textures in the Co/Pd layers is provided by direct imaging of the
magnetization patterns utilizing X-ray magnetic circular dichroism
(XMCD) with high resolution magnetic soft X-ray transmission micro-
copy (MTXM) and X-ray photoemission electron microscopy (XPEEM).
For a 1 nm spacer thickness, a vortex structure is observed (Fig. 1c). At
3 nm spacer thickness, an out-of-plane magnetization component ap-
pears in the Co/Pd sub-system. However, the circulation of the in-plane
magnetization component still remains. For this sample, we clearly
identify formation of different donut states as well as multi-domain
states (Fig. 1e). The experimentally resolvable in-plane XMCD contrast
in Co/Pd stack vanishes for the sample with 5 nm spacer thickness.
The core of the imprinted vortex in the Co/Pd multilayer is enlarged
(60-110 nm) with respect to the Py vortex core due to the additional
intrinsic out-of-plane anisotropy of Co/ Pd.
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Modifications in both core size and out-of-plane magnetization com-
ponents with respect to vortices in nanopatterned soft-magnetic mate-
rials induce distinct magnetization dynamics with time dependent gyro-
frequencies. Insight into these complex magnetization dynamics will be
given by comparing the experimental results with micromagnetic model-
ing. To conclude, we experimentally realize artificial non-collinear mag-
netic textures possessing distinct topological properties. The topolog-
ical charges of these states can be manipulated by applying moderate
magnetic fields at room temperature. Our concept provides an attrac-
tive and adaptable way to alter topological states, vortex core profiles
and dynamic properties by tailoring the interlayer exchange coupling
between the Py and Co/Pd layers.
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