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A further increase in performance of state-of-the-art spin-electronics
can be achieved by either miniaturizing its functional components or
harnessing the third dimension. The first route, however, faces physical limitations as properties of nanostructures and their response to
external stimuli can drastically change in reduced dimensions. An alternative way is to go from planar 2D structures to 3D architectures
[1]. Such 3D functional elements can be obtained for example by rolling up initially planar strained thin films into Swiss roll like objects with
multiple windings (Fig. 1a). A major advantage of this technology platform is the possibility to fabricate compact multifunctional 3D architectures with film qualities similar to those of planar systems and peculiar properties only occurring in hollow cylindrical objects [2-4]. Their
magnetic properties are generally characterized by integral techniques,
such as ferromagnetic resonance [2], magneto-robotic probing [3],
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Figure 1
(a) Preparation of curved 3D nanomembranes via rolling up. Depending on magnetostriction constant and shape of the nanomembrane various domain patterns can
be set as revealed by Kerr microscopy
(b). A complete characterization of the magnetic domain patterns can only be provided
by acquiring 2D projections of the magnetization texture at various projection angles utilizing XMCD as element-specific contrast mechanism.
(c) Transmission XPEEM is applied to identify an azimuthal magnetization within the
tightly wound rolled-up nanomembrane based on correlation with XMCD contrast
simulations.
(d) Using MTXM together with magnetic X-ray tomography (MXT) algorithms provides means to reconstruct the radial magnetization textures in multiple overlapping curved surfaces.

anisotropic magnetoimpedance/ magnetoresistance [4,5] and cantilever magnetometry [6], or Kerr [7] and x-ray [8,9] microscopies. However, the underlying microscopic magnetization configuration can in
general not be retrieved by such means. While already established magnetic neutron tomography [10] and electron holography [11] may be
applied to probe either microscopic or nanoscopic samples, a technique
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that provides direct access to the magnetization of 3D-shaped mesoscopic objects with nanometer spatial resolution of the magnetic contrast is highly demanded but not yet developed. Here, we put forth the
approach of tomographic imaging of magnetization configurations in
3D-shaped objects relying on x-ray magnetic circular dichroism (XMCD)
as element-specific contrast mechanism. A reconstruction of an arbitrary magnetization would require acquiring projections along three
orthogonal rotation axes. To minimize experimental affords while exploring the capability of magnetic soft x-ray tomography, we constrain
our study to Swiss roll architectures with either in-plane or out-of-plane
magnetic anisotropy that demand recording a set of 2D images of the
magnetic patterns taken at different angles along a single rotation axis.
Swiss roll architectures consisting of in-plane magnetized magnetostrictive Ni thin films possess a residual strain that induces a magnetic easy
axis favoring either longitudinal, spiral-like or azimuthal alignment of
the magnetization (Fig. 1b) as revealed by top view Kerr microscopy
imaging [8]. Furthermore, analysis of the shadow contrast in transmission x-ray photoemission electron microscopy (XPEEM) [12] provides
further insight into the evolution of the domain patterns across the 3Dshaped objects. We successfully imaged the magnetization configuration of layers inside the 3D magnetic architectures [9]. By acquiring the
magnetization patterns at various angles and comparing the results
to XMCD absorption calculations (Fig. 1c), we are able to prove unambiguously the presence of the azimuthal domain pattern in the tubular
object. This information is not accessible using conventional magnetic
imaging relying on the analysis of the 2D project image. Out-of-plane
magnetized Co/Pd multilayers self-assembled into tubes with a diameter of 2-3 mm were investigated with magnetic transmission soft x-ray
microscopy (MTXM). Whereas the Swiss roll architectures with a large
spacer between the neighboring windings show a weak magnetostatic
coupling, tightly connected ones reveal only three different contrast
levels and abrupt transitions between them, which indicates mutual
switching of the magnetization of different layers. Analyzing the XMCD
contrast evolution with varying projection angle, magnetization configurations with feature sizes down to 75 nm could be reconstructed in
each layer. By these means, the impact of the number of windings and
of surface angles with respect to the initially applied magnetic field on
the domain patterns is studied (Fig. 1d).
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To summarize, we present a novel approach — magnetic soft x-ray
tomography — to image 3D-shaped magnetic objects on the example of
magnetic Swiss rolls. The approach is based on imaging the magnetic objects at different angles using soft x-ray full field microscopies and interpretation of the acquired XMCD contrast via tomographic reconstruction.
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