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Establishing new routes of fabrication for 3D magnetic structures 
provide the opportunity of creating novel magnetic systems such as 
3D artificial spin systems or magnetic topologically non-trivial 
architectures and geometries. Studying magnetic frustration and 
curvilinear effects in such systems opens the door to the 
development of advanced applications. 
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Science Cocktail: Mixing Disciplines to Drive Innovation

Fig.2: Magnetic domain-wall racetrack memory (left) [4], Futuristic 
microchip with 3D elements (right) [1].

Fig.1: Examples for 3D nanomagnetism [1].

Motivation

Fig. 12: 3D polymer microstructure before (left) and 
after (right) pyrolysis.

Fabrication

Fig. 10:  Two-Photon lithography: principle (left), 3D polymer microstructures (right).
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• sub-micron resolution

Electroless Deposition Pyrolysis

Outlook: 3D Magnetic X-Ray Imaging

Results

Fig. 13: 3D magnetic microstructures. Fabricated by two-photon lithography and electroless deposition of NiFe(B).

Electrodeposition

conductive samples

Atomic Layer Deposition

high temperature 
needed for metals

Sputtering

non-uniform coating

In comparison to planar structures, three-dimensional magnetic micro- and nanostructures offer greater degrees of freedom, displaying novel properties 
such as magneto chirality effects [1], enhanced domain wall dynamics [2] and curvature-induced anisotropy [3]. Exploiting such effects can lead to great 
benefits for new applications such as high-density storage devices [4], shape-morphing micromachines [5], as well as artificial spin systems [6] with the 
possibility of creating and tailoring new physical properties. While new insights into 3D magnetic systems are highly desired, the fabrication of three-
dimensional systems is still challenging due to the lack of reliable methods for the deposition of magnetic thin films on high gradient surfaces. Here, we 
present the electroless deposition of NiFe on a 3D-printed, non-conductive microstructure. Low coercivity and low magnetocrystalline anisotropy are well-
known properties of permalloy, making it the ideal material for the study of the influence of three dimensionality on the magnetic properties of a system. 
This new technique represents an important step towards the experimental realisation of 3D magnetic nanostructures with tailored properties.

Fig.4: Cobalt sputtered buckyball structure [9].

X-ray magnetic laminography  
• POLLUX beamline (hard X-rays)  
        [K. Witte et al., in preparation] 

• cSAXS beamline (soft X-rays) 
        [C. Donnelly et al., in preparation]

Hard X-ray magnetic tomography 

Thin Film Characterisation

Two-Photon Lithography

Fig.3: Examples of deposiiton methods: electrodeposition (left), atomic layer deposition (center) 
[7], sputtering [8].

Fig.5: Nickel sputtered 3D lattice [10].
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Composition

Fig. 11: Electroless deposition with pre-treatment.

X-Ray Reflectometry (XRR)
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Fig. 14 Hard X-Ray magnetic tomography on a GdCo2 micropillar [11].

Fig. 6: Composition of the electroless deposited 
NiFe(B) films on Si.

Fig. 8: XRR curves with simulation curves.

Fig. 7: Electroless deposited film with oxide layer on 
Si.

Fig. 9: Saturation Magnetization  of NiFe(B) films on Si, deposited with different amount of reducing agent (left) and coercivity 
for different film thicknesses (right).

Fig. 15 Reconstruction of 3D magnetic configurations in a GdCo2 
micropillar [11].

Fig. 16 X-Ray magnetic circular dichroism (XMCD) principle [12].

• 2 MeV He Rutherford Backscattering (RBS) 

• 2 MeV He Proton Induced X-ray Emission (PIXE) 

• 13 MeV 127I Electron Recoil Detection Analysis (ERDA)


