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In recent decades, the electric-field control of magnetism has been a hot topic of research. Successfully
establishing such control ultimately finds its application in non-volatile, low power consuming memory
devices [1]. Therefore, research is conducted on materials that allow to control the coupling between
magnetic and electric properties - magnetoelectric multiferroic materials. We have investigated the
electric field control of the magnetic anisotropy in an artificial multiferroic heterostructure: a 5 nm
polycrystalline ferromagnetic Fe film deposited onto a (PbMgi3Nb2303)0.7-(PbTiO3)03 (PMN-PT)
ferroelectric single crystal substrate. In order to investigate the depth dependence of the magnetization,
we employ a synchrotron variant of Mdssbauer spectroscopy, a technique which is specifically selective
to the >’Fe Mossbauer isotope. Our strategy is to use a 1 nm 3’Fe ‘probe layer’ either at or a few nm
away from the Fe/PMN-PT interface, enabling us to perform a depth-specific study of the magnetic
properties via Nuclear Resonant Scattering (NRS) of synchrotron radiation. The NRS spectra acquired
under the application of combined in situ electric and magnetic fields depict the local magnetic
configuration and chemical state of the °’Fe probe layer only [2]. From the analysis of the spectra, we
derive information on the in-plane magnetisation direction at specific depths, namely — at and two nm
away from the Fe/PMN-PT interface.

The results show that the Fe/PMN-PT interface remains electrochemically stable when subjected to
large electric fields (up to = 16 kV/cm), indicating that no electric-field-induced magnetic dead layer
was formed throughout the experiment [3]. Moreover, at the interface, the in-plane magnetic anisotropy
is strongly affected by the electric-field induced strain and charge effects originating from the PMN-PT
substrate, which are transferred into and sensed by the interfacial °’Fe layer. Two nm away from the
interface, the magnetic anisotropy is most likely influenced by competing electric-field induced normal
and shear strain effects originating from the PMN-PT substrate. Hence, these results provide insight in
the magnetoelectric coupling mechanisms and their relative strength throughout the magnetic layer.
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