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This experiment was devoted to two types of artificial multiferroics. In the following, we report on

the two independent sets of measurements.

1) Ferromagnetic Fe and Fe-Co thin films on ferroelectric LiINbO; (LNO)
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Fig. 1 - 0/20 scans for Fe/LNO samples Fig. 2 - Rocking curve for the Fe (110) peak on
annealed at 200°C, 400°C and 500°C. samples annealed at 200°C, 400°C and 500°C.

Similar results were obtained for FeCo/LNO.

This part of the experiment contributes to a project focusing on the magnetoelectric coupling
between a ferroelectric substrate and a ferromagnetic thin film. Our previous studies had shown



magnetoelectric (ME) coupling in Fe/LNO and FeCo/LNO systems. In particular, we observed that
the ME coupling increased monotonously with post growth annealing (PGA) temperature. SR-XRD
was performed on these samples to correlate the changes in ME coupling with changes in
crystallinity of the Fe / FeCo films. The samples consisted of Fe and FeCo thin films (20 nm ) on
LNO, as-grown and annealed at 200°C, 400°C, and 500°C. All samples were capped with 10 nm Ge
films to avoid oxidation of the metal films. These results show that the post growth annealing
improves the crystallinity of the metallic films which in turn leads to the stronger magnetoelectric
coupling between the ferromagnetic film and the ferroelectric substrate. Quantitative analysis
(ongoing) will provide a more detailed insight on the dependence of the ME coupling strength on the
texture of the ferromagnetic films.

2) Ferromagnetic nanoparticles embedded in a multiferroic oxide (BiFeOj; thin films)

This part of the experiment contributes to a project focusing on the magnetoelectric coupling
between a multiferroic matrix and embedded magnetic nanoparticles wich are formed after
Fe/Co implantation and adequate thermal annealing. The samples were prepared by Fe and Co
implantation into BiFeO; thin films (epitaxial and policrystalline), with varying ion fluence and
implantation energy. Epitaxial BiFeO; films were grown by pulsed laser deposition on SrTiO;
substrates. Polycrystalline BiFeO; films samples were grown by sol-gel methods on Si/SiO,/TiO,/Pt
structures (suitable for ME coupling measurements). In polycrystalline BiFeO;, after Co-
implantation and annealing, we were unable to detect any sign of formation of magnetic secondary
phases (Fig. 1). On the other hand, for epitaxial BiFeO; films implanted with Co, we were able to
identify the implantation and annealing conditions leading to the formation of cobalt ferrite CoFe,O4
(Fig. 2). We are currently investigating the magnetoelectric coupling established between
multiferroic BiFeO; matrix and the embedded ferromagnetic CoFe,O4 nanoparticles.
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Fig.1 - GI-XRD on Co-implanted polycrystalline Fig. 2 - GI-XRD on Co-implanted epitaxial BiFeO;
BiFeO; on Si/SiO,/TiO4/Pt, showing only on SrTiO3 substrate, showing the formation of
BiFeO; peaks. CoFe;0Os.



