SOLID STATE CHEMISTRY

Annual Research Highlights

(1) Magnetodielectric effect of perovskite EuTiOs
epitaxial thin film

Perovskite EuTiOs shows antiferromagnetism and
quantum paraelectricity induced by Eu®* (4f) and Ti*
(3d), respectively. The magnetism and paraelectricity are
strongly coupled with each other, resulting in a large
magnetodielectric effect, where the dielectric constant is
largely increased by application of an external magnetic
field. Epitaxial thin films are suitable for investigating the
coupling between magnetodielectric effect and lattice
distortion. However, dielectric properties of EuTiOgz thin
films have been scarcely reported because of large
leakage currents caused by oxygen vacancies in the films.
Furthermore, it is difficult to compensate for oxygen
vacancies by post-annealing, since EuTiOs; is easily
decomposed by oxidation processes.

We deposited an epitaxial SrTiOs protection layer on
the EuUTiOs thin film to stabilize the perovskite structure
of EuTiOs under oxidative conditions, and succeeded in
full compensation of oxygen vacancies without
amorphization. The obtained EuTiOz film exhibited
magnetodielectric effect for the first time in a thin film.
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Fig. 1 (a, b) Reflection high-energy electron diffraction patterns
of an air-annealed EuTiOs thin film (a) without protection layer
and (b) with SrTiOs protection layer. (c) &-T curves of
Ag/Nb:SrTiOs/EuTiOs/Nb:SrTiOs  capacitor structure under
various magnetic field. Magnetic field was applied
perpendicular to the surface. (d) &-H curve of the EuTiOs thin
filmat 2 K.
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(2) Electronic states and transport properties of Eu
substituted infinite layer strontium ferrite thin
films

SrFeO; has attracted considerable attention because it
is an isostructural analog of the infinite-layer cuprate
SrCuO,, which exhibits high-transition-temperature
superconductivity due to carrier doping. We recently
demonstrated that electron carriers can be doped into
SrFeO, by partially substituting Eu ions for Sr sites
(Sr1xEuxFe0y) in the form of an epitaxial thin film. The
SrooEUo1FeO; film showed resistivity as low as ~0.15
Qcm at room temperature, which is approximately four
orders of magnitude lower than that of undoped SrFeO..

In this study, the electronic and carrier transport
properties of SrixEusFeO, epitaxial thin films were
investigated. X-ray photoemission and absorption
spectroscopy measurements revealed that the Fe and Eu
ions in the SrixEuxFeO, films were essentially divalent
and trivalent, respectively, regardless of the Eu ion
content. Based on the transport measurements performed
at 300 K, the carrier concentration (ne) and Hall mobility
of the SrogsEuUo15FeO; films were found to be 2.5 x 10%°
cm?® and 0.94 cm?®Vis, respectively. The carrier
activation efficiency of Eu%*, defined as ne/ne, (where ng,
is the Eu ion concentration), was as low as ~0.9%. We
speculate that excess oxygen atoms incorporated between
FeO, sheets behave as carrier compensators and/or strong
scatterers.
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Fig. 2 (a) Resistivity vs. temperature curve for the
SrogsEuoisFeO2 film. (b) Carrier concentration and Hall
mobility, plotted as functions of temperature, for the
Sro.ssEU0.15FeO2 film.
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