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Annual Research Highlights

(1) Possible ferroelectricity in perovskite oxynitride
SrTaO:N epitaxial thin films

Perovskite oxynitrides have attracted much attention
because of their novel electronic functionalities, such as
visible light absorption, photocatalytic activity, colossal
magneto-resistance, and high dielectric constant. It has
been suggested that the dielectric properties of ABO.N
are related to anion arrangement in BON, octahedra: for
example, ferroelectricity may be caused by the off-center
displacement of Ta ions in trans-type anion-ordered
ATaO:N (A = Sr or Ba) phases. In this study, we realized
room-temperature  ferroelectricity in compressively
strained SrTaO:N thin films epitaxially grown on SrTiO3
substrates by nitrogen-plasma assisted pulsed laser
deposition. Local piezoresponse measurements revealed
the incorporation of small classical ferroelectric domains
with dimensions of 10-10° nm in a relaxor
ferroelectric-like matrix (Fig. 1). The ferroelectric
domains and the relaxor-like matrix were identified as
trans- and cis-type phases, respectively, based on results
of first-principles density functional theory (DFT)
calculations that mapped the total energy of SrTaO;N for
various lattice parameters.

0.0 (m) 6.0 -100 (a.u.) 100
B

0.3 um

Point A Point B

_ d {10

5 4 P
) N
] 2 15 %
2 4]
2 / o B
1] -1 w
5 2 L]
N o
a 4 15 £

DC bias (V)
Fig. 1 (a) Topographic and (b) piezoresponse (Acosf) images of
the SrTaO:N thin film grown on SrTiOs (100) substrate
measured by a piezoresponse force microscope. (c, d) Local
piezoresponse examined by switching spectroscopy with an AC
bias of £1 V at positions A (c) and B (d) indicated in (b). Open
circles represent the initial point of the measurements.
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(2) Large perpendicular magnetic anisotropy in
ferrimagnetic Mn4N epitaxial thin films

Materials with perpendicular magnetic anisotropy
(PMA) have attracted considerable attention because of
their potential applications in spintronics. While
CoPt-based alloy thin films are widely used as
perpendicular magnetic recording media, development of
noble metal-free PMA materials is strongly desired from
the viewpoint of element strategy. In this study, we
focused on an antiperovskite-type manganese nitride
MnsN, which shows ferrimagnetism with a Néel
temperature of 738 K. We successfully fabricated
highly-crystalline MnsN (001) epitaxial thin films grown
on MgO (001) substrates using a pulsed laser deposition
method, and investigated the electronic transport and
magnetic properties. The fabricated MnsN thin films were
tetragonally distorted with a ratio of out-of-plane to
in-plane lattice constants of 0.987. We observed large
PMA with an effective magnetic anisotropy constant of
0.16 MJ/m3 and metallic transport with a room
temperature resistivity of 125 puQ cm. In addition, the
MnsN thin films exhibited a large anomalous Hall effect
at room temperature, where the Hall resistivity and the
tangent of the Hall angle were 2.8 pQcm and 0.023,
respectively. These values are comparable with those of
typical PMA materials.
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Fig. 2 (a) Resistivity vs. temperature and (b) Hall resistivity vs.
temperature curves of 35-nm-thick MnsN thin film. The inset
shows the schematic of antiperovskite structure of MnsN
composed of Mna (green circles), Mng (blue circles), and N (red
circle) atoms. Arrows indicate the direction of electron spin.
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