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Recent discoveries of multiferroics in perovskite rare—earth manganites AMnO, (£ = rare—earth),
spin—driven ferroelectricity (FE), have attracted considerable interest in terms of theory and potential
applications such as memory devices. The spin-driven FE breaking inversion symmetry has revealed in AMnO,,
which originates from a spiral antiferromagnetic (AF) structure with relatively small ionic radii of the R
(= Tb and Dy) ions r, On the other hand, with relatively large r, A0, (R = La, Sm, and Eu) stabilize in
A-type AF and paraelectric structure without breaking the inversion symmetry. Since A-type AF RO, shows the
non-FE nature, it had never been caught a lot of attention in the multiferroics field. However, more recently,
A-type AF SmMnO, showed an interest phenomenon, namely, a new type of magnetodielectric (or magnetocapacitive)
effect, deserving to be noted. In this study, we report the discovery of the magnetocapacitive effect and
aim to clarify microscopic origin of the effect in SmMnO,.

For investigation of magnetic and dielectric property’ s correlation, single crystals of SmMnO, were grown
by the floating zone method. Magnetic fields were applied only along the ¢ axis in the Phnm notation (B,) to
prepared samples for measurements of magnetization, dielectric constant, and striction, respectively.
Additionally, we performed hard and soft x-ray magnetic circular dichroism (XMCD) techniques to confirm
magnetic moment configurations of Sm 4f and Mn 3d against various B, respectively. We, here, place great
emphasis on “the large magnetocapacitive (MC) effect” observed in relatively high B, which has never been

reported in Néel Ntype ferrimagnet SmMnO; so far.

First, we observed magnetic and dielectric properties in absence and presence of B, for SmMn0,. In the
weak B, any coupling between the two properties was not observed, whereas, in the strong B, it showed there
is strong coupling among them displayed by abrupt anomalies (or jumps) in the both with a first—order—like
phase transition around a compensation temperature (Twm), resultingly, giving rise to the large MC effect.
We suggested that the MC effect is ascribed to simultaneous reversal of ferrimagnetically coupled Sm 4f and
Mn 3d moments and is crucially affected by canting angles of Mn moments. To prove our suggestion of the
simultaneous both moment reversal, hard XMCD measurement was carried out for powder SmMnO,. Though the exact
alignment of the Sm and Mn moment against B, direction was not defined through the method, it revealed reversal
of both XMCD signals of Mn A and Sm L edges indicating the reversal of the both moments. Thus, we concluded
the large MC effect originates from the Sm 47 and Mn 34 moment reversal at the same time. Furthermore, we
represented peculiar asymmetric MC at - dielectric dispersion commonly appeared in rare—earth manganites,
and relaxation time jumps at the transition temperatures (7).

Second, we investigated striction for A-type AF structure such as SmMnO, and EuMnO, by means of strain
gauge measurement with and without applying B. The result showed significant lattice distortion
(magnetostriction) strongly coupled with magnetic configurations such as at 7j and at coercive fields where
the simultaneous reversal occurs and magnetization reversal arises, respectively. We explained the origin
of magnetostrictive effect in terms of relative orbital-occupancy change in Mn e, electrons. In addition, it
revealed that the rare earth moments may enhance the effect.

Finally, we performed soft XMCD to clarify the magnetic states of Sm 4f and Mn 3d below and above 7,
to applied weak and strong B, direction for single crystal SmMnO;, respectively. Based on obtained XMCD signals
of Sm # and Mn L edges, we successfully observed reversal of Mn spin angular, Srfl spin angular, and Sm orbital
angular momenta at 7, at the same time. We proposed that origin of the MC effect observed in SmMnO, is attributed
to intimate combination among magnetic configurations, lattice distortion, and p-d hybridization.

In conclusion, the Néel N-type ferrimagnet SmMnO,;, in which the Sm—Mn moments are strongly—antiparallelly
aligned, revealed the notable phenomenon, that is, the close correlation between magnetic and dielectric
properties. The correlation crucially affected the dramatic and large magnetodielectric effect induced by
the simultaneous reversal of Sm 471 and Mn 34 moments. This newly discovered magnetodielectric material (and

effect) may evoke interest in fundamental and practical applications such as magnetic sensors point of view.
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