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Topological matter has attracted much attention recently and developed its
research in a wide region of material science. In the present research, as focusing on flexibility
of perovskite structure, the first-principles materials design based on ferroelectric
transition-metal oxides has been performed. It was revealed that the polar ionic distortion breaks

the inversion symmetry so that the bands are spin split due to the spin-orbit_coupling, which in
turn results in the spin-valley coupling. Moreover, various material properties, such as

thermoelectric effect and magnetism, were carefully investigated to clarify the physical mechanism.



2005

2014

( )
2007
2016
) 2 Z2
(Z2= )
(Z2= )
Bi2Ses
Z>
:SmBs
‘Lnalra07
Native

:SnS

Jahn-Teller

4d/5d

Z>

Jahn-Teller

D. Xiao, et al. Nat. Commun. 2,

596 (2011)
[111]

4d/5d

LaAlO,

LaAuo,

Au e



LaAlO,
BiAlO, Bi-0

Au e

4d/5d

@
>
, O
@
=
O
Ryes)
>
O
1 BilrOs/BiAlOs
spin-FET
LiNbO,
B
5d
BiAlO; B

Al Ir

BilrQ,

BilrQ,

1 Bilro, 2

BiAIO, Bi 1r0,/BiAlO,

2 BilrOs/BiAlOs

BiAuO,/BiAlQ,
Z,
Vanderbilt
Z,
2
(k)
ky
(%)
Z
VASP



Wannier90

0.8 -

0.6 Spin-valley
’ Trivial insulator

Polar distortion

Topological
insulator

0 0.2 0.4 0.6 0.8
Tilting distortion

3 LaAuOs/LaAlOs

BiAUO,/BiAlO,

c 2

LaAu0,/LaAlO,
3

Au-e

SrTio,

BaTiO,

TbMnO,
TbMnO,

11

Kunihiko Yamauchi, Paolo Barone, Silvia Picozzi,
“Topological phase transition coupled with
spin-valley physics in ferroelectric oxide
heterostructures”, Physical Review B 95
035146/1-7 (2017).

T.T. Nguyen, K. Yamauchi, T. Oguchi, and N. N.
Hoang, “Influences of Orientation on
Magnetoelectric  Coupling at La;Sr,MnOs/
BaTiO; Interface from Ab Initio Calculations,
Journal of Electronic Materials pp 1-7 (2017).

K. Kimura, P. Babkevich, M. Sera, M. Toyoda, K.
Yamauchi, G.S. Tucker, J. Martius, T. Fennell, P.
Manuel, D.D. Khalyavin, R.D. Johnson, T.
Nakano, Y. Nozue, H.M. Ronnow, and T. Kimura,
“Magnetodielectric ~ detection of magnetic
quadrupole order in Ba(TiO)Cuy(PO4), with
Cu,01, square cupolas”, Nature Communications
7,13039/1-7 (2016).

Masayuki  Toyoda, Takashi  Saito, Kunihiko
Yamauchi, Yuichi Shimakawa, and Tamio Oguchi
Superexchange interaction in the A-site ordered
perovskite YMn3;Al,04,, Physical Review B 92
014420/1-7 (2015).

Kunihiko Yamauchi, Paolo Barone, Tatsuya
Shishidou, Tamio Oguchi, and Silvia Picozzi,
“Coupling Ferroelectricity with Spin-Valley
Physics in Oxide-Based Heterostructures”,
Physical Review Letters 115, 037602 (2015)
[Editor’s Suggestion].

Paolo Barone, Kunihiko Yamauchi, and Silvia



Picozzi, “Jahn-Teller distortions as a novel source
of multiferroicity”, Physical Review B 92
014116/1-6 (2015).

R. Takahashi,I. Ohkubo, K. Yamauchi, M.
Kitamura, Y. Sakurai, M. Oshima, T. Oguchi, Y.
Cho, and M. Lippmaa, “A-site-driven
ferroelectricity in  strained  ferromagnetic
La,NiMnOg thin films”, Physical Review B 91,
134107/1-9 (2015).

Hiroaki Saijo, Kunihiko Yamauchi, Koun Shirai,
and Tamio Oguchi, “Impact of Ferroelectric
Distortion on Thermopower in BaTiO;”, Journal
of the Physical Society of Japan 84, 054701
(2015).

Keisuke Isoyama, Masayuki Toyoda, Kunihiko
Yamauchi, and Tamio Oguchi, “Ab Initio Study
on Pressure-Induced Phase Transition in
LaCusFe 01,7, Journal of the Physical Society
of Japan 84, 034709 (2015).

K. Yamauchi, T. Oguchi, S. Picozzi, “Ab-initio
Prediction of Magnetoelectricity in Infinite-Layer
CaFeO, and MgFeO,“, Journal of the Physical
Society of Japan 83, 094712/1-6 (2014).

T. Aoyama, K. Yamauchi, A. Iyama, S. Picozzi, K.

Shimizu, and T. Kimura, “Giant spin-driven
ferroelectric polarization in TbMnO; under high
pressure”, Nature Communications 5, 4927/1-7
(2014).

3

Kunihiko Yamauchi, “ Ab-initio Theoretical
Studies on Multiferroicity in Transition
Metal Oxide”, International Symposium on
Magnetism and Magnetic Materials”, 2016

1 23 H~11 26 , , Korea,

Kunihiko Yamauchi, “Spin-Valley Coupling
and Topological Phase Transition in
Ferroelectric Oxide Heterostructures”, 11th
Korea-Japan Conference on Ferroelectrics,
2016 8 7H~—~8 10 |, Seol, Korea,

, , , BiMO3
(M:3d ) ,
2016 9 13H~9 16 ,

o
YAMAUCHI, Kunihiko

00602278



