Activity Report 2019 / Supercomputer Center, Institute for Solid State Physics, The University of Tokyo

First-principles calculations of multiferroic interfaces

Yoshihiro GOHDA
Department of Materials Science and Engineering, Tokyo Institute of Technology
J1-3, Nagatsuta-cho 4259, Midori-ku, Yokohama 226-8502, Japan

To obtain large magnetoelectric coupling in
multiferroic materials, multiferroic interfaces
are promising, because single-phase multifer-
roic materials exhibit typically antiferromag-
netism preventing from having net magnetiza-
tion [1, 2]. In addition to multiferroic inter-
faces, many types of magnetic interfaces are of
fundamental importance to enhance the per-
formance of magnetic materials. Nevertheless,
our understanding from electron theory is far
from being satisfactory. Since first-principles
calculations of magnetic interfaces are compu-
tationally challenging, such study is also of im-
portance in the sense of large scale computa-
tions.

In this project, we performed first-principles
calculations of magnetic interfaces related with
multiferroic materials [3-5] and permanent
magnets [6-8]. We demonstrated enhance-
ment of magnetoelectric coupling by insertion
of Co atomic layer into Fe3Si/BaTiO3(001) in-
terfaces from first principles [3]. As is shown
in Fig. 1, the interface Co monolayer helps
the interface ferroelectric polarization exhibit
enough, whereas the interface electric polar-
ization is killed by Si without the Co mono-
layer at the interface. Other transition-metal
In addi-
tion, crystal-growth mechanism was also clari-
fied for CogFeSi and CoaMnSi films on single-

crystalline oxides by identifying the initial dis-

monolayers are also investigated [4].

order at the deposition and the formation en-
ergy of random alloys relative to ordered al-
loy [5] by using both of OpenMX [9] and Akai-
KKR [10].

tained also for microstructure interfaces in per-

Substantial progresses were ob-

99

manent magnets [6-8].
0.4
0.3F &\\\ ]
T
0.2F e ]
~~ A= *ﬁ j;&\“:?z .
0§/ 0.1F - B - 1T\';\'§7jfi—. ]
5 RS o
40—0.17 ‘g&\\g 1
T2 FVSI) (Pw) A Fe(VSI) (Pa) A
—03f SiY)SiZ) (Pw) & Si(Y)SIZ) (Paown) @]
04 CoCo (Pup) D CoCo (Pdown) ]

TiOy(1) TiOy(2) TiOy(3) TiOx(4) TiO4(5)

Figure 1: Relative displacements Ag_1i = 20 —
z7i in the tetragonal BaTiO3(001) film for each in-
terface. For the Fe(Y)Si(Z) case, average values
for Ap_r; are shown. The first layer TiO5(1) is
the interface layer, whereas the fifth layer TiOz(5)
has the bulk atomic positions of BaTiOs.

[1] T. Taniyama, J. Phys.: Condens. Matter 27,
504001 (2015).

[2] K. Fujita and Y. Gohda, Phys. Rev. Appl. 11,
024006 (2019).

[3] Y. Hamazaki and Y. Gohda, J. Appl. Phys.
126, 233902 (2019).

[4] R. Costa—Amaral and Y. Gohda, in prepara-
tion.

[5] K. Kudo, Y. Hamazaki, S. Yamada, S. Abo, Y.
Gohda, and K. Hamaya, ACS Appl. Electron.
Mater. 1, 2371 (2019).

[6] A. Terasawa, M. Matsumoto, T. Ozaki, and Y.

Gohda, J. Phys. Soc. Jpn. 88, 114706 (2019).

[7] Y. Ainai, Y. Tatetsu, A. Terasawa, and Y. Go-
hda, Appl. Phys. Express 13, 017006 (2020).
Y. Ainai, T. Shiozawa, Y. Tatetsu, and Y. Go-
hda, Appl. Phys. Express 13, 045502 (2020).
[9] T. Ozaki, Phys. Rev. B. 67, 155108 (2003).

[10] H. Akai, J. Phys. Condens. Matter 1, 8045
(1989).

8]



