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Metal oxyhidride epitaxy and creation of fascinating electronic/dielectric
properties
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The objective was to elucidate fundamental electrical conductivity in
epitaxial thin films of nanoscale thick oxyhydrides, which are single-crystal films free from grain
boundary scattering that is unavoidable in bulk materials. The approach involved the
oxyhydrogenation of anatase-type titanium dioxide thin films epitaxially grown by plasma-assisted
molecular beam epitaxy. Hydrogen plasma irradiation successfully introduced hydrogen from the thin
film surfaces. As a result, the electron concentration could be controlled, successfully inducing an

insulator-metal transition. It was observed that these electron concentrations were comparable to
the hydrogen concentrations quantified by mass spectrometry, indicating that transparent electrical
conductivity could be achieved and controlled through oxyhydrogenation. This technique was extended
to complex oxides, and metallic temperature dependence was successfully obtained in oxyhydrogenated
thin films of lattice-relaxed barium titanate.



! 111

4 CaH»

BaTiOsHy 5
1-7% 10% cm

Early Transition Metals)

1.46 & 1.40 A
@
PAMBE
TiO,
@
RHEED
4
XPS
(©)
PAMBE
Ba Ti
BaTiOs- H  SrTiOs. H
(Ba,Sr)Ti0s.Hx
X XRD

@




TiO;

(a) (b) 0-82—
= 0.80}
)
:; <: 0.78F
Ti0, é S 0.76 ]
Lay-by-layer = 074 @ ho 1
XRD T
Tio, 004 34 35 36 37 38 39 40 41 42 0.250.26 027 0.28
26 (degrees) e (A)
1 (a) PAMBE Ti0, X
®)
@
RHEED (1x 4) (@) "Tize
RHEED a () E
Ti 2p XPS z
a Ti g
TIOz Ti02 D B
468 4é4 4é0 456 452
Z(b) Binding energy (eV)
Ti0zs (ti) e
300 2
10%-10% e £
468 4é4 4é0 456 2
Binding energy (eV)
2 (@
Tio, (b) Ti0;:D
Ti 2p XPS
(©)
ATi0s(A: ) 3
SIrTiOs =
BaTi0; c
Q
BaTiOs;. H
102 cm3® BaTi0s
10Y cm®
La BaTiO;

(Ba,Sr)Ti0 _H«

! H. Kageyama, K. Hayashi, K. Maeda, J.P. Attfield, Z. Hiroi, J.M. Rondinelli, and K.R.
Poeppelmeier, Nat. Commun. 9, 772 (2018).



2 J. Matsumoto, K. Hanzawa, M. Sasase, S. Haindl, T. Katase, H. Hiramatsu, and H.
Hosono, Phys. Rev. Mater. 3, 103401 (2019).

®D. Li, K. Lee, B.Y. Wang, M. Osada, S. Crossley, H.R. Lee, Y. Cui, Y. Hikita, and
H.Y. Hwang, Nature 572, 624 (2019).

* Y. Kobayashi, 0.J. Hernandez, T. Sakaguchi, T. Yajima, T. Roisnel, Y. Tsujimoto, M.
Morita, Y. Noda, Y. Mogami, A. Kitada, M. Ohkura, S. Hosokawa, Z. Li, K. Hayashi, Y.
Kusano, J.E. Kim, N. Tsuji, A. Fujiwara, Y. Matsushita, K. Yoshimura, K. Takegoshi, M.
Inoue, M. Takano, and H. Kageyama, Nat. Mater. 11, 507 (2012).

 T. Yajima, A. Kitada, Y. Kobayashi, T. Sakaguchi, G. Bouilly, S. Kasahara, T.
Terashima, M. Takano, and H. Kageyama, J. Am. Chem. Soc. 134, 8782 (2012).



6 4 0 1

Okabe H. Hiraishi M. Koda A. Matsushita Y. Ohsawa T. Ohashi N. Kadono R. 8

Nanoscale dynamics of hydrogen in V02 studied by p SR 2024

Physical Review Materials 024602-1 6
DOl

10.1103/physrevmaterials.8.024602

Hasegawa Kota Shimizu Takao Ohsawa Takeo Sakaguchi lsao Ohashi Naoki 123

Full polarization reversal at room temperature in unsubstituted AIN 2023

Applied Physics Letters 192903-1 6
DOl

10.1063/5.0174236

Wang Yong Ohsawa Takeo Alnjiman Fahad Pierson Jean-Francois Ohashi Naoki 41

Electrical properties of zinc nitride and zinc tin nitride semiconductor thin films toward 2022

photovoltaic applications

High Temperature Materials and Processes 343 352
DOl

10.1515/htmp-2022-0028

Hiraishi M. Okabe H. Koda A. Kadono R. Ohsawa T. Ohashi N. Ide K. Kamiya T. Hosono H. 107

Local electronic structure of dilute hydrogen in B -Ga203 probed by muons 2023

Physical Review B L041201

DOl
10.1103/physrevb.107.1041201




Ohsawa Takeo Murakami Taisei Hosaka Takumi Ueda Shigenori Ishigaki Takamasa Ohashi Naoki

125

Investigation of Temperature-Dependent Hard X-ray Photoemission Spectra on Au/Nb:SrTi03
Schottky Junctions

2021

The Journal of Physical Chemistry C

14836 14842

DOl
10.1021/acs. jpcc.1c04022

Ohsawa Takeo

40

Atomic-scale growth, imaging, spectroscopy, and electronic transport properties of metal-oxide
films and interfaces

2022

Journal of Vacuum Science &amp; Technology A

010806 010806

DOl
10.1116/6.0001469

MBE Ti02 -

2023

2023

Naoki Ohashi, Isao Sakaguchi, Hiroyo Segawa, Takeo Ohsawa, Yoshio Matsui

Migration of nitrogen impurity in titanium dioxide and perovskite titanates

32nd International Conference on Defects in Semiconductors

2023




Pt/Nb:SrTi03 Pt

35

2022

Masatoshi HIRAISHI, Hirotaka OKABE, Akihiro KODA, Ryosuke KADONO, OHSAWA, Takeo, OHASHI, Naoki, Keisuke IDE, Toshio KAMIYA,
HOSONO, Hideo

Local electronic structure of dilute hydrogen in gallium oxide

15th International Conference on Muon Spin Rotation, Relaxation and Resonance. 2022

2022

Hirotaka OKABE, Masatoshi HIRAISHI, Akihiro KODA, MATSUSHITA, Yoshitaka, OHSAWA, Takeo, OHASHI, Naoki, Ryosuke KADONO

Local Magnetism in the Spin-singlet State of V02

The 29th International Conference on Low Temperature Physics (LT29). 2022

2022

Nb:SrTi03 (AL, SCON

69

2022




Takeo Ohsawa, Taisei Murakami, Shigenori Ueda, Takamasa Ishigaki, Naoki Ohashi

Investigating Temperature Dependence of Resistive Switching and Photoemission Spectroscopy in Pt/Nb:SrTiO3 Heterojunctions

Materials Research Meeting 2021

2021

Pt/Nb:SrTi03 Pt

41

2021

(AL, SCON

41

2021

2024

S&T

241







