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Crystal Growth of Oxide

Superconductors
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Chronicle

1962 Institute of Inorganic Synthesis (IIS) was
established.
Division of Mineral Synthesis was
launched.

1964 Division of Inorganic Synthesis was
launched.

1973 Division of Surface Science was launched.

1992 Division of Synthesis of Superconducting
Materials was launched.

2002 Center for Crystal Science and Technology
(CCST) was established by
reorganizing IIS.
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Research Division
of Crystal Bond Engineering

Professors: 2
Associate Professors: 1
Assistant Professors : 1

Research Division
of Crystal Structure Engineering

Professors: 1
Associate Professors: 2
Assistant Professors : 1

as of October 2024
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Research Division
of Crystal Bond
Engineering

Objectives of this division are to establish novel
growth technique and to investigate newly
emerging functions of various kinds of
crystalline materials, focusing on microscopic
control of their atomic-scale structures.
Properties of compound and mixed crystals have
shown to be sensitive not only to structure and
composition, etc., but also to the local
environment of atoms that compose them.
Research interests of us therefore are to analyze
and control local bonding states in crystals.
Investigations of such microscopic aspects of
crystalline materials are executed utilizing
analysis / synthesis techniques developed in-
house. Application-oriented researches are also
characteristic of our division.

Investigation of Novel Functions
by Controlling Local Bonding States

B Control of doping

B Control of atomic mixing

B Control of clustering

B Growth techniques under non-
equilibrium conditions
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EASITF v FI)VFET DX
Schematic illustration of strained-Si FET

Study of New Functional
Devices with IV
Semiconductor Super-
structures

Keisuke Arimoto  Professor

Strained-Si (or strained-Ge) channel FETs
fabricated on relaxed-SiGe have great
advantages over conventional Si-FETs. The
controlled strain in a Si (or Ge) channel
increases the band discontinuity between Si (or
Ge) and SiGe, and also increases carrier
mobilities in the strained channel. To realize
such ultrahigh mobility devices, the growth
method of high quality strained heterostructures
should be developed.

Research subjects

1. Development of growth methods of hetero
structures with atomically flat and smooth
interfaces.

2. Accurate strain control of Si (or Ge) layers
grown on SiGe to realize ultra high carrier
mobilities.

3. Fabrication of FETs on SiGe substrates and
investigation of alloy scattering and mass
lowering.
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Cross sectional TEM image of strained-Si channel
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Development of New
Growth Technique for
Novel Functional Oxides
Single Crystals

Satoshi Watauchi Professor
Masanori Nagao  Associate Professor
Yuki Maruyama  Assistant Professor

Research Subjects

1. Development of Technique for Crystal
Growth Using Infrared Convergent Heating
System

2. Creation of Novel Functions in Oxide Single
Crystals

3.Single Crystals Growth of Functional
Materials
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Tilting Mirror Type Infrared Convergent Image Furnace
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Optical crystal

Rutile (TiO,)

Ca1 2A114033 (C 1 2A7)

© LiCoOz (LCO)
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Crystal for Iithium ion
batteries

LixLaa-x/3NbO3 (LLN)

BRGSO —B]  As-grown crystals
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Single-crystal ~ whisker of High-7.
superconductor grown by TeO,-based flux
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Control of texture
and crystal structure

Research Division
of Crystal Structure
Engineering

Objectives of this division are to analyze
structure of crystalline materials and to develop
methods for structure control. Our research
interest ranges from atomic-scale structures to
macroscopic aspects of crystals as chemical
composition, structural dimensionality and so
on. Methods to control crystal structure,
composition, and reaction-path are being
developed. Such wide range knowledge on
atomic- and molecular-scale mechanism in
crystalline substances allows innovative works
in developing materials with variety of
functionality. Research Division of Crystal
Structure Engineering is established for this
purpose, and have contributed to relevant
industries.

Development of New Functional
Materials by Controlling Chemical
Compositions and Crystal Structures

B Control of reaction-path

B Control of chemical composition

B Control of structural dimensionality
B Control of stability
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Study of Control of
Crystal Structure using
Soft Chemical Process

Takahiro Takei Professor
Norio Saito Assistant Professor

Our research interests are focused on the
formation of novel inorganic compounds by
control of crystal structure using soft chemical
and hydrothermal process and on the evaluation
of their unique properties, such as
superconductivity, dielectricity, photocatalyst,
unique adsorbent etc.

Research subjects

1. Soft chemistry of inorganic layered
compounds

2. Hydrothermal synthesis of novel inorganic
compounds

3. Inorganic-organic hybrid porous materials
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Nobel layered zirconium phosphate synthesized by
hydrothermal treatment
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TEM image of hexagonal-type mesoporous silica
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Development and
Structural Analysis of
New Optical Materials

Yoshinori Yonezaki Associate Professor

Crystal structure and its local symmetry
determine macroscopic optical properties of
inorganic compounds. Based on the structural
features of previously reported optical materials,
new inorganic materials are developed.

Research Subjects

1. Exploration of transition-metal doped
phosphors.

2. Structure analysis of inorganic phosphors.

3. Development of glass ceramics with optical
functions.
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Blue emission from an UV-excited alkaline earth silicate

[FE &1 O TSR
SEM image of the alkaline earth silicate phosphor
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Materials Science using
Electron Microscopy

Center for Instrumental Analysis
Junji Yamanaka Associate Professor

Research Subjects

1. Evaluation of Lattice Spacing using Conven-
tional TEM

2. Microstructure Analysis of Alloys, Semicon-
ductors and Carbon Materials
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Cross sectional HREM image of surface graphitized
furan-resin-derived carbon.
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(Research Division of Crystal Bond Engineering)

“Hole mobility enhancement observed in (110)-
oriented strained Si”,

Jpn. J.Appl. Phys. 59, SGGKO06 (2020)

K.Arimoto, N.Utsuyama, S.Mitsui, K.Satoh,
T.Yamada, J.Yamanaka, K.O.Hara, K.Sawano,
K.Nakagawa

“Interface reaction of the SnS/BaSi» heterojunction
fabricated for solar cell applications”

Thin Solid Films vol.706, p.138064 (2020)
K.O.Hara, K.Arimoto, J.Yamanaka, K.Nakagawa

“Reactive deposition growth of highly (001)-oriented
BaSi: films by close-spaced evaporation”

Mater. Sci. Semicond. Process vol.113, p.105044 (2020)
K.O.Hara, S.Takizawa, J.Yamanaka, N.Usami,
K.Arimoto

“Effects of the Mirror Tilt Angle on the Growth of
LiCoO: Single Crystals by the Traveling Solvent
Floating Zone (TSFZ) Technique Using a Tilting-
Mirror-type Image Furnace”

Crystal Growth & Design vol.20, pp.3413-3416 (2020)
R.Parvin, Y.Maruyama, M.Nagao, S.Watauchi,
I.Tanaka

“Investigation of Superconductivity in Ce-Doped
(La,Pr) OBiS: Single Crystals”

Materials vol.15, 2977 (2022)

M.Nagao, Y.Hanada, A.Miura, Y.Maruyama,
S.Watauchi, Y.Takano, I.Tanaka

“Solubility of iridium into S-Ga20s single crystals
grown by floating zone method”

Journal of Crystal Growth vol.584, 126581 (2022)
Y.Fujita, M.Nagao, Y.Maruyama, S.Watauchi,
K.Miki, I.Tanaka

“Investigating the combined effects of mirror tilting
and position on rutile crystal growth using the
infrared convergent-heating floating zone method”
Journal of Crystal Growth, Vol.571, 126257 (2021)
N.Noda, S.Watauchi, Y.Maruyama, M.Nagao,
K.Kakimoto, I.Tanaka

“Effect of Li concentration on the ionic conductivity
of LixLaq-x3Nbo.soTao2003 solid solutions”

Journal of the Ceramic Society of Japan vol.129 pp.
535-539 (2021)

Y.Maruyama, M.Nagao, S.Watauchi I.Tanaka

List of representative publications
EREEIYIZTUVIMEEM

(Research Division of Crystal Structure Engineering)

Hydrothermal Synthesis of Hydrated Layered
Polysilicate Magadiite from Industrial Quartz
Glass Wastes Norio Saito, Nobuhiro Kumada,
Takahiro Takei and Hideharu Horikoshi Journal of
the Ceramic Society of Japan, vol.131, 488-490
(2023)

Phase transformation between CsPbBrs and Cs4Pb-
Brs nanocrystals by a cationic oligomeric ligand
and water, and their water resistance Norio Saito,
Akihiro Urayama, Takahiro Takei, Nobuhiro
Kumada Materials Advances, vol.5, 1487-1491
(2024)

Study on Preparation and Characterization of
Orthorhombic Euxenite-Type Solid Solutions
between TbNbTiOs and DyNbTiOs Anjuman Ara
Khatun, Takahiro Takei, Muhamad Diki Permana,
Norio Saito, Nobuhiro Kumada Journal of the
Ceramic Society of Japan, vol.132, 178-183 (2024)

Preparation of Mg, Ca, or Sr-included mesoporous
silica from glass bottle waste for recover of rare
earth elements Takahiro Takei, Kousuke Takimoto,
Tomohiro Takabayashi, Norio Saito and Nobuhiro
Kumada New Journal of Chemistry, vol.48,
6088-6094 (2024)

Effect of wavelength in light irradiation for
Fext/Fes+ redox cycle of FesO4/g-CsNa in photoca-
talysis and photo-Fenton systems Muhamad Diki
Permana, Takahiro Takei, Anjuman Ara Khatun,
Diana Rakhmawaty Eddy, Norio Saito, Nobuhiro
Kumada Journal of Photochemistry & Photobiolo-
gy, A: Chemistry, vol.457, 115876 (2024)

Synthesis, ion-exchange and antibacterial proper-
ties of ETS-4, prepared using Na-kenyaite as a
precursor Kuda Durayalage Sulasa Devi Ariyapala,
Muhamad Diki Permana, Nobuhiro Kumada,
Takahiro Takei, Norio Saito, Hideharu Horikoshi
Materials Science and Engineering B, vol.310,
117712 (2024)

“CuKo-radiation induced emission-color change in
Eu-doped KNaSOs” Sens. Actuators A: Phys.
vol.338, 113494 (2022)

Y. Yonezaki

“X-ray induced electron defects in photochromic
BasMgSi20s: Eu*" and isostructural KsNa(SOa4)2”

J. Alloys Compd. vol.876, 160111 (2021)

Y. Yonezaki, R. Yanai

“Discrimination between Coherent and Incoherent
Interfaces using STEM Moir¢”

Microscopy and Microanalysis vol.27, pp.2326-
2327 (2021)

J.Yamanaka, D.Izumi, C.Yamamoto, M.Shirakura,
K.Hara and K.Arimoto
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Educational Activities

Being a branch of Graduate Faculty of
Interdisciplinary Research at University of
Yamanashi, Center for Crystal Science and
Technology (CCST) also offers academic
curriculum for students. CCST provides the
opportunity to students to pursue their education
while standing at the front of research activities
here. Having executed many comprehensive
researches on synthesis and growth of
crystalline materials, and on characterization,
CCST is a distinctive organization amongst
research institutes of crystalline materials in the
world. We have also accepted doctoral students
and researchers from foreign countries. With
these resources, students from faculty of
engineering at University of Yamanashi can
facilitate to further their education, and acquire
abundance of knowledge and skills for ceramics
and semiconductor industries.

Teaching in Integrated
Graduate School of Medicine,
Engineering and Agricultural
Science

Master's course Doctoral course

K. Arimoto é ) é )
T. Takei *! %2
31
S-Watauchi Advanced Energy
M. Nagao Mgterlal MaFerlals
Science Science
J. Yamanaka Course Course
Y. Yonezaki *!
N. Saito *!
o DN J
Also responsible for the following master’s
programs:

3 1: Applied Chemistry Course
3%2: Special Program for Green Energy
Conversion Science and Technology

as of October 2024
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