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Chronicle
1962 Institute of Inorganic Synthesis (I1S) 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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Director
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Research Division
of Crystal Bond Engineering

Professors: 2
Associate Professors: 2
Research Associates: 2

Research Division
of Crystal Structure Engineering

Professors: 2
Associate Professors: 2
Research Associates: 0

as of July 2020
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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

n.s
.
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Schematic illustration of strained-Si FET

Study of New Functional
Devices with IV
Semiconductor Super-
structures

Keisuke Arimoto  Associate Professor
Kosuke O. Hara Research Associate

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.

4. Thin film growth and solar cell applications
of the BaSi2 semiconductor.

SiGe layer

relaxed-SiGe layer
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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

Isao Tanaka Professor

Satoshi Watauchi Professor

Masanori Nagao Associate Professor

Yuki Maruyama  Research 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,)
Ca12A114033 (C 1 2A7)
© LiCoO:2 (LCO)
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Crystal for Ilithium ion
batteries

LixLaax/3NbO3 (LLN)

BEAERB O] As-grown crystals
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Single-crystal whisker of High-T,
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

Nobuhiro Kumada Professor
Takahiro Takei 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 wunique 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

T TR

-



FHREE RS Y ORES
o R EIE AR

K R EHR

yonesaki@yamanashi.ac.jp

HIEERFICRRIN D ABEBEEM B DR
FHEEEECZTOXNME LR RIET 5,
AHFTE TILBER O M BEEM B O A F%
HICEET IBENFEBERE L, FHEEE
EETOHMBEREEHMDOTHA UOEM
ISR 5 REFTo> TS,

REDEBHAET—V

1. BREEA T UREEREAEOETEE
HHRDL IIFHEDOESREA A >
BB MEHCIRINT 2 Z & TEREINT
W5, kA IR EWITIF A A 2 RINT
£ 2 #CR R O ff 5 % 5 B F R I S Al 2
79,
2. ER RN O REERENT
BREREAA S OFRMIXD A5 NT
HOCHEAMEIT R A A OSSR E T B,
i & D 53182 F N - R gt 2@ U T
HHA B O ORI 2 B I 9 5,

3. MR HERIE T S X DESR & EHE

Tt D & D AR & IR R EMEL O B IE,

Tz 68 S DOMEIO O & DITkERL AT
TAMET 5N 5, HHEREEEAE T 55
ENET D4 kR e o A2 ER L,
BT NA ADFEZfT> T b,

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
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SEM image of the alkaline earth silicate phosphor
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Newly optical approach
for electric and lattice
polarization study in
inorganic crystals

Atsushi Syouji  Associate Professor

Crystals have various type polarizations.
Observing the property of the atomic or electric
polarizations using newly optical techniques, we
research innovative method for structual
property studies and crystal growth.

Research subjects

1. Electric quadrapole in copper(I) oxide
(Cuprite)

Copper(I) oxide have dipole-forbidden
quadrapole-allowed electric polarizations. Using
near-field probes, we research newly analysis
technique for crystal structures.

2. Electric polarizations in transparent magnetic
dielectrics YsFesOn

Photo-induced polarizations in magnetic
materials rotate or circulate depending on light
wavelength. The conspicuous property is
expected novel light propagation control.

3. Lattice polarizations in micro-crystals

Crystal lattice vibrates under finite temperature.
By observing the vibration wusing laser
excitation, we research newly crystal growth.
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Copper(I) oxide
(Cuprite)

crystal, Natural
crystal in Namibia
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Transparent magnetic photonic crystal
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Microstructural Change of
Materials under Special
Conditions

Center for Instrumental Analysis
Junji Yamanaka Associate Professor

Research Subjects

1. Study of Partial graphitization of non-
graphitizable carbon, (figure). (Collaborative
work with Materials and Structures Laboratory,
Tokyo Inst. Tech.)

2. Microscopic evaluation of local strain in
semiconductor thin films.

3. Microstructure analyses of metallic alloys.
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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, SGGK06 (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

“Growth of LiCoO: Single Crystals by the TSFZ
Method”

Crystal Growth & Design, vol. 19, p. 415 (2019)

S. Nakamura, A. Maljuk, Y. Maruyama, M. Nagao, S.
Watauchi, T. Hayashi, Y. Anzai, Y. Furukawa, C.D.
Ling, G. Deng, M. Avdeev, B. Biihner, I. Tanaka

“Growth and physical properties of Ce(O,F)Sb(S,Se):
single crystals with site-selected chalcogen atoms”
Solid State Commun. vol.289, pp.38-42 (2019)

M. Nagao, M. Tanaka, A. Miura, M. Kitamura, K.
Horiba, S. Watauchi, Y. Takano, H. Kumigashira, 1.
Tanaka

“Flux Growth and Superconducting Properties of
(Ce,Pr)OBiS: Single Crystals”

Frontiers in Chemistry vol. 8, p. 44 (2019)

M. Nagao, A. Miura, D. Urushihara, Y. Maruyama, Y.
Goto, Y. Mizuguchi, C. Moriyoshi, Y. Kuroiwa, Y.
Wang, S. Watauchi, T. Asaka, Y. Takano, K.
Tadanaga, 1. Tanaka

“Position effects of mirror-lamp system on the
growth of rutile crystal based on the infrared
convergent- heating floating zone method”

J. Cryst. Growth vol. 496, pp. 69-73 (2018)

S. Watauchi, M. Suzuki, M. Nagao, I. Tanaka

“STEM Moiré Observation of Lattice-Relaxed
Germanium Grown on Silicon”

Journal of Materials Science and Chemical
Engineering vol. 5, pp. 102-108 (2017)

J. Yamanaka, C. Yamamoto, H. Nakaie, T. Arai, K.
Arimoto, K. O. Hara, and K. Nakagawa

“Crystal growth of Laxs«LixTiOs by the TSFZ
method” R. Soc. Open Sci. vol. 5, 181445 (2018)

Y. Maruyama, S. Minamimure, C. Kobayashi, M.
Nagao, S. Watauchi and 1. Tanaka

List of representative publications
ERBEIYIZTUYIMEEM

(Research Division of Crystal Structure Engineering)

“Hydrothermal Synthesis and Crystal Structure of
A Mixed Valence Bismuthate, Na;BizOs”

Inorg. Chem., vol. 59, pp. 4950-4960 (2020)

Md. Saiduzzaman, S. Akutsu, S. Yanagida, T.
Takei, N.Kumada, H. Yamane and Y. Kusano

“Hydrothermal Synthesis of Pyrochlore-Type
Pentavalent Bismuthates Ca:Bi2O7 and Sr2Bi2O7”
Inorg. Chem. vol. 58, pp. 1759-1763 (2019)

Md Saiduzzaman, T. Takei, S. Yanagida, N.
Kumada, H. Das, H. Kyokane, S. Wakazaki, M.
Azuma, C. Moriyoshi, Y. Kuroiwa

“Facile and controllable synthesis of Zn-Al layered
double hydroxide/silver hybrid by exfoliation
process and its plasmonic photocatalytic activity of
phenol degradation”

Mater. Chem. Phys. Vol. 250, 122988 (2020)

P. R. Lestari, T. Takei, S. Yanagida, and N.
Kumada,

“Synthesis of Transition Metal Hydroxide -
Conductive Polymer Hybrid and Its High
Supercapacitance Performance” ‘“Hexagonal
tungsten oxide-polyaniline hybrid electrodes for
high-performance energy storage” Appl. Surf. Sci.
vol. 498, 143872 (2019)

G. Yang, T. Takei, S. Yanagida, and N. Kumada

“Circumstances of La, Eu, Dy and Yb cations
intercalated via ion exchange in 7 -zirconium
phosphate” Inorg. Chem. vol. 57, pp. 13097-13103
(2018)

T. Takei, K. Aoyama, S. Yanagida, N. Kumada, and
Y. Nakajima

“Crystal structure of Na2MMgP>0s (M: Ba, Sr, Ca)
orthophosphates and their luminescence properties
activated by Eu2*; analogous structural behaviors
of glaserite-type phosphates and silicates”

J. Solid State Chem. vol. 184, pp. 3247-3252
(2011) Y. Yonesaki, C. Matsuda

“Structural consideration on the emission
properties of Eu2~-doped Ba(Sr, Ca)2MgSi20x”

J. Solid State Chem. vol. 201, pp. 324-329 (2013)
Y. Yonezaki

“Creation of Excitons Excited by Light with a
Spatial Mode”

J. Phys. Soc. Jpn vol.86, pp. 124720 1-6 (2017)

A. Syouji, S. Saito, and A. Otomo

“Drying process of water in a Nafion membrane
embedded in the fuel cell analyzed by coherent
anti- Stokes Raman scattering spectroscopy”

Jpn. J. Appl. Phys. 57, p. 117101 (2018)

A. Syouji, M. Sakai, M. Hara and H. Matsushima
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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 4 N | 7 N
K. O. Hara
31,342
N. Kumada
M. Nagao ™" Advanced Energy
B Material Materials

A. Syouji Science Science

T. Takei *"*? Course Course

L. Tanaka™'*?

S.Watauchi™!

Y. Yonezaki ™' | \_ AR Y,
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 July 2020
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Address : Center for Crystal Science

and Technology

University of Yamanashi
7-32 Miyamae-cho, Kofu
Yamanashi 400-0021, Japan

Phone : +81-55-220-8611
Fax: +81-55-220-8270
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