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This center will carry out research and development aimed at maintaining the
competitiveness of electronic and optical functional materials, which are the core
technologies of Japan's material innovation, and acquiring unrivaled development
capabilities.

In order to realize the sustainable development of mankind, the creation of material
technology for the transformation of social systems is required. Reducing energy
consumption by improving the efficiency of social systems is a necessary condition
for sustainability. In addition, we will improve the sensitivity and reliability of sensor
materials such as biosensors, chemical sensors, and infrared sensors, and promote
the detoxification of these materials in order to build systems that provide safety
and security to people's lives.
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Electroceramics Group
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I E E’\J Purpose
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Elecroceramics are ceramics exhibiting functionality,
including dielectric, conductive, magnetic, and optical
properties, originated in behavior of electrons, and are utilized
in electronic devices, such as computers, and electric
facilities, such as power stations. Those are not only in chip
form but also in various forms, e.g., films on wafers etc. This
group is engaged to obtain further higher functionality of
electroceramics and technology for production of new
electroceramics aiming to contribute development of
information technology and energy saving systems.,

I 77D —a: Approach
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This group performs exploration of new compounds and
materials based on theoretical prediction and accumulated
knowledge, and characterization of electronic structure of
those materials. In particular, this group aims to realize new
semiconductors, piezoelectric/ferroelectric materials
exhibiting non-traditional functionality. In addition, this group
pays attention to functionality originated at surface and
interfaces: hence, this group also concentrates on

$5K ¥1 Taku SUZUKI

FEIE 51T Katsuyuki OKADA
)1 7&K Hiroyo SEGAWA
L& ¥4  Yutaka ADACHI
KiZ 5B  Takeo OHSAWA
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E#E#&5% Contact

Mail Ohashi.nacki@nims.go.jp
TEL 029-860-4867 FAX029-855-1196

development of new processes, such as growth of epitaxial
film and construction of nanostructures composed of
crystalline and non-crystalline materials.

H1 #HLWERBEZEOER - B\ 7V Y MERDOREK
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Fig.1 Exploration of new crystal structures, e.g., organic-inorganic
hybrid crystals. and search on new functionality utilizing ab-initio
calculations.
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Fig.2 Development of new processes for fabrication of
nano-structures and exploration of new functions at surfaces and
interfaces
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Ultra-wide Bandgap Semiconductors Group
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Mail koizumi.satoshi@nims.go.jp

Group Leader TEL 029-860-4310

Satoshi, KOIZUMI
I EE"J Purpose devices. We aim to establish epitaxial growth technology and

interface control technology that can contribute to solving

H—RZ 21— IINHEOERRICEIS. EIEEDERIT these technical issues. For the time being, we will focus on
BEDRETT, NT—HEBAEREFOHEME LITEITXRD diamond and gallium oxide, and will also actively take on
FDICEOTENLFRTY . TR, FEAED/NAT—$E newer targets.
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Reducing electricity consumption is an urgent issue in order to S EHERONE MRS LY BERISERSX. MOCVDZ

realize a carbon-neutral society. Improving the efficiency of ICHA100ME L DS EAEE. SHIE{HSTEET. SEMLEEE

power semiconductor devices is an extremely effective means HEICELERISREED,

of saving energy. Currently, most power semiconductor

devices are made using silicon, but its performance is Fig.1 Ultra-high-speed, high-purity growth of Gallium Oxide using
" ueing sit e p I HVPE (halide vapor phase epitaxy) @ —

approaching the material limit. The use of wide bandgap
semiconductors holds promise for further performance
improvements, and power semiconductor devices made using
SiC and GaN are becoming more widespread. We are working
onresearch and development of ultra-wide bandgap materials
in order to contribute to the realization of
high-efficiency/high-voltage power semiconductor devices
and environmentally resistant devices of ultimate
semiconducting characteristics.

— A chemical reaction with a small equilibrium constant prevents
parasitic reactions, enabling film formation more than 100 times
faster and with higher purity than MOCVD, etc.
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Ultra-wide bandgap semiconductor materials have great Fig.2 Achieving the world's highest quality factor with diamond
potential for use in high-performance power semiconductor MEMS resonators

devices. However, many technical challenges related to —Can be used for ultimate performance sensors (mass,
crystalline defects, doping and device fabrication issues must acceleration, magnetism)

be overcome in order to realize the ultimate semiconducting
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Next-Generation Semiconductor Group
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I E E’\J Purpose
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Focusing on nitride and diamond semiconductors, we will
promote the development of next-generation semiconductor
materials and optoelectronic devices in an integrated manner,
including heterojunction, epitaxial growth, microfabrication,
and processing technologies, and establish guidelines for
material device design and operating principles.

I 77°D —9: Approach
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(1) Lead to improvement of the performance of high-electron
mobility transistors and photoelectric conversion devices
by improving the quality of nitride semiconductor thin films
and advancing their functions based on an understanding of
physical phenomena.

(2) Improve the reliability of nitride semiconductor devices by
exploring the effects of environmental atmosphere and
material properties on their characteristics.

(3) Improve the response characteristics of diamond
deep-ultraviolet detectors to vacuum ultraviolet and proton
beams and the long-term stable operation of the devices.

HAS HE a3

Yasuo Koide, Scientist with Special Missions

HEf&5 Contact
Mail koide.yasuo@nims.go.jp
TEL 029-860-4311

(4) Develop diamond logic circuits which are robust under
extreme conditions by combining
metal-oxide-semiconductor field-effect transistors with
normally-on/off operation modes.

(5) Develop insulating gate materials and low-resistance
ohmic contact materials for diamond and nitride
semiconductors, and establish material design guidelines
for semiconductor interfaces.

HPHT p*-diamond [B] Compound semiconductor

B1 REEFEHIN—TICBEVTEERTRAREF T/ A AD
AR

Fig.1 Schematic drawing of various optoelectronic devices aimed at
in the next-generation semiconductor group

E2 ZALHHFEEROSAVEY FEEEOTIERREEDIER
PE AN

Fig.2 Photos of vapor phase growth equipment for nitride and
diamond semiconductors.

728 Masatomo Sumiya, Chief Researcher
&)l BE F5%m%E  Yoshihiro Irokawa, Principal Researcher
Z*8 Masataka Imura, Principal Researcher

2| ;I8 =mmse  lJiangwei Liu, Principal Researcher
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Environmental Circulation Composite Material Group
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Purpose

Solving global environmental problems has become an urgent
priority. The Environmental Circulation Composite Materials
Group is dedicated to developing fundamental and applied
technologies that contribute to resource recovery and
recycling systems. Specifically, our focus is on converting
waste into recyclable, valuable materials, as well as
conducting research on technologies that enhance the value
of natural resources. Additionally, we are actively engaged in
the development of high-performance composite materials
that are not only highly functional but also environmentally
friendly, making optimal use of natural resources.

I 77°|:| —9’- Approach
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® Development of Recycled Materials: In order to promote the
widespread use of biomass, we are working on the
development of composite technology to overcome the
issues related to their physical properties. We are also
conducting research on using inorganic materials
synthesized from natural minerals and exhaust CO; as
reinforcing fillers (Fig.1a).

@® Development of Circular Functional Materials: We are
developing fast ionic conductors using highly sulfonated
polymers with low environmental impact and highly
water-retentive particles. Our goal is to apply them in
hydrogen production/utilization devices (Fig.1b).

JW—TXN—  FRIR & Shigeru SUEHARA
Group Members 2 F#E  Jedeok KIM

{E/AR 8 Hiroshi SAKUMA

485 Contact

Mail TAMURA Kenji@nims.go.jp
TEL 029-860-4370 FAX 029-860-4667

® Theoretical Approach: We combine advanced theoretical
analysis and experimental demonstrations to thoroughly
understand the complex properties of materials (Fig.2).

(a) €O,

=~ Practical bio-polymer
composites

K1 EREALUEEEESHMHORE (@) COALR/ONEE
W71 Z—EeREBELLBHENIIRD FESMHRAE b &
AR Y — ERRKRFIC R BERA 7 RE

Fig.1 Development of resource-utilization functional composite
materials: (a) Development of high-performance bio-polymer
composite materials filled with high-function fillers obtained from
CO;, (b) Fast ionic conductors with highly sulfonated polymers and
highly water-retentive particles.

STEP-1
137¢s

15— WAL I

BREF  (Molten salt/dilute acld treating)

e | LT A RIS
Adsorptionief 77Cs to
Mordénite)

weo GRILHA MG

Pollucite transformation

CES A
Recycled materials

K2 HEFRETERIERRICKDERIERABMOFRFR
(STEP-1) BRLIEDSHHFMU LI VLD R BELIE (BARIE B
SIEE)

(STEP-2) X ZBE LMLV LADRIVY A MFA—RAL

. REHA/BBEL
(Stable encapsulation
/Volume reduction)

Fig.2 Development of technology for reducing the volume of
contaminated soil through theoretical analysis and demonstration
experiments.

(STEP-1) The desorption treatment of radioactive Cs from
contaminated soil using the molten salt-acid treatment method.
(STEP-2) Soil regeneration and pollucite inclusion of radioactive Cs—
volume reduction.
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Nano Electronics Device Materials Group
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Nanoelectronics materials have been applied to various new
devices for loT, electric vehicle and so on. For these
applications, demands of high reliability, high-speed operation,
and high power are increasing. Our group focuses on thin-film
dielectric materials in electronic materials with the aim of
developing new thin-film materials that contribute to high
reliability and next-generation high-speed/high-power
electronic devices. Using combinatorial material development
and interface evaluation techniques, we develop electronic
materials that contribute to next-generation semiconductor
devices such as film capacitors, memory devices, and high-k
materials.

I 77°D —3F  Approach

SEEREMHAREM Th DI EF NI TILMREH - 5F
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To accelerate the development of thin film materials, we are
combining our combinatorial materials synthesis/evaluation
technology with materials informatics. In addition, in the
device application of new materials, the interfacial properties
affect the physical and electrical properties. We have
elucidated the electronic and defect structures of various
interfaces using in-situ observation techniques, in particular

IW—=TXN— KB B# Hiori KINO
Group Members

IS B2 Yoshiyuki YAMASHITA
W4 #EZBR  Shinjiro YAGYU

E#&5t Contact
Mail NAGATA Takahiro@nims.go.jp
TEL 029-860-4546 FAX029-860-4916

the application of voltage using photoelectron spectroscopy.
We will verify and solve problems in the development of new
materials and device applications through the collaboration of
synthesis, evaluation, and data science.
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Fig.1 Ourresearch targets
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Fig.2 Schematic of data-driven materials development combining

combinatorial methods (upper) and optimization of dopants to realize
high-temperature stable high-dielectric thin films (lower)
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Optical single crystals group
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®Design, bulk growth, and characterization of new single
crystal materials

®Development of proper growth techniques to achieve the
best material properties

Purpose

I770-F
oL —t— SRR, MR ARER. > >FL—
A—fEFR. TN\ Ny THER EE - RFBBHR
BRESLECANBERELT. BRRLREHRET
=

O iF . BEEAGKRBICEL/EMERELHE. L—H—
MIEFDOLHDOR TV L —2—B7 757 —EEF.
MRV —FeR/FICAN CRRE Y —RBEBHR
BfESR. HLOWDA N vy THERTHDBRIET ) T A,
FHNZERBERFICANZDINAT A NERRREE
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O K - MRS, (DB Z D D L R ICTAEREY
BRERZREHELED, BICHLOWRRDSD. BERED
LRBILETIRODDMFAEEIET .

®A wide range of crystals for optical applications is covered:
laser and nonlinear optical crystals, magneto-optical
crystals, scintillator/dosimeter crystals, wide bandgap
semiconductor, piezoelectric and ferroelectric single
crystals, etc.

®0ur current main research targets are: Single crystal
phosphors for high-brightness lighting devices. Faraday
rotators for optical isolators used for laser machinery.
Piezoelectric crystals for high temperature use such as
combustion pressure sensors. Gallium oxide as novel wide
bandgap semiconductor. Chalcogenides for IR optical
applications

@ Collaboration with universities, national institutes and
industries are actively promoted, and the international
cooperation is also actively pursued in order to promote
new viewpoints and original ideas.

Approach

ittt {8 Masaru Nakamura
HILS7 ES3Z  Encarnacion G.Villora
JR ®F Yuan Dongsheng

485 Contact

Mail SHIMAMURA.Kiyoshi@nims.go.jp
TEL 029-860-4692 FAX 029-851-6159
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HICEBCeYAGRFERE K (EHB).
ROMRERICKDEREICLNTERDES T, BETHR
HEFEDPHIFSNDOT. BICESEERARFICHFETHS.

Fig.1 CZ-grown Ce:YAG single crystal phosphor. This novel phosphor

exhibits superior internal quantum efficiency compared with
conventional ceramic based phosphors even at high temperatures.
Therefore, this is suitable for high-brightness white lighting
applications.

80 :DD 1o 120 30 e 1 g

K2 TSLAGKEERES, KERV757—HEAREEHVERMY
ZR9 . BHAL—Y—IIHONRREIEONDA TV
L—&—RELTENHREZRIET S,

Fig.2 Large-size TSLAG single crystal. This novel crystal shows
large Faraday rotation angle and high transmittance, and therefore
exhibits better performance for optical isolators which protect the
light source of laser machinery.
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Optical Ceramics Group
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Group Leader

Tohru S. SUZUKI

I E E’\J Purpose
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Recently, fabrication and usage of transparent polycrystalline
sintered ceramics are required because easily composition
control and upsizing. Optical ceramics, which possess
harsh-environment resistance such as heat resistance and
chemical resistance, can be used as materials for lasers,
phosphor matrix and scintillators, etc., and can be applied for
sensors and medical field. We aim to fabricate advanced
ceramics that not only possess optical functions but also have
other functions such as electrical conductivity, mechanical
properties, etc. that take advantage of the feature of ceramics.

I 77D —} Approach

ZREBETIVIACEVWTEREZRIRZEZ 2O
R s me IR UBRVWCBEDRE T, ZD/IDICIE
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BHLEOABERVZTOLAICEIEL. ThoDFE
MEICDVTHODICT B72DICHEHZHTOEATDZ D%
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TOET . EHIC. AARFHEAELUNDA A REEDORE
BREICEALTE. TOBEMAZTVET,

In order to make transparency in polycrystalline ceramics, it is
necessary to achieve densification by ultimately eliminating
defects, and it is necessary to understand each of the
ceramics processing such as powder synthesis, forming and
sintering. It is important to design the process for precisely
controlling the microstructure in sintered ceramics. We also
focus on the processing using the external fields such as
magnetic field and electric field, and in order to clarify their
effectiveness, we also use in-situ observations in a magnetic
field to elucidate the phenomena that occur during the

M #E~2 Noriyuki HIROTA
/NFK 7E  Kiyoshi KOBAYASHI

E#&5 Contact

Mail SUZUKITohru@nims.go.jp
TEL 029-859-2459 FAX 029-859-2401

processing. Furthermore, we are improving the method of the
ionic conductivity measurement in addition to measuring
optical properties.

B1 METIAVEETHERLEZBLETIIS @QBHRHDPSE
BEMLUARS. (b)a04 K70 AERBESIC KV cEESmF
L=st#t

Fig.1 Transparent alumina fabricated by Spark Plasma Sintering. (a)

is prepared from the powder directly, (b) is prepared by colloidal
processing in a magnetic field for controlling the c-axis orientation.

K2 BHEHIIBEICH IR TFHIRBROEHS T DHEE
8 (BESTICEI2MEEHOZDBHRES)

Fig.2 In-situ observation of particle deposition process under high
magnetic fields in HGMS (high gradient magnetic separation) (an
example of the in-situ observation of behavior of materials under
high magnetic fields)

IAT4") X—3F 1 MehdiESTILI
hHi#E AE (HHE) Hiroaki FURUSE
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Advanced Phosphor Group
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Group Leader
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Purpose

@ uminescent materials are one of key materials in solid
state lighting and advanced flat panel displays that hold the
promise of energy saving, environment friendliness and high
quality. Our group concerns itself with both fundamental
and industrial research and development in the field of
advanced luminescent materials for energy and
environment related applications.

®\We are going to discover new highly efficient and reliable
phosphors with promising luminescence properties and
interesting crystal structures for those applications, by
careful materials selection and synthetic strategies.

1770-F

TR ICARIF | MIREMY PO IR F OIERBEPHE IS
HORIICKUFTHRAREZRET 2EMF2HNEZAL
TWET, HRE—MENEBRELT . HRAREME
B REBMMARDSTORHAEREDAIETT. &
TEMIZAAAB DB/ REHEDTOET,

OMHELH  HAEER. BEFLAEME HIP). A&
TR, RETOCARERLBFFEBOTHEAFEN
Z{TOTCVET,

Approach

®New phosphors discovery : A single-particle-diagnosis
approach is used to search for luminescent materials with
new crystal structure and promising properties. New
phosphors are developed even from mixture powder.

®Materials synthesis : Several synthetic techniques, such as
gas-pressure sintering, hot-isostatic pressing, gas
reduction and nitridation, solution synthesis are applied to
prepare phosphor powders.

diff &2 Takayuki Nakanishi

485 Contact

Mail TAKEDA.Takashi@nims.go.jp
TEL 029-860-4304 FAX 029-851-3613

One particle pick-up

Mixture of
Single erystal particle
Py

Powder synthesis

Single crystal particle

—_—
luminesce ¥ Structure
Scale up property analysis analysis
Single crystal particle
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-
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H1 SETHENXAORED TR BN TS
Fig.1 Asingle particle diagnosis approach for high-speed discovery

of novel phosphors

New yellow phosphor
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New blue phosphor

New green phosphor

ETHRESNZEEAD—

®2 HEHre
HEDHRTF)

Fig.2 New phosphors discovered by a single particle diagnosis
approach (crystal structure and appearance)
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Semiconductor Epitaxial Structures Group

7“)1»—7_"2—5?—
H%F S8R
Group Leader

Takaaki Mano

I E E’\J Purpose

M-VIRCEMHFBEANTOBEIE. L—T - LEDFORN
TINAAL T —RF ORI TRFREDEY
SUITINAA @EIRTINAAE . ERBGREBARTH
WHONTWET ., EREDOTHEDEIRICIE. IN5DT
N ADZ S5t FrikeERn. EmMBIDPUER
FIRTCY . INODREFRICHIT T BIIL—TTEEE
BRIERFD IV REAM & BE LR+ EhNT OfE
MRERKETHEEBIICHMIRZEDTVET,

[II-V compound semiconductor heterostructures are used in
various familiar applications, such as light emitting devices,
sensing devices, and high-frequency devices. Toward the
realization of ioT society in near future, it is necessary to (1)
further improve their performance, (2) explore novel
functionalities, and (3) realizing price reduction of high quality
devices. Our challenges for solving those issues are
developments of novel semiconductor heterostructures by
using advanced epitaxial growth techniques.

I 77D —9’- Approach

AIN—T T M-VIREEYFEHREFOETDRICE
LT, BELGIEAFD YL REMARIOENEEREL
TEHRNT OBEDIER EZ OWMIERAICE T SR ZTT D
TUWET, ERmatBEICEDINT ORBERET. BRiRFE
ROEBICEDBELRREMEFEITHILICKY.
FHEZBTHOREARPERE L VI TNAAFDE
L - BT HEZE T X EAMHBREHELRT .

In this group, we will develop advanced epitaxial-growth
techniques of compound semiconductor materials (mainly
[11-V) and realize innovative hetero-epitaxial structures. By
utilizing the surface-, interface-, and quantum-properties in
the structures, we will explore novel optoelectronic
functionalities toward the next generation quantum- or ioT-
devices, such as quantum light emitters and advanced sensing
devices.

JIWN—TXIN— KT Ri&  Akihiro Ohtake
Group Members

JIIiE Bt Takuya Kawazu
A8 5 Yoshiki Sakuma

E#&5% Contact

Mail MANO.Takaaki@nims.go.jp
TEL 029-859-2790 FAX 029-859-2301

 ——
100 nm

InAsi@Ds

4

..
50 nm
1 BHIEZFD—EZORAR. RO, TheRAVTERLE

GaAsRUINASETF/ EEDEE 70— B,

Fig.1 Schematic drawing of droplet epitaxy method and scanning
probe microscopy images of GaAs and InAs quantum nanostructures
grown by the method.

K2 SEBATOIEXRFIvILRREMICKUERINZBL
BYEHEANT OEEOETEME.
Fig.2 Cross-sectional TEM imaged of various semiconductor

heterostructures grown by using advanced epitaxial growth
techniques.
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Quantum Photonics Group

?E)‘E?é_&_ Ef&F Contact
(;‘rou Leader Mail KURODA.Takashi@nims.go.jp
Takgshi KURODA TEL 029-860-4194

IEE"J Purpose ,_ﬂ;%ww ﬂ,m_‘.ﬁl‘

“‘\‘/4( 7w | Bt

_.,w\ua)_.-r.“u,_m'u'.,v\n,,\ |

BN T/ IBENICIDMEFHEEEFIBELET . :3
L ERBFHEDIYMEEREL. EFNREFHRE %

\

BRLET. - ——
prpanMiidond s ey
OB T BEMD T/ T 7/ N— DN AR L
BRANZHUARALEYT., EFRREMIDT/ A o

1]} o 10
Dalay time (ns)

7 m*%??%m’f? e M1 (%) 1.55 mEBF Ny NE—RTFEOF > FNYFIY
.%fgﬁ7j h/%”ﬁﬂ&ﬂﬁb‘k—?étﬁ%j‘%l&@ﬁiﬁ‘l’t%ﬁﬁ% M () BRFOONREEBROES

ROEFIHEEMDIZRRRETET .

Fig.1 (Left) Anti-bunching characteristics of a quantum-dot

®\We are aiming to create innovative photonic devices single-photon source at a wavelength of 1.55 um. (Right) Setup for
exploiting new optical functionalities that appear for measuring the degree of quantum entanglement.
advanced nanostructures.

@ Study of semiconductor quantum nanostructures, their 1 Fluorescence spectrum of the micro-ring
physics and applications to novel quantum light sources. '51_0_

®Study of originally fabricated organic nanofibers. Their L
application to microoptics free from diffraction limits. g 1

®Design of innovative quantum structures that enable .g 0.5 —@—
artificial control of electromagnetic fields. Prediction of = - -
new quantum optical functionalities. BT Micro-ring m

04
17770—F  Approach 480 490 500 510 520 530 540 550 560

Wavelength (nm)

@ FiEm i L — ' —DE | L~k BRIV RILF— . .
TR I B RO AP T M2 HWERF) 77— ERIELTHA S T ERE LT,
S CIREZERD 5 DESRAD IR LD R EHIL T UL ODEHANY MUCBHOEBRARN, ZOWEH) >
WET, HiRGFELTHREEL WD ZEZRL TS,

OEFIHFRM  FFHHAMNBIN THAE—NFPEFLD Fi o . . .

. - o . o e . i9.2 A micro-ring is fabricated from an organic dye nanofiber by
TWIRRBDREEEIEZ/TV. NBEFHLBFEOERRZED micromanipulation.

'([,\i“g“o Fluorescence spectrum of the ring exhibits sharp resonance peaks,
OITAMENT | T N R E T OIS B indicating that it functions as aring resonator.
HAEEREZRRT 2/-00EMBTE ST TN ERZED — T
TWET, 0.03 (b)
®Advanced laser spectroscopy: We develop new E I
spectroscopy techniques, which enable to detect optical % 0.02
signals from small regions, with broad spectral ranges from 2 i
UV to mid-IR wavelengths. = 0.01
®Quantum optics: We observe the generation of nonclassical L
light, which includes single photons and 0.00 5 ;
guantum-entangled pairs, and develop practical quantum 0.0 0.2 04 0.6 0.8 1.0
light sources. Re|wal2nc]

®Theoretical analysis: We perform electromagnetic and K3 IETII—NT4hovreOBEEERANY ML, ET

model analysis to investigate novel light-matter LI — MEC & BB RIS EETE LAY . R
interactions in photonic nanostructures. E&:f\‘LCCJ:U)I/—j%ti‘d' ’ ’

Fig.3 Eigenfrequency spectrum in a non-Hermitian photonic
crystal. Due to the non-Hermitian nature, the eigenfrequencies
spread out on the complex plane and form loops due to a spatial
symmetry breaking.

JW—TXN— ZEFf E Sunao KURIMURA
Group Members = 1@ Ken TAKAZAWA
%& EIT Tetsuyuki OCHIAI
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Nanophotonics Group
GIW—T1)—45—

e S

Group Leader

Hideki T. MIYAZAKI

I E E’\J Purpose

OARKE (XAXTUFIL). THRNvIEERE. D
BRIV GNSBRIEEERTERINZT/) T4 N0 AM
BOMRFEEEEDET,

OB AT E BB AN AT ICE DOV TR L2 AT
MBEICKY . BRARICETFELESRVEER R HEE
BoltipiaRRLEd.

o Y REDIGHARREEIET—HT. FRRERERTD
AERAEICEHETNTOEET,

Our research targets are nanophotonics materials
such as metasurfaces (metamaterials) and photonic
crystals, composed of subwavelength-sized
structures.

We will create artificial materials with peculiar optical
functions never attained in nature by precise design
and high-accuracy fabrication.

In addition to the applications of nanophotonics
materials to sensors, etc., we will also focus on
fundamental researches for exploring novel physics.

I 77°D —a: Approach

OBMIMMIERBICLD Ny TE T BOERICESAR
NATY T MAEDQT7 7O—FERELT. BEICHIES
N/ T3 N AR EERRLET .

O RETDRDFRKI &N REEZRMEICIEREIC
EDTe AREREDNA F YR FNAR > YADIGHEE
EDHTOET,

OIKIR IO/ NAIF OO REFNY FDIRTWAREDE
B EMERREL . EARRIPL —TREANDAZE
HTNET,

Our highly engineered nanophotonics materials are
produced by both approaches: the top-down
nanofabrication and the bottom-up self-assembly.

We are developing metasurfaces with precise surface
structures sufficiently smaller than the optical
wavelength and applying them to biosensors and
infrared detectors.

TIW—TAN—  ABF /& Hiroshi FUDOUZI
Group Members

=R th{# Masanobu IWANAGA
7] #fE Ya-Lun HO

E#&% Contact

Mail MIYAZAKI.Hideki@nims.go.jp
TEL 029-860-4716

We are developing three-dimensional self-assembling
techniques of spherical colloidal particles and
colloidal quantum dots, and extending their
application to strain imaging and lasers.

AT REEAM

P b
TR
EETINSES
ASRE

H1 BEEE CIENRIIODNAZRETEXEKREANIF
# (b)) EREOHADREZEHEEISFHAT B XASRE2IRRT
sigtas (T)

Fig.1 Metasurface biosensor to detect a target DNA at ultrahigh
sensitivity (top). Metasurface infrared dual-wavelength detector for
measuring the concentration of a specific gas (bottom).

Wig .'ecr:;:‘stai'lizaticn with recrystallization

Perovskite Q0
metasurface

2 3841 K77 bhZvoiERORoll-to-Roll@EfmE (&) &X
O7 274 hEF Ry bOEREBIRIE ()

Fig.2 Roll-to-Roll continuous growth of colloidal photonic crystals
(left). High-quality thin film made of perovskite quantum dots (right).
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Semiconductor Defect Desigh Group

IIWV—T)—4—
Fih Bz

Group Leader

Tokuyuki TERAJI

=1:p)

O BKICHITDRMBHEIE. SRERMBORIKETT
%< RBpzFIBLEHLOEEEDRIBICEDRDP I ET.
FIZIE ZAVEY NRICRFEZBATZHIET, EFEY
MCEFE I IICICATESHLVWERFERM TEE
ER

O RRBEHIE I —T TlE. TA NNV RF vy THE
TR ERODICLTIOMRICMUBATNET . HA
& ZRBETIEFRMECA. TRILF—3FDOMLE
PRESFOERGE. H2BICMEDBOEMAILZ
Bl W&,

®Defect control of semiconductors not only leads to the
creation of high-quality materials, but also to the discovery
of new functions using defects. For example, the designed
defects in diamond will enable new devices for applications
such as quantum bits and quantum sensing.

®The Semiconductor Defect Design Group is focusing on wide
bandgap semiconductor materials. We aim to realize
technologies with high social value, such as applying
room-temperature quantum technology, improving energy
efficiency, and reducing environmental impact.

|770—F

O ETOt A REpHIMICIE. METOEARHE O
RE. ZLDERPBEHLOTCEZEYT ., ME/OCADKHE
(T DBEFIEHETOIET. KUBRELRFER
MBI ORIZICERWVBATNET,

O RIBIFIE | JFRY - B MR MEL T2 AUV TRz ST
TBHIET. REGEDOERFED/=HDMRBEFTNET,
£/, FOPTVEFYEABIEL. MHIERPETH
POFEZRIAN. BROKREICEREYTEDRMAL
BHAAZBELET,

®Growth Process: Defect control involves many factors,
including the growth process and material composition. We
are working to create higher quality semiconductor
materials by optimizing the growth process and controlling
impurities densely.

®Defect characteristics: We gain knowledge for controlling
defect formation by characterizing optical and electrical
properties of defects. Aiming at quantum properties good to
use, we incorporate methods of condensed matter theory
and quantum optics, and construct an effective framework
focusing on essentials of phenomena.

Purpose

Approach

H_E fli— Junichi INOUE
R & Jun CHEN
JEi2 BT Kenji WATANABE

485 Contact

Mail TERAIJI.Tokuyuki@nims.go.jp
TEL 029-860-4776 FAX 029-851-4005

ool
R a‘

K1 SHELAIVEYNEFERZRRT 2ODOLETHERRE
B

Fig.1 Chemical vapor deposition system for growing high-purity
diamond single crystals

M2 BFHUEEFHETHLOONREBARBRE (S1PEY
KO RBED DETFHILERIT BRI HSHTLS)

Fig.2 Optically detected magnetic resonance (ODMR) system for
characterizing quantum properties (red fluorescence light reflecting
is emitted from diamond)

-—
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Polycrystalline Optical Material Group

TGI—T)—&—
#HE Fia
Group Leader

Koji MORITA

I E E’\J Purpose

o U Y —BMPEBENRBONXEM L. AX— R
DOERBICARAIRBF—AVR—KNCT, HALADTI—
T TR AIR~ERN QLT EEEMEICIA . Bhieh
FPRBFUZETOHRLESEREAZEIIVI AR
aEIELMELTOET.

OELFI DS > TR MBI DB R DA TR E LR ERE
PEBEEDEEEERINT BICIERFADD D7, Pk
WRRABEEC LT, BHERROXZE T IVIAISE
BLUTHRMHOREEBEIELET.

®Optical materials for sensor windows and light sources are
one of key components for realizing smart society. Our
group is aiming to develop new polycrystalline optical
ceramics that possess excellent mechanical and thermal
properties in addition to visible to near-infrared broadband
transmission.

®|n order to attain a major breakthrough in the optical
ceramics, our group are now focusing on complex
composition systems as a new challenging field of the
optical ceramics.

I 77D —9’- Approach

ORI | RREE & R R O EMAAMRE T
WRTDIET. [NFEEBEICIIA. BRIZHFEPHR
FEBEEUCHBRAXNFEIIVIAORBIPRTETE
£7.

oL TOER R ERE LIORA MR E R
IS, BE/EH. BEREDHSIREFERLIHRHEEIC
KUEHARROZSERNF L IIVIADRMERTEL
£79,

O | LHIEA U —EBM PR EE S IRB DL LI
HERTICMAEEDERT .

®New optical materials : By expanding the search area from
simple composition systems to unexplored complex
composition systems, we are expecting to develop new
optical ceramics that possess excellent mechanical and
thermal properties in addition to broadband transmission.

®Bulk processing : We are aiming to develop densification
techniques that enable to synthesize polycrystalline optical
ceramics with complex composition systems through

JIW—TA)N— F& E— Shin-ichi TODOROKI
Group Members = Wt Jiguang Li

INTJIFT FL4  Oleg VASYLKIV

E#&5t Contact
Mail MORITA.Koji@nims.go.jp
TEL 029-859-2537 FAX 029-861-7732

utilizing external field effects such as current/electric field
and high pressure.

®Applications: New polycrystalline optical ceramics
applicable to broadband sensor windows and light sources.

OXAF < DJLIGA OREGH O=RL - A

JFI> - Z9=<
tE:-‘.‘.wE? \

B1 AY—bMERIRRICEF XL SO TRADEMPIIRAN
FEIIVIADHER

Fig.1 Application examples of optical ceramics in sensing windows
and light sources for realizing smart society.

H2 (a)@ELREETHERL(O)ERET7INIF/AERIIERESE
REE(C)ZDHHEMERDOEFERBETE. BLUAF/ HFHS
EBRL72(Y,Gd)20z:EuSHERE S I v 7 AL (@) HAFADH

Fig.2 Examples of (b) high strength alumina/spinel laminated
composite and (c) cross-sectional interface microstructure
fabricated through (a) a pulsed current sintering technique, and (d)
(Y,Gd).0s:Eu’* transparent polycrystalline ceramics and (e) red
luminescence under UV excitation.
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Independent Researcher
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I E E"J Purpose
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Because of their characteristics, the ferroelectric materials
have been applied to various devices. However, conventional
materials suffer problems, such as difficulty in scaling and
inclusion of toxic element, Pb. New materials have been
developed to surmount these problems.

|7778—3F Approach
MERAVSNTE A PHEREE - <5ICF2>ET7ho
REBAMBORSR - BREZTO(EY. #RESDES
EHEFFDIENEREMBPR. KON MR DRFES
ICHTIL TS,

The materials have been developed beyond the conventional
composition, crystal structure, and concept, resulting in

HBHBE
Hiroaki FURUSE

I E H"] Purpose

T AR ERDIC. HFICBVEDRBREZERTES
IvoMBlERREL. LT SO FL—& 8RR
BRERLWDAEDBANOEMEE]ET .

I'm aiming to develop effective non-cubic transparent
polycrystalline ceramics that have never been realized for

application in whole photonics fields including laser,
scintillator, phosphors.

I 77ul:| —9’- Approach

TEMEDERK. . BfEOBRE CRELRFMHRRET
W BESIVIRZER T SiERNIEEEICHETHIET
BB ERA T IV I AERIRT S,

Controlling the crystal grains constituting ceramics by
optimizing fabrication processes in powder synthesis, forming

of green body, and sintering for realization of functional
transparent ceramics.

SHIMIZU.Takao@nims.go.jp

E#&5 Contact

Mail SHIMIZU.Takao@nims.go.jp
TEL 029-860-4943 FAX 029-854-9060

success to develop the lead-free piezoelectric film with the
largest piezoelectric coefficient and polarization switching in
well-known polar materials.

transparent ceramics.

enn~19C/m?

dss ~275 pm/V
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B RXADRAyF2J&FALUEIEREBRMBORRES,. E
REBRFRESBASINE. T FREEFREOFTHRRD
EEBEHERETRT

Fig. Results of the developed lead-free piezoelectric film using
domain switching. A large electric field induced strain (~0.6%) was
observed. The material has the largest piezoelectric stress
coefficient among reported lead-free piezoelectric films.

&5 Contact

Mail FURUSE.Hiroaki@nims.go.jp
TEL +81-29-859-2265 FAX +81-29-859-2501

wavelength of light
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RRAFEICLDIILAREREIIVIADHEREERL
AR ER

Fig. Conceptual design of non-cubic transparent ceramics with
fine microstructure and photo of the ceramics.
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Managing Researcher
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I E E"] Purpose

Ferroich#HEEEMH}. BBMEAH. BEMR ORI T,
BL. 6. MBICHE IR 0EZRBAEETHEO—
DTHB. BLRINEOMBOHLIERERRL. Bt
B DBRIBR DFerroici il ZAIHT 5.

Ferroic material is a generic name for three physically-parallel
classes of important functional materials including
ferroelectric/piezoelectric materials, ferroelastic materials
and ferromagnetic/magnetostrictive materials. We aim to
discover novel physics in these materials and design
high-performance ferroic materials.

I77°|:|—9’- Approach

DEAMEDERK. . FIEOBRE CRERFGRERET
W IV IRZER T BiERNESEICHETHIET
BISEEREREIIVIAEERIRT D,

®Understanding critical phenomena in ferroic materials and
develop high-performance ferroic materials

URL HEEMEI T

Functional Materials Field

02 BFEIIVIRIIN—T
Electroceramics Group
ElyriE

03 BIARFvyT7HEFITI—T

Ultra-wide bandgap Semiconductors Group

The English 574
website

04 RERFEHRIIL—T
Next-generation Semiconductor Group

E#E#&5% Contact

Mail Ren.xiaobing@nims.go.jp
TEL 029-859-2731 FAX 029-859-2601

®Discovering and understanding ferroic glasses and develop
glassy ferroic materials.

60 1 * S“?\g\
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Materials 2022)

Fig. Elinvar effect from a strain glass transition (Nature Materials
2022)
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Environmental Circulation Composite
Materials Group
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Nano Electronics Device Materials Group
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URL Optical Materials Field
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Optical Single Crystals Group
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X—JL  kinou-inguiry@ml.nims.go.jp

Contact

Administrative Office, Research Center for Electronic and Optical Materials
National Institute for Materials Science (NIMS)

1-1 Namiki, Tsukuba, Ibaraki, 305-0044, Japan

Tel : +81-29-860-4867

Mail : Kinou-inquiry@ml.nims.go.jp
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NIMS National Institute for Materials Science



