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IMaSS

Institute of Materials and Systems for Sustainability
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In the second year after the reorganization, IMaSS (Institute of Materials and Systems for Sustainability) continues
to promote research fields ranging from materials to systems technologies.

AMTC (Advanced Measurement Technology Center) specializes in research and development of basic sciences
using the electron microscope technologies and also other advanced facilities.

CIRFE (Center for Integrated Research of Future Electronics) focuses on the development of power devices for
reducing electric power consumption, and research consortiums are steadily being arranged throughout Japan.
Nagoya University is well known for the achievement in gallium nitride semiconductor technology, and plans to
enhance further collaborations with various research groups within and beyond country boundaries.

Division of Materials Research (DM), Division of Systems Research (DS), and Funded Research Division are en-
gaged in fundamental research on elemental technologies including advanced materials and devices, and also
systems technologies toward practical deployment in the society.

The world has become quite unpredictable since Brexit and the US presidential election, showing a tendency
toward anti-globalization. In our country with limited metal and energy resources, it is highly important to support
our society through research activities in order to realize a safe and sustainable future.

Director

Masazumi Okido /%15420.@ Ok{&%
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Center for Integrated Research of Future Electronics
(CIRFE)
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Advanced Measurement Technology Center
(AMTC)

FHOEHEIBLER Y
Division of Materials Research
(DM)

BIFTE
Vice - Director
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Division of Systems Research
(DS)
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Device Innovation Section
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Multiphysics Simulation Section
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Materials Nano-Characterization Section
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System Applications Section
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International Research Section
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Industry-Academia Collaborative Research Section
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Electron Nanoscopy Section
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Electromagnetic Wave Measurements Section
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Elementary Particle Measurements Section
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X-Ray Spectroscopy Section
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Nanofabrication&Chara cterization Section
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Materials Physics Section
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Materials Design Section
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Materials Processing Section
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Conversion Systems Section
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Network Systems Section
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Circulation Systems Section
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Research Facility for Advanced Science and Technology
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Toyota Advanced Power Electronics Funded Research Division
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AIST-NU GaN Advanced Device Open Innovation Laboratory
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NIMS-NU GaN Evaluation Basic Research Laboratory - Amano-Koide Collaborative Research Lab-
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Toyota Advanced Power Electronics Industry-Academia Collaborative Chair
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DENSO Automotive Power Electronics Industry-Academia Collaborative Chair
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High Voltage Electron Microscope Laboratory
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Administration Office for Research Institutes
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General Affairs Division Research Support Office
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Accounting Division
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Pirk Director

OKIDO, Masazumi
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M. Okido became a professor at Center for Integrated Research in Science and Engineering in 1995
after research associate, associate professor at School of Engineering, Nagoya University. Professor
at School of Engineering 2002-2012, EcoTopia Science Institute 2012-present respectively. He was
vice-director of the Institute in 2013 and director in 2015. Research major includes surface modifica-
tion, aqueous solution processes, and functional thin films. His efforts contribute toward the creation of
material processes with low environmental impact by fabricating thin films for energy storage, biocom-
patibility using oxidation-reduction and precipitation reactions of metals, oxides in aqueous solutions.
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ZUZA'EB B " IWATA, Satoshi
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Satoshi lwata received B.S., M.S. and Ph.D. degrees from Nagoya University, Japan in 1977, 1979,
and 1982, respectively. After serving as an assistant professor and an associate professor at Nagoya
University, he became a professor at Nagoya University in 2002 and vice-director of the Institute in
2016. lwata specializes in the field of nano-magnetics and spin-electronics using magnetic materials.
He is involved in the research on magnetization reversal by spin transfer torque and/or spin Hall effect
for magnetic random access memory, magnetization control by ion irradiation for bit patterned media,
magnetic field sensors and strain sensors using giant magnetoresistance effect and energy harvesting
devices using magnetostrictive materials.

A& Vice - Director

R — R . NARUSE, Ichiro
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After serving as a research associate, an associate professor and a professor at Toyohashi University
of Technology, Naruse became a professor at Department of Mechanical Science and Engineering,
Nagoya University in 2007, and became a professor of the EcoTopia Science Institute in February
2012. His specializations include energy and environmental engineering, especially for elucidation of
combustion and gasification behaviors of coal, biomass and waste, studies on emission behaviors of
NOx, SOx, particulate matter and trace metals including mercury and their control techniques and so
forth.
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Center for Integrated Research of

Future Electronics

CIRFE
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The Center for Integrated Research of Future Elec-
tronics (CIRFE) established in October 2015 engag-
es in leading-edge electronics research—including
research in the untraversed area of devices with gal-
lium nitride and other post-silicon materials—while
also cultivating top-notch human resources to lay the
foundations of the future electronics industry. CIRFE
is divided into six sections, each staffed with instruc-
tors who serve as leading specialists in their field
and equipped with outstanding research infrastruc-
tures. The Center's fully integrated joint research
and education system covers everything from basic
scientific education on materials, measuring, devic-
es and applied systems through to completion of
student educational courses.

Through energy-saving device research, an area in
which very little experimentation has been carried
anywhere in the world, CIRFE strives to foster
well-trained human resources who will lead the field
of manufacturing in the twenty-first century.

BOREELAF — FORER
Prototype of Blue LED

KF 5 N4 ZEB Device Innovation Section
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AMANO, Hiroshi
Professor

RRRE: DY REERT N DB & ¥ AT LIGA
Project:Generation of noble nitride-based devices and their
contribution to the development of new infrastructure
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UJIHARA, Toru
Professor
MRFE: HEREEURANZALICEILKFR 7O ADER EHEEER R
BHiE& (SICPAINA L) DERER
Project:Study on a novel processes based on crystal growth

theory for high-quality crystal of functional materials (SiC, AIN,
etc.)

#l+ » # — & Vice-director of the Center
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OHNO, Yutaka

Professor
ARRE: RFZRT / MRHCE DA RILF—BERT /N1 RDAIH
Project:Development of energy-saving advanced electron devic-
es based on nano-carbon materials
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USAMI, Noritaka

Professor
ARFE: ERNEE TR EFA L eimEA R RS E (LT 2%
Project: Advanced photovoltaic cells with earth-abundant mate-
rials

In the areas of wide-bandgap semiconductors with gallium
nitride and other materials, cutting-edge electronics materi-
als with a central focus on nano-carbon materials, and
other areas, the Device Innovation Section creates new
crystal-growth methods and carries out relevant process
development, and also develops novel functional devices.
The Section aims to succeed in creating a single, unified
process by pursuing everything from crystal growth to
device design, manufacturing and assessment via fully
integrated research approaches.
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NAKATSUKA, Osamu

Professor
MR AENF /EFTNA RO=ODONEFEFZES L OREH
MO T

Project:Research and development of thin film and interface
engineering technologies of group-IV semiconductors for

low-power consumption nanoelectronic devices
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MIYAZAKI, Seiichi

Professor

AR EREFT /N1 RABEKICAF MR 7O R -FHEICEY 2%
Project:Study on Materials Processing and Characterization for
Advanced Electron Devices

KUMAGAI, Yoshinao

Designated Professor

RFRRE: SHEGaN/ VL 7 R OKERREMOME
Project:Investigation of vapor phase epitaxy of high-purity GaN
bulk crystal

JEE, MEFN
RS
SUGA, Tadatomo

Designated Professor

FREREE  REEIELFE(IC & 2 A R EAIBEAMT
Project:Interface Bonding Technology by Surface Activation
Method
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ARULKUMARAN, Subramaniam

Visiting Professor

Project:I-Nitride Devices and its Circuits for High-Power
Switching and Radiation Sensing
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OHFUCHI, Mari

Visiting Professor
ARFE E—REHECEOCRERFT /MR TNRIRYIaL—v 3y
Project:First-principles nano-carbon material and device simula-
tions
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TADATOMO, Kazuyuki
Visiting Professor
ARFE: /N7 — 711 RADE R GaNERDHFTF
Project:Research and Development of high quality GaN Sub-
strate for Power Devices

BRI E
TEHER
CHICHIBU, Shigefusa F.

Visiting Professor

TRRRRE B - BRI NE(C & 2 MERB(HEEE DM
Project:Temporally and spatially resolved luminescence studies
on II-nitride semiconductors
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NAKAMURA, Tohru

Visiting Professor
ARFE: ZCYREEEADAF VEARY/INT —F /N1 RGAICE
TEME

Project:lon implantation into GaN and its application to power
devices
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LIU, Yuhuai

Visiting Professor

Project:Nitride Semiconductors-based Materials and Devices

HJIl 5558

diers

TAGAWA, Miho

Associate Professor
ARFE LA FOECESHENZMA L LFRERIES / BEMR
()l
Project:The Creation of Bio-inspired Novel Functionalized Nano-
materials
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HONDA, Yoshio

Associate Professor
MRFE: YL ERFRIC L 2EHET /N1 8%
Project:Creation of sophisticated devices based on Nitride
semiconductor

HrH HE

FHERESOR

NITTA, Shugo

Designated Associate Professor
AR EFNE Y ELERBRARKMN & KK T /1 ZOBIH
Project:Creation of innovative nitride semiconductor crystal
growth technique and future devices

H-H /A
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USHIDA, Yasuhisa

Visiting Associate Professor

TR ERRE: GaN DI FRZ
Project:Research of GaN to new product development

g IE52
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KATO, Masashi

Visiting Associate Professor
TASEERRE B MRFEHICN T 2 BT EANOFMmAE (S & 2 RMEFHTE
Project:Defect characterization for nitride semiconductors by
using electron-hole lifetime measurements
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NARITA, Tetsuo

Visiting Associate Professor
ARFEAIRILF—HROERRICET 2RI LBHMERRE
Project:Program for research and development of next-genera-
tion semiconductor to realize energy-saving society
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WAKEJIMA, Akio
Visiting Associate Professor
AREE.SAKHAGINFS VIR Y EZDERBES LUVEBLHEEA
DIGA

Project:High Frequency GaN Transistors and Their Applications
to Wireless Communication and Power Transfer

R H AKX
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HARADA, Shunta
Lecturer
FRITERRE  fE @RI D R a1
Project:Control of defects in crystalline materials

DEKI, Manato

Assistant Professor
ARFE:EENT—FTNA 2E2RRITIECYRELEFRBERORMBI Y
TSZFYVY
Project:Defects Engineering on Nitride-based Semiconductor
Crystals for Realization of Advanced Power Devices

PEN
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FEDE

Designated Assistant Professor
MRFEBRECL2ERESICHEREDONILI R
Project:Bulk growth of high quality SiC crystal by solution
method

AL X

FREBIER

MURAYAMA, Kenta

Designated Assistant Professor
TRFERRE: SICRERN O REEEDERICE T 1B REREDHEIL
Project:SiC solution growth for reduction of dislocations

Far ~NJgv

®HHE

[ =|

CHEONG, Heajeong

Researcher
MRFEZYEBEROT =) VI IO ADFEH
Project:Development of annealing process for nitride semicon-
ductors

ZN N PN

NAGAMATSU, Kentaro
Researcher
MEREE:GaNZN T —F NS RDERBRERICBET 2%

Project:Study on crystal growth for high-power devices by GaN
related materials

NXyvav
e

BAE, Si-Young
Researcher

Project:Research on development of GaN nanostructure-based
advanced devices

BETC E
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FUJIMOTO, Naoki

Researcher

AFREE: SREGaN/NVIL Y EROBREMOME
Project:Research of growth technology of high quality GaN bulk
crystal

L — 5 — ke ic & B ZE AL P2 B A o FEE R AT (i

Nitride semiconductor luminescence characterization by laser excitation
EBEOLORECHBLCREAT A ZNALTHVET.

Note: No safety goggles for photography purpose only.
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The Multiphysics Simulation Section is engaged in research
with the aim of realizing multiphysical-system-based, pre-
dictable crystal-growth simulations that integrated first-prin-
ciple calculation with macroscopic fluid dynamics via ther-
modynamic analysis. Additionally, the Section is pursuing
proposals for new gallium-nitride-based power devices.
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SHIRAISHI, Kenji
Professor

MRFE FERERBAROHES I 2L -3 VICKDHRE
Project:Computational Studies on Semiconductor Crystal
Growth
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OSHIYAMA, Atsushi

Designated Professor

MRFE: ETHAERZCLIERRES JUXRE - AEVEOHE
Project:First-principle study on thin-film growth and surface/in-
terface properties
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YOSHIMATSU, Katsunori
Associate Professor
MRFEERRR I 2L -2 a3 VORENENHAR
Project:Computational Science on Crystal Growth from a View-
point of Fluid Dynamics

FEJI| #r
ERER(IECre
KANGAWA, Yoshihiro

Designated Associate Professor

AR F BB RAR 7 0t ROERENT
Project:Modeling and simulation of semiconductor epitaxy

SNAF T4V I ATHRERA,N T RHEREREERE
Crystal growth process clarified by the multi-physics simulation.

ARAIDAI, Masaaki

Assistant Professor
ARRE - REESFREFEFRCL2KRE - RAYEOHE
Project:First-Principles Study on Electronic Property of Surface
and Interface

FYERT 4 NI p—< R
ESTARINES

KEMPISTY, Pawel Tomasz

Designated Assistant Professor

Project:First principles study of electronic properties and
molecular processes on the surface of II-nitride semiconductors

AR EBA

ARIKI, Taketo

Researcher

MRFE: RAFALRRROEBERFETEBETFHET Y VS
Project:Theoretical Analyses and Simulation Modeling of Fluid
Turbulence

NL vy X)L b

VALENCIA, Hubert

Researcher
MRFE GaNOMOVPERRDE—RE I 2L -3y
Project:First Principles Simulations of GaN MOVPE Growth

Seim P tE R T ES Materials Nano-Characterization Section
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The Materials Nano-Characterization Section develops
nano-scale operand analysis techniques for semiconduc-
tor devices under operating condition using electron
microscopy and electron holography. These efforts are
part of research centered on the theme of interface elec-
tronic properties involving direct measurement of device
operations, electric-field response measurements for
semiconductor interface electronic structures, etc.

¥ AT LG ER

System Applications Section
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In the area of devices utilizing cutting-edge electronics
materials, this Section focuses on the integration of such
devices into various systems and pursues applied
research with an eye toward real-life applications
throughout society.
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YAMAMOTO, Masayoshi

Professor
FRZTERRE: GaN &SiC/\ T —HBRE Y 1 — LI & T DEEIGA
Project:GaN and SiC Power Semiconductor Module Techniques
and Its Industry Applications

7 5 155 [R] W FE 55

Industry-Academia Collaborative
Research Section

BRI TOM RO R L EMELLT . A
R TOMREH TR T LDDEELLITVET.

This Section aims to boost the efficiency of collaborative
industry-academia research and development activities,
and also serves as a mediator to help realize actual appli-
cations in society for CIRFE achievements and results.

EtHRE BT
e
IKARASHI, Nobuyuki

Professor

HRFRRE: -/ WA R & ERBFEMEEIC L 2EHMNT /N1 RIFRMER
Project:Nano-science and advanced electron microscopy for
device innovation

ERE 28
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NAGAO, Masahiro
Associate Professor

WRFE:FRBK T/ AFREICH - R EFEMEEIC L 2R
Project:Analysis of Magnetic Properties by Advanced Electron
Microscopy toward the Development of New Devices

E R % B

International Research Section

ALV E AN BB RR 2TV T. &
FEIBER LR Ay by — 2 2 AL, SR
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The International Research Section engages in research
and development activities together with visiting profes-
sors invited from overseas. Additionally, the Section is
cultivating an international research network as part of
efforts to form a central venue for nitride semiconductor
research.

TYVZR 7k w—2 R
TSR

PRISTOVSEK, Markus

Designated Professor

Project:Better device materials from a better understanding of
crystal growth

gy ayyv
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ROBIN, Yoann

Researcher

Project:RGB micro-LEDs for full-color displays

10
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Advanced Measurement

Technology Center

AMTC

EEEET AR E R 2 =1, CNEITOIFE
Fr DD = — 7 I @ B Rl He i o — X% i L,
o JEE G 4 407 D BR PR 76 B2, 4 B 2L FH L SR TR 2T
BIPAMERZITI20DMAELLT, SER274F
ARCHEIL NI, ALr 2 —Tlk, ITINDO#E S
JE 78 1~ I 5 i 5% & e o 3 Al A [ 25 e 5 %
K, BEZCAr L BE3E 3 5 L pF 28, B2 Hf %%
B BRI R, cormbr iR Ly 2 — K
N ANDES IO (SEW TR DT 4=18= M5 8 VP Sl
Bl ARIE AL ELOEED T, & 1AM
St R FT, FORF-FHE, X 4y kRt
W, #250 LEHR D55 D43 B 0 & B #4545
FEEREAME REHEHELTOET.

This Institute has developed unique and advanced
measurements technologies in the High Voltage
Electron Microscope Laboratory, the Research Facil-
ity for Advanced Science and Technology, and other
facilities of the Institute. The Advanced Measure-
ment Technology Center, which was established in
April 2015, aims to explore and develop novel mea-
surement techniques, operate multi-user instru-
ments, provide opportunities for collaborative
research, and train highly skilled scientists and engi-
neers. The Center is operated jointly by Nagoya Uni-
versity graduate schools and research centers with
ties to this Institute, including the Graduate Schools
of Engineering, Science, and Environmental Studies,
and the Synchrotron Radiation Research Center, as
well as by external institutes, such as the Aichi Syn-
chrotron Radiation Center of the Knowledge Hub
Aichi and the National Institute for Fusion Science.
The Center is divided into the following five
sections : Electron Nanoscopy Section, Electromag-
netic Wave Measurements Section, Elementary Parti-
cle Measurements Section, X-Ray Spectroscopy
Section, Nanofabrication & Characterization Section.

B HEMSEEHIER  Electron Nanoscopy Section

B SR % F O 7oK RS R AT i L M R
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This section develops techniques for detailed structural
analyses and property measurements using electron micro-
scopes. Topics include atomic level analysis of spatial and
electronic structures, precise measurements of nanoscale
lattice distortions using convergent beam electron diffrac-
tion, three-dimensional structural analysis with electron
beam tomography, visualization of electromagnetic fields
using electron holography, and analysis of chemical reac-
tions under different gas environments.

fll+ » £ — £ Vice-Director of the Center
=]

TERR

%

SAITOH, Koh

Professor
MRAFEEFEMBEZAV S/ A =5 —BHOBEEBERITES &
OHERIE DR
Project:Development of Characterization Methods of Nanoma-
terials Using Electron Beams

Bk RIr

Bz
MUTO, Shunsuke
Professor

MRFEESETEMDONECL DT/ T/ 2OYIERIE & AR
Project:Analysis and Visualization of Materials Properties of
Nano-Devices by Electron Micro/Spectroscopic Methods

L ]

FHHIR

HIRAYAMA, Tsukasa
Visiting Professor

FRICERRE: B FRTH(C & 2 AAEHRIRMT DR F & BEM BTN DG
Project:Phase measurement by electron wave interference and
its application to studying advanced materials

<« [BiFE
<« WiRE
KEMEOZ
Jya—4y >
«— (M%) AR
BHE (EHMmE)
<« I\f3tK
NI FEY — [ ————>
TRAVRY P ——mm— am

7 v O IF AL NEE B OFIB-SEM & BURHR 4t : BEHRIEE £ K FRUBN BI
FIB-SEM image of organelles in the rat hepatocyte.
Sample preparation: Y. Moriyama, Fujita Health Unversity

7'-_'r€/\ 75_\:}\
HEHIZ
KUWAHARA, Makoto

Associate Professor

TRFERRE IR DM FEDRIE & SRR DGR
Project:Development of New Analytical Electron Microscopy
and the Application to Advanced Materials

38 —k
fliEesd
TATSUMI, Kazuyoshi

Associate Professor

RFRRRE: O FNEFEIMREAVEEAMRIAE Y E—X Y /51
Project:Spin Moment Nano-Level Measurement on Real Materi-
als Using Dynamical Electron Diffraction Effects

LIl JIE

E9=Viz ¢
YAMASAKI, Jun

Visiting Associate Professor
MRRE: BBETBEME LAV / KU 7 OV ROBSFITEOMR
Project:Methodological study for structure analyses of nanome-
ter/micron-scaled materials using transmission electron micros-
copy

A SR

ISHIDA, Takafumi

Assistant Professor
HRFE ETERREZAVERTROODOH L WERRITORR
Project:Development of New Imaging Techniques for Frontier
Materials using Electron Microscopy

12
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I &t 18R Electromagnetic Wave Measurements Section

TIRRHDIRT -5 FHODEARTIVBEIZLS
TIR=RBWLE, BB 2 OB, R AHE
LEDGFHH - Z Wil 2B R TAILILY, 7IX= K
AL EDTANE — 227 2D HlfH i D FE R - H
L.

This section is dedicated to the advancement of techniques
to control energy systems, such as nuclear fusion using
plasmas. Research emphasizes developing methods to
measure line emissions from atoms and molecules in plas-

mas and reflected light from light-emitting bodies and other
materials.

ERE S5 X< #EBENAGDIS-TICE T 5~V LT TR =
Helium plasma in the linear plasma device NAGDIS-II

R 2

X #R 57 JEET I 5T

Moflmbdubyrratar s 2—08E T EHY
ST RO HE — L5420 %iEH LUX RS B di O i
e BsEEbic, MIBMPLERE ST LE~DIC
REHEDLT.

This section works to realize innovative X-ray spectroscopy
techniques using the electron storage ring and spectrosco-
py beamlines at the Aichi Synchrotron Radiation Center of
the Knowledge Hub Aichi. In addition, it conducts applied
research aimed at developing new materials and pharma-
ceuticals.

+ ~ &% — £ Director of the Center

/"\7I< (NI

X-Ray Spectroscopy Section

Hwnbyrrubay (BL6NL) DA HEXAFS-XPSHH 4 E
XAFS-XPS analysis system in Aichi SR (BL6N1)

/ ARFE: -/ NF EBERAN DR DHEEEEMRIORE & IGA
Project:Developments and Applications of Functional Materials Consist-
ing of Nanoparticles and Thin Film Surface

HEHA%
KAJITA, Shin

Associate Professor

T BRBE NI AL E BB BT RUBORERR £ 2O
Project:Heat and Particle Transport Phenomena and Its Control in
Advanced Energy Sources

YAGI, Shinya

Professor

13

2y A 1 1 Elementary Particle Measurements Section

MECHRBE LM ZREL TFEE» O B~ LR FECH B R T
“EEHETOPROZER T, Ia—A A HLTE KRREEY (5 2131 8L
A, E ) OWNE 2B LRV T AIC A [Ia—Fr 527574

DFARZITVET.

This section specializes in the development of muon radiography, which is

an applied technology to obtain images inside extremely large structures

(e.g., blast furnaces, Mt. Fuji). This technology makes use of muons, which

are elementary particles found in charged cosmic rays from outer space that

hit the Earth, and other in-house conceived techniques.

AT L

Bz
NAKAMURA, Mitsuhiro

Professor

RRFE: B R PR M & B U - KRS OB AT 5T D
%

Project:Research and Development of Inner Status Investigation
Technology of Large Scale Structure Objects by Using Modern
Nuclear Emulsion Techniques

KBS BEA

FEHBIR

OHZEKI, Katsuhisa
Visiting Professor

MRRE: ALBEVEZESRISERD=ODRERFZ 7 1 )L LM O
Project:R&D of advanced nuclear emulsion film technology for
high speed muon radiography

B E R TR G A H LR E
Hyper Track Selector

SATO, Osamu

Assistant Professor
ARFE 21— M) VIRBEROEH. ¥ — 0 vy —RREEEIHIC
&£ B IGFRR

Project:Neutrino Oscillation, Dark Matter Search Experiment
and Researches with Tracking by Nuclear Emulsion

e FhE

FHEB#

MORISHIMA, Kunihiro
Designated Assistant Professor
ARRE: EHNBEREER 3 RITBHHRA X — YV 7 BRI RFRZEZIR]
DEMER EZDERBEADIGA
Project:Development of Innovative High- Resolution Three-Di-

mensional Radiation Detector “Nuclear Emulsion” Technology
and Its Applications

F 7 I E#EF Nanofabrication & Characterization Section

286 B A7 3 [) B9F 28 Mt 55 42 R S T o B A
P, Ol T2, Sy M - BHE S E L E D AL
L) —onv—2Dfie MHLT, $EEEK, -/
FHESL, 2001, 57l GBI 3 2 54 i 2 AL
AR UES
This section is devoted to state-of-the-art techniques relat-
ed to thin-film formation, nanomaterial synthesis, nanofabri-
cation, and associated measurements and evaluations.
Studies are conducted primarily at the Research Facility for

Advanced Science and Technology on shared instruments
and in the clean room facilities.

WA LTAE{T5 72D 7Y —v L —Lh
Micro-fabrication clean room

HIff & Vice-Director

7= H B
E2653

IWATA, Satoshi

Professor
AEBE: ACVILY FOZIVRICEDIKC VY, BBEFRUIRIL
F—RTOMERH

Project:Development of Magnetic Sensors, Memories and
Energy Devices Based on Spin Electronics

Jinig FlE

WHIZ OfF5)

KATO, Takeshi

Associate Professor
THORERRE AR EIR M R S L OBHBER EY RO Z Y X7 /31 2D
FEAF

Project:Developments of Functional Magnetic Thin Films and
Spintronics Devices

RE K

lilES

OSHIMA, Daiki

Assistant Professor
RRFRE IS — VY ERFRORE L ZDGH
Project:Development of Fabrication Process of Micro Magnetic
Pattern and Its Application

14
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Division of Materials Research

MR BI B I T, fk A 2R - M Bl o P ik
WEoe, fEBL 7 w2 Ak b8, S H - PR RFAl,
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The Division of Materials Research (DM) carries out
research on various materials and substances; their
properties, production processes, structural control,
evaluation of performance toward applications, and
furthers development to achieve incorporation of
these materials into devices as well as the device
designs themselves. In addition of research on
improvement of industrial materials, utilization of
resources and optimization of energy sources, the
DM also promotes cutting-edge research on novel
materials and nanomaterials that are useful in future
energy systems, energy-saving devices and
advanced materials systems from long-term per-
spective.

TERFU AN TT 2V OB REETEM s LUMERIIC S TS

SN YR ORI 5 B R

High resolution transmission electron microscopy image of epitaxial
graphene and the linear dispersion relation of graphene band structure

MR HEER Materials Physics Section

o TR, BEE R, BRI AA ARE R, L
obSesEEE, MBETEL O oo R RED IR L e B 5E
e D IFE R ISR 2T, 206 0W DM
b, RRCIB T AL B R D 5 R 4
HELIT.

The Materials Physics Section carries out the fundamental
and applied researches of dielectrics, magnetic materials,
superconductors, ionic conductors, optical properties, cat-
alytic properties and other materials functions. This Section
performs the material research of properties that are neces-
sary to achieve new devices through the enhancement of
properties and discovery of new functions.

AP E Vice-Director of the Division

il 2T
Hiz

KUSUNOKI, Michiko

Professor
ARFE - BRBETH R U MRORAIR & SIERILDR
Project:Development of Nano-Carbon Materials with Low Envi-
ronment Burden and Its High Functionalization

B 7 EEH

Bz
ZAIMA, Shigeaki

Professor

AREE L VWIVEFBHRRERORR CBEHEE N LEERET /1
ANDIHA

Project:Development of New Group-IV Semiconductor Alloys
and Its application to Electronic and Optoelectronic Devices

%H 15—

Hdz GfFs)

KIKUTA, Koichi
Professor

ARARE: TRILF—FH L R T LDORF
Project:Development of Energy Conversion Materials and Sys-
tems

LA B
Az (Hw)
YAMAMOTO, Takahisa
Professor
TRITERRE: + / BERIMICE D CHRBEREL S I v /MBI ORRE

Project:Development of Ceramic Materials by Controlling the
Atomic/Electronic Structures at Nano Scale

0.11nmD Y 2V LRBIRFOL Y RMR(REOB w2 T 2E)
Dumbbell-type image of silicon and carbon atom:black contrast marked with arrows

— N
ZH #—
A
YASUDA, Koji
Associate Professor
MAFRE BRCEFBICE-—REBEABEFEORRE L . ZNZAVYED
&
Project:Quantum Chemistry, Methodology Development and
Material Design

HE B+

HEHIR GEFS)
KAMIYA, Yukiko
Associate Professor

TRITERRE = FIFE U o ae e M Rl DR & IS
Project:Development and Application of Nucleic Acids Based
Functional Materials

TERASAWA, Tomo-o

Researcher

RFRE: F / h— Ry HROER
Project:Synthesis of nano-carbon materials

16
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M ELER T #F Materials Design Section

EfR-RE AV E — BRSO MGG S E H L, 20T, 3L
BRENLDF /Lol mki» 6, fERM B ORI L2 HIRETELD

LR R AL LA TERE D IRBE A ) _E D 72 DR R

REHHELLT.

Ein2kiii

This Section promotes researches of material design with a focus on the
microstructures of organisms, environments, energy-related materials and so

forth. Toward the aim of improving the performance and also making major
strides in terms of performance enhancements, the MD performs material
researches through design of new compositions and composite from the per-

spective of two- and three-dimensional and nanometer-scaled structures.

i & Director

U IEA0

E2603

OKIDO, Masazumi

Professor

TRITERRE  REBSHIEIC L 2 EREAEMN 7O RDEE
Project:Investigation on the Materials Processing with Low Envi-
ronmental Impact by Surface Structure Control

£ Director of the Division

/NE TS

ES €5

OZAWA, Masakuni

Professor

AR -/ BRORIR & Z DBREREADIGA
Project:Nano-Crystals and Their Application to Environmental
Pollution Control

IR

HIRAIWA, Atsushi

Designated Professor
ARZFE: VA RNV R¥ vy THEEEZRVNAT TN 2ELUVH
7' — MERROMR
Project:Development of wide bandgap semiconductor power
devices and their gate insulators

RH %

TRHEIR

OSADA, Minoru

Visiting Professor
fRFRERRE ERT T/ WEZFA L LRERNREEFHRIORF
Project:Development of environmentally friendly electronics
using low-dimensional materials

KB T v Rk ERL 72
HEREEOE KT 2 REBROREEE

Surface photo of a hydroxyapatite coating with
a high bioactivity prepared by solution processing

L—a s

R Ll

ESSE €03

NIINOMI, Mitsuo

Visiting Professor
ARREE: EEEAT ¥ Va2 DR HRS K OFHE
Project:Design, development and evaluation of titanium alloys
for structural biomaterials

i ER
HANAWA, Takao

Visiting Professor

MRFE: SEEEGM RO TR
Project:Research and development of metal-based biomaterials

2 &

BT
KURODA, Kensuke

Associate Professor
MEFFE:AIRIILF oy b IO REBWEGETEL B R
E DM RIDFF
Project:Development of Functional Materials Using Energy-Sav-
ing Hydroprocessing

S\

INCRGINGE]

HEBIR GErs)

MATSUMIYA, Hiroaki

Associate Professor
FASUERRE  IRIETE- ER Y Y1 7LD DILF R 8 - 508 - B IR
Project:Design of Chemical Separation, Analysis, and Reaction
Systems for Environmental Assessment and Material Recycling

WA IEBR

HEERR

AMIMOTO, Masaya

Visiting Associate Professor
MRFEFHLZI v I REMOMERFE
Project:Ceramic coloring materials

MEL7 7 & & Materials Processing Section

MRHELE Tt 2R REDALE b, mik
RETs W B4 - SE B B, BB RELHFE oAM= —%
IR AN X =BT A AD L, mRE L
KRB RS B e A S BT AR e HEME
LT,

In addition to research related to material production pro-
cesses, the Materials Processing Section performs
research on mechanical energy conversion devices that
make use of high-performance thermal-insulation and
-shielding materials, thermoelectric power-generating and
dielectric elastomers, and other such materials, as well as
research on high-efficiency hydrogen production, combus-
tion, power-generation processes and so forth.

—L a

Mg B—

HA% GiEF)

ICHINO, Ryoichi

Professor
MRFE BEETVEORES LUESL-TEL. ERO Y Y1 7 )L
Project:Development of Alternative, Detoxification and Stabiliza-

tion Technology of Hazardous Substances, Material Recycling
Technology

JEH 5 w]

FRBE
HARADA, Katsuyoshi

Visiting Professor
RRERRE: iR ABFEIT > ) A VLAY & Z DEEORE R O FHERMTORH
Project:Innovative development of production and evaluation

technologies of silicon compounds and their thin films for
advanced fields

REL il

e
KUMAGAI, Jun

Associate Professor
THITERRE: 5 VAR B L1 - BEIROFR S L2 RIS £ EDHR
Project:Chemical Reactions and Biological Effects Induced by

Photo- and lonizing Radiation as Studied by Detection of Radi-
cals

ARER ¢ A
S EB)

HATTORI, Masatomo

Designated Assistant Professor
AAFE REAMEEEZE T REEESMROBIR
Project:Development of functional composite materials for envi-
ronmental purification

AV FLA—FARICHEAIN T L 72
(K,Na)NbOsRESHATEE £ 7 Iy 2 OB T HMBEH

Scanning electron micrograph of lead-free piezoelectric
(K,Na)NbOs-based thin film microfabricated in cantilever shape

i eps

SAKAMOTO, Wataru

Associate Professor
HRFE REICE L VL EHEMRORIR
Project:Research and Development of Eco-Friendly High-Perfor-
mance Functional Materials

NS

HAYASHI, Koichiro

Assistant Professor

MRFE: + /ER
Project:Nanomedicine

18
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Division of Systems Research

S AT LRIEEE P T, HEBRBEE B 2 Vg s
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With efforts on both global and regional levels, the
Division of Systems Research (DS) develops key
technologies relating to energy conversion, and
infrastructures and their networks as well as material
conversion and its circulation, that enable ecologi-
cally sustainable development. The DS also strives
to highly network those and to establish the method-
ologies that enable their practical implementation in
society. Toward these ends, the Division develops
advanced energy conversion technologies and sys-
tems, technologies that reduce environmental load
and contributes toward resource and energy conser-
vation, and recycling technologies and circulation
systems of renewal materials, while also pursuing
energy-infrastructure planning, creating energy-in-
frastructure control technologies as well as conduct-
ing leading-edge research on energy, information
and distribution relating to the advanced information
network technologies necessary to achieve those.

EREBEACCEBTYTICH T2 RBAEBEOEE . FHlL 274
Nowcasting/Forecasting System of Photovoltaic Power Generation
in Distribution Network using All-sky Images

ZH12 27 LEB Conversion Systems Section

AR CHEN L ZANVF — LW AT LD ELHIG LR CIOMATOIT. bk =4 vF —2F
L3 - HEB AT LD, ARBBEIINOUGE, BBEY ANV F—DRHEL, KEELSLCRIICLEERD
T, I BIR B OB AR RO IR LD TU LT,

This section is engaged in research aimed at the creation of high-efficiency, cutting-edge energy conversion systems. This

includes development of power generation and storage systems that utilize minute amounts of hydroelectric power, improve-

ment of coal-combustion technologies, conversion of waste-material energy for use as a resource, prediction of power genera-

EYERtE BN~ A7 nKEORTE

Development of micro-hydraulic turbine excellent in foreign matter passage performance

L RASE
g

UCHIYAMA, Tomomi

Professor
MRBE: RAEBEROLEN T I 2L — Va3 VAEROEREEBRARGET
RILF—DER
Project:Development of Advanced Simulation Method for Flow
Problems and Utilization of Natural Flow Energy

BT & Vice-Director

FHE —ER
Bz

NARUSE, Ichiro

Professor

TRZCEREE IR - MR E A S M T X)L F — TR OB F
Project:Development of Highly Efficient Energy Conversion
Technologies for Global and Local Environment

Ea)Il E#th
i

HASEGAWA, Tatsuya

Professor
MEBE: DRy Za—rSUNAAIRILEF—BRMRTEIRIL
F—b— bRy TRITOMRE & HRE EE & ORIHA
Project:Study on technologies for carbon-neutral bioenergy and

energy saving by heat-pump in cooperation with developing
countries

tion amount for solar and wind power generation processes, measurement of thermo-fluid phenomena using pressure- and
temperature-sensitive paint and so forth.

a) c)
) EREHHNEBER
a) Picture of heat exchanger tube
b) RN TOERE R RT~0
JRAS B AR

¢) Picture of heat exchanger tube in vertical
ash deposition furnace

b) IR 4R IC T30 3 BB
ERERENREH
b) Picture of ash deposition after 30 min

\
H 1h
i ed
MATSUDA, Yu
Associate Professor
ARFEARBERETALCFREIRILT R X T LOHR

Project:Environment-friendly energy system engineering based
on thermo-fluid dynamics

fEA PRER

UEKI, Yasuaki
Assistant Professor
MRFE: SfUF IO 20A TR - BREAREMNOME

Project:Development of Energy-Saving and Low Environmental
Impact Technologies for Ironmaking Process

H1 B
e

DEGAWA, Tomohiro

Assistant Professor
ARFERAETRILTZAAT 28 TREFORE L BHERL
Project:Creation and Efficiency Enhancement for Electric Appli-
ance having Energy Production Function from Fluid Energy

20




T 87 —27 Y AT LE Network Systems Section

BER S X 7 LB Circulation Systems Section
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The Network Systems Section plans and creates control B AL $ITH 0 72 0 O ERRIEIE - BHRBIE 40 7 —2

The Circulation Systems Section develops various key technologies relating
Wireless and powerline communication networks for environmental monitoring and control

to ecological material conversions and circulation, and also assesses such
technologies when they are deployed in society and develops the assess-
ment methods. Furthermore, the Section is pursuing research and develop-
ment on environmental-load-reducing technologies, recycling technologies,
circulation systems of renewal materials and other technologies that contrib-

technologies for the energy-related infrastructures that con-
nect power and thermal energy sources with the diverse

ERB RS
range of users that require them, and pursues cutting-edge

SRR R AT BRE A CHENICL2ERY 0 5 F
RED D EFERKHODOBROMHL (BE) 2fToTw5,
Electromicrobial culture system

Studies are carried out on the electrochemical enhancement of
pollutant degradation by microorganisms or the microbial

research on the information network technologies vital for
achieving advancements and greater reliability for such

21

infrastructures.

Al IERR

%

KATAYAMA, Masaaki

Professor
TRFTERE  EIRBERINICET 2R E ZOREDREY AT ANDEA
Project:Wireless Communications and Their Applications for
Green Systems

EE: Director of the Division

g LA

£ €53

KATO, Takeyoshi

Professor
ARFE: IXIIF—ER-FEOZKRMEEER U-ENY AT LOE-
HEEDFHR

Project:Development of Planning and Control Method of Elec-
tric Power System Considering Diversity of Energy Resources
and Demands

A 21T
£ €53

YAMAMOTO, Toshiyuki

Professor
ARFRE BEN (LRI B R T LOT 1Y
Project:Design of Environmentally Sustainable Urban Transport
System

ZNEE

TEER

SUGIMOTO, Shigeyuki

Visiting Professor
ARFE BETREIRILY - CEAENRRORNNRMSICET 25K
Project:Research on Harmonic Fusion of Renewable Energy and
Commercial Electric Power System

WHEEMNBERCESCEBTHEOHE
Estimation of home-range from mobile phone location data

e FH %

IR

OKADA, Hiraku

Associate Professor
ARFEAV—FII 2274 RRICAITERBEY AT L-ERXY
k7=
Project:Wireless Communication Systems and Networks for
Smart Community

: A\ ==
=hn 2

IR

MIWA, Tomio

Associate Professor
ARFE: BTHCETI2RBREBEDET IS K OHEY X T
INGEL
Project:Modeling Travel Behavior and Evaluation of Transport
Systems

/IR BEKER

Bh#

KOBAYASHI, Kentaro

Assistant Professor
FRIUERRE  IRIBETA EREEH DI DEIRBE S X T LICET 2K
Project:Wireless Communication Systems for Environmental
Monitoring and Remote Control

ute to reducing consumption of resources.

Al #iK

E2¢54

KATAYAMA, Arata

Professor

RRFRE  HEYZAA L T RUREEER - ERICRITORKER
Project:Energy-saving microbial technologies for environmental
remediation and resource generation

B Vice-Director of the Division

R A —ER

Hiz

HAYASHI, Kiichiro

Professor
ARFRE: TRILF—REY AT LT & &
Project:System analysis and impact assessment of energy and
environment issues

/N FaL

PR

KOJIMA, Yoshihiro

Associate Professor
FRITERRE M IR AR, EREN. BALEBED-HDY / XELZE -YES
Ot RICET 5%
Project:Sono-Assisted Chemical and Physical Processes for

Preparations of Material and Fuel, Resource Recovery and
Wastewater Treatment

FEH R

hiiEers

SAWADA, Kayo
Associate Professor
ARFBEATRILF—EYEY A 7 ILICE T 2EEYEROWR

Project:Studies on Waste Management in Energy-saving Materi-
al Cycle

electric generation from polluted water, using two-chamber
bioelectrochemical culturing system.

K& E

FEHEHIR

OOBA, Makoto

Visiting Associate Professor
FRFRERRE: N\ 1 A Y R IRILF =V AT LT LR EFHE
Project:Integrated modeling and assessment of biomass energy
system

R R

FRUERER

HAMAMURA, Natsuko

Visiting Associate Professor
MRFE: EEESROEMER & R &M
Project:Geomicrobiology of toxic metalloids and ecotoxicologi-
cal assessment

HH /AT

TR

YOSHIDA, Naoko

Visiting Associate Professor
RRRRE I EYRHOEICF N RIGHH
Project:Electrochemical enhancement of anaerobic microbial
metabolism

RHEE
BhE

AWATA, Takanori

Assistant Professor
ARFE HEDERAVZRERES R T L
Project:Environmental detoxification system using microorgan-
isms

22
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%_:M‘:I‘ } 77%%5 Fli Funded Research Division
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Operating with a broad focus encompassing everything from materials and device technologies to system evaluations with the

goal of establishing electric power systems that can help achieve sustainable development throughout society, this Division
strives to achieve more advanced electric-power equipment, supply network operations, and control methods; develop predic-
tive technologies for solar and wind power generation output volumes; and propose applications within actual electric power

markets.

Optimization of electric-power and energy system
planning and operations

Advancements in energy management

i R

FFIRFFZCER IR (R B HIR)
FUNABASHI, Toshihisa

Endowed Chair of Funded Research Division
(Visiting Professor)

FRFEERRE R DD - BFNLEN - TRILF -2 RT LDOBE(ICH
ER:LTiE

Project:Research on Construction of Next- Generation Efficient
and Economic Power & Energy System

Performance and reliability enhancements for
electric-power devices and systems

E# BIr

I FCE T B

MANABE, Yusuke

Endowed Assistant Professor of
Funded Research Division

MRFE REERORXEEAVCERETEOREIENIES LIZ #i-AE
NRFY AT LOER. FHE, FHMEF %

Project:Operation, Planning and Evaluation Methods for New
Electric Power System, Adapted to Mass Penetration of Re-Gen-
eration and Deregulation of Power Industry

FIREWAT—L 7 Fu =y REFEEM

Toyota Advanced Power Electronics Funded Research Division

ANLhER D A Tl et 2 HGL, I
KEEVFA—D 7 — b= 2 DR 5E %
HDET. VANX v TR EEOM K, 734, 22T 4
ICHDOIACHEF 2R 2T, @RI AT LDHE
e, RRZPHESAMOBERICEBLET.

For achieving a sustainable society that ensures a positive
symbiotic relationship between humans and Earth, the
funded division researches power electronics technolo-
gies for future mobility. The division researches and devel-
ops wide-bandgap semiconductors at all levels from ma-
terials, devices, to system applications in a wide perspec-
tive contributing to realize high efficiency electronics sys-
tems as well as developing young researchers for the next
generation.

24 /0

L= 1,7|<
IR ZE P IR
HASHIZUME, Tamotsu

Endowed Professor of Funded Research Division
TR GaNRMBROREZESREHE L /X7 —F /31 RGH

Project:Interface control of GaN-based heterostructures for
power device application

B A5

Ao €5
MIYAMOTO, Yasuyuki
Endowed Professor of Funded Research Division

ARFE LAY EBEREF T/ DR
Project:Developments of compound semiconductor electron
devices

B

TR P R

MORI, Yusuke

Endowed Professor of Funded Research Division
MREE: /LY GaNiE @R
Project:Growth of bulk GaN crystal

JEH =
2z ()
SUDA, Jun

Professor

FRERRRE: GaN/N\ T —F N1 R
Project:GaN Power Devices

23+ 7t

A~CHE

SAKURAI, Hideki

Visiting Faculty
MEBRBE LAV ILNT=FTNA ZAOERTOERELPTFT NI R
BEDHE
Project:Research of Fabrication Process and Device Structure
of GaN Power Devices

=2
LI EifAd
YAMADA, Shinji
Visiting Faculty
ARBEZHV VLT —FNRARAOELETOCLAE LT NA R
BEDWE

Project:Research of Fabrication Process and Device Structure
of GaN Power Devices
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AIST-NU GaN Advanced Device Open Innovation Laboratory Amano-Koide Collaborative Research Lab

AIFEFR RIS I LONIMSENFIUIGHE SN, KRFEHIR LN RENIMSE HA P HAIZ70A
THRAVIATBILCIOV ISR E 2B H,GaN/ ¥ 7 —F A ZD BRI T4 i - i - B R T 42D
SR SR - G R BN - SRR R - G A O B R e HEL 9. NIMSHIRA § 29 ML FFAll - 53 17 £
i A xDIE R LR R AT R e HEEL S T
This collaborative research laboratory was established in Nagoya Univ. and NIMS and managed by Prof. Hiroshi Amano and
Dr. Yasuo Koide, NIMS executive director, as a mutual cross-appointment, which facilitates crystallographic, electrical, and
optical properties characterization and development of new measurement techniques for developing GaN-based power devic-

es. The research will be effectively promoted by using advanced measurement and analysis equipment and techniques in
NIMS.

S EEE O, MBS E LRI CEZIT 0T,
[FEAANG I TIBIELIIRELT, KFEF L UL ROBREERL, 2 RA - 2RI H KT
UBIEEHMEL TV,

Our laboratory covers the research area from materials science to application of nitride semiconductors.
To function as a bridge between research and industry, we purposely examine basic research, and expedite connecting
research results to practical use.

Eleme ,
REFNAR
Element devices
@®
AlGaN/GaN HEMT Z4w T Mass anylysis OF:{(/eEse.Ct'
Switching characteristics
% Ege
&5 by PLEHE
Synchrotron PL meas.
X-ray.meas. i
=0 75
o ff] 2 8% #5150 Collaboration
(_J) Characterization
® & Analysis ®
BET CL/EBIC-
£t

TRy PEOREENREFIAL M ELED D ERX
Schematic of a novel directional LED based on evanescent wave coupling

BK =K

FHESIR

SHIMIZU, Mitsuaki

Designated Professor

AREE GaN/ XV —I Lo hOZo R
Project:GaN power electronics
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Emission pattern

E* Fim

FEEHIR

WANG, Xuelun

Designated Professor

MREE: T N1 R
Project:Optical devices

Positron

GaN wi

/I BRR

FHESIR

~——7
probe meas. F% Atom probe
® ®

REMEE KE7/O—-T5HE
Surface probe
meas.

Advanced TEM

KOIDE, Yasuo

Designated Professor

MERFE:-BHEHVVLER VI NELVERTNNA RADEFL AL
flids LV~ BV JFHEEH

Project: Atomistic and Mapping Characterization and Analysis
for GaN Crystal, Wafer, and Devices

@) F7rhL7O-7
N,

CL/EBIC/

HF 2z

EERERIEC0S

TANAKA, Atsushi

Designated Associate Professor
ARFE: GaNZ AW RIER/T7 =731 ZDRltA
Project:Initiation of the next-generation power devices using
GaN
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Toyota Advanced Power Electronics Industry-Academia Collaborative Chair

LAV Losy — L BAEF 42D TR L EHE

L, RFGLAHMY % & k8 B2 TRl 3 27 e 280, K
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TroifreiEDEd.
For realizing Gallium Nitride power semiconductor devices,
this division researches and develops process techniques
that enable controllability of defects and impurities with
high accuracy, device technigues for low loss devices, and
its system applications in perspective of these new high
performance devices.

GaN+ L FMOSFET O Wi 5 E (B H P/ 2 3L FEBATE)
Cross-sectional TEM of GaN trench MOSFET

i

FHESIZ

KACHI, Tetsu

Designated Professor
MERE-ZHY IVLNT—=FNA ZADERTOLRE LT N1 RE
EDOMHE
Project:Research of Fabrication Process and Device Structure
of GaN Power Devices

HRIF 727

FHEHIR

SHIOZAKI, Koji

Designated Professor

TRIRIRRE: =1L H U 7 L7 —F 11 AOME L IGRRER
Project:Research of GaN Power Device and Investigation of Its
Application

KR HEE

R

OMORI, Masato

Designated Lecturer

AR (A U L EEROY M E 7/ XA
Project:Study on physics and applications of GaN

TV —HEEAANY -T2 o=y REZEGFEREEBM

DENSO Automotive Power Electronics Industry-Academia Collaborative Chair

Fry—HBHEF 7 — v s b= 2 2R 1 [
REFI T, RO ATV PEHEH, B EHE
HEwAS HoBE 27240 KE N - &8k
ft.- @b A% RaE A, WA 7 — 38 iR O 8 kL
5, TR, B LI AT L DRI R 2 HEE
L7,

Denso automotive power electronics Industry-Academia
Collaborative Chair looking into the future of high power,
high frequency and high efficiency electric drive system for
hybrid car, EV and FCV, promotes exploratory research into
next-generation power semiconductor material, device and
application system.

K] .-
BH IE

FHEZUR

ONDA, Shoichi

Designated Professor
TR RN Y — - BAM R OBERRRS L BRI
Project:Development of Crystal growth of the next-generation
power-semiconductor materials
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Characteristics and applications of next-generation power semiconductor

R Et

R

OHARA, Juniji

Designated Associate Professor
MRBE RN T—T LU NOZ Y RITEIT 2 RHET S & O Sl T
Project:Analysis and evaluation research in the future power
electronics and material

) %Fﬁbﬁ%& Facilities
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http://hvem.nagoya-microscopy.j
High Voltage Electron Microscope Laboratory pi// [T PY-ip/

4 d R KE TR, 1965 (2K A E THI D TH0 /5 Av bD 1 PR R H
REINTLIE, AP LE T2 EE - HEMSHEMEOREY R
BIZEDIL7z FHI20104F i E sz, FrL v SRl m A B EE
B UM, AAPTOZ MO RISRH R LB ETHI L HIRL29,
BB A X —BE M B ORI R 7L, 7)) — 4/ R—asii ket
HilkT52LDTE2RETT. AFE GBI, 20D i Se i % 1 B R
HEATHELFEIFHMERERLLT, RFOMRE LV ILFE IR L8
LTAEDKRY, W%, RO RE CVIEHINTVIT. SR EIFR
L8 MO R e 2 —LL T, SLITEREDOTRE L X > TV 33 7.
Since the installation of a 500 kV electron microscope in 1965, Nagoya University has seen prolific, world-leading research in

the field of high voltage electron microscopes in Japan. In particular, the 1000 kV Reaction Science High Voltage Scanning
Transmission Electron Microscope installed in 2010 enables reactions and phenomena occurring in gas environments to be

G R B i R 788 BB T B SE JEM1000K RS
Reaction science high voltage scanning transmission
electron microscope (JEM 1000K RS)

observed, aiding in the research and development of environmental and energy-related materials. This microscope can signifi-
cantly contribute to the field of green-innovation research. The laboratory is operated as an open research facility for all
researchers in Nagoya University. Moving forward, as part of our efforts to become an international center of electron micros-
copy, joint projects with other universities, research institutes, and industries are encouraged.

it EE

FHEHERIR - -

= R B AR T B AL RISREZ D8R

ARAI ’ Sh ig eo Project:In-Situ Observation of Material Science Using High Voltage Electron
Designated Associate Professor Microscopy

76 i 43¢ ity 3t [5] W 72 It 3%

Research Facility for Advanced Science and Technology KI5 e T B TE O B A L

Tl MR REH O 7Y — v —LE I, 57 FHRExX
¥ —,CVD, A8 &) 7 ED IR RE, = A2 T 747, & F 5 fl 1 22
B, ICP=yF /B ESOMM N T3 &E, SEM, ESCA, J& 17158
P, XM EO SR E LY ZLOEMM LRI E SN
THY, ZHHMEOEBEER 26, =420/F 271 L, 862K 5
THRIRCIFZCE SN TE0E T, 72, CERF A O MM L+ 27
UM ZA—LHELLZF MR F oI TR T 2 H Al iR e L T
Y, ENNDZLDEFIFIHIN TV,

IR RRRIER D2 Y —2 L — 1
Clean room of the facility

The clean rooms and other laboratories of the Research Facility for Advanced Science and Technology are equipped with mo-
lecular beam epitaxy, chemical vapor deposition (CVD), a sputtering system, and other film deposition equipment; a mask
aligner, electron-beam lithography, inductive coupled plasma (ICP) etching, and other micro-fabrication equipment; scanning
electron microscopy (SEM), electron spectroscopy for chemical analysis (ESCA), an atomic force microscope, an x-ray diffrac-
tometer, and other analytical equipment; as well as a wide range of other leading-edge equipment which is put to use in a
wide array of research operations ranging from thin-film deposition for various materials to micro- and nano-fabrication and
material characterization. Furthermore, this facility enforces Nanofabrication Platform Consortium Project supported by the
Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT), where the facility provides technical sup-
ports on nano-material processing and nano-fabrication for numerous researchers by utilizing multi-user instruments.
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http://www.imass.nagoya-u.ac.jp/joint/index.html

Joint Usage/Research Center

IMaSS has been designated by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) as a "Joint
Usage/Research Center of materials and systems for innovative energy management." Through joint usage and research relat-
ed to energy management technologies, it serves as a venue for everything from fundamental research through to sys-
tem-building for actual deployment in society, aimed at more advanced, fully optimized energy creation, conversion, storage,
transmission and utilization. At this facility, researchers from universities, research institutions and other organizations based in
Japan and abroad can engage in joint research together with IMaSS personnel while utilizing a wide range of equipment
including film-deposition systems, micro/nano-fabrication equipments, electron microscopes and many other types of analysis
instruments, and more. If you wish to apply for joint usage or research at this facility, please consult with the IMaSS staff in
advance and apply.

Visit the website below for a list of joint-use equipment, information on how to apply and other such details.
http://www.imass.nagoya-u.ac.jp/en/joint/index.html

A
3 5] Fl F - 25 @ 0F 22 05 52 —
Apply for shared use/joint research
HEAFAARFOHRN ﬁm
Application Flow for Shared Use dopt
ZBEBRE REMEL v 2T LR RF - W% B

Universities /
Research institutes

Nagoya University Institute of Materials &
Systems for Sustainability

EFNEIRLY — (TRLX—0RIH - BR. CX HEOEEL - BRI DRE
Realize revolutionary energy-saving (further advancement/hyper-efficiency of creation, conversion, reserve,
transmission and consumption of energy)

AR PADIERR. & lF. T — 7 F2 AL XRARR
FIRBME T NS ZZDERKIMICETIERARD SHRREROI=DD R T LE T
Joint research by utilizing the facilities, equipments, data and so on of the IMaSS.

Wide range of research from fundamental research on advanced materials and devices to system
engineering for socially implementing them.

HEFBDA XA -

Image of Shared Use

ARRAODBERCEFZUND
BEBICFRET5HEXIIMREZETCHRF—L
Academics or research teams of the IMaSS including
researchers from other institutes / universities.

ZND T NN DT,
Negeya Uniiversiy CEIEFD)
researchers Researcherslromlother

Universities)
(researchlrepresentatives))

i ﬁ zﬁz&fﬁ_‘% Device Innovation Section

it 7B - SRR R

High Voltage Electron
Microscope Laboratory

R B S
Transmission electron micro-
scope JEM2100F-HK

TN AKX EEE PIPSI
Precision ion beam milling
system PIPSI|

Jetid i FI ST R

Research Facility for
Advanced Science and
Technology

PS8 A A #E -5
f#i JEM 1000K RS

Reaction science high voltage
scanning TEM JEM1000K RS

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

WA E ARG PARER

153 R RE TR - IR B R I AE 7388
R WSS JTEM-ARM200
(Cold)(HXU 2 #f 1= 78 - BAER)
Aberration corrected scanning
TEM JEM ARM200F

AN L ER o S i

A A T TE T SRR
JEM-10000BU

(UXZEH 1 78 - BE )

Aberration corrected scanning
TEMJEM-10000BU

FERAA =201 L FB-2100

MBE with 8 sources

Magnetron sputtering with 8
sources

Magnetron sputtering with 3
sources

JEM2100M MI-4000L (FIB-SEM) (FIB)

Electron Spectroscopic scan- High-speed sample fabrica- Focused ion beam sample
ning TEM JEM2100M tion/analysis system MI-4000L preparation system FB-2100
raztryay Ry v —

Cross section polisher

IB-09020CP

8JLMBE%:E . STE=s AL R S L N I
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I ﬁ ?XL{}%:_‘% Device Innovation Section

TR ~A774F
Electron beam lithography Mask aligner

AFALAREGE
lon implantation

7z LML —F = Lo AT 4
Femto-second laser for
micro-fabrication and measure-

TR T S ‘

FE-SEM X-ray diffractometer

ment
' :
i . '
AT YA

RIS HAAY 272 75
Reactive ion etching

Electric furnace

J5 S-S

Atomic force microscope

ECRSIMS=yF> 75
ECR etching with SIMS

SR NN EALBR L
Rapid thermal annealing

 XEOCHE T
' X-ray photoelectron spectrome-
| ter

Bt

Shared Equipment
Facility

XA -5 e
X-ray photoelectron spectrome-
ter

LN SRR N 25 o
e

Inductively coupled plasma
atomic emission spectrometer

ARy A A S
Field-emission scanning elec-
tron microscope

Xl e
X-ray diffractometer

LTV —HF Ry 77— i e i
Laser doppler velocimeter for
one velocity component

[
<. <. O eQrdiea
Resed O
< < O
4 v ASEM
HITACHI SU9000

In-lens SEM
HITACHI SU9000

CHNz2—%'—
CHN coder

AFAEANLEE
ULVAC IMX-3500
lon implanter
ULVAC IMX-3500

AA—=2 07 CL
HORIBA WD201N
Imaging CL
HORIBA WD202N

F /M R RE A 7 n<t 757
RSz

Liquid chromatograph/mass
spectrometer

AMTC

Advanced Measurement
Technology Center

TR Sy S

ULVAC QAM4

High Temperature Sputtering
Deposition Equipment ULVAC
QAM4

2R B ROHE i

RIKEN KENKI AC-3

Work function measuring device
RIKEN KENKI AC-4

B N DR G R e
Test apparatus of electrically
driven small centrifugal com-
pressor

=IRICTE VSR
3D electron microscope

FIB-SEM
HITACHI NX2000
FIB-SEM

HITACHI NX2000

T3ivarBAiEE HAMAMATSU
PHOTONICS PHEMOS-1000
Emission microscope
HAMAMATSU PHOTONICS
PHEMOS-1001
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International, Interdisciplinary Joint Research Project in Pursuit of Life Innovation Material Creation and

Highly Skilled Human Resources
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Six university research institutes (Nagoya University Institute of Materials and Systems for Sustainability, Osaka University Joining and Welding
Research Institute, Tohoku University Institute for Materials Research, Tokyo Institute of Technology Laboratory for Materials and Structures,
Waseda University Research Organization for Nano & Life Innovation, Tokyo Medical and Dental University Institute of Biomaterials and Bioen-
gineering) are collaborating to create "life innovation materials"—materials that support people's lifestyles in innovative ways—and cultivate a
new academic field incorporating various other fields while serving as a new societal foundation.

More specifically, this involves the pursuit of research and development activities in various related fields, including the development of com-
ponent materials and technologies that serve as the technological foundations for life innovation materials, the development of materials that
contribute toward environmental preservation and the realization of a sustainable society, fields that contribute toward biomedical applications
and medical/welfare materials, and others. We are also striving to make this project a shared platform for international exchange and collabo-
ration between universities and corporations in the field of materials research, thus achieving a venue for the cultivation of highly skilled per-
sonnel.

In addition to playing a leading role in the areas of material-related research and industrial support measures, this joint research project is
being carried out with the goal of promoting exchanges between young researchers and establishing a shared stage for the fostering of
advanced human resources.

24 RIEM LB 3
SR Environmental material development y 8 »
Graduate School of Engineering, Faculty of Science

Green Mobility Research Institute, oS, 2+
Institutes of Innovationje = = = = - ARME 2257 L Eel==

for Future Society, Nagoya University Nagoya University Institute of Materials
_ and Systems for Sustainability
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and Engineering,
Waseda University
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Nagoya University
FA74 /=3y
=TYT N

TY—vitE~FElT Life innovation materials

ITYTNIATATR = Al i o Life innovation material
Life innovation material.mimetics FA74/ —av=FYT L sensor system
~— — Life innovation materials P N
to realize green society P
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Life innovation materials REtE0HEREMEEE Life innovation material

for healthcare

Collaboration agreement for sensors

with overseas research institutes
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Cultivation of academic/international human resources
Collaboration and,Networking Beyond the Boundaries of Universities

FEE S HIE B
Joining/welding interface
control technologies
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Osaka University Joining
and Welding Research Institute
FA74/"—>av
RTVTNAVE—TzA R
Life innovation material interface

HRESERME
Inorganic materials with
unique structures

RI A7 7«7 HEHRRR

Tokyo Institute of Technology Laboratory
for Materials and Structures
G474/ R—varv€53IvI R
Life innovation ceramics

MEEIRT VT

Material Creation Group
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Center for Material Design,
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Graduate School of

Science and Engineering,

HRESEEMH
Metal materials with
unique structures
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@saka University Material
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Graduate School of Engineering,

. . - . \
Science and Engineering el Ul RALK Tokyo Institute of Technology ~ Tokyo Institute of Technology
5474 /_—vav MR = EEMHEMER SAT4IN—ay SAT4)N—yay
< 7Y PSR ﬁ?hf&-ﬁf : Tohoku University Institute 257 Y PSSR < 7Y T VRERRET
Life innovation material Material design for Materials Research Life innovation Design of life innovation
structure design”” Function design SATL)R—av AR material structures \material functions
S~—— Life innovation metals

GaNpt#ea2v vV —> 7 A

The Consortium for GaN Research and Applications
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The Consortium for GaN Research and Applications was established to develop world-leading innovations in energy saving by fully utilizing
excellent potential of gallium nitride (GaN) which gathers attention as the material contributing to energy saving.

This consortium offers a place for open innovation to achieve seamless collaboration among the consortium members of government, industry
and academia, and it will contribute to the sustainable development of our country and the rest of the world as well as the growth of each
member organization. The consortium, by using practical sharing-education , also aims to foster promising young researchers and engineers
to become able to combine a high level of professionalism with a bird’s-eye perspective while aspiring to use science for the society.

As of April 2017, major participants in this consortium include: nineteen (19) universities (Nagoya University, Meijo University, Nagoya Institute
of Technology, Toyota Technological Institute, etc.), three (3) incorporated national research institutes (The National Institute of Advanced
Industrial Science and Technology, The National Institute for Materials Science, etc.), and forty-four (44) corporations (Toyota Motor Corpora-
tion, Sumitomo Electric Industries, Ltd., Taiyo Nippon Sanso Corporation, etc.). The Consortium has built a framework that covers broad tech-
nical areas from basic to applied research and from materials development to applications, as presented in a long-term perspective with a
technology roadmap released in the FY 2016 toward the practical use of GaN in various ways.

Power network

Network integration
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Vegetable cultivation factory
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Safe and stable supply of agricultural

products from vegetable factories that utilize

new light source devices 20255 tE
Around 2025

KE - KRR

Purification of water and air
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Safe water is supplied using sterilizing

light sources to improve the living

environment of the world 202048
Around 2020
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Solar power conditioners
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RIRREICHIETS

Solar output is efficiently converted to

electricity for supply to grids and

households 202048
Around 2020
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Environmentally-friendly society

ALBEOVTHhICBBLLIIRR
nan-friendly and environment-frien
eco-friendly society
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Application to airplanes
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Power devices that improve transfer
efficiency of next-generation airplanes
203048
Around 2030
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Long distance microwave power transmission
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Offer ultimately clean energy 203558
Around 2035

Advanced medical technologies
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Application to robots
NELEDEHBHD. SHEOBHE microwave, milliwave

ORy MMEffilc k) ZiE

Heavy labor such as nursing and

transfer of the elderly are supported by

robot technologies 202558
Around 2025
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Next-generation automobiles
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High-speed trains
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Next-generation high-speed trains mounted

Engine efficiency and fuel economy are
improved to highest levels

Power devices frequently used in EVs are
downsized and improved in efficiency

Medical monitoring system utilizing NETN

20358 LLEgLal
Around 2035
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Post-5G communication
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Next-next generation high-speed communi-

cation network is realized by ultra

high-speed devices 20305 E
Around 2030

202558 with ultra compact/high efficiency power

Around 2025

EIxF &
(TRIVF—SZRLHD)
Energy-saving society

(Minimum energy society)
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nergy-saving society realized

pext- generation power devij
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©2016 Consortium for GaN Research and Applications

control units

20308
Around 2030
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Smart society with security, safety,
comfort and convenience
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society where new social found
d infrastructure are establis
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IMa$S DATA

ZHEH Number of Members

e 2 iR

Divisions Professors

IR /R

Associate Professors / Lecturers

FERL2945A181E As of May 1,2017

Bh#

Assistant Professors

REKTL s bo=) REERELY 2 —

|7\] Collaboration in Japan

BRI

Institutes

WEF AR

Agreement Dates

FPERENHRA A

Chubu Electric Power

2004%10A14H
October 14, 2004

— AL FiE A BN RITIERT

Central Research Institute of Electric Power Industry (CRIEPI)

2004411 A5H
November 5, 2004

Center for Integrated Research of Future Electronics (CIRFE) 6 (12) 5 (6) 2 (3)
Efﬂiﬁfﬂﬂiﬁﬁfﬂfﬁe?hil;y Center (AMTC) 5 () 3 (1) 3 (1)
mﬁ”ﬁi@m Research (DM) 4 (5) 4 (1) 1(1)
;vio?ofsélsjtzifﬁﬁﬁeﬁsearch (DS) 8 (1) 5 (3) 4
ﬁﬂtﬁﬁ@fﬂ: Division 0 (4) 0 0 (1)
%ﬁittﬁfcjffeﬁf Iér:?aborative Chair 0 (6) 0 (3) 0

BB LT RS o 0 (1) A

High Voltage Electron Microscope Laboratory

; 23 (30) 17 (15) 10 (6)

FREHBER EMARRE FEHEERL, AL

Excludes staff members who have other concurrent positions. Numbers in parentheses indicate those of designated faculty and visiting staff members.

HIEH EM S Research Collaboration

9* International Collaboration

FRL29F5A1BHE As of May 1,2017

FRE 2004511 H26H
Aichi Prefecture November 26, 2004
LHE™ 2004511 H26H
City of Nagoya November 26, 2004
BAMZEMREE e SRR 200749A13H
National Institute for Fusion Science, National Institutes of Natural Sciences September 13, 2007
BERAXRY BRBUARENREHN 200944 A9H
Waseda Institute of Political Economy April 9, 2009
—BHBEANT A EFIv IRtV 2— 2017448178
Japan Fine Ceramics Center April 17, 2017

WEZEET D BA B Financial Information

ERL284%E Academic Year, 2016

B RS E& BEFAR

Institutes Countries Agreement Dates
hERZ R BRE TR FE 2005%2A21H
Institute of Process Engineering, Chinese Academy of Sciences China February 21, 2005
BRAEREFZHNE EE 2005%6H13H
Industry Academic Cooperation Foundation of Kyungnam University Republic of Korea June 13, 2005
AU =Ty FRE TEEREH T ¥R KE 200548H8H
Department of Mechanical Engineering, University of Maryland USA August 8, 2005
7y by RE-BERFIEMHERETI S 2 — KE 20054124208
Genetically Engineered Materials Sciences and Engineering Center, University of Washington USA December 20, 2005
AV T NZTREQRTVYELRR A Y T4+ =TF /v RT LR P e 2006428 14H
California NanoSystems Institute, University of California, Los Angels USA February 14, 2006
J —RY TR REMEIEET KE 2006%7H14H
Materials Research Institute, Northwestern University USA July 14, 2006

BEHECARRELY: v 2 — YA ©bk

2006 1186H

—{=| 3 A (M)
Category Number of Adoptions Amount (in thousand yen)

e bobrabe e = 635,527
Z%ﬁﬂﬁiﬁ?ﬁﬁc Research 58 305,500
W o i 4 1,001,568
oo 31 251,501
il chale s K 77 300,555
ﬁiﬁg?orﬁsciemiﬁc Research 28 22,662
O%tfsr{sm 8 15,414
Eotal 206 3,532,727

B EM Educational Contributions

ET"—%BE : j(fT"—B;'iEﬂE . Eﬁ%?ﬁ Undergraduates, Graduates, Research Fellows

SER284®E Academic Year, 2016

Center of Environmental Technology, Agency for the Assessment and Application of Technology Indonesia November 6, 2006
FERFREERERR SO FE 20065118 18H
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences China November 18, 2006
Fr eV YIRKRE by oo REFEEIHEET 24 20114108 10H
Science and Technology Research Institute, King Mongkut's University of Technology North Bangkok Thailand October 10, 2011

A v FIRKET Y —& 2 20114E10A18H
Indian Institute of Technology Delhi (1ITD) India October 18, 2011
L=y T 7T REREY =7 201343A21H
Faculty of Science, Universiti Putra Malaysia Malaysia March 21, 2013
NRET7REBRT Y =T Y v 7FE 14297 2016%F8A1H
Department of Information Engineering, University of Padova Italy August 1, 2016

X4y N
Status Number of Students or Researchers
FEA
Undergraduate Students 136 ( 1 0)
BLATHARE
KoEspE A Master’s Program 213 (35)
Graduate Students ﬁi?ﬁ%ﬁ smin
Doctoral Program 37 (2 5)
ELHRa 31 (13)

Postdoctoral Fellows

AARFTOFBHEN /- HIREHBL A>TV IFER T (S RER FFMA SN EAL (M) .

Supervised by faculty affiliated to the Institute. Number of foreign students or researchers in parentheses.
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?—{ﬁ%ﬁ#{ Number of Degree Reviews

FEDERE

Number of Principal Examiners

23

AHRFOFTBAES, AZOB L EFMNBECEELB ORI

Aggregate number of times faculty affiliated to the Institute have taken on the role of the principal examiner in a doctoral degree review

X

T .
B Awards and Prizes

ZHEMAH

Number of Awards and Prizes

FER284E Academic Year, 2016

15

FENMEZHEETDH 2RI

Not including awards and prizes given to students

FEFHIRE - BUSEL Number of Patent Applications and Granted Patents

HiBE

Applications

284 E Academic Year, 2016

16

&

Granted Patents

17

#%fi Facilities and Equipment

FR29F4A1BERTE As of April 1, 2017

E% Buildings

Eh& PR E AR (m?)

Buildings Floor Space used by the Institute (m?2)
WTZEET 3L RIS I 333
Research Institute Building I
WTZEET RIS 3804
Research Institute Building I !

W= -RR=E-FHELLT
HRHREM R RS IERIR 461 FRALTW2HEE
Inter-Departmental Education and Research Facilities, Laboratory 3 Floor space used as research space,
laboratory space, office space

MAPTITRBRRER
Research Laboratory Building 2’443
/INEF
Sub Total 7,041
BT 3 ¥ — LRI sh
Research Facility for Advanced Energy Conversion
BeEEFHEMERK 996
High Voltage Electron Microscope Laboratory Elﬁ@@%

- p — = Individual buildings
SEUR R AR R R 1 849 ¢
Research Facility for Advanced Science and Technology ’

INET 3,349
Sub Total

A\ E

a5t 10,390
Total

Hy

/ IMaS$
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Institute of Materials and Systems for Sustainability

gAMveT X[ HY 2Lz 7FA4 o T0ET.
HIYETE=HLOHER OIS EOIEIKT,
FLOR R R RO ELED TO(ILERLTOET.



