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Institute of Materials and Systems for Sustainability
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The Institute of Materials and Systems for Sustainability (IMaSS) engages in research on topics
ranging from materials and device development to systems technologies toward the realization of an
ecological and sustainable human society.
IMaSS consists of the Center for Integrated Research of Future Electronics (CIRFE), Advanced
Measurement Technology Center (AMTC), Division of Materials Research (DM), Division of Systems
Research (DS), two funded research divisions, and 10 industry-academia collaborative chairs.
CIRFE engages in leading-edge electronics research, including unexplored research areas of devices
with gallium nitride (GaN) and other post-silicon materials, while also cultivating top-notch human re-
sources to lay the foundations of future electronics industries. CIRFE promotes GaN collaborative re-
search with one of the funded research divisions, the industry-academia collaborative chairs, and the
consortiums for GaN research and applications.
AMTC specializes in advanced research such as electron microscopy imaging and measurement technol-
ogies, as well as human resources development. The Center also provides technical support on nano-
technology to researchers both in Japan and overseas through the Nanotechnology Platform Consortium
Project supported by the Ministry of Education, Culture, Sports, Science and Technology (MEXT).
DM promotes research and development on energy-saving, energy-producing, and ecological materials.
The Division is also leading the new collaborative project among six university research institutes,
“International, Interdisciplinary Joint Research
Project in Pursuit of Life Innovation Material
Creation and Highly Skilled Human Resources”.
DS and the other funded research division are
engaged in research on ecological energy conver-
sion, network systems for power and traffic, and
materials circulation and recycle systems.
IMaSS has also been designated by MEXT as a
joint usage/research center of materials and sys-
tems for innovative energy management and is
vigorously promoting joint usage and research
with domestic and overseas universities and re-
search institutes.

Director lchiro Naruse
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IMasSS Organization chart
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Center for Integrated Research of Future Electronics

5'55'57_"‘/ \1 AEB Device Innovation Section
RIVF T4y IRV ZaL—3 /88 Multiphysics Simulation Section
SR ERAER Materials Nano-Characterization Section

DRATLSHEER system Applications Section
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EPEZESER International Research Section
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Advanced Measurement Technology Center
(AMTC)

X &9 e st X-Ray Spectroscopy Section

MEEDERR Materials Physics Section

*Zt*fl—%g%‘l"n’ﬂ Materials Design Section
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Division of Materials Research
(DM)

MRT O ZEB Materials Processing Section

= ZH A7 I\EB Conversion Systems Section
AT LBIRERFT

Division of Systems Research
(DS)
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Energy Systems (Chubu Electric Power) Funded Research Division

FAZRFEER/INT—I LY O RS HIFFZEERFT

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

EHE M GaNStin T/ \1 AR EF 7 E R FTERF
TOYODA-GOSEI GaN Leading Innovative R&D Industry-Academia Collaborative Chair
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AsahiKASEI Innovative Devices Industry-Academia Collaborative Chair

EHPMGaN/NT— 7/ \ 1 R EZH R ZEEBFT
TOYOTA CENTRAL R&D LABS GaN Power Device Industry-Academia Collaborative Chair
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Rohm Multi-Scale Power System Simulation Industry-Academia Collaborative Chair
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DENSO Nano-carbon Research & Innovation Industry-Academia Collaborative Chair
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C-TEFs / Center for Integrated Research of Future Electronics, Transformative Electronics Facilities
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High Voltage Electron Microscope Laboratory
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Research Facility for Advanced Science and Technology
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FE ?1}3 EJEH%%IS Industry-Academia Collaborative Research Section

EFIEMEESHAER Electron Nanoscopy Section
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Vice - Director

SAITOH, Koh
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Koh Saitoh is currently the vice-director of
the Institute of Materials and Systems for
Sustainability (IMasS) at Nagoya University.
He received a DC degree from Tohoku
University, Japan, in 1997. After serving as
a research associate at Tohoku University,
he joined Nagoya University in 2007 as a
lecturer of the EcoTopia Science Institute
in 2004, then became an associate profes-
sor in 2009. He was promoted to a profes-
sor of the same institute in 2014 and
became a professor of IMaSS in 2015. He
became the vice-director of IMaSS in
2020. His research interests include elec-
tron beam physics, electron crystallogra-
phy, and diffraction physics, , with special
emphasis on developing measurement
technology using innovative electron
beams such as electron vortex beams and
spin polarized electron beams. Recently,
he has started the application of the
machine learning technique to electron
microscopy data.
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Ichiro Naruse is currently the director of
the Institute of Materials and Systems for
Sustainability (IMaSS) at Nagoya University.
He received a DC degree from Nagoya
University, Japan, in 1989. After serving as
aresearch associate, an associate profes-
sor, and a professor at Toyohashi University
of Technology, he joined Nagoya Universi-
ty in 2007 as a professor in the Department
of Mechanical Science and Engineering,
then became a professor of the EcoTopia
Science Institute at Nagoya University in
2012, and the vice-director of IMaSS in
2017. He became the director of the same
institute in 2020. His research interests
include energy and environmental engi-
neering, especially for the elucidation of
combustion and gasification behaviors of
biomasses and wastes and coals, and
studies of the emission behaviors of NOx,
SOx, particulate matter, and trace metals
including mercury and the development
of their control techniques.
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Vice - Director

UCHIYAMA, Tomomi
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Tomomi Uchiyama is currently the vice-di-
rector of the Institute of Materials and
Systems for Sustainability (IMaSs) at
Nagoya University. He received a DC
degree from Nagoya University, Japan, in
1987. After serving as a research associate
and an associate professor at Nagoya
University, he was promoted to a professor
of the EcoTopia Science Institute at
Nagoya University in 2009, then became a
professor of IMasSS in 2015. He became the
vice-director in 2018. His research interests
include computational fluid dynamics
and fluid engineering, with special
emphasis on investigating the elucidation,
control, and industrial application of multi-
phase flows in which more than one
phase (i.e., solid, gas, or liquid) occurs. He
is also devoted to the development and
social implementation of loT sensors and
micro-hydraulic turbines that effectively
utilize hydraulic energy.
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Center for Integrated Research
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CIRFE
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The Center for Integrated Research of Future Electronics
(CIRFE), established in October 2015, engages in lead-
ing-edge electronics research—including research in the un-
traversed area of devices with gallium nitride, carbon nano-
tube, SiC and other post-silicon materials—while also culti-
vating top-notch human resources to lay the foundations of the
future electronics industry. CIRFE is divided into seven sec-
tions, each staffed with instructors who serve as leading spe-
cialists in their field, and equipped with outstanding research
infrastructure. The Center's fully integrated joint research
and education system covers everything from basic scientific
education on materials, measuring, devices, and applied sys-
tems through to the completion of student educational courses.
Through research on energy-saving devices, an area in which
very little experimentation has been carried out anywhere in
the world, CIRFE strives to foster well-trained human re-
sources who will lead the field of manufacturing in the twen-
ty-first century.



Device Innovation Section
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als with a central focus on wide-bandgap semiconductors,

design, manufacturing, and assessment.
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To realize gallium nitride semiconductor devices that
will serve as the foundation of next-generation elec-
tronics, we carry out a wide variety of research from
the growth of bulk crystals for use as substrates free of
killer defects to the growth and processing of next-gen-
eration quantum structures and nanostructures.
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tr—FK Director of the Center

SH Y- WAN
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HI% Professor IR Designated Professor
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X Generation of noble nitride-based devices
BEIEE and their contribution to the development of

new infrastructure
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Study on nitride semiconductor crystal and devices
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AR Designated Associate Professor
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Development of fabricating process of nitride
WSS crystals using supercritical ammonia

1% I\T 14 SENA, Hadi

3
I
RS Researcher

RZBSGIEMIF e —FZ BV ABEGaN (BiR. 7
O R T/\AR) DRA%

Development of ultra-thin GaN (substrates,
[ef= processes and devices) using laser for post 5G
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HRE Researcher
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Study on crystal growth and device function of
TOJECT IV bandgap semiconductor (BAIGalnN)
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X High quality nitride semiconductor crystal
growth for future devices
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: Investigation of vapor phase epitaxy of
high-purity GaN bulk crystal
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B Associate Professor
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Creation of sophisticated devices based on
Nitride semiconductor
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FHEARR Designated Associate Professor
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- Creation of innovative nitride semiconductor
crystal growth technique and future devices

R T_E IE t‘!ﬂ FUJIMOTO, Naoki

[5iEad=] Researcher
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- Research of growth technology of high quality

GaN bulk crystal

1E YE, Zheng

HRE Researcher
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- Growth mechanism and gas phase reaction on
Nitride semiconductor MOVPE analyzed by
high-resolution mass spectrometry
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BAVHE Visiting Faculty BAVNHE Visiting Faculty BAVHE Visiting Faculty

FRME R M Surface/Interface

RE - I LX - EEMRT 22008
T—=FTNAZ K&, LED, v 73y X, i
(R ZSITIFRI IS D 2N B i E
T.Zho 2 THEEN T AT K R | 28
fELFIH 22T MAEZEFHIEIM AL
MR W22 N ORI 5 280 KSR WOk 52
BHAEHHELTOET,

El ]

=N -
FARE B uinara, Tor
26 Professor

The materials used for power devices, solar batteries,
LEDs, ceramics, and superconductors that help solve envi-
ronmental and energy problems, as well as proteins re-
quired for drug development analysis, have crystal struc-
tures. By increasing our understanding and utilization of
crystal growth, we aim to develop various materials that
may change the world and produce materials that we have
never encountered before.

Vice-Director of the Center
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Associate Professor
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Study on a novel processes based on crystal

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

fERARAAZALICEDHRTOrADBRE

e I
EaMHORE §

The Creation of Bio-inspired Novel
OIS Functionalized Nanomaterials
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ZHU, Can

Designated Assistant Professor

el SRR O R BRI

Control of defects in crystalline materials
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TSUKAMOTO, Katsuo

I S BBRHESI RO LR

. Bulk growth of high quality SiC crystal by
solution method

%(H::I’ Etﬂﬂ KUTSUKAKE, Kentaro

BA suvama, Akira

EEHE Visiting Professor BEHE Visiting Professor BEEARE Visiting Associate Professor
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B 5 B YU, Wancheng H % B YOKOMORI, Maasa

HZRIERE RS Researcher HAsRiEEmR e Researcher
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Aiming at the creation of future elec-
tronics with affinity for human beings,
we are striving to realize electronic
devices that are transparent and flexi-
ble, taking advantage of the charac-
teristics of nanomaterials such as
carbon nanotubes. We will realize
wearable healthcare devices that can
be placed in direct contact with soft
tissue of the human body.
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: Development of energy-saving advanced
BEEES  electron devices based on nano-carbon
materials
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%ﬂ-‘{E% %ﬁlxé USAMI, Noritaka

BIR( TR Professor
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Advanced photovoltaic cells with
MO earth-abundant materials
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BE(TEMZERD) Professor AR TEMERD) Associate Professor
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HE(TFEMER) Professor BIR(TEMRRD Professor
. BN/ BEFTNARDHDIVIEFEEATEES P CiRE T N\ ZBRICE I MR T O R - S
SURERIDE GO CmeEEE
: Research and development of thin film and X Stud! Materials P i d
interface engineering technologies of group-IV cﬁaryacé'@enziﬁgﬁ?or'fxﬁ'i;sé"cge?"aewon
semiconductors for low-power consumption Devices

nanoelectronic devices

NIVF ISV IRAS=2L—>38ER Multiphysics Simulation Section

TN F T4V YT AL Ia b=V a VTR LI The Multiphysics Simulation Section is engaged in re-
Y B E N R A SN S S X I 2 X B search with the aim of realizing multiphysical-sys-
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. B i integrate first-principles calculation with macroscopic
DT S TR AR R ROV 2l —YayORHEH fluid dynamics via thermodynamic analysis. Additionally,
LTI R Z T > TOE T 2Ot Z(EAYY L8 this section is pursuing proposals for new gallium-ni-
ST —F N ZDIRREFT > TET, tride-based power devices.

W70 5747518 MEFRIZFE Frontier Computational Material Science

HA BT sHirAisH, Kenj

i Professor
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Computational Studies on Semiconductor
roject Crystal Growth

B W F osHIYAMA, Atsushi
R EHIE Designated Professor
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First-principle study on thin-film growth and
roject surface/interface properties

RIVF 742y 7 ATHREEL T HEERRER
Crystal growth process clarified by the multi-physics simulation.
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e
¥ 52 Bl yosHIMATSU, Katsunori

[SiEs 6] Designated Professor BT Associate Professor
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. Modeling and simulation of semiconductor
Project epitaxy
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Assistant Professor

T
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Computational Science on Crystal Growth from
LIEES & Viewpoint of Fluid Dynamics

J?\ lh:% % fl\ HARASHIMA, Yosuke
FHEBNH

Designated Assistant Professor

First-Principles Study on Electronic Property of
WEEH surface and Interface
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i *@ IMOTO, Fumihiro

Researcher
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X First-Principles Study on Electronic Property of
Surface and Interface
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YT INIVF VALENCIA, Hubert

Researcher
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GaNDOMOVPEREDE—FEEY S2L—3>

. First Principles Simulations of GaN MOVPE
Project Growth
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Materials
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. Computational Studies on Semiconductor Crystal
Project et

Il 2 X crokawa, kenta

e Researcher
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" First-Principles Study on Electronic Property of
Surface and Interface

T4V FI7 2 s, thi Kiew My

i1 Researcher

GaNDMOVPEREDE—FES T 21— 3y

First Principles Simulations of GaN MOVPE
RS Growth

Nano-Characterization Section
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The Materials Nano-Characterization Section develops nanoscale
operand analysis techniques for semiconductor devices under oper-
ating conditions using electron microscopy and electron holography.
These efforts are part of research centered on themes such as
interface electronic properties involving direct measurement of
device operations and electric-field response measurements for
semiconductor interface electronic structures.

F/EBF M Nano-Electronic Materials

[RF5I1REE EFIRMHEDN

Electron microscopy
analysis at atomic resolution

FHTE 1E1T karASHI, Nobuyuki

Bi% Professor

Electron holography nano-scale
potential distribution analysis

BEIREE -/ 7/ \ A RfEHR

Analysis of nano-devices under operating condition
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Direct electrostatic potential mapping in nano-scaled FET under operation
mode using electron holography

E E é ﬁ NAGAO, Masahiro

B

Associate Professor

F/ RIS R B FEMSIAIC LR EHN TN

A ABRZERAF

X Nano-science and advanced electron
Project

microscopy for device innovation

P TR T\ ABAFICE e et B R IEMIERAIC
PR e
: Analysis of Magnetic Properties by Advanced
Electron Microscopy toward the Development
of New Devices
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Assistant Professor
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Advanced electron microscopy analysis of GaN and
WSS other nitride semiconductors

E ':FI 1% % TANAKA, Nobuo
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Professor Emeritus

AT It FHEB System Applications Section
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IND)=ILYPMAO=% X "Power Electronics
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For the purpose of realizing high-efficiency, small, and
lightweight power converters and motors used in hybrid ve-
hicles, electric vehicles, power infrastructures, and

next-generation airclafts, we carry out applied research on
power electronics technology by integrating fields related
to power semiconductors, controlling technology, and mag-

netic applications.We also conduct researches for RF ap-
plications focusing on the advantages of gallium nitride

(GaN) devices.

Input Voltage:380V

Automatically Balanced 3 Phase LLC Converter

B 1B sato, shinj

E-2EBEH. Fr/\VEZRBIC
KURERD /Ny T VB EEFICIE
REBHEASERNHBDIC
HLTADTHREAE)

Sightseeing electric vehicle
developed in our laboratory
(equipped with in-wheel
motors, can be fully charged
by capacitor charging in 4
min compared with 5 h using
conventional batteries)

IJ-I j: ,—E: % YAMAMOTO, Masayoshi
iz

Professor

P GaN&SIC/N\T—HEURE D 21— )UKl & Z DEXIS
RRE F

GaN and SiC power semiconductor module

techniques and its industry applications
A
A B 5L kamiva, Arihiro

Researcher

ooy GaN & SIC/NT—HEAE Y1 — )VDORERMFRE
ZTDEXIGH
. Research of electronics packaging
technologies for GaN and SiC power
semiconductor module and its industry
applications and its industry applications

Y5 TA79 TV SENANAYAKE, Thiok Anande

HREa Researcher

GaNMEHFE T B e BE RS BN ERE R

High Frequency Wireless Power Conversion Circuit
SIS using GaN Semiconductor Devices

BEHIR

Visiting Professor

PN .
MAE ZEW vosoman, Tasuya

Visiting Professor

Output Power:1.6 k W
SW Frequency:200 k Hz k Hz
Power Density:3.56W/cm3

BRAZEELT
GaN/NT—E&ERWT
HRESBEHEE (3W/ccll b))
ENEHEBDOREEEZRIT

Practical automobile power converter with highest power
density in the world (3 W/cc or more) realized using GaN
power semiconductor

%ﬁ # j( iﬁ ARAI, Daisuke

HRE Researcher

NT—ILI A= 7 RERICERENSGaNT /A

ADEBOERMERE

Analysis and optimization of the behavior of GaN
Project

devices used in power electronic circuits

AR
E *.L\ lgl: ~ SHIGEMATSU, Koichi

HRE Researcher

NIT—ILIOZIABEERFDVRAT LAY I

L—2a v Biks

X Research of advanced system simulation for Power
Project

Electronics and it's applications

FEEHIER

TBRART7 /7T MOSTAFA, Noah

Visiting Associate Professor

iddld
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S EEBEIEERF Circuits
JHE R L F — 2R P R AU ROE E SO~ A 70l - VPSS HEZHEL T, Hi a7 X2 2R 7 A 2D SR BE M)
FIZIAG E E E T > T FE T, BT A(GaN) 55 TIE DR AT 2L E A 2L T, T AL X — 14 & 5 O K & ¥l sz H
AU A S &Rt v RE LA V9 24 S O FEBUZEHBALE T,

RF circuits group con-
ducts researches of new
circuit technology and
the basic performance
improvement of the ele-
mentary devices, aiming
for micro- and millime-
ter-wave applications
such as wireless energy
transfer, next genera-
tion wireless communi-
cation systems, etc. By
taking full advantages of
gallium nitride (GaN)
devices, we aim to dra-
matically reduce the
energy consumptions and
contribute to the reali-
zation of the society
coping both convenience
and sustainability.

[ 18 Z Hara, shinj GaNDT 12 O3~ S UHISFIOR
RHERUR Designated Professor Micro- and milimeter-wave applications tree of GaN
§%7D5&~E')‘}MSFEU)%%@GaNL:ELTCE%Eﬂﬁ

Circuit design technologies using GaN for
roject microwave & milimeter-wave applications

s N3
F|AR B F suzu, Asako x B IF MoRWAKI Atsushi
RS Researcher Mra Researcher
(O3 S URISA DA DGaNICE L B N GaN HEMTZE LM e <A 03, SUREBOY 32
s ’ - Lo WA L OB
x Circuit design technologies using GaN for x Improving simulation accuracy of GaN devices
microwave & millimeter-wave applications for microwave and millimeter-wave
applications
| — | . .
=k International Research Section
T ota=s 2 EH\ZT In the area of devices utilizing cutting-edge electronics materials,
INAZNZDONT KEL T AT AADE this section focuses on the integration of such devices into various
\ - \ systems and pursues applied research with an eye toward real-life
Bk Mt Ut & g2 4 HIRL 7205 FE I Y P bp Y

B applications throughout society.
RETVET,

FHLUWLIEZI R DOBIF.New II-Nitride Approaches

KK T N4 ZDFEBUNIE 2L P F ZL ik o B 76 (e o Future devices needs further I-Nitride semicon-
BARARTE R T SA ZD PEBERR R % Ve & +F 1 5 B b ductor development. This is especially true for
RFVTL— ORISR B AT T, N EE N — 2 the substrates and templates, since those ultima-
LUCH B4 20 B LA £ 5 7 b G 7754 20 i tively limit the performance. We explore these
RYEmeEG TR RBEITOET,

limits also by making proof of principle devices.



*ELEDAGaNfE&(10-13)m tDEEAEBRMEEZHE TS
DHOBERREEXIREIT & BN g F B <y 7

Reciprocal space map using high-resolution X-ray diffraction to
estimate the basal plane stacking fault density on (10-13) GaN
crystals for green LEDs

BEMR/N\v R VT EERT
——UVITERENY
7747 EDOHBEEAIN
(10-13) EDESAE
Orientation of single phase
(10-13) AIN on sapphire
produced by directional
sputtering and high-tem-
perature annealing.

B3DDORFURBSE LA GT —— )V RE T BRE
BRHERRZEICEIEBENTAIN FZ(10-10)ADR
FRENBHEER KMPOKFIFHEE (nm) ZR7,

Atomic force microscope images of (10-10) AIN
films prepared by metal-organic vapour phase
epitaxy with three different nucleation times
and annealed at different temperatures. Num-
bers indicate roughness in nanometer.

TVART7H I—20RX PRISTOVSEK, Markus

R

Better device materials from a better
roject understanding of crystal growth

Designated professor

%EEEE‘ZE/Crysml Growth

GL7L LIV GRAHAM, Samuel % Ll &l e SITAR, Zlatko

T Visiting Professor TEHE Visiting Professor

V4 a= 4 SEONG, Tae-Yeon FIAVE V) XZ/\/T A CHOWDHURY, Srabanti
EEHE Visiting Professor TEEHE Visiting Professor

/ \3'71:\: =/ \'7 Xg:Z|77 BOCKOWSKI Michat Stanistaw U_ Fy 4 LEE, Dong Seon

BEHE Visiting Professor BEHER Visiting Professor

FEE 2 1 [5] §R 3% &6

PE P 1 [ COREFE B Fe DR FAL Z AL HEL 9 AW 2 TOMRE AL 2 FRW T 2720 DFELE TV ET .

Industry-Academia Collaborative Research Section

research and development ac-
tivities, and also serves as a mediator to help realize actual applications of CIRFE achievements and results

This section aims to boost the efficiency of collaborative industry-academia

in society.

i 5% & B 2B Research strategy section

ST LD R IR BB R 2 TV B RIE 2 R ELE S, CIRFED6 DD O L BILL, »» DN
NOTN—TEELMRIN — T &ML T REHEHELE T R ENT Y =T L ThHDGaNWFFE NG E O F e
MRES WV E T,

This section is established to promote implementation of gallium nitride technologies to our society. It orga-

nizes and promotes industry-academia collaborations as well as joint research projects. This section also
provides a function of secretariat of GaN research strategy office of Nagoya University.

B H ] o T F F sasaoka, chioki

|)— 42— - BR(TFHAERRD Bl —4— IR FHEBIRC(RT) Designated Professor

(o

Fevs
= ARAI, Manabu

Designated Professor

K EHF # —

SUDA, Jun

Professor

SATO, Hiroya MIZUNO, Koichi

FEURA(EEEALR) University Research Administrator FEURA(EEEAER) University Research Administrator
A N1

BA FUJIMOTO, Hiromasa b A E YAMAGUCHI, Atsushi

FHURA(EEAER) University Research Administrator FAEURACEEARER) University Research Administrator

KURA=UH —F7RIZR ML =2 — EEARP=2MMARK  EF B EHEHERE

iddld
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Advanced Measurement
Technology Center

trE—K
o | &R
Director

KATO, Takeshi

AMTC

AR e 2 -1k, ZhETO
WEZE i DD 2 = — & e v 1 FH L fhi o —
XA L. s EE I iy o B 4 56 L A
MR R AMBERET 72
DOMBEEL T FR27THEAHIZER NI %
L7z Kty a—"Tid. fir N8 & H % 1
T 58 I st & S vt 5 Bty L[] T 2% B st 2 A% 1
fiff 7% ir & BE 9 % 122 i JE BE L BE 22 Al %%
Bl BRE 2222 R, v ratu it v
A—BXUOENOMOMEH sy sata
YA — KA B AR R E L D
Ei AN NI A K& A NG =R 0 3 [N
LA L [IND'E 355 b o= 1 | N A |10 I3 L (22
DO WO E KR OFEEE AME
AL TOET,

This Institute has developed unique and advanced measurement
technologies in the High Voltage Electron Microscope Labora-
tory, the Research Facility for Advanced Science and Tech-
nology, and other facilities of the Institute. The Advanced
Measurement Technology Center, which was established in
April 2015, aims to explore and develop novel measurement
techniques, operate multiuser instruments, provide opportuni-
ties for collaborative research, and train highly skilled scien-
tists and engineers. The Center is operated jointly by Nagoya
University graduate schools and research centers with ties to
this Institute, including the Graduate Schools of Engineering,
Science, and Environmental Studies, and the Synchrotron Ra-
diation Research Center, and external institutes, such as the
Aichi Synchrotron Radiation Center of the Knowledge Hub
Aichi and the National Institute for Fusion Science. The
Center is divided into the following five sections: Electron Na-
noscopy Section, Electromagnetic Wave Measurements Sec-
tion, Elementary Particle Measurements Section, X-Ray Spec-
troscopy Section, Nanofabrication & Characterization Section.



8 ¥ U il 21 21 A 5B

B EAHOWEEEEERTEB X
Ul EEEL TR FLANILZER]
R fRAT IR - Prikic kb A—

Electron Nanoscopy Section

In this section, techniques for detailed structural analyses and
property measurements using electron microscopes are devel-
oped. Topics include atomic-level analysis of spatial and elec-

tronic structures, precise measurements of nanoscale lattice

2 —FHIR DK T EADKEE M E ., BT
777 4—2 kB =R ICHEE AT, T TR AT
I 74— KB EWIGO R, FABREE T
DAL G DB 888/ o i 25 & D Fe i %
FRIEXEET,

distortions using convergent beam electron diffraction,
three-dimensional structural analysis with electron beam to-
mography, visualization of electromagnetic fields using electron
holography, and analysis of chemical reactions under different
gas environments.

[ | j‘/iﬁﬂﬁj‘é%gﬂ%/l\lonospectroscopic Materials Science

SHOM A T 77 7B MR T3, BEBE TR LT
WENBAMHRI . Z I PES R T RIGIERK . £721%
7% 1 R0 L A 3 OO ) A e BS ko TR ISR R o
Bah FXET0n3, _AeDZIL—F Tldw ki nsE
WIE BT B e[ Ay T~ T 4o 2 Hil
EHAADE T ZOXI AT/ FHIR O 1 K b % 1E 1
SEHM- M S AR FEL L MR BESE B D 2
:x“Aé:*)f%EM*ﬂrF%ﬂ%é@f:&b@ica&r%f?é%ﬁﬁﬁﬂﬁ“é:
EEAMELTO S, 2L, R B0 AR Y PR T
& % g 5 A4 B & O F G E LoD BEE ISR A
5 )F oL R E M, 3BT 2 A 2T
IV AR T T 2 IAME AN D 72 B A H s AR
LI AP EN

IEt ﬁé% 1“} ﬁ MUTO, Shunsuke

Professor

BFBEMDNEERLLEIRIVFE—-TINARDF/
F— 45—l K UBAFEIC B BEAZE

Study on nano-metric analysis and
development of energy-related devices using
electron nano-spectroscopic methods

HRRE

In current practical materials related to nanotechnolo-
gies, defect formation associated with impurity doping
and surface/interface structure control drastically im-
prove their physical properties. Our research group is
developing precise nano-area analysis methods using
advanced electron spectroscopy/microscopy in combi-
‘informatics’ techniques to clarify the
mechanisms behind the material functions and the guid-

nation with

ing principles in the development of novel materials.
Our research covers topics from fundamental physics
such as measuring magnetic moments in sub-nanometer
areas to the practical analysis of materials such as
lithium ion batteries, catalysts for purifying automo-
tive exhaust gas, ceramic devices, and ferrite magnets.

ATEFHEHONICKD
F/ TINA RO DR - I5A
F/ B TCEREREREN - KIREL
R&D of Sub-nanometric Scale Analysis by
Integrated Spectroscopic Microscopy
Nanospectroscopic Materials Science / S. Muto & M. Ohtsuka

j( i.% ,—Ez gL\ OHTSUKA, Masahiro

B 11 Lecturer
BFFvRUVITHREERLIET A MEIRNES
DFEDEFEEZ DRAMBDFNDGA
Development of Quantitative Site-Specific
Analysis Method for Practical Crystalline
Materials Using Electron Channeling Effects

HRRE

QILWYV

IE] -% ﬁ& 3% OKAJIMA, Toshihiro

FEHER

PO B8 X nicucH, Tetsvo

BREAEHE

= =
= fmﬁi ] 5 TAKAHASHI, Yoshimasa
BEMEHIR

Visiting Professor Visiting Associate Professor Visiting Associate Professor

14
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TBFIRT /IS Electron Beam Physics

Wl E B R A VAR LOWE FE -2 b0 2RO E FHBERE B IO FROMEET-T
WET AR AL AV R SV 2E IR B KOE T AV MR s & i A 7278 7 SE SR E I I RR S LN L o
IAF =G fRaeFs KO 53 R RE & /R L -/ 2 — L O EEBIR O WAL A ENDIS MR A ED T d /2 &
TR RE T AL F R KA LELLW L 1 BT & i KBRS U A8 K ST — 734 20 K bd g %08
AR DA X F VR BIR A EF MR OKGUs sE il 84T > T E T,

We have developed next-generation electron microscopes using innovative electron beams such as electron
vortex beams and spin polarized beams. Our newly developed electron microscopes show the world’ s highest
level of energy- and time-resolutions, and have been applied to the visualization of high-speed phenomena in
nanoscale. Also, we have performed characterization of actual materials such as defect analysis of power
devices and operand TEM observation of battery materials by making best use of various electron microsco-
py techniques.

ElFfR Vice - Director

% ﬁ;ﬁ % SAITOH, Koh

Professor

EHNEFE—LESBEV S/ HRFHER AT D
BAFE

Development of Nano-Characterization
Methods Using Innovative Electron Beams

HRRE

.
xR EA KUWAHARA, Makoto

AR
Jb—L > MR EARM IV ABFHRICLZFRD

RO

- Advanced Electron Microscopy Using Coherent
HEEES spin-Polarized Pulse Beam

E E = E ISHIDA, Takafumi

Assistant Professor

BB E AL RIRME O T DF LOERERE
firDBAFE

Development of New Imaging Techniques for
Frontier Materials using Electron Microscopy

Associate Professor

HRRE

i ﬁ jj — YANO, Rikizo

Assistant Professor

RO DI S BHERROEH

Investigation of novel and exotic phenomena
on topological materials

AR IV— T TR LIe R € RIE/ NIV R EFIEMEE
Spin-polarized ultrafast transmission electron microscope developed
by our group

Ij;.l EE| IE :!-:‘2 UCHIDA, Masaya

TEHID Visiting Professor

Eﬁ-;ms&a"iﬁuﬁﬂ Electromqgnetic Wave Measurements Section

FATHDIE T T REDARIMBIERIZEE TS5 X~ ik

ELRIARR MBS OB KA A E DI - 22 Wikt R 3%

IR, TI XV EA B ED T FILF =2 2T L O HIl T 0 F RS
HRALE T,

Ly

BRI

EIZ IJ-I E.l HIRAYAMA, Tsukasa

BEHE Visiting Professor

& vamasaki, jun

Visiting Associate Professor

This section is dedicated to the advancement of techniques to
control energy systems, such as nuclear fusion using plasmas.
Research is focused on developing methods to measure line emis-

sions from atoms and molecules in plasmas and reflected light
from light-emitting bodies and other materials.

BERfE TS ATEEB NAGDIS- 1 IEHBIFBANU T LTFIT

Helium plasma in the linear plasma device NAGDIS- ||



[ | 705171*)|/=\':—I$/P|05m0 Energy Engineering

75 2 ERHE LA P, B 52 B 3 C B
B 15T, HOKL T E RO R B O, RIS O BRI
T C BB R B A R L R A 1 > T B, 8512, 7
52 L& B O M AR A RITL 727 B S 0 %
T 0P e 77 25 PRI & S 5 00 )5 2 B
KA TS,

Plasma-material interaction is one of the important
tasks for achieving nuclear fusion, and we are con-
ducting research using plasma devices simulating the
fusion conditions to control thermal particles and
heat loads and to understand material damage. In
addition, utilizing surface modification by plasmas,
we are trying to fabricate novel nanostructured ma-
terials for application as, for example, photocata-
lysts.

ANYTLTZRRBFICEVEREN RV TRTVDF/ TA v —
Tungsten nanowires grown by an exposure to a helium plasma.

% B 1E KAJITA, Shin

HHIE Associate Professor

. SR T XV F —IRICH T AR FRUBADHHEIR
Uil mrzosim

. Heat and Particle Transport Phenomena and
LIS its control in Advanced Energy Sources

FE R FETAER Elementary Particle Measurements Section

MU B R L 7= RL 2 A A R L T
FHPOH EALEDESTFHMIIEENS.
BRAROREN T Io—F V&R HLTE KK
B (EFI9F A IF A KiLaE) o
W& Z 2 LIRD T2 I8 M [ 32 —F v TP
F 7774 O BEITNET,

This section specializes in the development
of muon radiography, which is an applied
technology to obtain images inside extreme-
ly large structures (e.g., pyramid, nuclear
reactor, blast furnace, volcano). This tech-
nology makes use of muons, which are ele-
mentary particles found in charged cosmic

BIXIVF-DFHEROAANFORFEFERL TR 2 RISZE LS

K BEHEEE
rays from outer space that hit the Earth, o _ _ .
. . . This micrograph showing the reaction that occurred when high-energy
and other in-house conceived technlques. cosmic rays collided with atoms in the emulsion.

. %.ﬁﬁ;ﬂ“%gﬁsﬁ%/lnstrumenf Development

BIAREFL VX
Wide View Lens
EHEAT—Y
High Precsion
X-Y-Z Stage
FRFI1—FEFEO>fGERIDYIaL—Yave
RIEFRERDLEER
2 I7FDOES Iy RADEEIC Comparison of muography simulation and results
EFREIREDET AT for descending corridor
Nagoya University emulsion film setup
R R TR LEE in the descending corridor

Hyper Track Selector

QILWYV
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I:Fl *T.I- % E NAKAMURA, Mitsuhiro j( % H% R OHZEKI, Katsuhisa
i

Professor FEHIE Designated Professor
T SR TR AR & B L T KBS E R D ERIR 5 RENSENZ BRICBRDeHDBERFZIT IV
FAEHE gl ehben il 1 oM D
X Research and Development of Inner Status X R&D of advanced nuclear emulsion film
Investigation Technology of Large Scale technology for high speed muon radiography

Structure Objects by Using Modern Nuclear
Emulsion Techniques

1& H% 1'% SATO, Osamu * ﬂ% ?l.-:\ %E ROKUJO, Hiroki

HHEEED Desighated Lecturer FHEBNH Designated Assistant Professor
p— o — ) RBRRORE, § I 2 RREE p— TR AU T A Y TROACIE R
BHIACLBIEAAE RABFADRREB T RIVF—KERRDHR
Neutrino Oscillation, Dark Matter Search R&D on Precise Observation of Cosmic Gamma
Project Experiment and Researches with Tracking by Project Rays and High-Energy Astrophysical
Nuclear Emulsion Phenomena with Nuclear Emulsion

Technologies

FE FB1E MoRISHIMA, Kunihiro B R NisHo, Akira

FHEBH(ESEMZER)  Designated Assistant Professor HRZRHEEER e Researcher

pr— I ERMRE 3 JTTHITRA X~ RS
TRFIZEIR I DRI EZ DZREF\DISH
Development of Innovative High- Resolution
ZLESEY Three-Dimensional Radiation Detector “Nuclear
Emulsion” Technology and Its Applications

X¥R 49 65T SR X-Ray Spectroscopy Section

MO b vruray ey a—DBTER) 7 ROD e —274 02 FRALR S RO S E L EX 5L L8102,
TP EHE R B R G EANDIS A2 5 EDE T,

In this section, innovative X-ray spectroscopy techniques using the electron storage ring and spectroscopy
beamlines at the Aichi Synchrotron Radiation Center of the Knowledge Hub Aichi are pursued. In addition,
applied research aimed at developing new materials and pharmaceuticals is conducted.

2270 b ARSI D EIHED S DI HWET OOy (BLONT) DG XAFS-XPS HifrikE
Synchrotron light from fluorescence powder XAFS-XPS analysis system in Aichi SR (BL6N1)

[ | I*)I/#‘—'*Eﬁﬁ*j*ﬁl—ﬂ%/Energy and Phase Interface Materials Science

BELEVF /HTF

Nanopatrticles that do not aggregate



EIRZE = Vice-Director of the Center

I\ Bt vacl, shinya
s

Professor

7/ RFEERRED S BHEEEM R DBR LIS
A
Developments and Applications of Functional

IR
Materials Consisting of Nanoparticles and Thin

Film Surface
—_
[—]
' H =

INKR BN KOBAYASHI, Keisuke
EEHE

BEHE Visiting Professor

SASAI, Ryo

Visiting Professor

N ~ i

A K T kenaca, i

AR Associate Professor

. RESSUEIRIVF—MRICEIT2RMmXIRD

PR

Development of Advanced X-ray
Spectroscopy Techniques for Environment and

Energy Conservation Materials
7J<q:& 1:_Eﬂ MIZUMAKI, Masaichiro

BEHE Visiting Professor

=+
= E HH ; YOSHIDA, Tomoko
BEEHE Visiting Professor

=/ il I &1 8 &8 Nanofabrication & Characterization Section

26 S 43¢ By e [7] BF 2 Je % 02 AR & AL T 2 IS A
OO T3 oy b - BHI R E 2 S0 I E L
V=Y —L&RAUT, MK F #PRMEEL 5/
T AP AN B9 A O R AL 2 XD | S RE T
IS AR RSB

This section develops the state-of-arts techniques
of thin-film deposition, nanomaterial synthesis,
nanofabrication, and associated measurements and
evaluations. Shared instruments and clean room at
Research Facility for Advanced Science and
Technology are provided for the development of
advanced functional devices.

. j‘/ZL’_“/j_':l\"‘fZ/Nano-Spin Devices

8T R OV RNy REE
Magnetron sputtering with 8 sources

WM ET ST ) —>)b— L4
Micro-fabrication clean room

tE—R Director of the Center

7]'] ﬁ% E.IIJ l:tia__\ KATO, Takeshi

g Professor

w— ARSI B O EER CY b 0= o2
il 7 RomEERE

X Developments of Functional Magnetic Thin
FEES  Films and Spintronics Devices

j( % j( ﬁ OSHIMA, Daiki

Designated Assistant Professor

NN — R FEDRFEE T DISHA

Development of Fabrication Process of Micro
roject Magnetic Pattern and Its Application

k 11 ﬁ E OHSUMI, Katsufumi

Hra Researcher

o WRNIT Sy s — L ER LSRR E

) Research and technical support of
Project Nano-fabrication Platform

18
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ME I ZEEE

Division of
Materials Research

BRFIR

A =

Director
OSADA, Minoru

FARERBLER P Tl Bk % 2 B0 - MR D B
e 22 AR B 7 o 2 LR A S A - A
AR, S AL —Yav R EETW.ZhEDOM
B 734 23 EE 0 B E AL IS O B b
Ze B R AL COFE T RO WS -
B - XL X — DR A A & o 72 3R E
IZEEELT I RDODZINF -V 2T LRH
T TN S ESL D H B - St 7 b
FHCB g 2282 HEMEL . RITI 21 IS
o TH T A Al XD 728 DR ORI B 52
EITVET,

The Division of Materials Research (DM) carries out re-
search on various materials and substances, their properties,
production processes, structural control, and the evaluation
of their performance toward many applications, and also pro-
motes development to design devides to incorporate these ma-
terials into device. In addition to research on the improve-
ment of industrial materials, the utilization of resources, and
the optimization of energy sources, the DM also promotes
cutting-edge research on novel materials and nanomaterials
that are expected to be useful in future energy systems, en-
ergy-saving devices, and advanced materials systems from a
long-term perspective.



4 # ¥0 1 EB Materials Physics Section

s B A R E R B R A U ARE R AT SR ORI L ARBETE & S 72 bR RE O B AR & 7 B EE WL O S E
LI HfFZEE T 2o 0YtE o B RICKE T A ZCIC B H R TE O A HEEL S,

The Materials Physics Section carries out fundamental and applied research on dielectrics, magnetic mate-
rials, superconductors, ionic conductors, optical properties, catalytic properties, and other material func-
tions. Research on material properties that are necessary to achieve new devices through the enhancement
of properties and the discovery of new functions is also performed.

B StER{ANS Computational Fluid Dynamics

MBI R ATV 21— 232V a3 TN 5. 65K J1%% (Computational Fluid Dynamics: CFD) IZHUD
A TS, &<IT, A a R RICTRSBIE 45 KU - WK - R PRIEL CHBEAEAZ RITLA VA2 LH NS R
(Multiphase Flow) ®CFDIZ{E LT3, B OO KA O R THEC LB - L IRAZ B E TR+ 5
72DV IV —Yay FEORFEOIE A WK R 1 iR E KAl b FOMBEHOYI2L—Ya VICHHELA TY
%, E7 ISR D% F O 7R TR0 K 2 & D Hy WO o S Bl ] 7 5 00 B 8 I BEEL L 22 2RI B SRS AE L T
W5,

We are working on computational fluid dynamics (CFD) to analyze fluid phenomena by computer simulation.
In particular, we focus on the CFD of multiphase flow in which gas, liquid, and solid phases coexist and flow
while interacting with each other. Multiphase flow is intimately related to crystal growth. In addition to
the simulation method used to analyze the convection, diffusion, and mixing of several kinds of liquid at an
interface, we carry out simulation of the interaction between liquid and solid particles and among liquids,
bubbles, and particles. We are also involved in experimental research on the development of a method of
controlling the movement of disperse phases such as particles and bubbles using vortices in a liquid.

eSS Vice-Director

|j§| IJ-I ﬂ] % UCHIYAMA, Tomomi
B

Professor

w— SRR DN 1L — 3 B EOMREE
Ul AT L E— 0

. Development of Advanced Simulation Method
FLEEE  for Flow Problems and Utilization of Natural

Flow Energy

q:mﬂ TAKAMURE, Kotaro Simulation of mixing of density-stratified fluid caused by vortex ring
B Assistant Professor

= REO RS LT REFEEEN LIEERETD =

Frzcine RAMApORRIES &0 .

é’_’ﬁ?\@,%seﬁ$fﬁ . | N II:I:II } I I = 'g DEGAWA, Tomohiro

. iciency enhancement for crystal growt| o=, . . .
process utilizing fluid convection and mixing EEARR Visiting Associate Professor

behavior

| g?l_,*j*ﬁl—ﬂ:%/Porous Materials Chemistry
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Based on the liquid-phase synthesis utilizing polymerization-induced phase separation, we are developing
various porous materials ranging from ceramics, organic polymers to organic-inorganic hybrids. The mate-
rials with a controlled porous structure are applied to separation media, adsorbents, catalyst supports and
battery electrodes. We aim at revealing the influence of pore property on each functionality by interdisci-
plinary researches with analytical chemistry, organosynthesis and electrochemistry in order to contribute to
the development in energy and environmental fields.
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. Structural Control of Porous Materials via
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Preparation of porous monoliths by the phase separation method and
their applications to HPLC columns and battery electrodes.
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Functional properties of various ceramic materials are often related to the atomic structures and electronic
states in the lattice mismatch regions such as the surfaces, grain boundaries, and interfaces. We are at-
tempting to develop new functional ceramic materials including new ceramic processing techniques from the
viewpoint of controlling the lattice mismatch region using the nanoscale analysis technique of high-resolu-
tion transmission electron microscopy.
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BIE(TEMERD) Professor
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X Development of Ceramic Materials by
FEEES  Controliing the Atomic/Electronic Structures at

Nano Scale

3mol%YoO3-ZrOpceramic by HAFS flashing technique at 1200°C for only 5min.
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My group is involved in the development of machine learning

algorithms for chemical data, the automatic design of mole- E—FEGEE AT, BECERLEEERE TONR
cules using structure-property relationships, parallel algo- IR & BRI BEBIRO. #8iE & AN R8BS 5, TD)L—
rithms and programs for material simulations on massively WERRFEL. SURVERDTERRT .

parallel computers, and new quantum-chemical theory for mol- Ab initio study of the photoabsorption and charge sepa-

ecules and solids (neural networks, graph theory, graphics fation process on the dye-sensitized semiconductor
’ ’ surface. A neural net learns the predicted struc-

processing units, CUDA, density matrices, Green's function). ture-property relations and suggests better dyes.
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This Section promotes researches of material design with a focus on the microstructures of materials used
in environments, electronics, mecahnics and energy-related fields. Toward the aim of improving the perfor-
mance and making major strides in terms of enhancements, the MD performs advanced studies through new
compositions, novel composites and nanomaterials from the perspective of two- and three-dimensional and/or

nanometer-scaled structures.
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Material engineering for environmental preservation can contribute to reduce resources and an energy risk
as well as to bring environmental depollution. Especially, our research concerns physics and chemistry of
nanocrystals such CeO2 and ZrOz2 in automotive exhaust treatment and their reaction dynamics simulation.
Our unit has been concerned with an iLLIM project (MEXT) as a project leader for these years.

SIEEG S/ RiF Bk /
BAHZRBMRANZALEZ Iy I REESRE
TOT7F /TR (REORRER)
F/HFOEAUC L DEMEEABERS g RHOBE (BFEMBICLITRIHORR) Honeycomb-type ceramics for engine exhaust
Nanoparticles-composite material for environmental depollution (automotive catalyst) and treatment and noble metal/CeO2 nanoparticle
its microstructure with Ce and Zr elemental mapping in nanometer scale by electron microscopy catalysts (developed by present labs)
Ly
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) Nano-Crystals and Their Application to ) Development of wide bandgap
FESY  Environmental Pollution Control FJEES  semiconductor power devices and their gate

insulators
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) A study on exhaust gas purification system for
BOEEE  diesel vehicles

EE 'EIEB :I?Vrf HH HATTORI, Masatomo
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Assistant Professor
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Development of functional composite materials
BISES for environmental purification
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All-solid-state batteries (SSBs) have been expected as next generation rechargeable batteries with high
energy density. Our research Gp. has focused on science on interfacial ion dynamics around the homo/hete-

ro interface. Our recent target is sulfide-based, oxide-based, and fluorine shuttle-type SSBs, which are

financially supported by NEDO, JST-ALCA, and Grant-in-Aid for Scientific Research on Innovative Areas

“Interface Ionics”.

All-Solid-State Batteries
Sulfide-based
Oxide-based

Fluorine shuttle-type

A IJ-I %:E % IRIYAMA, Yasutoshi

BIE(TEHERD Professor
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X R&Ds of Advanced Solid State lonics Devices
ZIEES  and science on Interfacial lon Dynamics
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In addition to research related to material production processes, 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, for example, high-efficiency hydrogen production, combustion, and power-generation

processes.
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Nanomaterials with controlled size, morphology,
and dimensions have been emerging as important
new materials owing to their unique properties. In
particular, two-dimensional (2D) nanosheets, which
possess atomic or molecular thickness, have
opened up new possibilities in exploring fascinat-
ing properties and novel devices. The Materials
Processing Section is working on the creation of
inorganic 2D nanosheets and the exploration of
their novel functionalities in electronic and energy
applications.

IN MR 5E koBAYASHI, Makoto
R Associate Professor
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Development of low-dimensional nanomaterials
BIEEE  employing solution methods
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Controlled assembly of 2D nanosheets
and its application to electronic devices.
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Division of Systems Research
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Director
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The Division of Systems Research (DS) aims to develop key technologies contributing to sustainable and
ecological society, such as advanced energy conversion, transmission, and utilization technologies, bioreme-
diation and substance synthesis using microorganisms, energy and environmental impact assessment methods
from various points of view. For the effective use of these technologies, the DS also carries out lead-
ing-edge researches on wireless communication system and urban traffic management system, etc.
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This section is engaged in research aimed at the creation of high-efficiency, cutting-edge energy conversion
systems. This includes the development of power generation and storage systems that utilize minute amounts
of hydroelectric power, the improvement of coal-combustion technologies, the conversion of waste-material
energy for use as a resource, and the measurement of thermofluid phenomena using pressure- and tempera-

ture-sensitive paint.

iE=S Director

EJZ ﬁﬁ - EB NARUSE, Ichiro

Eed Professor
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2 Development of Highly Efficient Energy
FLJEE  conversion Technologies for Global and Local

Environment
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2 Development of Sustainable Energy-Saving
FLJEEY  and Low Environmental Impact Technologies

for High Temperature Process
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Picture of woody biomass pellet
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Picture of Refuse Derived Fuel (RDF)
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Fluidization of bed materials
in a bubbling fluidized bed system
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In this laboratory, we are conducting basic research on detonation and its application to aerospace propul-
sion and gas-turbine engines. By utilizing the detonation phenomenon, innovative downsizing and high perfor-
mance of combustors and engine systems can be expected. The detonation engine will fundamentally change

various systems.
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iz Professor
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. Study on High-Thermal-Efficiency Detonation
Engines
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Rotating detonation engine for space flight experiment
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. Application of Detonation Engines to Space
Propulsion System
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X Detonation Combustion and its Application to
PSS Energy Conversion Devices
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Study on Detonation Phenomena on the
FEIEEE Viewpoint of Chemical Engineering and lts

Application
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The Network Systems Section is pursuing cutting-edge researches, such as planning and control method of
energy system connecting various electricity/heat sources and demands, future visions of environmentally

sustainable urban transportation system and its optimum management, and wireless communications neces-
sary for realizing such infrastructures.
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)

We investigate and develop a wide variety of wireless communications that are essential for the realization
of an environmentally friendly sustainable human society. Our research covers basic theories to real appli-
cations, focusing especially on the total optimization of sensing and control in large-scale systems with
wireless communications, which is required in energy/industrial systems, ITS (intelligent transportation
systems), and disaster support systems. From the viewpoint of communications media, our scope includes not
only radio waves but also optical wireless communications, power line communications, and more.

O S _
(A) (B) (A) FO—vEgRy bT—2

Wireless drone network

(B) TY&IVYA Z—VaRNERE
Digital signage visible light communications

(C) A A=V T MIMO SR8
Imaging Optical Device for Wireless Communiations
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Wireless Communications for Reliable, High
roject Capacity and Sustainable Access Network
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In order to realize the stable and reliable operation of future electric power system with high penetration
renewable energy such as photovoltaic power generation and wind power generation, we investigate and de-
velop the following issues: highly accurate and reliable forecasting and nowcasting method of renewable
power output, sophisticated planning and operation method of electric power system, control method of de-
mand-side resources and distributed generators to contribute to power system operation. In addition, we de-
velop a time-series data of future electricity demand and renewable power output to be used in a system as-
sessment in consideration of the actual situation.
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Towards the realization of an environmentally sustainable transportation system considering the widespread
use of autonomous vehicles in the near future, we propose that future visions of urban transport systems
should explicitly consider the constraints of environmental impact and energy consumption, and develop and
evaluate transportation policy measures based on a rigorous understanding of individuals’ travel behaviors.
Our research topics include the efficiency of the use of electric vehicles, countermeasures to reduce traffic
accidents, optimum management of urban road traffic using autonomous vehicles, and fulfillment of the mobil-
ity needs of mountainous rural communities.
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Traffic management on urban road network utilizing taxi trajectory data

TGRS 2T L0 Cld . BRI O Wy B A2 4 - WVBE G BRI B § bk 2 SR B Bl Fe L L 61, T h s D4l &2 +h 2~
FRL5 A ORIl CRFIEDH A E T > T0ET o, ZDADICBRELSEH E IR E § 2B A Kl )+
ATNET R ENEBR P E S 2T 2 OB MR HEEL TE T,

The Circulation Systems Section develops various key technologies related to ecological material conver-
sions and circulation, and also assesses such technologies when they are deployed in society and develops
the necessary assessment methods. Furthermore, the section is pursuing research and development on tech-
nologies that reduce environmental impact, recycling technologies, circulation systems of renewal materials,
and other technologies that contribute to reducing the consumption of resources.
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Among the various technological developments toward solving environmental and energy problems, bioreme-
diation and materials/resources syntheses using microorganisms are expected to be used as energy-saving
technologies that can be applied on-site. We have found that solid-phase humus (humin) has an exter-
nal-electron-mediating function for various anaerobic microorganisms, in which humin supplies the external
electrons to the microbial cells directly and activates them. We are studying the mechanism of this exter-
nal-electron transfer and developing a microbial electrochemical system. It is expected that the study will
elucidate the biological energy network working in the natural environment and lead to the development of
new technologies for environmental remediation and material biosynthesis by the activation of microorgan-
isms using a small amount of electricity that can be supplied by solar cells.
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Electromicrobial culture system

Studies are carried out on the electrochemical enhancement of pollut-
ant degradation by microorganisms or the microbial electric genera-
tion from polluted water, using two-chamber bioelectrochemical

HEMETRISICEFHSEE LTRHEFREE 12— culturing system.
BIERPIER Vice-Director of the Division
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We are conducting research to realize a sustainable society by assessing the impact of energy and the envi-
ronment. Focusing particularly on land use and spatial evaluation of the natural environment, we are work-
ing on the comprehensive solution of problems related to renewable energy (biomass, small-scale hydropow-
er, solar power, etc.), ecosystem services, economy, and society. Along with environment assessments rang-
ing from small-scale field surveys to global-scale assessment, we are engaged in research with an interdisci-
plinary approach combining, for example, spatial analysis such as GIS (Geographical Information System),
AI, UAV, and field surveys.

BrE Director of the Division
** ﬁ_EB HAYASHI, Kiichiro
6] Professor
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Analysis and assessment of energy and
environment system
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We conduct research on the application of micro
BERFvET—YaveiRy FREY b space formed by ultrasonication to the material
Ultrasonic cavitation and hotspot design and development of chemical/physical pro-

cesses aiding energy conversion and wastetreatment.
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In Japan, the self-sufficiency of energy supply is quite low, and also, the population is expected to decline.
An important and demanding task is deciding how to maintain our activity while reducing energy consump-
tion. All materials necessary for our lives are on a cycle: they are received from the earth, used in human
society, and then returned to the earth. We study waste management, treatment, and disposal in an ener-

gy-saving material cycle.
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Operating with a broad focus ranging from materials and device technologies to system evaluations, this division
strives to propose next-generation electric power energy systems to realize a sustainable and low-carbon soci-
ety. The division promotes research on the harmonic fusion of renewable energy and commercial electric power
systems, electric-power apparatus and systems with high efficiency and advanced functions, and advanced use of
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renewable energy and demand-side resources.

Bt

Electrification

IXRIVE—
IN—A~Z

Energ N;\Ja“‘i(?

@ﬁ%ﬂ

AN 3

91, o,
S AL FF o L
Deterioration i
evaluation

T/ i

Nanodielectrics

NIIL

Power
electronics

TRt 7 7 BWAR

El‘le,-g

Information dispatch
IRIVF—VRTLYC
‘ERHRE TRARBELE

*Energy systems symposium
-International research meetings,
public lectures, etc.

*2 * E i SUGIMOTO, Shigeyuki

RHEHIR

Designated Professor
T BERREIRIVF-EEABNRROBMNEAIC
Ll e

Proi Research on Harmonic Fusion of Renewable
L1550 Energy and Commercial Electric Power System

5 o B 1

RHEBDE

IMANAKA, Masaki

Designated Associate Professor

BETEI I F—EBERNEROSERD

: Local Energy Supply Systems with Advanced
Functions

%ﬁ Commercial ejg,
=11 AN oo
=
Frﬂ =

Fusion

xS TEETZIVF— penew®®

AN

SERRET 2L~y

' of renewable enar. " ggﬁﬂ
d use of rene ,ﬁﬂl‘i{%ﬂaﬁd o 7,
¢ e

Output
prediction

Rgtfe mangie

S¥stems with high efficieny

management

Energy
storage

AL

ision
Y Systems Funded Research DIVIS!

Human resource development

RS RFER
HEYRE(KFER.FH)EE
-Lectures, technical tours

+Classes for graduate/
undergraduate students

RAFRH

FHEARIR

KURIMOTO, Muneaki

Designated Associate Professor

F/AVRD Y MESMRE B SRR B
= 28227 LTI BT

Nanocomposite Dielectrics for High Efficiency
SIS power Apparatus and Systems
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Toyota Advanced Power Electronics Funded Research Division

ANEHERD LA T AT BE At 22 HIRL R EEY T4 — DT — 2ot =2 25l OS2t 4, 7AF
Fro T PEERDOMB, TNAZ P AT LEHDOIRNEHE 25078270 R TR th 2 0 FEBLE  RINEH AMOFHF

BAZERRLE T,

To achieve a sustainable society
that ensures a positive symbiot-
ic relationship between humans
and Earth, the funded division
researches power electronics
technologies for future mobility.
The division researches and de-
velops material technologies,
device technologies, and system
applications of wide-bandgap
semiconductors with a wide
perspective, contributing to the
realization of the sustainable
society as well as nurturing
young researchers for the next
generation.

oM B kacH Tetso

FHEHRIE Designated Professor

p— (1)) 13/ 0 — 7/ A RN T O R BET

TINA ZIBIEDFRR

Research of Fabrication Process and Device
WESH Structure of GaN Power Devices

R ﬁ T@ TADANO, Hiroshi
R Designated Professor

KT —FINA RO E D e BT HREE

Power conversion circuit using advanced
WIS characteristics of devices

E-I Zk ;J:\g $ MIYAMOTO, Yasuyuki

FHEHIR Designated Professor

{LEMEBEBT 7/ A ROBR

Developments of compound semiconductor
RIS electron devices

RTAAIFI MATYS, Maciej

FHEBIE

Designated Assistant Professor

GaN/ KT —F N ROV S 1L — > & SAEEHT

Fabrication, characterization and simulation of GaN
LIS power devices

*g # % *f'*zj SAKURAI, Hideki

BAVHE Visiting Faculty BALHE

=H 5% SAWADA, Takashi

Visiting Faculty

i

=
ﬁllln 75 B SHIOZAKI, Koji

B
R
i

Designated Professor

(LU L T — 7\ R OB SRR

Research of GaN Power Device and
roject Investigation of Its Application

1% HASHIZUME, Tamotsu

Designated Professor

%aN%M*ﬂ@EE%éﬁE%‘J&D&/ \T—=F N1 RIS

Interface control of GaN-based
) heterostructures for power device application

*7'7?( % 1|\ MORI, Yusuke

IR Designated Professor

FIVSGaNEE R E
Growth of bulk GaN crystal

I E & vamADA, shinj

BALHE Visiting Faculty
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Féé %‘ —I‘g}‘] Iﬁ] ﬁ)f % %IS Flj Industry-Academia Collaborative Chair

PERSHE-a Kk BALW LB AREE TN A F—T VL4 I R—Y 3V FKF MY

AIST-NU GaN Advanced Device Open Innovation Laboratory

2R A b o MRS IBHIZ R BE A Our laboratory covers the research area from materi-
AT NET, als science to application of nitride semiconductors.
[ S~ 72 TG UEL |7 L LT 22550 1513 To function as a bridge between research and indus-

\ B B i try, we purposely examine basic research, and expe-
BIERERIR ORCRE AR - ROy L e Purbosely . P
dite connecting research results to practical use.

3ZLEHMELTOET,
INxvEY M REDOEEWRE
AlGaN/GaN HEMT X’f"/?"\/ﬁ\%'& *Uﬁ Lﬁ:?EI’Eﬂ‘IﬁLED(D*ﬁﬁ
Switching characteristics Schematic of a novel directional Emission pattern
LED based on evanescent wave coupling

3 = (/N 4 =D
BIKZEE shimizu, Mitsuak £ F 5  WANG, Xvelun
FHEHIR Designated Professor FHEEIR Designated Professor

GaN/ST—TLohO=2 o ol 7R
GaN power electronics Optical devices

NIMS %K GaNiHliZBsEs x5 M) — K- /N ILFEINIZE T K -

Amano-Koide Collaborative Research Lab

A7 T RIE G B L ONIMSZh 2 s s X
R B B KON HERNIMS Y& — & Hif B i
MHIZZTZT RAVIA VT BT LA E SR REZ D,
GaN/ ST —F 734 ZD FAFEIZINT 7= s - TE R G - TN
A Z D H bl Y - F SR - o Y 2 ST A - SR S AR - S
F O FEAHEMEL £ 3, NIMSAHERA $ 5Pk GFAf -
Gy BBtz w s FHU R SR 2 A e L £ 5,

%ﬂi%a‘%GaN'ﬁ) -
GaN wafer @El /@

O
Mg,

— oy

TEETINAR

Element devices

@
o HEEHA

Opt./Elect.

Mass anylysis TiEEs,

@ 0] t b
m@%:#;uué é' PLEH S on
Synchrotron PL meas. \
X-ray.meas. b

?“ it B8 nR e

This collaborative research laboratory was estab-
lished in Nagoya Univ. and NIMS and is managed by
Prof. Hiroshi Amano and Dr. Yasuo Koide, NIMS Di- l Eiggﬁu
2
2

Characterization
& Analysis

©)]
CL/EBIC-
7hLTO—7

CL/EBIC/
Atom probe

rector/ former Executive Vice President, as a mutual Sosteen

probe meas. ? F%
®

®
REGBE 2 XRE7/O—TJ5HA
Advanced TEM Surface probe
meas.

cross-appointment. It facilitates crystallographic,
electrical, and optical property characterization and
the development of new measurement techniques for

developing GaN-based power devices. The research xﬁ"ﬁu
. . . — Snp
will be effectively promoted by using advanced mea- Sey

Sy Uby 2
’L“\ /\éyi[gjf_%‘_ iRk

GaN wafer

surement and analysis equipment and techniques in

NIMS.



INEEE KX koIDE, Yasvo KX B & AMANO, Hiroshi

R Designated Professor BIRGRID) Professor

() NG NE \B.J}_UE%?/ 1 ZDREF
LAIVEHEiES LU £ sHiiE A
Atomistic and Mapping Characterization and
Project Analysis for GaN Crystal, Wafer, and Devices

HH A2 Z  TANAKA, Atsushi

FHEARR Designated Associate Professor

GaNE LR ST— 77\ DBl

Initiation of the next-generation power devices
roject using GaN

FI ST — T L7 b= s A ES FFZEER

Toyota Advanced Power Electronics Industry-Academia Collaborative Chair

ST 237 = PR T SA ZO FEBUZAT T ZOEMNILL T O LA FEL T g,
LS ARG TR i AN 35 K OB G o0 il 4814 % T BB 1S 3% Il T 5 iy
2RI - B A F VT TN AD 20D F 734 2% EHE
S.EMEREDHLNELA )T LS —=F N 2E L2V 2T L7 T ) r—vay

Toward the realization of gallium nitride power semiconductor devices, this division researches

and develops following new techniques:

1. Processing techniques that will enable the controllability of defects, impurities and damages
with high accuracy

2. Device design technology for low-loss and high-switching devices

3. System applications using new gallium nitride power devices with high-performance

#t2GaN-MOSFETDE A IS EREDY1IZIL—Ya v ERRIBE

#E2 GaN-MOSFETD#&i&E 5% 5
Design of vertical GaN-MOSFET structure

J: *2 @ UESUGI, Tsutomu 5& H% 1@ KONDO, Takeshi

SHEHIR Designated Professor FFEEEED Designated Lecturer
N 2 AT LNT—TINA ZDER T O AE LT o EAHVTLNT =T NA ZADER T O R B LU
sl ZCs@ ]
ettt At
Research of Fabrication Process and Device X Research of Fabrication Process and Device
Project Structure of GaN Power Devices Structure of GaN Power Devices
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FUyI—HBHEHNNY— L7 bu =7 2SR NAEFEER Y

DENSO Automotive Power Electronics Industry-Academia Collaborative Chair

FUU—HBHF ST - Ly a =y 2
Al B 22 3 P Tl SR DA T ) R B i, B K
HEp g R E A EoBEE{L 27 20 KE
At - & R WAL - E b A A RS A RS
7 =B R ORI 9. 73 289 B L OB H
VAT LDOBRRMRAHEAELE T,

DENSO Automotive Power Electronics Indus-
try-Academia Collaborative Chair is looking into
the future of high-power, high-frequency, and
high-efficiency electric drive systems for HVs,
EVs, and FCVs, and promoting exploratory
research into next-generation power semiconduc- R (T — S DS E & 5

tor materials, devices, and application systems. Characteristics and applications of next-generation power semiconductor

I@\EE_

RHEHIE

ONDA, Shoichi

Designated Professor

;;c%ﬁ/i’v—#’%ﬁﬁﬂ@%ﬂﬂﬁa‘s&lﬁ%&mt

Development of Crystal growth of the
BEEES next-generation power-semiconductor

materials

DA RGaNIGIG 7 73 A4 A i H RE 22 Th [F) ok ZE B8 1]

TOYODA-GOSEI GaN Leading Innovative R&D Industry-Academia Collaborative Chair

B A BT 1986 12 %
(B0) el okz KBy (B1) Rl
% . 5 H YL iF 28 A & o S [R] B
HOWZIZEEN. GaNMBHC
Bl B HEBEM 7 A 22— L L 72,
ZOWMHRERELLICLED Fi %
5 B LEDD KIZiEEL T
FODELZ MRS RN K
[OX 1 F .1 TR 13 S AT G
ea7aAvER Y AEGEHL, ik
FEORMEZHIELET,

In 1986, Toyoda Gosei Co., Ltd.,
started a joint research project with
Professor Akasaki, Professor
Amano, and Toyota Central R&D
Labs., Inc., and began fundamental
research on GaN materials. The
commercialization of LEDs and their
subsequent widespread adoption
were based on this research. The
core competencies cultivated from
research, commercialization, expan-
sion, and continuation will be utilized
to create new business opportunities.

q: E f]ﬁx R USHIDA, Yasuhisa

AR

Designated Associate Professor

CoNis TR

Research of GaN to new product development

*E -% % “;':F FUKUSHIMA, Hideoki

FEHE

Visiting Professor

h B

FHEARUR

7F  KOJIMA, Jun

Designated Associate Professor

— i O — SR OB SR ET R
TeiEOmH o

. Research of quality improvements and

cost-reduced technologies of the
next-generation power semiconductor crystals

=R (13MHz) BIR
High Frequency (13MHz)
Power Source
BRAXNTA VL REE
Capacitive Coupling Wireless
Power Transmission

RAYVALEDTA AT LA
Micro LED Display

ﬁ ‘@ ﬁi % SUMIYA, Kengo

FEBIE

Designated Assistant Professor

DAL RBBYRT L

Project Development of wireless power transmission

system
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AsahiKASEI Innovative Devices Industry-Academia Collaborative Chair

AL B K AR T 734 2
B 2 i[RI AF 22 58 M T
HitmaEb 7 eIz o
WX D5 8% 2L 2 L 2= i
FNA 2D BRI B &
OV FH 45 9l D B 76 % HE
ML H A B ORI %
EEEIES

24V FEERAINER

2-inch, single-crystal AIN substrate

AsahiKASEI Innovative Devices IA Collaborative
Chair exploit our high-quality AIN single-crystal
substrate technology, exploratory research into
novel devices, and applications to create new busi-
ness opportunities.

SHPFGaN/ N 7 — 73 4 Z 4 1 W] F 28 B

Y37V4= U Y3 SCHOWALTER, Leo John
-

%ﬁ%%ﬁ?ll/EZ'?LxZiFﬁL‘T:ZKﬁﬁ?/ \AAD

Research and development of application and
LIS innovative devices of single crystal aluminum

nitride

4, -
2 1 I_'E_ B SUGIYAMA, Naoharu
T EEET

el AR T ORS DRI EMIMB LU
fEEICBIT BHR

Research of nitride semiconductor and thin film
Project crystal for UV-light emitting devices

B B T znanG, ziyi

FHEBNH Designated Assistant Professor

Designated Professor

Designated Lecturer

BB S DRI TITIT BRI

Research and development of UV-light emitting
BEIEE devices of nitride semiconductor

TOYOTA CENTRAL R&D LABS GaN Power Device Industry-Academia Collaborative Chair

LAY LE N ST =T A 2O LML EHIEL. FitOB 25
WA EDF T,
OARHE R FUR % =R FE IS 3 2 Z e 4 % v LR R 45 il
@7 — M s - MO S %1 4% i
OMEF A=V L AF VFEABE T Tv 2 H i
@ORHKIE KA 2 FEBLT 257 734 2% 3T Hel

In order to realize GaN power devices, we research the following:

(D epitaxial growth with precise control of impurities
and point defects

(2 gate insulators and MOS interfaces

(3 process technologies, such as low-damage etching
and ion implantation

@ device design for very low loss

=) E - % TOMITA, Kazuyoshi
BEHIR

Designated Professor

GaN/ST—F 1\ ZBDBRETERFS v IURE

. High-quality epitaxial growth for GaN power
devices

i 5& :I‘;} — KANECHIKA, Masakazu

FHEHIR Designated Professor
P GaN/\T—TN\A ZADTOEAFMELCT/INA R

Process technology and device design and
BOUEEN evaluation for GaN power devices

V—R B 47— Bl
source gate electrode
electrode A PRIENR
Poly Si body
electrode
PEIGaN NEE
P-GaN N-GaN
s ®
@ gate insulator ®)
(=2) N-GaN
(Fig.2> N*GaNEL#R

N+GaN substrate

FL A&
drain electrode

BT ML ML FGaNT A R
Fig.1 A Vertical trench GaN device

The highest value
by MOVPE

Hall mobillity (cni/Vs)

*1239¢ m/Vs@300K was acquired recently

K2. NEMEEEIEDR—/VEEE
Fig.2 Hall mobility in our n-type low-doping epi-layer
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=227 I A VGaNHEW TN A4 A pE AT R ZE BRI

MITSUBISHI CHEMICAL GaN Substrate Devices Industry-Academia Collaborative Chair

=T UL GaNFEMR T /A ZPE £ 1 R 225 Tl AL A )Y A(GaN)DEh 722 il L7z
T N AZRED LB ASE M GaNEHIZ DOV T, LT OWNE T2 R ICID M AE T,
- B B RS s R B AN HE 5 ) & 7 N A 2P & DR B A Je US A = X 58 W]
W T NAZHGaNEMUZ KO SN2 i B K O D W AL

MITSUBISHI CHEMICAL GaN Substrate Devices Industry-Academia Collaborative Chair is engaged in the
research and development of high-quality gallium nitride (GaN) substrates that serve as the foundation of new
device structures exploiting the excellent properties of GalN, focusing on the following themes.

- Investigation of the correlation between substrate quality (e.g., crystal defects, impurities) and device charac-
teristics, as well as elucidation of the mechanism underlying the correlation

-Clarification of the quality and characteristics required for GaN substrates for new devices

IR T N1AAGaNER =
GaN substrate for new devices -F IJ-I Eﬁ E.I SHIMOYAMA, Keniji
FHERIE Designated Professor

AT\ R GaNEROH R

Research and development of high-quality
BEIEEN GaN substrates for high-performance

IND=2AYF I TINM A
For power switching devices
semiconductor devices

7
ST =@ ¢ =8
) " SREKE/NT—T N1 A8 =3 y
@ {,} 4 For RF power devices I —_ ;ﬁ ﬁ %E MIURA, Akinori
e x TE_-‘EJ;LED)EH FHEBNE Designated Assistant Professor
) z ZiaEL —Y'—H =45 For high-brightness LEDs
27 For high-lperformance L—%—H =SB GaNEAM_EER T/ \ A X DFFIEETHER
asers

Fot gl -euigpui: e g X Characterization of semiconductor devices on
Ly Ly Ly 1 Project high—quality GaN substrates

1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
) B % FE ({8/cm)

Defect density (cm—2)

O— A BERY I 2 L— 3 VEFHRNZEER M

Rohm Multi-Scale Power System Simulation Industry-Academia Collaborative Chair

O—LHAERVIAL—Va Vg %%TE'EE
- p— TS
2 = 7 ) 3 N — - = = i i
R T, Y27 Al Bt AVIN—7Z Vehicle LTfS'ei'is‘t’an'EZ‘
W 75 7N ARG - B ik AR L 2 Battery 3-Phase (BB A2V TL—F)
N \ <~ N Iy (weight, tire, break)
TEKTEDDOMET I~
e E—2ERRE
y?ﬁ{’ﬁIo)%ﬁ%E*ELiTo E*ﬁ/:*ﬁ
z%% r— dEEqﬁﬁi%:;‘ﬁ d-g Current
PWM Signal arke = .
Rohm Multi-Scale Power Generaﬂora LR e > E—2EXA EecticalAngle

System Simulation Industry-Ac-

ademia Collaborative Chair is

realizing system-optimized — — e
S RIE Wi — M/ =FEEIR
IBDER Speed Current - Inverse Clarke

Control Control Transformation

1

device design with integrated
Speed Reference

simulation technology and with-

out any prototypes.

E—4gEEmEE  dEgEER T-2ERA
Motor Rotational Speed d-qg Current Electrical Angle



*ﬁ J: j( H# UMEGAMI, Hirokatsu

FHEEERT Designated Lecturer

EVI\D =LAV Zal—Yavald 7 A XET

JUBR%E

Development of device model for EV powertrain
Project

simulation

W 2R T vamacucHi, Atsushi

HHEEERED Designated Lecturer
EVINT—hLA VY Zalb—2avEd T INARET
VBT

Development of device model for EV powertrain
WIS simulation

72— BT 7 — R IS RS

DENSO Nano-carbon Research & Innovation Industry-Academia Collaborative Chair

Hh—KRvF I/ Fa-TIcREEhBF
=RV DAL=—= o KR EF/EPLIT 34
ZOFEMAEHIEL. o5 EHLIC®
P75 HEAR L do KOV BE R HL AT D R SR I HL
DlAZT,

Toward the realization of novel nano-
carbon devices, the basic and elemental
technologies for fully use of the unique
features of nano-carbons will be
developed.

* -% i ﬂ OSHIMA, Hisayoshi

R Designated Professor

F/ H—RYMIROT 1A ADHZTRH

Project Research and development of
BEEEN nano-carbon processes and devices

Transparent Conductive Flexible

Electricity/heat/strength

Characterization Processing

=38 B BU iwask, Katsunori

FHEAERIE Designated Associate Professor

FIP—RYFINARDYRT LB

Project Research and development of system
IOIEE application using nano-carbon devices
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ﬁﬁ%ﬁﬁ fjﬁ ;:‘:;Q Facilities

C-TEFs | ZANVF =&ML 7 b u=r 2F Bk

Center for Integrated Research of Future Electronics, Transformative Electronics Facilities

{

IANF—ZH L a7 2R E T AR KPR RME - D 2T A8 D) — VL — L FEEEHT Y A Ak
GaNWIZEIz B 258 R B - 73427 0¥ - 5jfli % [f]— 2 — 2 T2 5%91,000m (£521,000: 1) 7. 25210,000:

Tat2AxT)7) DKZEMI)-VIL—L%H
U AFZEB R D MIEEZ XD E§ .,

The Center for Integrated Research
of Future Electronics - Transforma-
tive Electronics Facilities (C-TEFSs)
is an experimental facility of IMaSS
at Nagoya University. It has a large
clean room of about 1,000 m? (Class
1,000 exposure area; Class 10,000
process area) for conducting acceler-
ated crystal growth, device processes,
and evaluation in GaN research and
development.

| JEE
(1) GaNIZEHLL 7= 7 3oa i L7 av 254

FUIFIbweb -2 http://www.c-tefs.imass.nagoya-u.ac.jp/

B Features
(1) Submicron processing line specialized for GaN Electronics

PSR B BIERE TT VA =TV —T T > Complete end-to-end process of GaN power devices from crystal growth

GaN/ST—F A 2% 2 —T at 2

to device fabrication

P 2T AU E LT T I B L > Equipment capable of submicron feature fabrication, including an i-line stepper

FEFELU7 N TR i
b BAL O RIS KD E B, 7 av 252 5E
b BRI EIC KRR I AT 4
(2) 4=y bT I
» GaN on GaN %/ ST —F 734 2
b GaN RHT 73
» AlGaN/GaN BEFUHEMT 7734 %

> Operation management and contract fabrication services by technical
development staff

> Shared user facility system with fee structure to allow use by outside
organizations

(2) Target devices

I GaN-on-GaN vertical power devices

I GaN-based optical devices

I AlGaN/GaN lateral HEMT devices

b S EEE AR T M2 ! Nitride semiconductor future devices
HRE Ellisie= Vice-Director EfEER R Vice-Director
e /:
AR E B H 1E — oNDA, Shoichi o B kack, Tes
B THHAER> EBIR<FEEIT> Designated Professor IR <RI Designated Professor
Director EEER Facility Control Manager
SUDA, Jun TERE F FK sasaoka, chiaki
FHEBIR<FRIT> Designated Professor
il o e B B sk RE WX
BT —TE BEMIIV-TR HEE
NISHII, Katsunori YOKOYAMA, Takahiro IJIMA, Akifumi
Technical Staff Manager Deputy Technical Staff Manager Technical Staff

8l R#&

SHINAGAWA, Tomohiro

Technical Staff

A MERT:

NIWA, Hiroki YAMAMOTO, Hiroki

Technical Staff Technical Staff
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High Voltage Electron Microscope Laboratory http://hvem.nagoya-microscopy.jp/

Zii R R TIEL 1965 IC R A ETHIO TS50 T AL IO E A I A G B S T LUK AR 4 %84 51 & 13 1 3
BRI OB A R AIC BN EU 22, FHZ20 101 B E Sz H U [ BGRB8 v T 1 02 0 o 7 S 13 7
AP TORMEDORISRHR B R TN K D720 Bl - T30 ¥ — BB OB M@, 7)) =V A/ R= g
VIZRWICEBN T AZEDTESWE T A I3 BAE. 2 OO I Je i 78 1 BHM B RE A A ¢ 2 2L R R T AF 2 ik & L
T ARZOMAEFHITBE XK FENIRAB L TREOKZE W EEROMAF IS TCOET ., SR EIENZ
BIHMBEOM ALy 24— LT EHITHBEO R EER >THEET,

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 reac-
tions and phenomena occurring in gas

environments to be observed, aiding

in the research and development of

environmental and energy-related

materials. This microscope can sig-

nificantly contribute to the field of

green-innovation research. The labo-

ratory is operated as an open re-

search facility for all researchers in

Nagoya University. Moving forward,

as part of our efforts to become an

international center of electron mi-

croscopy, joint projects with other

universities, research institutes, and

industries are encouraged.

MR
=1 4a
HE &ZN o
BIHRIE) RISEIFBEEERSEEEFEME JEM1000K RS
) Reaction science high voltage scanning transmission
Director electron microscope (JEM 1000K RS)

MUTO, Shunsuke

Professor

& B wH EE HR X

BEHIR FHEAER =

USUKURA, Jiro ARAIl, Shigeo USUKURA, Eiji
Designated Professor Designated Associate Professor Researcher
B e Vice-Director
= —

A+E E1T IKARASHI, Nobuyuki =B R SAITOH, Koh WA /A YAMAMOTO, Takahisa
BIR(FRID) Professor BIR(RIE) Professor BRI Professor
——
B3 ﬁ E A KUWAHARA, Makoto E }% é E NAGAO, Masahiro * j.g E: aL\ OHTSUKA, Masahiro
HEBIRGRE) Associate Professor HEBIRGRE) Associate Professor SEET(FRAT) Lecturer

*ﬁ I:l /-l-: % HIGUCHI, Kimitaka IJ-I ZF 15 i( YAMAMOTO, Yuta

HEm Engineer HEm Engineer
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o By 3% FAF ZE M R

Research Facility for Advanced Science and Technology

S v B iy M R WF 28 fi 3 D o) — VL — L5
I FHRIEAF Y — CVD, 22892y
TEDRNEREE v 22T 54 ) E TR
WiE ICPTyF Vo % &% O MMM T %
iE.SEM. ESCA. J5 v [ I8t &, KX
R 1T 55 0D 53 AT 25 1 e & 2 < D S Ui ) e
PR E XN T H 0 L AT AR IS B
b.vAra/F M. E6IC il 5T £ TlE
IR RIS XN TR0 E T, £, SRR
FEHROWMMMILF /) Ty T+—LHHEICK
5F 8k T BE B B i S 18 A
HELTED. NN OZ O HIZFHH &
nTET,

TNARATOERE W)=V Ib—L)

Device process room (Clean room)

http://www.rfast.imass.nagoya-u.ac.jp/

The clean rooms and other laboratories of the Research Facility for Advanced Science and Technology are

equipped with molecular beam epitaxy, chemical vapor deposition (CVD), a sputtering system, and other

film deposition equipment; a mask aligner, electron-beam lithography, inductive coupled plasma (ICP) etch-

ing, and other micro-fabrication equipment; scanning electron microscopy (SEM), electron spectroscopy for

chemical analysis (ESCA), an atomic force microscope, an X-ray diffractometer, and other analytical equip-

ment, as well as a wide range of other leading-edge equipment used in a wide array of research operations

ranging from thin-film deposition of various materials to micro- and nanofabrication and material characteri-

zation. Furthermore, this facility is being used to carry out the Nanofabrication Platform Consortium Proj-

ect supported by the Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT),

providing technical support on nanomaterial processing and nanofabrication for numerous researchers by

utilizing multiuser instruments.

Z/\v%/MBE/ HEMIE (V)= Ib—L1) BFRENARE
ECRIVFVIEZE—BIATLA Micro fabrication room Electron beam lithography
Sputtering/MBE/ (Clean room)

ECR etching system

MR

o Ml &

B <FHE>

Director
KATO, Takeshi

Professor

ok IEIL
EUES

MATSUNAGA, Masahiro

Assistant Professor

* ﬁ EE _I%h OHNO, Yutaka EFI *g EE NAKATSUKA, Osamu

BIRGRID) Professor BR<EE> Professor

BFREEICES T/ IN2—V R
Nano-pattern by EB lithography

j( % j( ﬁ OSHIMA, Daiki

B ERBGRE)

Designated Assistant Professor




S I_J *IJ )Eﬁ 7N I_J 6)1: j:m SN Joint Usage/Research Center

BHEZEATIE, XR AP [ HH A I X —D720DM B L 2T LRI R ELTRREST, TXLF—D Rl -4
o, FERAZR P HO S AL LR R EHIEL 728 230 F -8B 3 2 M R A A - 2L G628 & B i e St 2
REDTHODY AT AMEETIRIASHEEL TOE T BN IO K50 b 78 BB O BF 72 5 13 AR 5Eir O B B & Ikl % 4
FIHZET M4 MR B FE %47 5 7230 O IR O N T2 36 18 38 1 BB A 13U &3 2 £ bk s 43 BT 24 18 4 3 W) R
FHZENTEET SLEMA - L E S HREOTT AR OBRLHEINFT SO L TR 5E<EEN,

R E DOV AP HGAA S A EDOREMNIZ, TRtURLA Z B 2SN,

https://www.imass.nagoya-u.ac.jp/joint/base/about

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 related to energy management technologies, it serves as a venue for ev-
erything from fundamental research through to system-building for actual deployment in society, aimed at
more advanced, fully optimized energy creation, conversion, storage, transmission and utilization. At this fa-
cility, 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 equip-
ment 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 facili-
ty, please consult with the IMaSS staff in advance and apply.

HEFIAREORN HEFBEDA A=Y
Application Flow for Shared Use Image of Shared Use

EFNEIRILF— (TRILF— DRI - Zif, B X HBEOEEL - B/ ORE

Realize revolutionary energy-saving (further advancement/hyper-efficiency of

U creation, conversion, reserve,
__! transmission and consumption of energy)
BHERE RKEMB -V ZXT LK A
Nagoya University Institute of _ [ = =
Materials & Systems for Sustainability RIRRFADIER. KRl T — 5 EZFALIHERRR

FIRMABM R T N\A REOERRKMICET 2ERARD SHREEDTHD Y X T Lkl
Joint research by utilizing the facilities, equipments, data and so on of the IMaSS.

HEAMA AR RIGE Wide range of research from fundamental research on advanced materials and
Apply for shared use/  # iR devices to system engineering for socially implementing them.
joint research Adopt

A

KIARFAOBERVAZUNDHEEICAIE T 2HEXFARELESUHARFT—L
Academics or research teams of the IMaSS including
researchers from other institutes / universities.

BRUANDIRZTE
=L RO e

Nagoya University

KF - TFEREE researchers Researchers from other universities
Universities / Research institutes (research representatives)
IMasSs o# &b
AN = N /,\
WER B & R /N > I & & X
FAERED E5 3:i1 b
MATSUNAMI, Aritaka HIGUCHI, Kimitaka YAMAMOTO, Yuta
Senior Engineer Engineer Engineer
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CIRFE
IANF L
ILrZhE=FR

CIRFE-Transformative
Electronics
Facilities

T 7 i% i — & Device Innovation Section

AFVEAEE
ULVAC IMX-3500
lon implanter

ULVAC IMX-3500

EmA R R E
ULVAC QAM4

High Temperature Sputtering
Deposition Equipment ULVAC
QAM4

FIB-SEM

HITACHI NX2000
FIB-SEM

HITACHI NX2000

AL XSEM A A—=T2FCL LERECAIERE I3 V/iEmMeE

HITACHI SU9000 HORIBA WD201N RIKEN KENKI AC-3 HAMAMATSU PHOTONICS

In-lens SEM Imaging CL Work function measuring device PHEMOS-1000

HITACHI SU9000 HORIBA WD201N RIKEN KENKI AC-3 Emission microscope
HAMAMATSU PHOTONICS
PHEMOS-1000

i#RRATwIN F/AT IV L—4 —EEiE RCAM#EE

Nikon NSR-2205i12D PA 77X X500 F1)>18A  OLS-4100 L)k 18-MR12

i-line stepper Nano inprint equipment Laser Confocal Microscope RCA cleaning system

Nikon NSR-2205i12D SCIVAX X-500 Olympus OLS-4100 Dalton 18-MR 12

BRRRE B (REAR AT L ICPRZA Ty Fv4 ALD(ZS XA/ —=IV)

ALk 18-MULL Bruker Dektak XT-A ULVAC CE-S Ultratech/CambridgeNanoTech  Fiji G2

Organic cleaning system Stylus profiler ICP etching system 4 Atomic layer dposition system

Dalton 18-MU11 Bruker Dektak XT-A ULVAC CE-S (Plasma/Thermal)

Ultratech/CambridgeNanoTech  Fiji G2



LP-CVD

samco LPD-1200
Low pressure CVD system
samco LPD-1200

ICPFZ ATy Fv1
samco RIE-200iP
ICP etching system 1
samco RIE-200iP

https://www.imass.nagoya-u.ac.jp/joint/equipment.html

ICPRZA Ty F+v2
samco RIE-200iP
ICP etching system 2
samco RIE-200iP

P-CVvD1

samco PD-220NL
Plasma CVvD 1
samco PD-220NL

ICPRSATwF+3
ULVAC  NE-550EX
ICP etching system 3
ULVAC NE-550EX

EBZERE
ULVAC ei-5
EB evaporator
ULVAC ei-5

ANy REB
ULVAC CS-L
Sputtering system
ULVAC Cs-L

HTHEESEFSRYEVTR)
FILMETRICS F50

Automated Thickness Mapping
Systems

FILMETRICS F50

R
R (e T

High Voltage Electron
Microscope
Laboratory

RiSHFEeEEEZAETIE
%#E JEM 1000K RS
Reaction science high voltage

ENREEFIRETAEDSEE
AVE FEAMEE JEM-ARM200F
(Cold) (INZEHEEFIEMER)

BRI TR R R T EH
JEM-10000BU
(NEHEBTFEMG)

scanning TEM JEM1000K RS Aberration corrected scanning Aberration corrected scanning
TEM JEM ARM200F TEM JEM-10000BU
BRNHAEBE FIEME BFOEETEBEFIEMES PRI TERROEE ER A E—LINTH

Transmission electron microscope
JEM2100F-HK

JEM2100M
Electron Spectroscopic scanning
TEM JEM2100M

MI-4000L (FIB-SEM)
High-speed sample fabrica-
tion/analysis system MI-4000L

FB-2100 (FIB)
Focused ion beam sample
preparation system FB-2100
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T 7 i% i — & Device Innovation Section

TIVAAF RSB PIPSII VAR IVR) YT v— EEEFIEME INA A BRI R FIB-SEM
Precision ion beam milling Cross section polisher JEM-2100plus 27 INETHOS NX5000
system PIPS || 1B-09020CP Transmission Electron Microscope High-speed sample fabrica-
JEM-2100plus tion/analysis system ETHOS
NX5000
ViR
FE [ ZE fti i
Research Facility for
Advanced Science and
el gy 8TEMBEEE 87T R bOVRI Sy REE 3T R OVRI S REE

MBE with 8 sources

Magnetron sputtering with 8
sources

Magnetron sputtering with 3
sources

BHRRIEE NRIT7Z4F MA-6 ICPTyFJ%E ECR-SIMSTwF /7 iE
Electron beam lithography Mask aligner MA-6 ICP etching ECR etching with SIMS
AF2EAEE TTLL—— BRUF RURNNEIELEE

lon implantation MIAF AT Electric furnace Rapid thermal annealing
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Femto-second laser for
micro-fabrication and
measurement




EBRETFIEME
FE-SEM

SEIRXIREITEE

X-ray diffractometer

https://www.imass.nagoya-u.ac.jp/joint/equipment.html

[RFREIERMER

Atomic force microscope

XEFNBF IR
X-ray photoelectron
spectrometer

Jempkes =

Shared Equipment
Laboratory

XERHEBFDIEE
ESCA-3300

X-ray photoelectron
spectrometer ESCA-3300

BREEREEE T S ARENS
HHHEEE SPS7800
Inductively coupled plasma
atomic emission spectrometer
SPS7800

BRMGTRID T ER S FIEME
JSM-6330F

Field-emission scanning electron
microscope JSM-6330F

XHREHTEEE RINT2500TTR CHNO—4%— MT-6 wEyO< N S T7EESE ARYOR NI > 7aEHHE
X-ray diffractometer RINT2500TTR CHN corder MT-6 3200 QTRAP QP2010 Ultra
Liquid chromatograph-Mass Gas chromatograph-Mass
spectrometry 3200 QTRAP spectrometry QP2010 Ultra
BREFEMERAT TS L—H Ry 75— IRIVF—DEEXEDITEE XEFHEF DI EE
JEM-2010F TORETRIEEE FSA3500P {(TEEREFIEMEE S3000N ESCALAB250Xi

Transmission electron microscope
JEM-2010F

Laser doppler velocimeter for one
velocity component FSA3500P

Scanning electron microscope
with energy dispersive x-ray
spectroscopy S3000N

X-ray photoelectron spectrometer
ESCALAB250Xi
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2P RS EAM B R 94 74/ _R—va v )P BB E S e e 2 b

Creation of Life Innovation Materials for Interdisciplinary and International Researcher Development

http://www.6univslim.imass.nagoya-u.ac.jp/

6 K FONETEAT (£ i B K EAR R - 2T A ST . KBROK 22365 BHANEFERT ALK 2 S @ ADRHIE 22 L 30 T3¢
KTV T AT R ZERT FREH KT/ - A7 RIHT 52 R B2 OV R R bR B oK 2 26 R A I T2 i 92 7) 23 JL
N% DA E LAB [ EWEEHMEL (G474 R= a0~ TFUT ) [RRIBL BT Uk 2 Bl b 720 % 5857 B R T 109 07 27 17 53
PramigLEd.

HARMNZIE ARG R MR O e iy & 20 2 BRI e OBl & R 7§ % 0 B L BRI AR A & Fifvi W BEAL 2 D720 D 1Y
ZhA TS %57 B RIS H & R AR ALIC RS 2R 2 BT 2 3 BHC BV TR B K ORI R 2TV E T 2512, MOFHIFSE
Sl FEAR L U7 [E B A it - Ko - S i 2 HEE L L S AM ER OB B K ZX0ET .

AT T 0D 2 o NI KA E OB B 78 & pE 2 AR DGR LB BDAKET 5 T REEH O LR EMEEL TE
JE B ANMOBFEROMIER G e H0E

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 Re-
search, Tokyo Institute of Technology LLaboratory for Materials and Structures, Waseda University Re-
search Organization for Nano & Life Innovation, Tokyo Medical and Dental University Institute of Biomate-
rials and Bioengineering) 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 component materials and technologies that serve as the technological founda-
tions for life innovation materials, the development of materials that contribute toward environmental pres-
ervation 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 collaboration between universities and corporations in the field of materials re-
search, thus achieving a venue for the cultivation of highly skilled personnel.

In addition to playing a leading role in the areas of material-related research and industrial support mea-
sures, 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.

B HE . .

pEo L REHERR SRS
*ﬁ%?iz_é'ha*%*ﬁ - ma f"a Coveor o LRI FEHER Faculty of Science
£ t )71 fEiE ) %****ZH'VZTAB}“F& Graduate School of Engineering, and Engine.ering,
Greenl M'f:b"l"y lﬁseurc};_lnshfufe, ................................. - Nagoya University Institute of Materials ~ eceecees Nagoya University Waseda University
nstitutes of Innovation inabili - o=t 5 \—/33

for Future Society, Nagoya University ond*Sysfems for Sustainabiliy FA74/N=23/RTITIV ?;J;Eégﬂ‘;;;h

JI)—=vHEA Life innovation materials

— G Life i i terial
474/ —2aVRTUTI B sentor sysiem g

Life innovation materials .’

AT/ R=23VITIVTIVEATAIR
Life innovation material mimetics

to realize green society

ERMEE R

Medical material development R E*
Bt MRS — F/ 547 BIHHEAH
Ewﬁﬂ T ?m %Fﬁ Materiol Applicafion Group Research Organization for Nano
TMDU BB & Life Innovation,Waseda University
EROREBO ;ﬁﬂﬁ}?‘&%ﬁﬁtwﬁﬁ_mi ___tv¥-orso
5474/ R—3VIFYTI RHEXOHERMEEE FATL N2 XTI
Life innovation materials Collaboration agreement te innovation materiat
for healthcare with overseas research institutes for sensors
— g
P70 e 35737 )| VO Bl
=
Jﬁfﬁﬁ*gﬁ"ﬁﬁ Creation of Life Innovation Materials S RIS E R
control technologies SR .EARHNSEAMER Inorganic m;Jter:als with
X = = N unique structures
IRAE SRR AFOREMATES 2y bT—21E U —
Osaka University Joining Cultivation of academic/international human resources : /T4) P
and Welding Research Institute Collaboration and Networking Beyond the Boundaries of Universities Tokyo Institute of Technology Laboratory

S474) =3y for Materials and Structures
RTFVTIVA VR —TI(R WA, — SA7A4/N—=2avE33vIR
Life innovation material interface *ﬁﬁrﬁji‘zjﬂ%m"? Life innovation ceramics

IRATEMER HRIGELRHME ETRET e
7‘7")7’”/*4?,5—1 AR TFBRH Metal materials with Graduate School of ﬁlkﬁﬂuﬁuft/?
Osaka U + Material Graduate School of Engineering, unique structures Science and Engineering Center fo.r Material Design,
Si?enuce Z‘:Zré‘nyin:e:;m Tohoku University og Tokyo Institute of Technolo/gy Tokyo Institute of Technology
o N HERE RILX & BHHZER Ll 544 )R
21 .‘g{EL/ HEHEsREt Tohoku University Institute =15 & TTF)TIVERESRET
XFUTIBERE for Materials Research RTUTIVIBERE

Material design P N Design of life innovation
j . = N, Lif 1
Function design FATA/N—=23V A 2)b malt:rilgln?":t?cl'z?es material functions
Life innovation metals

Life innovation material
structure design
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The Consortium for GaN Research and Applications

— At E A GaN Ty —3 7 Ald, Society 5.0 FEBD 7012, GaN (8L 4 2) A 22 BH 7 75 Bh o ik, #h221L. .+ BH
FEOER A TR > THEE» DRINIETTHILEABE T AL ORIBIZH 5§22 HIC, A HTCELOAIHIH) T
MENELTZ,

FEFE DR S BRSO R A B AT 24— T VA R—2 3V OB AL TRHDE OGN R IEE RO Bz
Bk 528, LA COFEBRMBEZML T, @SRRI 2 1 A f L AL 2 0720 DR EEE R $ 5, 21 iR
DOFETMZRE - FliHOBERIZSZDIIL A ELLTOET,

TS MBI, K2E2 VBB (R E] KA R, a2 2R 44 TR, IRk A L) | B 0T 28 e 8 i A 288 B8 (PERR AT,
AR L 3 45RBE ([ K BR T 3¥ (B . KB HER (k) . baxE B (Bk) . = 22 EH (Fk) &) T (4 FI24-6 HBLAE) | JLh
DOIBSHET. MBPET TV =2 av ETEAN—F HRHIZREEL TOE T,

http://www.gan-conso.jp/

The Consortium for GaN Research and Applications was established on October 1, 2019.
The consortium aims to develop world-leading innovations in energy saving and reduction of CO2 emissions

by fully utilizing excellent potential of gallium nitride (GaN).

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 June 2020, major participants in this consortium include: twenty-one (21) universities (Tokai Nation-
al Higher Education and Research System, Toyota Technological Institute, Nagoya Institute of Technology,
Meijo University, etc.), two (2) incorporated national research institutes (The National Institute of Ad-
vanced Industrial Science and Technology, The National Institute for Materials Science), and fourty-five
(45) corporations ( Sumitomo Electric Industries, L.td., Taiyo Nippon Sanso Corporation, Toyota Motor
Corporation, Mitsubishi Electric Corporation, etc.). The Consortium has built a framework that covers
broad technical areas from basic to applied research and from materials development to applications.

Power network

Network integration

TRZEHIGA

Application to airplanes
REKMEH OB B RRE OGS
BINT—FTINAR

Power devices that improve transfer
efficiency of next-generation airplanes

203048
Around 2030

RIBRETIIOEE

Long distance microwave power fransmission

REDY) -V IXIVF %R

Offer ultimately clean energy 203548

EWI*% Around 2035

Vegetable cultivation factory

FNET NAREFALIAENIIHICEU. &

DEELRIFMDRERR

Safe and stable supply of agricultural products

from vegetable factories that utilize new light

source devices 202548
Around 2025

SiRER

Advanced medical technologies
RAVOBE~IVRERAVEERE=Z
UV GVRT L

Medical monitoring system utilizing

aFy FisA

Application to robots

ﬂ%tt@g%m%\ %’ﬁﬁ%ﬂ)iﬁi’)%n microwave, milliwave 2035%tE

Ry MEICEYZIE Around 2035
KE- k&8t Heavy labor such as nursing and transfer of . R
Purification of water and air the elderly are supported by robot KRR 5 GiE(E

Post-5G communication
BEEEBEDT N RITEY KAt DEE
BEAERR

technologies 20255t

RERARICEYRSEKEMIE
Around 2025

HRAOEREENE

Safe water is supplied using sterilizing light

sources to improve the living environment of

the world 2020448
Around 2020

ion high-speed
network is realized by ultra high-speed devices

20304tg
Around 2030

RittLEENE

Next-generation automobiles
IVIVHE-RBERKELTRIERL

Y=5—=N\73aY EVIEBBENBIT—F NI RE N &

Solar power conditioners
ABAHNZENRNICBHRZIRL.
RIRREICHIETS

Solar output is efficiently converted to
electricity for supply to grids and households

202048
Around 2020

RIEICRLLHS
nvironmentally-friendly society

E
AERBEOLTNICHELL

Ia#HK
Humanriendly and environment-friendly
eco-friendly society

fuEL(4
Engine efficiency and fuel economy are improved
to highest levels
Power devices frequently used in EVs are
downsized and improved in efficiency
202548
Around 2025

ZRLHR)
society
(Minimum energy society)

RERNT—FNARICELBETRIVE—HE

Energy-saving society realized
by next- generation power devices

© —fR#EEAGaNI Y Y~ T A

© Consortium for GaN Research and Applications

EiEEkiE

High-speed trains

HBNEL BT — Iy MERO R
KA ERSE

Next-generation high-speed trains mounted with
ultra compact/high efficiency power control units

2030tg
Around 2030

R RE-RE(F
AV—bitE

Smart society with security, safety, comfort and convenience
IR BT SRERT DAY — MR

Smart society where new social foundatich

and infrastructure are established
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HEE Number of Members AM2E4818HE  As of April 1, 2020

P % Bz AEEIR SEAM Bh#
Divisions Professors Associate Professors / Lecturers Assistant Professors

RKRILY bOZY REBAER L 2—
Center for Integrated Research of Future Electronics (CIRFE) 6 (24) 5 (10) 3 (2)
EEARMERLY 2 —
Eﬁvanced Measurement Technology Center (AMTC) S (9) 4 (4) 2 (2)
MR BIRERPY
Division of l\jaterials Research (DM) 4 (4) 3 (3) 4
2 AT LBIRERPT
Division of Syster’r?s Research (DS) 7 (3) 5 (2) 3 (1)
ZFIEAZTERPT
Funded Resc:earch Division 0 (7) 0 (l) 0 (2)
EF B EMZEER 0(11) 0(9) 0(2)
Industry-Academia Collaborative Chair
= L E T EMEER
Hig'?VOI:'ge Electron Microscope Laboratory 0 0 (l) 0
SetH T IR 2R 0 0 1
Research Facility for Advanced Science and Technology
Bt 22(58) 17(30) 13(9)

FBEHEERCBEMNIEFE. FEHEERL N

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

BH2F4818R%E As of April 1, 2020

E%T{%im,ﬁ“ Research Collaboration

E 4 International Collaboration

eI E# WEFEHRR

Institutes Countries Agreement Dates
FERFRERE TR FE 2005%2H21H
Institute of Process Engineering, Chinese Academy of Sciences China February 21, 2005
BRAEREZHAE EHES| 2005%6H13H
Industry Academic Cooperation Foundation of Kyungnam University Republic of Korea June 13, 2005
A= PRF-THEREMTFR KE 2005%8H8H
Department of Mechanical Engineering, University of Maryland USA August 8, 2005
TV AR BGFIEMAREIZ Y 42— KE 2005%12820H
Genetically Engineered Materials Sciences and Engineering Center, University of Washington USA December 20, 2005

A YRR 7 HMES AR RS TS 5 —

1 kx>

2006%F11H6H

Center of Environmental Technology, Agency for the Assessment and Application of Technology Indonesia November 6, 2006
RERF AL RRIEH RO FE 2006£%11818H
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences China November 18, 2006
FUTERVTYYVIRAZR N\ Y D7 RBERMAZRA Z2A 2011%10A10H
Science and Technology Research Institute, King Mongkut’s University of Technology North Bangkok Thailand October 10, 2011
A1V FIRKETY K AR 2011%F10818H
Indian Institute of Technology Delhi (IITD) India October 18, 2011
RL—Y 77 S SREBEE RKL—=>7 2013%3H21H
Faculty of Science, Universiti Putra Malaysia Malaysia March 21, 2013
JLIVEYFA—XNIVZ2KE TV R 2018%1H30H
Université Clermont Auvergne France January 30, 2018
A/ R=Ya VR TH—NA NT+—RVAIAYAILY FAZH R Ropy 2018%2R/5H
Innovations for High Performance Microelectronics (IHP) Germany February 5, 2018
I1— ) EHEEHZeHE Ay 2018%5H28H
Forschungszentrum Julich GmbH Germany May 28, 2018
IIVT A4 ARV KETEE 12> 2018%7H23H
Faculty of Engineering, University of Kurdistan Iran July 23, 2018
NRY UBZE > 72— ANRA > 2018%F8H16H
Basque Centre for Climate Change (BC3) Spain August 16, 2018
INRT 7 KZE BRIFERM 1297 2020%F2H18H

Department of Information Engineering, University of Padova Italy February 18, 2020




EA collaboration in Japan

1B % WEFERR
Institutes Agreement Dates
FEE DK R 2004£10814H
Chubu Electric Power October 14, 2004
BB 2004%11826H
Aichi Prefecture November 26, 2004
AEE™ 2004%11H26H
City of Nagoya November 26, 2004
BARZH KIS BRI 2007%9H13H
National Institute for Fusion Science, National Institutes of Natural Sciences September 13, 2007
FRAAXT BABOREEHAER 2009%4H9H
Waseda Institute of Political Economy April 9, 2009
—MRMEEANT A EIIV IR R — 2017F4817H
Japan Fine Ceramics Center April 17, 2017
= {=| (G2 RARE(FH)
Category Number of Adoptions Amount (in thousand yen)
EEER NS
Manager)n(ent Expenses Grants - 664' 134
BEMREHE
Graqn_ts-in;-’-/:id for Scientific Research 68 483'571
ZEEHRE
(%)ntractj;esearch 26 2 ' 144 ! 970
REE LD HFEHZE
JoinEt Research wiTh IndjLTstry 113 619 ! 644
RBEHWE
S:nations for Scientific Research 38 53'987
Z Dt
Others 9 12 ,42 1
st
Total 254 3,978,727

B &HL Educational Contributions FH31EE  Academic Year, 2019
SEL K PRAEBfZEE  Undergraduates, Graduates, Research Fellows

X5
Status Number of Students or Researchers
A4 1]
- DBQE
Undergraduate Students 115 (4)
ﬁiﬁ:ﬁlﬁﬂ§¥$g 243 (45)
j(? ﬁﬂi Master’s Program
Graduate Students ﬁi?ﬁmﬁ%*%
Doctoral Program 73 (38)

ERm it 44 (18)

Postdoctoral Fellows

ARABRPAOFRBHEEDN X BEEHBLAOTVAREMEISHREH FNRIENEAZ (W) .

Supervised by faculty affiliated to the Institute. Number of foreign students or researchers in parentheses.

FAIEEEL  Number of Degree Reviews

FTEDRER 20

Number of Principal Examiners

KRARFADOFABEEN  AFOBESEUEECIEEZHOLERR

Aggregate number of times faculty affiliated to the Institute have taken on the role of the principal examiner in a doctoral degree review
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F‘x:'fé" Awards and Prizes

ZEMTE

Number of Awards and Prizes

FR3I1LEE Academic Year, 2019

18

FENERREETHHHHIEMRC

Not including awards and prizes given to students

YEF i FE - BX183 280 Number of Patent Applications and Granted Pat

8

Applications

ERR31EE Academic Year, 2019

1S

Granted Patents

FEER Facilities

SM2FE4818RE  As of April 1st, 2020

= a1
w o

Y Buildings
E BRZEFRfE A E R (m?)
Buildings Floor Space used by the Institute (m?)
B gRr I | 333
Research Institute Building |
BRRFRERIEE 3,804
Research Institute Building Il
MRE-RRE-BHEELLT
HERBETRMREIRRE 461 BRALTVAEME
Inter-Departmental Education and Research Facilities, Laboratory 3 Floor space used as research space
laboratory space, office space

KA 2 443
Research Laboratory Building !

N

Sub Total 7'041
BHEL V¥ —ZRARER 504
Research Facility for Advanced Energy Conversion
B E BT AN SR 906
High Voltage Electron Microscope Laboratory
Fotm BT H RS R 1 849
Research Facility for Advanced Science and Technology ’ E‘ﬁ@}g%

X 3 _ = Indivi | buildi
IZ\“/:\__»_E\}QI[/7I~D_7Z£%§EEEQ 2 997 ndividual buildings
Center for Integrated Research of Future Electronics, Transformative Electronics Facilities (C-TEFs) ’

Center for Integrated Research of Future Electronics, Transformative Electronics Commons (C-TECs) ’
/INEF
Sub Total 12’815
AE-I-
=
Total 19,856




i{:l\ $ History

"ﬁJZ16¢ 4 B @ £HEAZE IONTRIZEM %35
(RO|R L 2—FEDBRF - HEICLIFELEN )
- BETHFREME L 2— (BHSSERIZNDATES
R E TR 7 EHE)

- BRIFNF-EHRIAR L 2— (BERIRIE—H
Rt 52— (FBFIS7TERER) . Z0% BE. SEIFIF—
TR 42— (FRAE) £ TR 4F(C2E)
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2004.04 @ Established EcoTopia Science Institute (Established through the restructuring
and integration of the following research centers.)
- Center for Integrated Research in Science and Engineering (1995 reorgani
zation of the Synthetic Crystal Research Laboratory founded in 1963)
+ Research Center for Advanced Energy Conversion (Founded in 1982 as the
Research Center for Resource and Energy Conservation, changed to the Research
Center for Advanced Energy Conversion in 1992, and reor ganized in 2002)
+ Research Center for Advanced Waste and Emission Management (Founded in 1997)
+ Research Center for Nuclear Materials Recycle (Founded in 2001)
- Added specialized instructors in all liberal arts and science departments
2005.04 @ Established Nagoya University EcoTopia Science Institute as a research
institute for internal measures
2006.04 @ Reorganized Nagoya University EcoTopia Science Institute as an institute
attached to a national university
2007.04 @ Integrated Nagoya University Research Facility for Advanced Science and
Technology (founded in 1988)
2007.07 @ Established Nagoya University Center for Interdisciplinary Studies on Resource
Recovery and Refinery in Asia
2009.04 @ Abolished Nagoya University Center for Information Media Studies (founded
in 1998)
2012.03 @ Abolished Nagoya University Center for Interdisciplinary Studies on Resource
Recovery and Refinery in Asia
2015.04 @ Established Nagoya University Advanced Measurement Technology Center
2015.10 @ Reorganized to Nagoya University Institute of Materials and Systems for
Sustainability (IMaSS)
® Established Nagoya University Center for Integrated Research of Future
Electronics (CIRFE)
2016.04 @ Recognized as Joint Usage/Research Center of materials and systems for
innovative energy saving.
® Established Toyota Advanced Power Electronics Funded Research Division

© Established AIST-NU GaN Advanced Device Open Innovation Laboratory

2016.05 @ Established Toyota Advanced Power Electronics IA Collaborative Chair
® Established DENSO Automotive Power Electronics IA Collaborative Chair
2017.03 @ Established NIMS-NU GaN Evaluation Basic Research Laboratory
- Amano-Koide Collaborative Research Lab -
2018.01 @ Established TOYODA-GOSEI GaN Leading Innovative R&D IA Collaborative Chair
2018.04 @ Established 7th phase of Energy Systems (Chubu Electric Power) Funded
Research Division (1st phase of Energy Systems Funded Research Division
founded in1996)
2018.06 @ Established C-TEFs : CIRFE-Transformative Electronics Facilities
2018.12 @ Opened CIRFE-Transformative Electronics Commons “C-TECs”
2019.04 @ Established AsahiKASEI Innovative Devices IA Collaborative Chair
© Established TOYOTA CENTRAL R&D LABS GaN Power Device |A Collaborative Chair
2019.07 @ Established MITSUBISHI CHEMICAL GaN Substrate Devices IA Collaborative Chair
® Established Rohm Multi-Scale Power System SimulationlA Collaborative Chair
2020.04 @ Established DENSO Nano-carbon Research & Innovation IA Collaborative Chair
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