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Message from Director

We create new materials with innovative physical properties and functionalities by the hybridization of a wide range of
materials, on the basis of inorganic materials consisting of various elements. We do not only find new scientific principles
for the materials, but also contribute to human and society by the materials and knowledges. This is a mission for our
Laboratory for Materials and Structures (MSL); we have been esteeming dialog with human and society as well as dialog
with god.

We also have another important mission. As a joint usage/research center for advanced inorganic materials, a hub of
materials science and architecture, we have been supporting global researchers in the fields, creating new values from
nm-scale devices to km-scale architectures. The joint usage/research center provides the newest results based on our
unique apparatuses to them and gathers their and our knowledges, resulting in new values to contribute to human and so-
ciety.

The predecessor of MSL was Materials and Structures Laboratory (1996-2015) that was the successor of Research Lab-
oratory of Engineering Materials (RLEM), which was established in 1958 by merging two laboratories; Research Labora-
tory of Building Materials (1923) and Research Laboratory of Ceramic Industry. While we have made our efforts to bring
breakthroughs in materials science and technology through such changes, it has inherited our split to esteem dialog with

god, human and society.
We are making our best efforts to achieve innovation in this field. We appreciate your continued support for our re-

search activities.

May, 2022

Director Michikazu Hara
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March, 1934 The Laboratory for Building Materials was established as an affiliated
laboratory of the Tokyo Institute of Technology.

rnl8s1r FEMEMBARLLT "ESLHER, HER

January, 1943 The Laboratory of Ceramics was established as an affiliated
laboratory of the Tokyo Institute of Technology.

mu33£3n BEMHHRARCELMER%
March, 1958 E{&HE LT "TEMEATER HRE
The Research Laboratory of Building Materials and the

Research Laboratory of Ceramic Industry were integrated into
the Research Laboratory of Engineering Materials (RLEM).

82D IZHEHAEFIFLELRANRRD
May, 1996 TSE€S5 3y 2 AL, A8

The RLEM was reorganized to the Materials and Structures
Laboratory(MSL), a national collaborative research laboratory.

v 185br THERF2TIFUTLEYS—, BE (FEE10%E)

April. 2006 The Center for Materials Design, affiliated with the MSL, was reorganized
into the Secure Materials Center (SMC) (10- year limit)

v 22#4n HEEAE - HAFRLREHERTRFRLRICRE
April. 2010 The MSL was certified as a joint usage research center for
Advanced Inorganic Materials.

v 285bs BEESIvIRMERA TR EHARTERE
April, 2016 Z7AY T+ 7R RT) (CSHE

The MSL was reorganized as the Institute of Innovative Research,
Laboratory for Materials and Structures.




Organization

TRBEEMHLRAMRRREERZESR
Advisory Committee

Division of Unexplored Materials Exploitation

Director Division of Materials Design

HESE

Faculty Council

Division of Materials Integration

g

BIE R R BT FR I

Division of Structural Engineering

REEEXESE
Safety-Management Support Staffs

HEFAHEEE

Office for Collaborative Research Projects
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Committee for Cooperative Research Support Staffs
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Fi & Faculty Members

REMFIFEHRESE Division of Unexplored Materials Exploitation

B R R M Masaki AZUMA 045-924-5315
R TR FH Hidenori HIRAMATSU 045-924-5855
HEHR WE EX Takafumi YAMAMOTO 045-924-5360
B H EM = Kei SHIGEMATSU 045-924-5380
B # ¥R EX Kota HANZAWA 045-924-5134
B H  RH HAKER Shintaro YASUI 03-5734-2906

MEIEEERRETFER  Division of Materials Design

BB K5 ER Fumiyasu OBA 045-924-5511
B B #n fx Toshio KAMIYA 045-924-5357
E O - |- = Hitoshi KAWAJI 045-924-5313
EEIER R#B B8R Takayoshi KATASE 045-924-5314
ERE gl RB Takao SASAGAWA 045-924-5366
B hit — Kazutaka NAKAMURA 045-924-5387
B B HF BN Keisuke IDE 045-924-5325
B % SB £ Suguru KITANI 045-924-5370
B B B = Akira TAKAHASHI 045-924-5343
BEEHR BT #—BB Yu-ichiro MATSUSHITA 03-5734-3306
REBIH E XH Tianwei WANG 045-924-5343

MSREEIASRE Division of Materials Integration

B & e At Tomonari INAMURA  045-924-5058
B = BiR IEA Masato SONE 045-924-5043
B R FH Michikazu HARA 045-924-5311
¥ & HE St Hideki HOSODA 045-924-5057
B ® HE £ Yutaka MAJIMA 045-924-5309
EBE #HHE EE Keigo KAMATA 045-924-5338
HEHIF HER It Masaki TAHARA 045-924-5475
HE#H®  Tso-Fu Mark CHANG 045-924-5044
B E% #in Yusuke KITA 045-924-5312

mhara@msl.titech.ac.jp

mazuma@mesl.titech.ac.jp
h-hirama@mces.titech.ac.jp
yama@msl.titech.ac.jp
kshigematsu@msl.titech.ac.jp
K-hanzawa@mces.titech.ac.jp

yasui.s.aa@m.titech.ac.jp

oba@msl.titech.ac.jp
tkamiya@msl.titech.ac.jp
kawaji@msl.titech.ac.jp
katase@mces.titech.ac.jp
sasagawa@msl.titech.ac.jp
nakamura@msl.titech.ac.jp
keisuke@mces.titech.ac.jp
kitani.s.aa@m:.titech.ac.jp
takahashi.a.bb@m.titech.ac.jp
ymatsu@msl.titech.ac.jp

wang.t.ah@m.titech.ac.jp

inamura.t.aa@m.titech.ac.jp
sone.m.aa@m.titech.ac.jp
mhara@msl.titech.ac.jp
hosoda.h.aa@m.titech.ac.jp
majima@msl.titech.ac.jp
kamata.k.ac@m.titech.ac.jp
tahara.m.aa@m.titech.ac.jp
chang.m.aa@m.titech.ac.jp

kita.y.ad@m.titech.ac.jp



Directory of Laboratory

B # BB BSE
B H RE 81T
B H &R BHE
B #% RO &
B #% AR £

REBE B Bla
REBIH BRER HE®

Wan-ting CHIU
Tomoyuki KURIOKA
Yuri SHINOHARA
Yu SEKIGUCHI
Nozomi NISHIZAWA
Chun-Yi CHEN
Masashi HATTORI

BISEERRET TR  Division of Structural Engineering

B & AR B Tadashi ISHIHARA
B R ER #— Shoichi KISHIKI

E | Susumu KONO
BRI (B K& Daiki SATO

BRI BN REE Koshiro NISHIMURA
By #%  Sujan PRADHAN

B #  SHEGAY Alex Vadimovich

EEHE Specially Appointed Professor

BERR
RHERE
TR
HERR
RERER
BEHRR
FHE AR
RHEABIR

B #

g= #a
mE =

&l E—
i RE
FHE flia
ik BX
B =

Wataru UEDA BIOESE RIL M
Yuji KOETAKA BiEERR A0 BE
Akira SAITO BIEEE & B
Keiichi SATSUKAWA  ®iz#si S8 B
Koshi TAKENAKA BiEEsE kg T
Toshiharu TERANISHI iz #H ik
Hirofumi AKAMATSU  #@£#%% Hena DAS
Maki OKUBE REMH KEE =

045-924-5061
045-924-5631
045-924-5597
045-924-5012
045-924-5178
045-924-5631
045-924-5381

045-924-5484
045-924-5332
045-924-5384
045-924-5306
045-924-5326
045-924-5326
045-924-5306

chiu.w.aa@m.titech.ac.jp
kurioka.t.aa@m.titech.ac.jp
shinohara.y.aa@m.titech.ac.jp
sekiguchi.y.aa@m.titech.ac.jp
nishizawa.n.ab@m.titech.ac.jp
chen.c.ac@m.titech.ac.jp

hattori.m.aj@em.titech.ac.jp

ishihara.t.ai@m.titech.ac.jp
kishiki.s.aa@m:.titech.ac.jp
kono.s.ae@m.titech.ac.jp
sato.d.aa@m.titech.ac.jp
nishimura.k.ac@m.titech.ac.jp
pradhan.s.aa@m.titech.ac.jp

shegay.a.aa@m.titech.ac.jp

Naoyuki KATAYAMA
Hiroki TANIGUCHI
Masanori TANI
Takashi TERANISHI
Hajime HOJO
Kazuhiro MATSUDA

Gaku OKUMA




Outline

7uri 4 THEFER T, 2R I0E D 6K
SNZEEME 2 H0L L, @EMR - FHR L L
DILHLWE - MELR L OBA %38 U T, i -
HWREZ AT AMB 2RI L 2. ZRLWE - MR
VESHOYHEEPMAT 2 2 L CHEFMENCEY 25
LOEHRHER L, INETH L O BEEOME 2k 2 2
MERE 2T 2 L E b, 2o MBoftag
FTRAN—F B LTHADHLHEDRHRIZES
LI,

&0+ R

Synthesis Process

“b‘-"c
Vs E(“*
HHEEH -HEHE & %o

RHFUAICSZETHEORH

Creation of i novative materials through interdisciplinary collaboration

Material design
/Computational material
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Laboratory for Materials and Structures (MSL) aims to
create innovative materials with conspicuous properties and
functions via interdisciplinary materials science and inorganic
materials, metals, and organic materials.

The ultimate goals of MSL include the following: a)
development of innovative materials based on novel concepts,
b) design of innovative materials in pursuit of original
guiding principles based on underlying theories in materials
science and different scientific fields, and ¢) contributions
to the solution of social problems, including safety and
environmental problems, through the application of innovative

structures and materials.
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Exploration of frontier research
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Specific environmental tolerance
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Energy
Resource production/Catalyst ..
FNAZA-ILYFAZH R
Device/Electronics
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MSL is developing interdisciplinary researches based on
four divisions: Division of Unexplored Materials Exploitation,
Division of Materials Design, Division of Materials

Integration, and Division of Structural Engineering.

Division of Unexplored
Materials Exploitation

Division of Materials g SR A Division of Materials
Design Integration

Laboratory for Materials
and Structures

SR RE SR BT PR

Division of Structural
Engineering
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The number of CRP 2021

MSL has been designated as the Joint Usage / Research
Center for Advanced Inorganic Materials by the Japanese
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) since 2010. The Collaborative Research
Projects (hereafter, “CRP”) of MSL include the five different
types of research and workshop.

- International CRP: Research projects conducted by

a team consisting of MSL faculties and researchers of
foreign organizations using facilities, equipment, data,
etc., available at MSL.

- General CRP : Research projects conducted by a team of

MSL faculties and researchers of other organizaitons.

- Topic-Specified CRP: Research projects on specified

topics coordinated by MSL faculties.

- International Workshop

- Workshop

30 31

o 21 23
17 18

13 13

2013 2014 2015 2016 2017 2018 2019 2020 2021
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The number of International CRP
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The number of CRP 2021 Researchers
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Division of Unexplored Materials Exploitation
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The Division of Unexplored Materials Exploitation aims
to create a series of materials with unexplored functions/
phenomena and their novel guiding principles based on
underlying theories in materials science and different
scientific fields.

Truly novel materials are created, such as electrical
conductors, ion conductors, ferroelectric materials, magnetic
materials, fluorescent materials, and catalysts for elucidation
of mechanisms.

Elucidation of mechanisms for novel physical phenomena
is based on nano-structured magnetic materials and the
exploitation of novel functions via their atomic-scale
junctions.

The realization of new functionalities occurs not by using
noble elements but by using ubiquitous elements—i.e.,
“ubiquitous element strategy.”

The exploitation of materials with novel photonic,
electrical, magnetic, and chemical functions is caused by

unique crystal structures.

'MgO (001) sub.
" Ts=9800°C
N
"‘SmFeAsO film

polycrystal
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Division of Materials Design

MRS RERRTEI Tk, THEEHED v 2 2FED 2 L The Division of Materials Design aims to predict, design,
FRERED T T a—F T { L ESEE L BRI - 2HE - and develop materials with novel functions through non-
e o " traditional approaches and elucidate mechanisms using high-
AT BT 2 2 L THE QMBI & o P o
level calculations, analyses, and syntheses.
MHBF L Fen6DXAFI2722M6RICL. HiT2 - Materials design based on a combination of materials theory,
LHEEZ bOMBI 2 BECHGE - TH -T2 L calculations, and informatics, which is known as “Materials
BRI TO 2T, Ioformarics. | |
- Design and development of novel functional materials
based on advanced structure analyses including ultra high-
PG - RN - HEWEY -7V T XL v 7 speed time-resolved measurements, high-precision thermal
=T 4 A= 2HOCT, MEMERE 2 %3 - FHI measurements, and spectroscopic measurements.
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Division of Materials Integration
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The Division of Materials Integration aims to develop
novel materials with superior functions via interdisciplinary
materials science methods based on versatile inorganic,
metal, and organic materials.

Devices are developed based on novel materials and
processes, including oxide electronics, nanoelectronics, and
liquid crystal devices.

Superior structural materials that are resistant to harsh
environments are developed. These include shape memory,
superelastic, thermal resistant, corrosion resistant, and
abrasion resistant materials. Their basis includes inorganic,
metal, organic, and polymer materials, and/or their
combinations.

Novel energy materials that are developed are based on
solar cells, rechargeable batteries, low-power semiconductors,
and electrodes with low overpotential.

Novel spintronic devices have their basis in solid-
state physics; applications include electronic, optical, and
medicinal system technologies.

Ultimate design systems are established and crucial
material functions are investigated for advanced mechanical
motion systems.

Innovative resource production is based on highly

functional catalyst materials.
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Division of Structural Engineering
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Evaluation of reinforced concrete walls under simulated seismic
loading . The data will be used for numerical modeling.

This division is specialized in earthquake, wind, and
fire resistant engineering for structures of buildings and
other constructions. The researchers perform extensive
experimental and analytical studies addressing a wide range
of subjects including material properties, members’ behavior,
and structural performance. We deal with various materials
(concrete, steel, timber, etc) and systems (isolation, damping,
etc) to study the basic material properties, develop new
structural materials, apply theory to practical design. One of
our interesting scheme and strength is the ability to verify
theories with experimental procedures. The research results
will be applied to seismic evaluation and retrofit of existing
buildings, develop new seismic strength methods and resilient

structural systems and materials for new buildings.

The topics of main interest are as follows:

- Mechanical characteristics of steel, concrete, and all other
materials used in structures and protective systems to resist
earthquakes, winds, and fire.

- Behavior of structural members such as beams, columns,
walls, and braces, as well as protective devices including
dampers and isolators.

- Performance of structures against strong and/or long duration
vibrations caused by earthquakes and winds, as well as

strength loss caused by fire.

HOZET2HHBA 7 ) — FROBEER
Loading Test on the Performance of Reinforced
Concrete Beam with Opening

IBEKT L —REBOIRERR
Experiment of 3-story Full Scale Braced Frames

13
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Solid State Chemistry,
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Division of Unexplored Materials Exploitation

Environmentally compatible functional oxide materials

https://www.msl.titech.ac.jp/~azumalab/

Magnetization reversal by electric field inmultiferroic materials

Negative thermal expansion materials
Designing novel functional mixed-anion materials

Transition metal oxides exhibit various useful functions such as magnetism, ferroelectricity and superconductivity. We

realize new functional oxides as shown in the figures below by means of state-of-art synthesis techniques like high-pres-

sure synthesis used for diamond synthesis, thin-film fabrication by laser ablating and topochemical reactions. We detect

the tiny structural change accompanied with the occurrence of functions by using synchrotron X-ray and neutron beams.

Such obtained information is applied to the design and the synthesis of further new materials.

000 010 020 030 040
x in BiFe..Co,04

50

Lead-free piezoelectric material
oWe develop new lead-free piezoelectric materials as an alternative of PZT.
eWe discovered that polarization rotation plays a crucial role in improving

piezoelectric responses.

Ferroelectric Magnetic
domain domain
o
B 7
o 52y ¢
polarization
switchin

Py

L
&

S 4

Ferroelectric Ferromagnetism

eThey exhibits combined nature of magnet and capacitor.

eWe achieved magnetization reversal by only electric field, not by electric
current where power lose is inevitable. We aim to develop a magnetic
memory of ultra-low power consumption.

Negative Thermal Expansion Materials

*They enable to suppress thermal expansion phenomena which is a problem
on precise positioning in nanotechnology.

oWe develop new materials exhibiting negative thermal expansion accompa-

nied with charge-transfer or ferroelectric transition.

- Lo~
::E PR R °;-' ° %8% se
s SAECNRE s OV 4

Mixed-anion materials

oWe explore new oxide-based mixed-anion compounds combined with nitro-
gen, fluorine or hydride to realize superior functionalities to conventional
oxides.

eWe create new functional materials by utilizing “hard” reaction such as
high-pressure synthesis and/or “soft” reaction such as topochemical reac-

tion.
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Division of Unexplored Materials Exploitation

Creation of novel functional materials from ubiquitous
elements and inorganic materials

https://www.msl.titech.ac.jp/~hiramatsu/index.html

Creation of new materials based on original design concepts
Origin and enhancement of T in Fe-based superconductors
Materials design and exploration of functional semiconductors
Detection and determination of role of hydrogen in solids

Our research target is to create new materials

that drastically improve our society and/or trig-

ger a hot trend in worldwide research. f ot "’ H
500 | =
& | ntype| |}
| -
e " ®
s so0 Lt PotYPE
Bonding i;&axaf GI 8 :::'-.;- ‘ PS".-:&

Materials design of new light-emitting semiconductors
eChemical design based on original concepts

o Validation from first-principles calculation & experiments

Hydrogen doping

IR laser Step 2
’ MgO (001)sub. |Step 1 Annealing (500°C, 24 h)
Nd:-YAG H
laser e Touh =S00C G2 powes ~a — NaCl (90wt%)
= nm,
A SmFeAsO film Silica glass b7 o ~ + Zr0, (10wt%)
tube - .
#1 ' Zh 3
—_ tsa':’g':‘:‘“o . SmFeAsO film ‘Q ! Bz - )
MgO (001) sub. Vacuum sealed m % Graphite
75 . ry FC of #2 FC of #3 jur=1000] W W . l
e am . =
s ° - CaznN,  CaN,+2z0N, BN =
Tc=48K

Novel nitride semiconductors for photovoltaic applications
eExploration using materials informatics
eHigh-pressure synthesis (Collaboration with Oba Lab.)
aeas

STE A
dme q w 4 9 % &

H-doped Fe-based high-T; superconductor epitaxial films Gete valves
eUnique H-doping method

eDetermination of H sites by STEM

Transfer

Sputtering

Te=35K :
4xTc of bulk FeSe 8]
lonic liquid < (TC‘:SK} _5“__ | ;‘M?":E—“'Ebl

Silica g%\

ETO(DQ} FeSe channel

i Highly hydrogen sensitive TDS

Field-induced high-T¢ superconductivity using EDLT structure
eExtremely high-density carrier-doping with ionic liquid
o/ times higher T'; than that of the bulk

eDevelopment of analysis instrument with the highest H-detectable sensitiv-
ity (Patent submitted)

eExamination of role of H in solids
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Division of Unexplored Materials Exploitation

Development of electronic and energy materials

http://shintaroyasui.com/

Development of novel ferroelectric/multiferroic materials
Development of novel energy materials
Modeling of interfacial science by thin film technology

The characteristics of functional materials such as electronic materials and energy materials are generally depended
on the crystal and electronic structure. We are developing novel materials that are widely used in our life, aiming for a

more abundant, comfortable and environmentally friendly life.

BaTiO;dots

Bare Planar BTO Dot BTO

Modeled structures of LiCoO, cathode system in Li-ion battery

Three cathodes were fabricated: a standard bare one (left), one coated with a layer of Ba-
TiO; (middle), and one coated with several BaTiO, nanodots (right). The one with the nano- At low C-rate

. . .Li+

Li pat

Bare

dots exhibited greatly enhanced performance.

Nowadays, modern advances in electrical devices and

vehicles have created the need for even better batteries

in terms of stability, rechargeability, and charging speeds.

While Liion batteries (LIBs) have proven to be very use- Dot BTO
At low C-rate

ful, it is not possible to charge them quickly enough with
high currents without running into problems such as sud-
den decreases in cyclability and output capacity owing to
their intrinsic high resistance and unwanted side reac-

tions. The formation of a solid electrolyte interface is

greatly suppressed near the triple interface(LiCoO,-Ba- ! concentration

TiO;-electrolyte), which would otherwise result in poor Effect of BaTiO; nanodots
chargeabi]ity and Cyclablhty This result realizes to very The BaTiO; nanodots concentrate electric current in a ring around them

and create paths through which Li ions can pass, even at really high
quick rechargeable and also very tough cycle battery. charge/ discharge rates.
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Division of Materials Design

Computational Materials Design

Design and exploration of electronic materials

https://www.cms-mi.msl.titech.ac.jp/

Computational materials science and materials informatics

It is now feasible to predict a variety of structures
and functionalities of materials using computer sim-
ulations at the practical level of accuracy required
for detailed understanding and elaborate design of
materials, thanks to the recent development of rele-
vant theory and methodologies along with computer
performance. Our aim is to design and explore nov-
el inorganic materials, particularly semiconductors
and dielectrics, using approaches based on compu-

tational and data science.

Materials exploration by high-throughput

computational screening

ePrediction of material properties and stability using first-principles calcu-
lations and machine-learned prediction models

eldentification of promising materials in terms of target properties and sta-
bility by high-throughput computational screening

Development of computational methods for materials
exploration

eHigh-throughput first-principles calculations

eMachine learning of calculation data

Successful example of computational materials explo-

ration: Discovery of a novel nitride semiconductor

ePrediction of CaZn,N, with a band structure suited for red light emission

sExperimental verification of the predicted crystal structure and optical
properties (Hosono-Hiramatsu group)

Hinuma et al., Nat. Commun. 7, 11962 (2016).
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Division of Materials Design

Exploration of novel functional materials and electronic devices

https://www.msl.titech.ac.jp/~tkamiya

Novel functional devices based on new inorganic semiconductors

Computer-assisted materials science & materials design

Innovative materials & devices by nanoscale-controlled thin-film growth

We have been challenging to explore really new
functional materials to create novel optical, electronic,
energy devices. A representative achievement is
“IGZ0", which is already commercialized in high-
resolution LCD and very large OLED displays. As
such, our propose is to find next functional materials
following IGZO, that will make our world better and
much fascinating.

Based on our original “material design” concepts, we
continue to challenge to dramatically enhance the per-
formances of solar cells, transistors, thermoelectric de-

vices, LEDs, lasers etc.

10
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Energy (eV)
(=]

-10
R X M T

Transparent conductor using covalent bonds

Germanium oxide is known as a good electrical insulator with a wide band-
gap over 6 eV. We demonstrated to convert SrGeO; to a good transparent
conductor. Quantum calculation explains its electronic structure and why it
reduces the bandgap down to 2.7 eV by employing the cubic SrGeOj; struc-
ture. Like this, we are making continuous challenges to create new function-

al materials based on our original material design concept.

Mpa@nt fl _i_bie TFTs

\[ga‘é Phosphor films

Amorphous oxide for various applications

Before 2004, it had been believed “good semiconductor” can be realized
only in crystalline materials such as Si, GaN, and ZnO. Notwithstanding
that, we demonstrated the high-performance thin-film-transistor (TFT) can
be realized by amorphous oxide “IGZ0”, In addition, we recently succeeded
to demonstrate room-temperature fabrication of inorganic light-emitting
semiconductor films, which will be used for optical devices and displays, re-

placing OLED in the future.
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Resistance change memory device with
multi function such as color modulation.

Super conducting wire
using Fe-based material.

Nanoscale controlled thin-film growth for novel func-
tional devices

We aim to develop new functional thin-films and opto-electronic/elec-
tro-magnetic devices using nanoscale-controlled thin-film growth and high
electric-field approach.
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Division of Materials Design

Elucidation of Phase Transition and Function of Materials

https://www.msl.titech.ac.jp/~kawaji/

Elucidation of giant particle size effect and its control and utilization

Phase transition properties of molecules absorbed in Metal-Organic Frameworks

Development of thermal conductivity switching materials

We aim to create novel functional materials by understanding the properties of various functional materials and by

clarifying the details of the atomic/molecular motion of substances and the correlation between structure and physical

properties by utilizing thermal measurement techniques. Our research method are focused on calorimetric measurements

such as heat capacity measurements with the world’s highest precision adiabatic calorimeter and other thermal property

measurements such as thermal expansion measurements, besides dielectric constant, magnetic susceptibility, and X-ray/

neutron scattering experiments, etc.

The strong point of our lab is that various
thermal measurements can be carried out
according to the purpose. For example, the
heat capacity can be measured by the world's
highest precision adiabatic calorimeter, a
Quantum Design PPMS relaxation calorime-
ter for the low-mass sample (~10 mg), and a
home-made calorimeter under a ultralow
temperature and strong magnetic field envi-

ronment using a dilution refrigerator. We also

conduct and develop other thermal measure-
ment system, such as the ultrahigh precision Adiabatic calorimeter
thermal expansion measurement device,

thermal conductivity measurement system.

Phase transition properties of molecules absorbed in

Metal-Organic Frameworks (MOF)

*The molecules absorbed in the MOF exhibit a phase transition behavior
which is significantly different from the bulk.

eEvolve the elucidation of the absorption mechanism of various gases in

the storage at low temperature.
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Mechanism elucidation of giant particle size effect and

its control and utilization

*We have discovered the giant particle size effect that appears with millime-
ter scale.

eProvide the new way for controlling the ferroelectricity by using the size ef-
fect.
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Development of thermal conductivity switching materi-

als utilizing metal-to-insulator transition (MIT)

oWe have found the material with the highest thermal conductivity change
among MIT materials.

e Aim for the application as the thermal conductivity switching material that

dynamically functions against temperature change

J 0 4
Insulator

low x
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Division of Materials Design

Seeking for Electronic Super-functions in Solids
— from Topological Insulators to Exotic Superconductors —

https://www.msl.titech.ac.jp/~sasagawa/

Computational Materials Explorations

Growth of High-quality Crystals

Physical Property Measurements under Extreme Conditions
Direct Observation of Electronic States

DiySe;

k- Te;5e
f'- sr:,vmi

Zeeman Effect in Topological Surface State

§f Core TE!:hﬂq"gg

A Qu°n1_CnmpuTing
opv-
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(X=Br)

o
mg.l‘\‘\'
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g

Highar-order

o} _"—*\ B oot e
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201610~ v E gu-u
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.
Normal 'ui‘:
Insulator
NN ]
8
Nature 566, 518 (2019). Nature Commun. 7, 10829 (2016).

Nature Materials 102, 473 (2021).

Topological Surface and Bulk-Dirac States in TMDs
P MK T A Lk A w8 m

000 o 3000
PR Y

Nature Nanotech. 10, 1043 (2015). Nature Materials 17, 21 (2018). Nature Materials 18, 811 (2019).

Superconductor having Topological Surface States

1S \
5 0 ﬁ R
Tomperature (K) "y

Nature Commun. 6, 8519 (2015). Nature Materials 14, 37 (2015). Nature Commun. 6, 8595 (2015).
Science Adv. 3, e1600735 (2017). Nature Commun. 9, 4327 (2018). Nature Commun. 8, 976 (2017).
Science Adv. 5, eaav2187 (2019). Nature Commun. 11, 3323 (2020).
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PR E Nakamura Laboratory

HRIE N -

Assoc. Prof. Kazutaka NAKAMURA
I K. BRED K.
! {tEMEZE, EFEYES

Light matter interaction, Ultrafast
spectroscopy, Chemical physics,
Solid state physics

EHZF':FODE?' de—L ‘/Z%‘I‘iﬂ'] t ﬂilﬁﬁﬂ http://www.knlab.msl.titech.ac.jp
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Division of Materials Design

Quantum Coherence in Solid Materials

Coherent control of electron-phonon coupled state
THz quantum memory using optical phonons
Ultrafast dynamics in solid materials

Quantum-classical boundary and decoherence

Our objective is to measure and control of quantum co-
herence in bulk solid materials using ultrashort laser puls-
es. The coherence ia a key issue for future quantum devic-
es and quantum technologies and is easily lost in bulk
materials. We are studying how long the quantum coher-
ence is kept in solids using phase-locked femtosecond op-

tical pulses via an interference technique.

° 18
=]
= (a) 237.9fs
|_"_"_6 10+
S~
a (b) 242.4 fs
) g
o
=
= A
@ 0.-
(%)
s _ | (d) 259.4 fs
g l
c
o (e) 263.9fs
= 10
T . T T T

-400 -200 0 200 400 600 800
Probe delay t; / fs

THz quantum memory using optical phonons in dia-
mond

eMeasuring coherent optical phonons with 40 THz

eWrite and read of phonon quantum state

¢ Coherent control of phonon amplitudes by optical pulses

http://www.knlab.msl.titech.ac.jp

Femtosecond time-domain interference mea-
suremet system
*Generation of phase-locked femtosecond pulses

eFemtosecond time-domain spectroscopy

200 d LA ) x“;"
o 1508 ML
% -—--xﬂ{‘” (‘I“"\/‘\ b |
- ul\lu b ’/ll:
g: 100 i \ /-/lfr:-
:

50

o=

pump-probe delay t,; (ps)

Interferometric time resolved transient reflectivity
measurement of semiconductors

eCoherent control of electron-phonon coupled states in GaAs single crystal
eEstablishing quantum theory for coherent control of coherent optical pho-

nons
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A THRZZE Matsushita Laboratory

EEBIR T #—8

Sp. Appointed Assoc. Prof.
Yu-ichiro MATSUSHITA

EF7LI) ALK, YEER
Development of quantum algo-

rithms, Theoretical condensed mat-
ter physics
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https://www.msl.titech.ac.jp/~matsushita/
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Division of Materials Design

Materials Science at the Cutting Edge

with Quantum Computers

https://www.msl.titech.ac.jp/~matsushita/

* Quantum-algorithm developments and their applications to materials science

* Materials design using advanced computers, quantum-classical hybrid computers

* Development of materials-simulation methodologies incorporating electron correlations

Recently, news of quantum supremacy from Google
spread throughout the world. In our group, we explore novel
materials science using quantum computers. We develop
quantum algorithms and methodologies for materials design
by making full use of new computers that combines a quan-
tum computer and a supercomputer. By understanding the
computers from the principles, we realize quantum algo-
rithms to fully derive the great potential of quantum com-
puters. We aim at key technologies of great impact on the

whole society.

~60g 2 4 6 8 10
Imaginary Time

Algorithm development for NISQ (Noisy- Intermedi-
ate-Scale Quantum) devices and its applications

e Achieve an algorithm development for machine learning on NISQ devices
e Achieve a substantial reduction in gate depth compared with conventional

methods

Advanced computational platform for novel materials
science
*By using quantum and classical hybrid computers, we aim at materials de-

sign combining huge data and highly accurate materials simulations.

14 5 C!
L35y IV(I
qi =0y —[H]— 5 i}
{H} '[ L 4L AFClstat
o =0) [ H _<_._| {HHAF for Nypeo=5000
1 ! realPr . ’; 3r oo st
wa [ Uil ¥ g
! =l for Ny, 40000
=

o (eV)

Applications to correlated electron systems based on a

quantum-computer simulation

eAchieve quantum circuits for the Green's function and linear-response
functions calculations

ePractical applications to correlated electron systems and successful calcu-

lations of optical absorption
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fEEMRZE Inamura Laboratory

Bi® TRE Bt
Prof. Tomonari INAMURA
EREYE. BIE - BEErR

Physical Metallurgy, Structural and
Functional Materials

B wEBSE
Assist. Prof. Yuri SHINOHARA
SREYE. BEEMR. KETR

Physical Metallurgy, Functional Ma-
terials, Steels

MEBRBORMTHRFEZFIET S

http://www.mrst.first.iir.titech.
ac.jp/inamura_tit/
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Division of Materials Integration

Research on the basic principles of microstructure and
discovering new approach for material design

Research interest

http://www.mrst.first.iir.titech.ac.jp/inamura_tit/

The main focus areas of our research group are (1) microstructure of diffusionless transformation, (2) kink deforma-

tion in layered material, (3) shape memory alloys, and (4) steels.

Research Topics

Long-life shape memory alloys(SMAs)

Martensite microstructure analysis based on crystallographic theory

Parent |§ Kinematic Compatibility (KC)

” F wr— .,
: - @ g '&

I . ¥ /

2 F, T I

= L Misit - *—= Additional 4 Junction plane (JP)
S

a @ rotation @

= @cooling Additional rotation

§ generator of additional strain energy or lattice defects at the JP
@

a Martensite KC condition

()] it e

§| Seli-accommodation structure QG-F=a®n Rotation angle o:

8 .6 Deformaion gradient = indicator of incompatibility
? Shape change irections of the domains

5] & HPVj Normal direction of the JP

3 -

2

=

2

@ stress-loading

Variant reorientation

In-situ observation of
HPV cluster formation process
(ex: | cluster)

Observed type of formation process
and fraction formed

@ o @ —

/ 4
f =4 >
= T g
! Formation and growth ~ Formation of 2 plate fron
from JP corner o side of 1% plate

(paired nucleation, 4

@ Increasing in length of HPV Vi >l'/
2) Increasing in thickness of HPV

n of wo plates

branching, 75%)

(2

6)
A considerable majority of | clusters form by paired nucleation or branching

Analysis of variant-pairing tendencies (steel)
Microstructure analysis of martensite with characteristic morpholo-
gles

The variant pairing tendency

depends on their characteristic
morphologies.

Lenticular martensite in steel

Theory Experiment
Variant pair morphologies i P
obtained from the KC condition

Variant pairs with small &

6=001° V17 0=055°  yg
P P — )
(011) % (3,14.14) vi Formation frequency
0=4.95° JP 45 ViNv17
(100) L, R
Tl VIVIE
V16 215%  VINVG
\ 311%

Variant pairs with small ¢ are observed frequently in the actual microstructure

Effect of lattice invariant deformation Double shear theory
on degree of incompatibility & L= Hgi(dt®pi)
10 Thin-plate, lenticular Uy, =RBLy Ly
9,70
sk Ljithshear Uy, : deformation gradient of Vi variant
~ vinve I :identity matrix d; © shearing direction
- N / b, : shearing plane g; : shearing magnitude
S, o Lath . R :rigidrotation B : Bain deformation

N 97009

VIN17 R e Introduction of second shear
0 0.05 0.10 015 @for VI/V2 pair (lath) |
Second shear g for VI/V17 pair (thin-plate and lenticular) T

Kinematical theory of kink microstructure (Mg-Zn-Y alloys)

Kink microstructure | conpression
) Contribute to the excellent
mechanical properties. Negative

— Disclinations are formed
in the kink band connections.

Wedge disclinations

Positive

Kink band Ortho kink Ridge kink Disclination strength
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&1R - Chang ff%€Z Sone-Chang Laboratory

BI® BRIEA

Prof. Masato SONE
RAVBFITFNALR,

EEET TN 2R, #RMI - 0E
Micro / Nanodevice, Bio-Medical

Engineering Device Materials, Ma-
terial Processing / Treatment

AR  CHANG, Tso-Fu Mark

Assoc. Prof. CHANG, Tso-Fu Mark
BEE70t€R, ¥o&7ALR, +/70EZR,
R R, SEaE

| Thin film process, Plating process,
b Nano process, Crystal / Microstruc-
ture control, Electrocatalysis
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Division of Materials Integration

B#E RE ST
Assis Prof. Tomoyuki KURIOKA

BERLHE. 89FLF
Electrochemistry, Polymer Chemistry

RHEBE KR EER GRiE)

Sp. Appointed Assist. Prof.
CHEN, Chun-Yi

MRLEE, FRaRtF

Catalytic Chemistry, Synthetic Or-
ganic Chemistry

by

Design & Evaluation of Materials for Medical Device

http://www.ames.pi.titech.ac.jp/index.html

Noble Metallic Materials for Non-Invasive High-Sensitive Medical Device
Hybridized Fiber with Noble Metal & Ceramics for Wearable Sensor
Single Noble Metallic Atom Deposition for High-Sensitive Sensor

We have developed metallic materials with enhanced properties 1.6
. . . . . . . 110%10%20um?® AuCu
including biocompatible, anti-corrosion, mechanical strength and ] H
toughness toward next medical devices and the evaluation methodolo-

gy. We now focus the development and characterization of (1) Au alloy

Engineering stress (G Pa)
®

Pure Au
electroplated for non-invasive high-sensitive inert sensor, (2) hybrid 0.4
materials of ceramics/metal/polymer for wearable devices and (3) sin- ]
. . . .. 0.0 F————Ff——FF+ 7
gle Au atom deposited conducting polymer for high sensitive sensor. do 0!1 DI. 013
Engineering strai

Micro-testing of Electroplated Au alloy for medical devices
eStrengthening of Au alloy by controlling nano structure

eMechanical testing of micro-specimens

Power
Ammplifier

Rr,olml lum
The testing machine specially designed for micro specimens Pt/Silk hybrid fibers for wearable sensors
eMechanical strength measurement of micro-size specimens eHybridization of biocompatible metal & polymer
eTesting of tensile, compression & bending deformations and the fatigue. eHigh adhesion between metal & polymer and the functions
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®
° R - #EMARZE Hara & Kamata Laboratory

#B®E R=FM EHR HEEE
Prof. Michikazu HARA Assoc. Prof. Keigo KAMATA
MRIBE, BRE, RELF R, B\EaRLE, MEFRLE

Materials science, Catalysis, Sur- Catalytic chemistry, inoganic syn-
face science thetic chemistry, physical organic
chemistry
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Nature (2005); J. Am. Chem. Soc. (2008); J. Am. Chem. Soc. (2011); J. Phys. Chem. C (2013)
Caron-S0,H

o
Phosphate/TiO,
o |
Biomass resources

Ru/Nb,O
Large-Scale Production " CePO, Wb

NH+H,
Simple system MeOH

o— [e)
o
Chem. Sci. (2017) J. Am. Chem. Soc. (2017) ChemSusChem (2017)
Chem. Sci. (2018) Selected as “Back cover”

¥,
;

‘ DE Angew. Chem. Int. Ed. (2018); ACS Catal. (2016);
Chem. 5ci. (2016); Nat. Commun. (2015);
ACS Catal. (2014); Nat. Chem. (2012)

SHERRBRIERGORS
Electrophilic oxidant

/‘"‘\Q

R

Alcohol

Alkane .efc. ChemCatChem (2016) Chem. Commun. (2018) ACS Appl. Mater. Interfaces (2018)
ACS Omega (2017)

“Back Cover” “Inside back cover”
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Division of Materials Integration

BhE E% #HN EBE RERESE
Assist. Prof. Yusuke KITA Sp. Appointed Assist. Prof.

A bE, ARERILE Masashi HATTORI
Catalytic Chemistry, Synthetic Or- EEMRER, BRER

ganic Chemistry Synthesize inorganic materials,
Catalytic chemis

Creation of Advanced Inorganic Catalyst Materials
Construction of Envriomnet-Friendly Chemical Processes

https://www.msl.titech.ac.jp/~hara/index.html

Efficient Utilization of Biomass Resources
Low-energy Ammonia Synthesis
Development of Difficult Selective Oxidation

Hara-Kamata Lab is investigating catalysis and material science.
Our aims are creation of innovative catalyst materials to produce chemical resources and energy without environmental

burden. Our ongoing projects are as follows.

Utilization of Biomass Resources Low-energy Ammonia Synthesis

Nature (2005); J. Am. Chem. Soc. (2008); J. Am. Chem. Soc. (2011); J. Phys. Chem. € (2013)

Caron-SO,H o
Phosphate/TiO, Hom

—> HMF

Biomass resources

MnO,
Ru/Nb,O
Large-Scale Production CePO, aribe 0,
NHy+H,
Simple system MeOH
O —
o
Ho’\m/

Acetal
Chem. Sci. (2017) J. Am. Chem. Soc. (2017) ChemSusChem (2017)
Chem. Sci. (2018) Selected as “Back cover”

o 5 L}
‘ y ol e
| 3 '
R = Angew. Chem. Int. Ed. (2018); ACS Catol. (2016);
Chem. 5ci. (2016); Nat. Commun. (2015);
ACS Catal. (2014); Nat. Chem. (2012}

Development of Difficult Selective Oxidation

Electrophilic oxidant

BaFeO,_; BaRuO
3
[ /\\"-:.‘
o
R~
Alcohol
Alkane efc. ChemCatChem (2016) Chem. Commun. (2018) ACS Appl. Mater. Interfaces (2018)

ACS Omega (2017) “Back Cover” “Inside back cover"”
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fHE - HRfFRZE Hosoda & Tahara Laboratory

#ig WH S

Prof. Hideki HOSODA
SRV, B5E - BEERL
EREHIE - £HEMHE
Physical Metallurgy, Structural and Func-
tional Materials, Medical Organism Engi-
neering and Material Science of Organism
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Assist. Prof. Wan-ting CHIU
EEYHE, ERE.
Physical Metallurgy,
Electrochemistry, Ma-
terial science
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Assoc. Prof. Masaki TAHARA
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Physical Metallurgy,
Functional Materials,
Biomaterials

http://www.mater.pi.titech.ac.jp
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Division of Materials Integration

Alloy design, development and high functionality of new
functional shape variable materials

http://www.mater.pi.titech.ac.jp

Development of biomedical shape memory / superelastic alloys
Development of high temperature shape memory alloys
Ferromagnetic shape memory alloys and their composites
Intermetallic compounds and phase diagram

Phase stability, phase transformation and microstructural control

Three major adult ailments
Cerebral Cardiac Cancer |

stroke  disease Guidewire
A _|Catheter
//x
— 1. Magnetic field
z Ies on drive clip drive clip

Conventional material : Stelness steel (SU3316 Fe 16Cr-12Ni-2Mo)

Guidelines for the development of biomedical materials

1. To be too hard than | * Tough & Supple

the human body | * Ni free
2. Ni-hypersensitivity —/ | * Gold (Au) - Platinum (Pt)
3. Poor X-ray radiography

low invasiveness medical devices for vessel treatment  Ferromagnetic Shape Memory Alloys / Polymer compos-

and their material design ites

o We have been developing new functional and biocompatible shape mem- eGiant magnetostrain of 4% was achieved in NiMnGa ferromagnetic shape
ory / superelastic alloys such as Ti-Nb-Al and Ti-Cr-Sn alloys for Endo- memory alloy particles distributed silicone matrix composite by applying

vascular devices to replace NiTi alloys. magnetic field.

Ti-50Ni samples i 300
k) 800
600~
@ 700
. A 8 C 2 600
o —_
= 400~ AuCuAl samples 5 900
5 - 400
3 L . . 2 300
£ 200+ = o
o D E F & 200
A% 100
0 12 Thin EEET TGS Thick 0

Strain

X-ray Radiography and Mechanical Properties of AuCuAl
Biomedical Shape Memory Alloys

*Good X-ray imaging character was confirmed in AuCuAl, and Fe microalloy-

Superelastic Behavior and Internal Structure of
TiMoSnZr Alloy

o Large superelastic strain around 5% appeared in TiMoSnZr-based alloy

by controlling chemical composition and morphology of alpha (hep ing dramatically improved room temperature tensile ductility to suppresses

phase) precipitates through thermo-mechanical treatment. intergranular brittleness.
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EBMRE Majima Laboratory

B® EEE

Prof. Yutaka MAJIMA

F/MBERTORR EFRYy FFSYYRS REX FOZI R,
HRE Y=, NAFFNLR

Sub10nm Scale Fabrication Process, Quantum Dot Transistor,
Spintronics, Gas Sensor, Nanoscale Induced L10 Ordered
Ferro-magnetic Materials, Next Generation DNA Sequencer

1BRR 7 / M RLER & EERIHR https://www.msl.titech.ac.jp/~majima/

CBFRY YT T 7 4EBLICK BT Fx v T EMHEEER

CATOIE Y F Yy VIEERD > & (ELGP)IC K % Au/Ptd/ ¥ x v 7HH
*2nm AT —VERENF VYRS

< F Xy v TREE VRIS R £ 2P

- F ) WREHE LB LR YRR 0 F2 81
*ELGPJ /7 DNA ¥ — 7 ¥4 —

MEDO A =D 10nm LT L 5 L BT T1%M HRIRANTOIESFSvILAU/PLF ) v v ITER
. BRI R E, S L3RR AR L 3EFEVTYT BF-TEM
EQCIN

BEFTIX, AV ST 4747 - EfTh
DOhoEIO%Ey b —E L, EBLEELGP 2w T,
MRS 2 BRI 2 &R L, 206 OBEEEZ B L. Pt
BEE LSV PRAR, FIAT—NVHF ALY, S
REEH B, + 2 B7DNA Y — 7 % — 2
L. BROHEMERRRT 2754 22HFE LTV Sio, 2nm
7.

ATOIEYF Vv LHRE/BEF/ vy 7EE
o X% v 7K 0.7nm

e[H&ELIZEZELGPIZL VAT R X ¥V v VKE

o lit B 300°C

Three-input gate logic circuit on
rid passivated single-slectron transistor

Organic/ {Gate 1
inorganic [
hybrid
passivation

o s o a0 )0 S e

05y
oft]afv]efe]ofa]of

[oav

05Y

|BU puBtgg iy
'—lnnnw i Iinﬂ .‘l:‘v

Tirne (s}
DFIAVYORERIEE R RLRK BEFIFS VIR ZAVSANREERER
WIS T 7 4 X Dy FHHED = A v ¥ —HENLIZEH edF /R r—mryBELTHCEHEEF NS v oK
o F FHLED = A v ¥ —HERL & 4 L 2 JRIE b o A v BIR o HH RN Ty Koty I R— g VE
A3nmDEHizrae—Lv b A el DOHEF b7 ¥ P A& T3AJIXOR [IFEHEIE
e KRS T b+ 5 v PR L DAIBE D ST CHIET b5 v A XHHMFEOERLE D ST
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Division of Materials Integration

Fabrication of Single Nanoscale Materials and Their Devices

https://www.msl.titech.ac.jp/~majima/

Single Nanoscale Material Fabrication by Electron-Beam Lithography (EBL)
Heteroepitaxial Electroless Au Plating (ELGP) on Pt and Pd

2nm Scale Quantum Dot Transistor

Nanogap Gas Sensor

Nanoscale Structure Induced L1y Ordered Ferromagnetic Materials

ELGP Nanopore DNA Sequencer

Single nanoscale materials exhibit exotic proper-

. X . : .7 nm
ties such as quantum mechanics, depression of 0 Gap BE-TEM

melting point, and so on.

Majima lab. has developed single nanoscale ma- Au

terials fabrication methods of EBL and ELGP. By

utilizing our unique methods, we develop quantum

Pt

dot transistor, nanoscale gas sensor, nanoscale
structure induced 110 ordered ferromagnetic mate-
rial, and ELGP nanopore sequencer. sio, 2 nm
Motto: Originality, Execution, and Realization —

Heteroepitaxial shperical Au/Pt nanogap electrodes
*Gap separation 0.7 nm

eHeteroepitaxial Au growth on Pt or Pd by ELGP

eRobust for annealing at 300 oC

20 30 40 50

Time (s}
Resonant tunneling (RT) through long molecular 3-input gates single-electron transistor (SET) logic circuit
wire ®Au nanoparticle SET

*RT through molecular orbital eOrganic/inorganic hybrid passivation

eLong RT of 4.3nm e3-input XOR logic operation on a SET

eCandidates of molecular transistor
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@
° {EBETEAMRE Sato Laboratory l

UE- G [ m 3
Assist. Prof. Yu SEKIGUCHI

MRNE, BIRNF. BEES, £HERM

Material mechanics, Fracture mechan-
ics, Adhesive joints, Biomimetics

° BEMESLA > 5> o RIESIESHEM http://www.csato.pi.titech.ac.jp .

o FEAGTE AR D 0 B A

c YUY A 7N D72DDIRAEEAS

- WA AR 2 { oD B e

« BOGYERT 5T X B AR RO v A

MeflHasiTa LSBT EFT > TR EGFAET 2 A, BEPEE L L QWA EAM BT 2 EREH AR B 7E % RH H At
DMELEHIEL TV E T,

AR ZRAWESEHROR AR BEZ M) A—IC LI-BEEHESRORR
BEBRAT IS NFEME 2 RBERA 0 2 L THRATBOICHIREZ L BESEEAORKOERTH 2 Y 4 2 VDRSS 2 ET 2 729, BHIiE
T3 2 k. F 2120 THIH B EEEA ORI ).

RELIB M D RR EFRERBTEIES T /N DK

MEHCRERHEHZ AV X -3 » 6 IEF CHEER L HEOBEVEM YRV OREME IR ONZEEA =X L2 ANTZEERS 754 2 215
BhbH, TOLIBEMICH L TRENERZ T 52 L THESEERmMET L. s ORI D).

5 ey % wiFoe.

42




Division of Materials Integration

Adhesive bonding technology, for next generation

http://www.csato.pi.titech.ac.jp

Strength evaluation of adhesively bonded joints
Dismantlable adhesive for recycles

Surface treatment for hard-to-bond-materials
Biomimetic reversible adhesion

Joining technology is necessary for manufacturing processes. Development of fundamental technology of adhesive

bonding and establishment of evaluation methods have been investigated.

Visualization of stress distribution at adhesively bonded joints using stress ~ Development of dismantlable adhesives using thermally expandable particles

light-emitting materials

Development of surface treatment methods for low surface-energy surfaces Development of reversible adhesive devices mimicking gecko

to improve adhesive strength
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@
° ARMARZE Ishihara Laboratory

BE AR E
Prof. Tadashi ISHIHARA

BEREE - MH. tEIZ
| Building Structures and Materials, Earthquake
| Engineering

— Vi
o o
TILFNF— KIZH L TR P

.Eﬁ%°%m

fama 'JVW/A\JWW NSCS 1000 **’%‘E’A 7% | RF(Nodes
- M ORAEE - AT ) =R, o e
CIRE EAT) FRENC & B WO IEME) B oo /2 jiimmmmww
- EEMOMBREERWE, HRMH, F midde / 200
Lower 2 0 E PR N
SR, W TOF e EAR R L LT, RO 9 .
B b BRI 3T, R - BHERRED 15 & L e T
TR S FA0 0 BB B (EURBIFEE A 5 = X 4|
R, &) R PFEHLTVET., -, MERR Seismic force (acceleration) for design of nonstuctural components
IR, G - UKL E R B0, = F o F I L g it e
THBCTRE L @S - #ili % Hig L 28 c iR fllAa Tu 33, Tisunknown ___T./3
Upper 229 11g 05¢g
Middle 139 0.66 05g
Lower 05¢g 05¢g 05¢g
ST O RETAMER

CRIBE AR b v ORREHEORZE (1)
CREFHCHEOLS KA OHGAMES (T)

Kff:m i “‘\‘\‘\ i

SEE EH HE)
(b) & #L
EREDEBER
FELENY BEICL B HBROBHERMHR EREREE
CEYIOIE S BT 268 BT 2 ME AT (F5) B R A 2 BIROTEREE S (1)
- YA FEERLC & B IREIEER (F) - EBRTHERE S oAk g (F)
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Division of Structural Engineering

Sustainable and resilient buildings /
urban areas against multi-hazard

+ Seismic capacity and design load for nonstructural components
+ Damage reduction effect due to uplift motions during earthquakes
+ Rain-on-snow load, flood load, etc. for buildings

Mainly for building structures and seismic engineering,
o . S so0o] A |-
we conduct researches on seismic resistance and des1gn frame '5 nses oo ath | RF(NodeS)
o MDOF 22| —fa2 - ipu
forces for nonstructural components of buildings, re- 4 T2
. . . Upper /' <
searches on uplift motions during earthquakes as one of . % &
Middle /1
seismic isolation structures (mechanism of higher-mode Oz
Lower
vibration, damage reduction effect, etc.). In addition, we ~O1 01 <F (oo, 15 1 1)
. . ; Comparison of FRS L)y THA with FRS by
also study rain-on-snow load, tsunami and flood load, and Ll Z a proposed method
motion ,J,\u\pw W\
so on. We work on research aiming at resilient and sus-

tainable buildings / cities against multi-hazard. Seismic force (acceleration) for design of nonstuctural components
Classified by the level of resonance

T/3<Tor 0.1(5)< T = T,<0.1(s)

T, is unknown T./3
Upper 229 119 05¢g
Middle 13g 0.66 g 05¢g
Lower 05¢9 059 059

Design load for nonstructural components
* An method to evaluate floor response spectrum (Top)

* Design load for ceilings based on the method (Bottom)

e R RN TR
Snow \‘\‘\‘\‘\‘\‘\‘\‘1\ NS
on the Unsaturated layer —Vertical percolation‘;‘;3‘:‘:‘:‘:‘:‘:‘:‘:‘
roof R AR
Ridge “HHH
Roof surface
Saturated layer Eave
Roof cross section X
0] X L
Model of rain-on-snow load on a roof with multiple slopes
Uplift behavior
Saturated layer
(b) Without Uplift
Residual deformation after tests
Damage reduction effect due to uplift motions of buildings
during earthquakes Rain-on-snow surcharge load
* Numerical analysis of uplift behavior of a building (Left) * Model of the load on a roof with multiple slopes (Top)
- Shaking table tests with elasto-plastic frame models (Right) * Saturated layer in an experiment (Bottom)
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®
° FIBFARZE  Kono Laboratory

Big WHE

Prof. Susumu KONO

BEREE - MEl MBI, &HarsV—-MEE
Building Structures and Materials, Earthquake
Engineering, Reinforced Concrete Structures

M

-

. ®
B 7 ) - FEEYOMELR 2 O

(20T http://www.udprec.first.iir.titech.ac.jp/kono/

< Bfha v 7 ) — MEEM O EERE
B fa Y ) — FEEMoRETERL
- W& SR BHIDIN R A

R v =T, Bhhr2Eekars) —  REEYORBEZHBEL T, el r2) — 1 REEEYW (RCHE -PCaiE
‘PCE) % ELFEFHE L. BEEMAEHFEOMRIA L £ 7 vt - AR OB - SO REIGR» 6 EB~DICH 21T 2 7.
i L EBROD2OD S FHE TR 2 2 2 L B TT.

Rz, RCEM OGN, 7 > K> FPCaPCEIM 28 - Im S EaE v 2 7 A D4R%E. KB 25 3 MR MIEEAT O
FRIRREERERHMI 7 £ DT, KB BEN 2 Lk H o T i .

e

E ;«—\ e = ! - » i
MOKBREAMBE LR T 27D DEER RCARGDI> 7 ) — MIREHIC, EHREZT> TLWBKRF
Experiment on piles to study the ultimate shear capacity Inspecting the reinforcement arrangement before concrete casting

L 2 il =
RCEDHBRBIRN &, ERZMUET 3 HDEMFRERR

Experiment on reinforced concrete wall specimen and displacement gages to measure deformation
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Division of Structural Engineering

o Resiliency and safety of building structures

http://www.udprec.first.iir.titech.ac.jp/kono/

Performance design of reinforced concrete structures
Development of advanced seismic concrete structures

The ultimate goal of our research group is to contribute to the society
by making structures resilient against various disturbances such as
earthquakes, tsunamis, and wind. Research topics cover seismic as-
sessment, seismic retrofit, performance based design, damage con-
trolling system using reinforced, precast and prestressed concrete
structures. Our current research topics include the following; (1) dam-
age evaluation/control of RC structures to improve the performance
based design, (2) develop damage controlling system using precast/pre-
stressed concrete technology, and (3) study on shear transfer mecha-
nism of reinforced concrete members. We look forward to working with

people interested in concrete structures.

Resilience of five story buildings tested at Building Re-
search Institute (Tsukubal)
eResiliency of reinforced concrete residential buildings were studied

Ty o DR

Seismic performance of RC beams with high strength Seismic performance of pile and pile caps under large

reinforcement scale earthquake
eSeismic performance of reinforced concrete beams with 1300MPa class eLarge scale pile-pile cap-foundation beam-column assemblages were load-
shear reinforcement was studied. ed to see their ultimate condition under severe earthquakes.

eBond performance of longitudinal reinforcement was compared to code

prediction.
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EHMARE Kishiki Laboratory l

= 'ﬂ SR
X
| Prof. Shoichi KISHIKI

BEEE - MH. MEIZ

Building Structures and Materials,
Earthquake Engineering

WEEZOBEYMICHENIRALBEER O
° h o G ER OB E % FIB 9 5 B http://www.udprc.first.iir.titech.

ac.jp/~kishikilab/

- R R O MG O W 5 2 HIWg % RO b

- SR DA & T RE & 9 % JEHE M Dl B AL 7E

- SREEHAT . BIRDAN . R ARRD AN, IO R BEIHE O B e
- & P ORIEIZHD iR A HE R O R

HIERR B SRHLE L L T OV IIfFIR TV S MERRDUHERE  "HWEBERSHEEE, (2016 FhR. EREHERE)
BENEES Y b, EEKICED L S RIRRT A s BT AEN =P

HIVEREREA AT S 200 2 ¥ 2 20D F N 71
HOMREEABL TV T, LT mamm
Flaik, HORRETv—2 (FHrw) OB I \
BPLIENOKRE S RHIET S 5 HETT. HHE ¥ el x X O
RY &S BT 2 bAOKE & THKMMA O P e P
5 & Yl ‘ [T ¥ it
2L %+ v BALHE
I O.E)l I 0.62

PR TEEL TS EREEE
(REICHLTL+2ZE)

- BN
7 ey m— T
- b= AL
£ HIREDES 20164 FEAME WMKERE WREICHTS
(XH% BHTE) BEERTORE
= et BADEN & FOBEICED L WERE
M A RO
T e MR DB T B AL RIKE B A A
=2 LR B
VR o OO BB (hTks - s -
O ZERL) ®. BmPHANIZVEE PDEL S
e I AT B 17k
RR - BT >~ OREWR 517 5HRE MM o R AT 3 129 O B

o HlIREED A & 2 LR # ~ Dl rh
e iliR 7 v — 2 DHUFER I & B D ~ DG E R
e LEEE B T s 2T v LRGEIOE LTS
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Division of Structural Engineering

Quick Inspection Method for the damaged steel structures
based on the visible damage

®
http://www.udprec.first.iir.titech.ac.jp/~kishikilab/

Quick Inspection Method based on the visible damage
Damage reduction for LGS partition walls in earthquake
Seismic dampers and retrofit, seismic repair

Seismic design index based on human behavior

In order to judge the continuous use Social implementation of research results:
'Post-earthquake Damage Evaluations (2016, MLIT)

by Residual out-of-

of gymnasium which is expected to be

used for emergency filter in time of a A plane deformation
natural disaster, we research on estab- | 0.1 Calculation
lishment of Quick Inspection Method siaT \ «
for steel structures based on the visi- eformtion 1 y 5 o o0 © *
ble damage. 0.05T & o u®

It is an example for damage index of 1 L] E)égc)ernn?:tfgg in EQ
tension-only braces, which enables to ] ; ; ; ;

' 0.'01 ' 0.'02

judge the experienced deformation

< Safety range of continuous

during earthquake. .
use against many aftershock

Crack width

Damage reconnaissance of Damage observation
the 2016 Kumamoto EQ in structural tests

Vibration A newseismicdesignindex
Mﬁﬂph of body based on human behavior
oTo understand the human behavior under

the earthquake excitation
oTo translate the recent design target (ac-
VR celeration, velocity, displacement) to the
human behavior

. . . . oTo realize the continuous use from a view
Seismic design for damper connections W

point of the human behavior

eDeformation restriction caused by wall damper
eDeformation restriction by gusset plate of brace damper

° Analysis model and design considering above effects
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° {EBRKBIFARE Sato Laboratory

-3¢ N )
Assoc. Prof. Daiki SATO

BEEE. MEI¥. MAIZE
Building Structures, Earthquake

a3 Engineering, Wind Engineering
A .

Bh# SHEGAY Alex Vadimovich
Assist. Prof. SHEGAY Alex Vadimovich
gAY —bE MEIZE
Reinforced Concrete Structures,
Earthquake Engineering

° WE - BICHTAEE s [IDBEVDESRE https://sites.google.com/site/

- Wl - SRR OISR B & OB TE OB E
« S TR HIR B U2 uk g 2 kil e ot S ) D ik 7 5 AT
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- BUGC S 2 Al 72 o 22 B R W B9 2 F 28

HARRMEKRETH 5 LR, BERZCOERPFEEL,

KREGHELLZOCL TV, BYREEIIL 21 HED
WART L & TABMICA/ERT 2 B EMKT 2729, BrEfEE
Wy a2, IR E S0 O e bR E & b iiE
BLTITOREIHY 2T,

AR TR B RHIERL G E L E OER LT, HliREE
RRERE Lo IR 2 O ToBEE R E O E - ibE
AT P R EHN S £ RIS R B L THREL TV
3, 86 HERE - REH K Lo — OB MERE Il T O R
EyiroTuw ¥,

REHEMRICE 2RKSEEES N —DRER - B
o Jil# & FRFEMIMTESR) 2 2\ 2 REE & o — DEHBIT B
o R TERA B OIRIE L - MG D € 7 v AL
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Division of Structural Engineering

Construction of safe and secu
earthquake and wind

re buildings against

https://sites.google.com/site/daikisatotokyotech/

Seismic Resistant Design for Passive-control / base-isolation buildings

Safety Verification for High-rise buildings under Long-period Ground Motion

Wind Resistant Design for Passive-control / base-isolation high-rise buildings

Clarification of the actual behavior of buildings using

As an earthquake-prone country, Japan also experienc-
es many typhoons every year. These natural disasters
cause huge economic losses in Japan. Although increasing
the height of a building reduces the damage from seismic
load, the wind load becomes very large. Therefore, both
the wind and seismic loads should be considered in de-
signing a high-rise building.

The objective of this laboratory is to develop a design
method that considers both seismic load and wind load for
buildings by applied advanced vibration technology such
as passive control and base isolation. Building perfor-
mance is considered through experiments. earthquake
observation, and simulations. Moreover, a method for esti-
mating performance of dampers, which used in passive

control and base-isolation, is also being considered.

s Dynamic actuator

——-OH- T

observation record

Response analysis for high-rise base isolation building
under wind load
eSystem identification using response from earthquake records

eResponses: simulation results vs. response observation records under wind

Experimental and analytical investigations of full-scale
excitations

Mid-section

multi-layered viscoelastic damper under long-duration

eStudy on the behavior of viscoelastic dampers when subjected to wind loading and long-period ground motions

*Modeling of the temperature- and frequency-sensitivity of viscoelastic material
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®
° BERHFRE  Nishimura Laboratory

R ENRE

Assoc. Prof. Koshiro NISHIMURA

pre. #HEpar o) — MEEYOTEY -
A &M ICET 2R

f Seismic design and behavior of reinforced
! concrete building structures, earthquake
‘ I . engineering, impact loading on structures
¢ ®

AY7) - FREFEYOHEEEL O
° Z&MonmE http://www.udprc.first.iir.titech.

ac.jp/~nishimura/

Bh# Sujan P radhan
Assist. Prof. Sujan Pradhan
BEEE, #%marsY—FrIR

Building Structures, Reinforced
Concrete Structures

< 2 7)) — REEEY Ot YRR SR
- RERE IR & BUEIHT IS X B 6 e o )
s MEMS*®t v 3 ZHwi-EMnEe=%"Y ¥ 7EiliD %

BEY T, EROMBHEHIFE RN 5
SEOMATE X L, BT 2 EREE A
BATid, WG Y A 7 AR HERFHEDIE Z I

BILPEECTT. &1 EPoECHTE T

AR FMT 2010, T=2Y) v ZHffid

BETT, horHECLT, Be#fizy s

sV —biiffEINZ2L 7)) — F REEOE

Brdo X RN 247 > T O 2 +. EERFF = @6

FRgRic k. HLOEY 27 A, SREE T RCEE QT « #i&n FEM @7
DHEFE MR M DK . MEMS € > ¥ % Jil gfgjgfw? o ﬁﬁgfﬁf
7;:::& ) > FEAO BRI R L 247> T A

o TwET,

» 4
& S 4
BEEH%ET5RCEDMARER MEMS & > ¥ AW ERAEEDORIERER
HEOOOH@ILe AT 282> 27 ) — 1 (RC) ROBIHIEER  HEPLRL LML RO MEMSHEE £ >+ 4 L2 E L. BlOLE 2
TY. @O BEOEELMWHROMRERIEL TV 2T, WES 2HEEMELTOXT,
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Division of Structural Engineering

Improvement in Performance and Safety of Concrete Structures

http://www.udprec.first.iir.titech.ac.jp/~nishimura/

Seismic performance of concrete composite structures
Stress transfer mechanism in building structures
Monitoring method for measuring deformation of building structures

Reliable structures can provide people with comfort-
able urban life. It is required not only safe of occupants
in the buildings but also use of the buildings after earth-
quake disaster in some cases. And a monitoring system
of a building structure is also needed to evaluate the
structural soundness. Our group conducts experimental
and numerical studies of mainly concrete structures

aiming for these goals. Accumulating these works, we

R R

propose new structural systems, evaluation methods of
structural performance, and monitoring method for mea-

suring deformation of structures.

FEM analysis on soft-first-story building

Finite element analysis on damage, stress, and strain behaviors in a reinforced

concrete (RC) structure with soft-first-story.

Loading test of RC beam with openings Measurement of RC frame structure with MEMS sensor
Static loading test of reinforced concrete (RC) beam with openings for MEMS sensors are installed on columns and beams of reinforced concrete frame
plumbing. Influence of position of the openings and effects of reinforce- to measure deformation of the frame subjected to static lateral load.

ment are investigated.
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Achievement

i@ X  Research Papers

I 2014 2015 2016 2017 2018 2019 2020 2021
224 224 183 212 193 206 174 170 148

—% £ Patents

¥EFIiFE Patent Applications

I o 2014 2015 2016 2017 2018 2019 2020 2021
10 9 13 13 10 5 7 6 7
19 27 7 32 39 17 6 3 7

¥EFE8% Registered Patents

D o 2014 2015 2016 2017 2018 2019 2020 2021
21 12 6 6 5 4 4 3 3
® 9 10 18 ? 7 1 3 2 6

—— % B Research Budget
2021FEDHREDBEE  Research funds
| ¥ 7.48F Total 740 million yen |
- .
B2FRE 36% RFEMRE 34% RELOHBME 21% REFLE 9%
Scientific research fund Contracted research fund Joint research fund Scholarship Donations
ERRFTMR EAHRER/FESL Organizations/Commissioned projects
() B2 RRAIR S Japan Science and Technology Agency (JST)
@ HBRMWAISHRAESEF — LBHFRE (CREST) @ Strategic Basic Research Programs (CREST)
O HRBREFELEEZHA TSy b7+ — LA @ Program on Open Innovation Platform with
HEMRRHEET DS Z L (OPERA) Enterprises, Researh Institute and Academia (OPERA)
@ HIRMAISIHRHEESZE @ Strategic Basic Research Programs (ALCA)
FIRABR R (ALCA) @ Strategic Basic Research Programs (PRESTO)
@ HISHRIERRHESEB/ARHFR (&) @ Intellectual Property Utilization Support Program

— 24 Student Numbers

RERZEES KUOHARAFMRRE Graduate Students, etc.

I 2013 2014 2015 2016 2017 2018 2019 2020 2021
49 36 31 40 46 34 45 39 55
128 112 101 135 142 144 156 158 159
9 4 7 13 12 15 16 21 35
3 2 0 2 4 2 1 4 5

189 154 139 190 204 195 218 220 254
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I Office for Collaborative Research Projects

7ar 7 4 7R, 2 E S EF T &
LT. BRSO KRY:, W5 & 6 O RIS D fF 58
L ORI 2D T 3, HFEFIFHEESER
D IR A O BRI 2 38§ 5. HKFEFFEIEK
SO A7 T — 120 6, RIFRFTOHE
PR E L OIS ORFZEE LA, FREDRIRRE
DUV TAMEAOER. &, 77— %% % k6 THH
15 [ttt l. AR ORE L ENEKRC
P& % Ayt o DA 22 O figak. i, 77— %
FRIFETHMT 5 [—RILFEZE]. HEH D7

fE ST 2 E 2 &0 THEET 5 [HERILFEME ]

AIEFIZ B THET 2MRERDDD [7—2
vav 7| [Efv—2svav7] b3,
- A — v ! suishin@msl.titech.ac.jp

MSL is promoting collaborative researches with researchers
in universities and governmental and/or industrial research
organizations in Japan and overseas. Accordingly, researchers
utilize MSLs facilities and/or research data.

Collaborative researches are categorized as follows: General

Research, International Research, Workshops, International

Workshops, and Topic-specified Research.

I Technical Staff

HMRXE L RERF

BNETRHEIRA—T 272V F7 44—t 22—

ax At BUERRFT L 1 L CIFStia el 2 Betlimi» 6 34k L,

F U THEREE, SABREEROKG L B fpe Y L

T b, F o HkEIR SRS T O URHIE > BRI E.

BSOS - HHGB 24T 0. FFEIES) 2 IRIL X
BLTVE,

Members of the technical staff support MSLs research
activities in collaboration with Open Facility Center, Tokyo
Institute of Technology. Staff members mainly assist with
development and manufacturing of experimental and test
equipment. Additionally, they support collecting samples
measured with equipment for collaborative researches as well

as maintenance management of the equipment.
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a-1GZO0 TFT, developed by MSL, TokyoTech in 2004 (published in Nature), enabled to develop the world -first large-size OLED TV. This

65" OLED TV has 4K resolution with 3D function.
Latest information of MSL is provided on this large OLED display.
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Exhibition cases
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Access

=8 OR3 Main Bidg.
Area Director's Office,
Administrative Office,

Promotion Office
@R3 Annex
©OR3 Annex A
OR3 Annex B
©OR3 Annex C

R2 Bldg.
(@R2Bidg

Collaborative Researches * Research

@®R3 Annex D (COE Bldg.)

©J1 Bldg.
©J2 Bldg. J3 Bldg.

H
Area

@®G2 Bldg.
@G5 Bldg.

®s8 Bldg. (Genso-Cube)
®S1 Bldg.
@S2 Bldg.

®H1 Bldg. (Suzukake Hall H1)
Lounge, Restaurant, Cafeteria

@H2 Bldg. (Suzukake Hall H2)
Suzukake Hall Seminar Room 1,2

Shops
To Shibuya To Chuo-Rinkan
Pa— Tokyo Metro
Toei MitaLine Nanboku Line
New Tokyo
International Airport
(Narita)
. Tokyu )f
Suzukakedai ] Denen toshi
Line
Tokyo Metro
Nagatsuta . . Hanzomon Line
Suzukakedai Mizonokuchi
CallRes Tokyu Oimachi

JR Yokohama
Line

Line

Tokyu Toyoko
Line

Denenchofu

JR NaritaLine/
Sobu Line

Mug

JR Tokaido
Shinkansen Line

Tokyu Tamagawa
Line

JR Keihin-Tohoku
Kamata e
Oimachi
Keihin-Kyuko

Line

Tokyo International Airport
Haneda,

TWR
Rinkai Line

Tokyo Monorail

. Tennozu Isle
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TEL. 045-924-5968 FAX. 045-924-5978

Institute of Innovative Research, Tokyo Institute of Technology
Laboratory for Materials and Structures

R3-27, 4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8503 Japan
Phone. +81-45-924-5968, Fax. +81-45-924-5978

https://www.msl.titech.ac.jp/
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