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Message from Director

Reiwa started on 1st May, 2019, with bright expectation of the new era, but 2020 opened with the global confusion and
tragedy by COVID-19. Sadly, Tokyo Institute of Technology could not and cannot avoid making unusual difficult
decisions including the shutdown of our campuses. It seems changing our social life very largely and rapidly, and we
foresee we would rely more on information technology even after the COVID-19 issue. Laboratory for Materials and
Structures (MSL) has also worked out for infection control measures and continued our mission and collaborative research
within the allowable range. We express our sincere sympathy for all who are affected by the recent disasters including
COVID-19 and hope we will get our normal world back soon.

MSL, a research laboratory in Institute of Innovative Research, Tokyo Institute of Technology, was established on 1st
April, 2016. MSL aims to create innovative materials with outstanding properties and functions through interdisciplinary
research efforts merging the fields of inorganic materials, metals and organic materials. The mission of our laboratory is
the search for novel scientific principles related to innovative materials by integrating disciplines of a wide range of
materials. MSL consists of four divisions; Division of Unexplored Materials Exploitation, Division of Materials Design,
Division of Materials Integration, and Division of Structural Engineering (SERC), so that one can develop really new
types of functional materials and structures with aid of state-of-the-art theoretical calculations and analyses, contributing
to urgent social issues. This new organization of MSL is and will be contributing to Tokyo Tech as a Designated National
University and Tokyo Tech Academy for Convergence of Materials and Informatics by supporting ‘New Element
Strategy’ and providing resources of Materials X Informatics.

As noted above, the current MSL re-defines its mission to perform explorative researches on the cutting-edge novel
materials that combine interdisciplinary materials and research fields, while MSL also works for the joint usage/research
center for advanced inorganic materials, which provides a framework to promote multilateral collaborations and
contributes to the development in this research field.

MSL is a research laboratory open to researchers in advanced materials, and many collaborative researches are carried
out with other institutions/enterprises in Japan and over the world.

We are making our best efforts to achieve innovation in this field. We appreciate your continued support for our
research activities.

May, 2020
Director Toshio KAMIYA
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March, 1934 The Laboratory for Building Materials was established as an affiliated
laboratory of the Tokyo Institute of Technology.
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January, 1943 The Laboratory of Ceramics was established as an affiliated
laboratory of the Tokyo Institute of Technology.
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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).
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The RLEM was reorganized to the Materials and Structures
Laboratory(MSL), a national collaborative research laboratory.
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April. 2006 The Center for Materials Design, affiliated with the MSL, was reorganized
into the Secure Materials Center (SMC) (10- year limit)
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April. 2010 The MSL was certified as a joint usage research center for
Advanced Inorganic Materials.
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The MSL was reorganized as the Institute of Innovative Research,
Laboratory for Materials and Structures.
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R Ay AX Toshio KAMIYA 045-924-5301
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B ® R OIEH Masaki AZUMA 045-924-5315
HEHR TR B Hidenori HIRAMATSU 045-924-5855
BB IUF EX Takafumi YAMAMOTO 045-924-5360
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Keisuke IDE 045-924-5325
Suguru KITANI 045-924-5370
Akira TAKAHASHI 045-924-5343
Yu-ichiro MATSUSHITA 03-5734-3306
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MSHEENAEE Division of Materials Integration
¥ B TEE Bt Tomonari INAMURA
®n & BiR IEA Masato SONE

% & R ZM Michikazu HARA

¥ g #A FH Hideki HOSODA
B’ EB £ Yutaka MAJIMA
B’ TR OHEBX Hiro MUNEKATA
B’ EH =BiE Fumihiro WAKAI
BEHEER R RSB Yasuo AZUMA
EBIE HE BE Keigo KAMATA
g HER IES Masaki TAHARA
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045-924-5475
045-924-5312

tkamiya@msl.titech.ac.jp

mazuma@msl.titech.ac.jp
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yama@msl.titech.ac.jp
kshigematsu@msl.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
kumagai.y.ag@m.titech.ac.jp
sasagawa@mesl.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

inamura.t.aa@m.titech.ac.jp
sone.m.aa@m.titech.ac.jp
mhara@mesl.titech.ac.jp
hosoda.h.aa@m.titech.ac.jp
majima@msl.titech.ac.jp
munekata.h.aa@m.titech.ac.jp
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Susumu KONO
Shoichi KISHIKI
Daiki SATO

Koshiro NISHIMURA
Takanori ISHIDA
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Takashi AKATSU
Wataru UEDA

Akira SAITOH
Keiichi SATSUKAWA
Koshi TAKENAKA

045-924-5061
045-924-5597
045-924-5012
045-924-5631
045-924-5178
045-924-5376
045-924-5631
045-924-5381
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045-924-5332
045-924-5306
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Toshiharu TERANISHI #Ets%E & EB#H

Hirofumi AKAMATSU
Yoshihiko OKAMOTO
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chiu.w.aa@m.titech.ac.jp
shinohara.y.aa@m.titech.ac.jp
sekiguchi.y.aa@m.titech.ac.jp
chang.m.aa@m.titech.ac.jp
nishizawa.n.ab@m.titech.ac.jp
phan.t.ac@m.titech.ac.jp
chen.c.ac@m.titech.ac.jp

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

kono.s.ae@m.titech.ac.jp
kishiki.s.aa@m.titech.ac.jp
sato.d.aa@m.titech.ac.jp
nishimura.k.ac@m.titech.ac.jp
ishida.t.ae@m.titech.ac.jp
obara.t.ac@m.titech.ac.jp

tatsumi.n.aa@m.titech.ac.jp

chandra.d.aa@m.titech.ac.jp
das.h.aa@m.titech.ac.jp
haindl.s.aa@m.titech.ac.jp
yobataldmces.titech.ac.jp
bhunia.m.aa@m.titech.ac.jp

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

Maki OKUBE
Naoyuki KATAYAMA
Yuji KOETAKA
Yutaka SHINODA
Hiroki TANIGUCHI
Masanori TANI
Hajime HOJO
Kazuhiro MATSUDA
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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.

ﬂEEﬁ‘EEEFﬁE

Exploration of frontier research
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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.

RS RS

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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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

23
20 21

13 13

2013 2014 2015 2016 2017 2018 2019
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The number of International CRP
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Division of Unexplored Materials Exploitation Division of Materials Design

REH PR MEE Tk, REEHEBOBEERHR ¥ /R The Division of Unexplored Materials Exploitation aims POBHERERR GTHARIL Tk, TFRED L AR FEAD 1L The Division of Materials Design aims to predict, design,
THMER OB L. 2 OFP@C L 58 L vETE to create a series of materials with unexplored functions/ FRERED T Fa—F Tl { . IR BRI - 2 - and develop materials with novel functions through non-

phenomena and their novel guiding principles based on traditional approaches and elucidate mechanisms using high-
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underlying theories in materials science and different level calculations, analyses, and syntheses.
RET->TVET, scientific fields. MHB L FEN6DXAF I 72O RIZL, Wiz - Materials design based on a combination of materials theory,
Truly novel materials are created, such as electrical RHEER OBl AR CEREE - P - BRT AL calculations, and informatics, which is known as “Materials
CBEGEMIEOME TR v A CH L OB 13 ¢ conductors, ion conductors, ferroelectric materials, magnetic PEECHE R FoT 02T, Informatics.”
T . materials, fluorescent materials, and catalysts for elucidation - Design and development of novel functional materials
UREIE, A A AARER, SRR, B, H# of mechanisms. based on advanced structure analyses including ultra high-
Jefk, MEEOHME ORI L & F 2 DMtk - BEEE Elucidation of mechanisms for novel physical phenomena B - RN - BB -7 ) TR v 7 speed time-resolved measurements, high-precision thermal
ZRIH O R PH is based on nano-structured magnetic materials and the =T 4 A= 2HOVT, MEMERE 2 2E - TR measurements, and spectroscopic measurements.
exploitation of novel functions via their atomic-scale
junctions.
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— VA L DA S v B TR RE D BROR noble elements but by using ubiquitous elements—i.e., TERMT 7 & % BRAE U 72 SC ot ss dT - 76 R AT
“ubiquitous element strategy.” % ¥ AR A TSR 2 R L. BHAEM R )

The exploitation of materials with novel photonic,

At - BB R

. "~ - \ T Z ~ . . . . .
Y SNLICREML T /HEEE LRT L2 LT electrical, magnetic, and chemical functions is caused by
Ot E O T ICEH L HEEERZHS v unique crystal structures.
* & AU HKHE |

-EEHOREGEE R R L L0 - BT R

Sk & CMLERRE % & D MRS 1 e
il 1 & ¢y
1] & 8 g
~
1 -
| ":
la N =
. . "CI“ b | .vs vl
single-anion T B
Nd:YAG I "MgO (001) sub. i d
laser - “"Ts =900 °C Promising
*=5¢" \‘ materials
“SmFeAsO film
_-SmFeAsO
~ polycrystal
__ 40} 4
4 8 %8890 E
R R R R Ul Saof
Ezo '
'R EREE T :
@ 10
%

2 e 4 S B ¥ EE
hnmMe « « ¢« &« « #

Oxides 1om o SISEE,
P Pnictides

10 1"




Rl = 12 e b FH RR 5K

Division of Materials Integration
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Division of Structural Engineering
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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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WE-RARAZT->CVIBBERERY (T2 IFEF v /IX)
High-riselsolated Buildingwhere Earthquake and Wind
Observation are Carried out in Suzukakedai Campus

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.

HOZET2HHIAY 7)) — FROBEER
Loading test on the performance of reinforced
concrete beam with opening

#Ha> o) — MERREAHMOBERR
Loading test on the performance of reinforced
concrete beam-column joint
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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-

pressure 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.

S
=

P
5
TP
=
"
Talalalal

s
3
T
F
=
-
L

i I L
000 010 020 030 040 050
xin BiFe,_.Co.0.

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

piezoelectric responses.

Ferroelectric Magnetic
domain domain
L s 7

Ferroelectric Ferromagnetism

eThey exhibits combined nature of magnet and capacitor.

*We 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

accompanied with charge-transfer or ferroelectric transition.

VO, [ * - Vv L

SrHIE TGS % SgsgO€ >%

VO,[E e s O - o
" elag-o-tego x 8 X

Mixed-anion materials

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

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

reaction.
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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 P S
. . . e ek 4
that drastically improve our society and/or Antibonding oy +
. . : A PRIX 5
trigger a hot trend in worldwide research. 4 | oamge- AR :
i X x Nonbonding =
I.Iu ' L state g
'\ +Anion ;‘mg s —& + i
o -
+ L “
Bonding ;h' S
CaRE
Materials design of new light-emitting semiconductors
eChemical design based on original concepts
e Validation from first-principles calculation & experiments
IR laser Hydrogen doping Step 2
’ MgO (001)sub.  |Step 1 Annealing (500°C, 24 h)
Nd:-YAG powde
laser  cams Tsub. =900°C Gatiz ’ NaCl (90wt%)
JL'5?'2"'“! SmFeAsO film . Silica glass + Z10, (10wt%)
- tube i = |
SmFeAsO #1 |
SmFeAsO film - :
target MgO (001) sub. R acLli canled Graphite

-

0 FC of #2 FC of #3 ueri=1000]
Ca,N, + 2Zn,N, BN

PR RN
- -

Novel nitride semiconductors for photovoltaic applications
e Exploration using materials informatics
(Collaboration with Oba Lab.)

eHigh-pressure synthesis

H-doped Fe-based high-T. superconductor epitaxial films
eUnique H-doping method
e Determination of H sites by STEM

Pt wire Gate lonic liquid

i Highly hydrogen sensitive TDS

Field-induced high-T¢ superconductivity using EDLT structure ~ *Development of analysis instrument with the highest H-detectable
eExtremely high-density carrier-doping with ionic liquid
o4 times higher T than that of the bulk

sensitivity (Patent submitted)

examination of role of H in solids

17




A< 2514 73 0 PRI

Division of Unexplored Materials Exploitation

Bh# RH HAER
Assist Prof. Shintaro YASUI

Inorganic materials, Physical
properties of materials

A BK/ VFT7 204 v 2RO
- S F TIIEWET LW ROV X — B o Bh
- W Z W72 mEEO ' TV

B MBR A v ¥ — R e £ OBEREMER RHIREIR & N2 KM EREFIE THEYIRES N ¥, WA DETOH TIE
IKSEHshTO 2 26 OB O Z2TC, L) —FE»THRET, RECELCAGFLHEBELTV 2T,
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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 Bare
Three cathodes were fabricated: a standard bare one (left), one coated with a layer of
BaTiO; (middle), and one coated with several BaTiO; nanodots (right). The one with the At low C-rate Li* At ultra high C-rate_
LA ©
nanodots exhibited greatly enhanced performance. . . . A T
Li pa

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 Dot BTO
At low C-rate

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

reactions. The formation of a solid electrolyte interface is

concentration

greatly suppressed near the triple interface(LiCo00,-

BaTiO;-electrolyte), which would otherwise result in poor Effect of BaTiO, nanodots
chargeability and cyclability. 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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Hinuma et al., Nat. Commun. 7, 11962 (2016).

Computational Materials Design

Design and exploration of electronic materials

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

Computational materials science and materials informatics

Itisnowfeasibletopredictavarietyof the
structure and functionalities of materials using
computer simulations at the practical level of
accuracy required for detailed understanding and
elaborate design of materials, thanks to recent
development of relevant theory and methodologies
along with computer performance. Our aim is to
design and explore novel inorganic materials,
particularly semiconductors and dielectrics, using
approaches based on computational and data

science.
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S Promising materials

Materials exploration by high-throughput

computational screening

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

eldentification of promising materials in terms of target properties and

stability 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
exploration: Discovery of a novel nitride semiconductor
ePrediction of CaZn,N, with a band structure suited for red light emission
eExperimental verification of the predicted crystal structure and optical

properties (Hosono-Hiramatsu group)

Hinuma et al., Nat. Commun. 7, 11962 (2016).
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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
performances of solar cells, transistors, thermoelectric

devices, LEDs, lasers etc.

Transparent conductor using covalent bonds

Germanium oxide is known as a good electrical insulator with a wide
bandgap 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
SrGeOs structure. Like this, we are making continuous challenges to create

new functional materials based on our original material design concept.

nsparent fl

|

M 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,
replacing OLED in the future.

BaFezA: ’ \ ‘ ‘

B ! o
oszf: Initial +10V

¢ : 2
Yy &

Resistance change memory device with

Super conducting wire
using Fe-based material. multi function such as color modulation.

Nanoscale controlled thin-film growth for novel
functional devices

We aim to develop new functional thin-films and opto-electronic/electro-
magnetic devices using nanoscale-controlled thin-film growth and high

electric-field approach.
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HHEIC K BB OEEEERIREEDEEH https://www.msl.titech.ac.jp/~kawaji/
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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
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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 calorimeter for the low-mass
sample (~10mg),and ahome-made
calorimeter under a ultralow temperature

and strong magnetic field environment using

a dilution refrigerator. We also conduct and
develop other thermal measurement system, Adiabatic calorimeter
such as the ultrahigh precision thermal
expansion measurement device, thermal

conductivity measurement system.

Phase transition properties of molecules absorbed in

Metal-Organic Frameworks (MOF)

oThe 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

eWe have discovered the giant particle size effect that appears with
millimeter scale.

eProvide the new way for controlling the ferroelectricity by using the size

effect.

100}

C,/ JK mol”

0.5 mm

Development of thermal conductivity switching

materials 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

Insulator

low x
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Nature Materials 18, 811 (2019).
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Nature Commun. 6, 8595 (2015).
Nature Commun. 8, 976 (2017).

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
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Nature 566, 518 (2019). Nature Materials 17, 21 (2018). Nature Commun. 8, 976 (2017).
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PRAEZE  Nakamura Laboratory

HHIE N —RE
Assoc Prof. Kazutaka NAKAMURA

Kk, BEED .
{tEYEZE, EFYES
Light matter interaction, Ultrafast

spectroscopy, Chemical physics,
Solid state physics

EERDEFak—L > XEHE & S

BT 74/ YRARTROIT L=V 7 Ml
Kf 7+ ) VMol THZEF AT
BEEBRDOY L FI 7 A

B HBEREFae -1V VR

BHE AV ALV —F VL2 LT, EfRHEhORTaL
— L ZDRFERFMOGHIS 2 Dfili 2 HfsL TV 3 7.
Hfae—1r 2k, BTEREEPRRIHRET 754 2
DEARZER T H, b TRIEFICERBITRbRTL %
Vi, JREHREERL D OV REO R SV R EHO T,
R LEETae—v 2P LOREORERFINZ DL &,
FHERCIOELTC 2T, 72, BEuCHIEL 70w
AxtEHO T2 —v 22T 2028 MO A T
7.

o 151
=
= (a) 2379 fs
gm 10
5 (b) 242.4 fs
o 5 | l
(=)} | BT
= Al In (c) 2514 fs
< NS U AMAMAAARRARRAARAARAARARAAAR
e o I| . A "'IIJ WY '.'l'al”u”';'l'.' WV '.'ll'.ll'u”'.' |
w
5 I (d) 2594 fs
E -5 ‘ | d
wvi
c
© ‘ _ (e) 263.9 fs
= -104 || '
-y T T T

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

TAVEYRAE T+ /) v EESTTHZEFXEY

o IRBNEM 256 DK 7 2 DIRB O FEE L I

ONFET x ) VERTIKEBOH EAA LHAML

e JiliE v ZRREIZ & - T 7 & 2 v B TIREES A % Hilf

28

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

7z L FPREABERTSIERE
o 7 I+ RSHIH TOLABIG L 2w 2 B384
o 7 = & b ROIRERE 43 fF O IRk R AEUs A7 6 7E

pump-pump delay t,, (f)

pump-probe delay t;; (ps)

FEEROTHRRFE D R RS R
O PEKGaAs HEER B U 3BT 7 4 7 Y fEARD 2 6 — 1L MilH
oEHEF T A UEEAR I YA — v b7 VERCET 2 RTH

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
coherence in bulk solid materials using ultrashort laser
pulses. The coherence ia a key issue for future quantum
devices and quantum technologies and is easily lost in
bulk materials. We are studying how long the quantum
coherenceiskeptinsolidsusingphase-locked

femtosecond optical pulses via an interference technique.
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diamond

eMeasuring coherent optical phonons with 40 THz

oWrite 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
measuremet system
*Generation of phase-locked femtosecond pulses

eFemtosecond time-domain spectroscopy

pump-pump delay t,, (f)

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

phonons
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A TH#IER=E Matsushita Laboratory

FHERBIR T

Specially Appointed Associate Prof.
Yu-ichiro MATSUSHITA

EF7LIY) XLFER,. YVEER
Development of quantum

algorithms, Theoretical condensed
matter physics

EFEEELIUY) R FTEIEE https://www.msl.titech.ac.jp/~matsushita/
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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 o
quantum computer and a supercomputer. By understanding
the computers from the principles, we realize quantum
algorithms to fully derive the great potential of quantum

computers. We aim at key technologies of great impact on

the whole society.

LA-D2 , ,
—45 Advanced computational platform for novel materials
science
*By using quantum and classical hybrid computers, we aim at materials
o \ e e R < design combining huge data and highly accurate materials simulations.
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Algorithm development for NISQ (Noisy- Intermediate-  Applications to correlated electron systems based on a
Scale Quantum) devices and its applications quantum-computer simulation

e Achieve an algorithm development for machine learning on NISQ devices eAchieve quantum circuits for the Green's function and linear-response
e Achieve a substantial reduction in gate depth compared with conventional functions calculations
methods ePractical applications to correlated electron systems and successful

calculations of optical absorption
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@
fEEME=E Inamura Laboratory

BiE WE Bt B R EA Research on the basic principles of microstructure and

Prof. Tomonari INAMURA Assist Prof. Yuri SHIN(?HARA dlscoverlng new approach for materlal deS|gn

Foid-- iy ik ®

Physical :/Ietailurgy, Physical Metallurgy, http://www.mrst.first.iir.titech.ac.jp/inamura_tit/

Structural and
Functional Materials

Functional Materials,
Biomaterials

. Research interest
A The main focus areas of our research group are (1) microstructure of diffusionless transformation, (2) kink deformation
M*’H‘Eﬁ@%mi BY) R OREOHE http://www.mrst.first.iir.titech. group are (1) . (2)
ac.jp/inamura_tit/ in layered material, (3) Recrystallization and texture, (4) shape memory alloys, (5) biomedical titanium alloy and (6)
steels.
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MHEMEREL, HEEBPEBI L > THEL 2 IR ORI EH LT, MR ORGP/ Em LR 2 EL Tv £ 7.
Mzt L T 2 EHE, BIRREAS. <74y v aid FAVASLLUBMTT, Research Topics
Long-Llife shape memory alloys (SMAs) Low Young’s modulus (YM) biomedical alloys
Improvement of fatigue properties by controlling domain structure of ~ Decreasing the YM for preventing mismatch between bone and implant
BIEDELHE martensite materials
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BiE BERIEA
Prof. Masato SONE

RI4I8F)FNA R, £hE
IFNS 28, HRINT - 08

Micro / Nanodevice, Bio-

B1% CHANG,Tso-Fu Mark
Assist Prof. CHANG, Tso-Fu Mark

BE7OER, H-&70kR, T/
TRER, EE - BRI, TEng

Thin film process, Plating

HEBE K AR
Specially Appointed
Assistant Professor
CHEN, Chun-Yi

bR, BRERILE

Design & Evaluation of Materials for Medical Device

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

Medical Engineering
Device Materials, Material
Processing / Treatment

process, Nano process,

| Crystal / Microstructure

control, Electrocatalysis

Catalytic Chemistry,
Synthetic Organic
Chemistry

Noble Metallic Materials for Non-Invasive High-Sensitive Medical Device

Hybridized Fiber with Noble Metal & Ceramics for Wearable Sensor

° ERT N AR OREE L AR

http://www.ames.pi.titech.ac.jp/index.htm
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We have developed metallic materials with enhanced
properties including biocompatible, anti-corrosion, mechanical
strength and toughness toward next medical devices and the

evaluation methodology. We now focus the development and

I Single Noble Metallic Atom Deposition for High-Sensitive Sensor
l
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Micro-testing of Electroplated Au alloy for medical
devices
eStrengthening of Au alloy by controlling nano structure

eMechanical testing of micro-specimens
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eMechanical strength measurement of micro-size specimens

oTesting of tensile, compression & bending deformations and the fatigue.

: A Resalution: 0.t The testing machine specially designed for micro Pt/Silk hybrid fibers for wearable sensors
21 Ay 1 XHRRF AAREERE DT ITNEYYRTSFF/NINAIT )y K specimens eHybridization of biocompatible metal & polymer

eHigh adhesion between metal & polymer and the functions
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° R - |REHIFXZE Hara & Kamata Laboratory

R R=EN HEHER HEES

Prof. Michikazu HARA Assoc Prof. Keigo KAMATA
MRIBE, MR, AR, |ESREE.
RELFE MEERILLF

Materials science, Catalytic chemistry, inoganic
- Catalysis, Surface synthetic chemistry, physical
science organic chemistry
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BH EZ #HN

Assist Prof. Yusuke KITA
fhgbE,. ARAamME
Catalytic Chemistry,
Synthetic Organic
Chemistry
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FHE#HR Debraj CHANDRA : IR FRER B2

Specially Appointed
Associate Professor Debraj
CHANDRA

KHEBIZ Manas K. BHUNIA

Specially Appointed
Assistant Prof. Manas K.
BHUNIA

Specially Appointed
Assistant Professor Masashi
HATTORI

EEMEE R, MREE

Synthesize inorganic
materials, Catalytic
chemis

Materials Chemistry,
Nanostructure
Engineering, Surface
Science, Catalysis

Inorganic Chemistry,
Nanomaterials and
Catalysis

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. C (2013)
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° #HH - HIRfAZRZE Hosoda & Tahara Laboratory
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Prof. Hideki HOSODA

SEME, BE - BEEME.
EREERIE - £EMRE NLF2TUTIL

Physical Metallurgy, Structural and Functional Physical Metallurgy,
Materials, Medical Organism Engineering and Functional Materials,
Material Science of Organism ‘ Biomaterials
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¥ - BEet http://www.mater.pi.titech.ac.jp

AR HE EH
Assoc Prof. Masaki TAHARA
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BN B BisE

Assist Prof. Wan-ting CHIU
EEWE. ERILE.
Physical Metallurgy,

Electrochemistry,
Material science
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TiMoSnZr & DBt F &) & NERIER AuCuAl EBE M EE D XIRGRRE & BRKNEE

© TiMoSn 24 & OEMIEFHEOYED 120, HAFTIICKE L TZriz35H o 5 W AEMRE AT % FE D AuCuAL BRGS0 XHBLERE & BAF
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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

Q; £ Magnetic field
lesion M
Conventional material : Stelness steel (SUS316 : Fe-16Cr-12Ni-2Mo)

Guidelines for the development of biomedical materials

1. To be too hard than * Tough & Supple

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

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

and their material design composites
eWe have been developing new functional and biocompatible shape eGiant magnetostrain of 4% was achieved in NiMnGa ferromagnetic shape
memory / superelastic alloys such as Ti-Nb-Al and Ti-Cr-Sn alloys for memory alloy particles distributed silicone matrix composite by applying
Endovascular devices to replace NiTi alloys. magnetic field.
Ti-50Ni samples 900
@ - 800
600 A B. c @ 700
- % 600 SFe
o —
= 400 AuCuAl sampl 5 200
= - 400
§ E | n @ 300
& 200+ o
o D E F & 200
A% 100
0 : in (TG Thi
Strain Thin Thick 0
Superelastic Behavior and Internal Structure of X-ray Radiography and Mechanical Properties of AuCuAl
TiMoSnZr Alloy Biomedical Shape Memory Alloys
e Large superelastic strain around 5% appeared in TiMoSnZr-based alloy *Good X-ray imaging character was confirmed in AuCuAl, and Fe
by controlling chemical composition and morphology of alpha (hep microalloying dramatically improved room temperature tensile ductility to
phase) precipitates through thermo-mechanical treatment. suppresses intergranular brittleness.
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@
° EBMRE Majima Laboratory

R EEE

Prof. Yutaka MAJIMA
RELPYy7ILo A= R,
PDFTNA R, EERTO—THEBERE

Bottom-up Electronics, Molecular
Devices, Scanning Probe
Microscopy

H7 10nm BEFHEOEEERR & O
;J’-\'T!f%ﬁ'? [ D7 &4 GJEU@.- https://www.msl.titech.ac.jp/~majima/

.. B1¥  PHAN Trong Tue
| Assist Prof.PHAN Trong Tue
YEETFNSAR, ?140/
N F/RETOER
~ MEMS/Semiconductor devices, Micro/Nano

Liquid Process, MEMS/Semiconductor
devices, Micro/Nano Liquid Process, MEMS

BT Y LEBRD - XEMAEDET ) XX v TEM
e A DA L

- WIEERE T T v YA ¥ M

« Bnm ¥ x v FEMEE R v

72 3 RBHE M OMER (2 & b FRERERN
DEMEREBEA AL T >Tw0Ed, Inb
DB ECEED 754 218, v a— b F v A
RIFEL LI L BT NOBK, a2 bOMAL
EHEL>TVwE T,

BEMTIR, AV SFNETA T4 7 - ETH -
DHDHENOPEY b—E LT, 7 10nm & —
DEFETHEOMAEEZ B L. # L BRI o<
KRBT 754 2 2 —Z0BEE TR L. BHRDEM
PRkt SLTVET,

BFRIYVI 571 THRELEBHREREX v v 7ROPtF+/ ¥ v v 78R
o EEN H O X+ v TRAUHREL -/ ¥+ v TR
CMEFEMEA v X IZL D, ¥y v TEEHIME

15' o Mnm ¥ v v 7EMREY R mIER L v OER
~ e
w |1
£10¢
o L
>
"‘-"g. 5-
__-'U
© ol it e e o fe [ e
- u‘uulollollollnsv
0 DOIIDnIInn‘g.g:
: 0 : =0 R
V, (V) S a2
Tima ()

BFIAVPOREBRHEIR N> RILRR BEF IS UIRI7EZRAVESEANGREEERR

S [IE ST 17 4 X D4 FHED = 4 v ¥ —HERLIZFH o F /T r—urBELTHCEHEET NS o2&
o S THE D A v F—HERT B AN L 720G b v A v BLG o HHE WAL T v PRy o R— 2 VE

e 43nmODEMNMz It — L Y Ny AL e 1 DDHET b5 v YA XT3 A XOREHKSNE
KM T M5 LT AXDAIELE B EF CHET ISy Y R AHMEKOER{LrD ST
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Sub-10nm Scale Next Generation Molecular Transistor

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

Nanogap Electrodes fabrication by Electron-Beam Lithography (EBL) and Electroless Au-Plating (ELGP)
Molecular Transistor
Single-Electron Transistor Circuits

Developments of next-generation transistor
beyond 5 nm is the key technology in the industry.

Majima lab. is now developing 3 nm transistor by Linewidili: 10 6. nriil
combining top-down (EBL) and bottom-up (ELGP, i Y ;
Self-assembly). ;

Motto: Originality Execution Realization

| -
i
¢

Pt

Source

Ultrafine Pt nanogap electrodes by EBL
eRobust up to 773 K
eGap separation control by ELGP

15
~ | | s,
w - Organic/ |Gate 1 48 Ve
10 inorganic | Gl
~ "t hybrid ¢
>T-‘ L gue
E 5 I 59‘
-...'U 0.2
v 0| 1.0 1 0/ 1 01
d E o ‘ 1jajrjeg I el I af1 I Aoitd
0 . . L = L gnollonnlnn‘g'g:
-1 0 1 Vs s D £
Vv, (V) e R
Tima ()
Resonant tunneling (RT) through long molecular 3-input gates single-electron transistor (SET) logic circuit
wire ®Au nanoparticle SET
*RT through molecular orbital *Organic/inorganic hybrid passivation
eLong RT of 4.3nm e3-input XOR logic operation on a SET

eCandidates of molecular transistor
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° RAMEE Munekata Laboratory

Bh# @R £

Assist Prof. Nozomi NISHIZAWA
HRI¥, REXMOZI R,
AIF, EBEIF

Crystal engineering, Spintronics,
Opto-engineering, Bio-engineering

R =R HEX

Prof. Hiro MUNEKATA

REYT 4 MO, KREVPAZIZ,
ISR - BRIZ

Spin-photonics, Opto-spintronics,
Condensed matter physics and its
application, crystal growth

Spin-Photonics

http://www.munelab.first.iir.titech.ac.jp/

Circular polarization (CP) light emission and detection with semiconductor-based spintronics devices
Unstained and non-invasive cancer detection with CP light
Imparting memory functionality in optical circuits with photo-magnetic effects

http://www.munelab.first.iir.titech.ac.jp/

° AEY7x 2O R

 BEPEMRPEARRE S 2 I 72 W BTt - %267 734 A Spin-LED, Spin-PD D Bi%§

- P2 o 7 et - JER IS A BRI O il %&
- WAL D CIihE 5 AL T & 2R & 9 B 4E3%f- 1

BT OB Do TET DR LXDHANEH 2K
MEOBE» ML, 2NEHEH LT ZAHE21T-
v,

R L EROEABE YO TE A Y LR Y
BT 250k - ZXFE T (Spin-LED/Spin-PD) DIk
Wy fATYE T, EFE, BB 20002 IFRER LR
FEHEL & L7z, 372, SheiEso THREZ O iR -
FREL H AR OIS I b MY ATV 27,

Jelihke TRAE D AT T & 2 AR 2 BHZE L.
FEERE LA T2 I LI L AR T A R B L
TV,

-memory
-dalayline
-logic
—multiplex-
de-mutiplex

small digital signals

i e ema—
enlarged digital

seed optical pulses [ optical waveguide :
signals

from supply line

aptical IC chip

BILOAFERZEHZRAVICEXIHFRF

o (RS T DERE R ZEE) & WHE & ¥ 2 AR (Co/Pd ZJEIE) O
PA%E

o L B RUE L 7z Co/Pd ZIEIRC & 2 B0k 7 v D%
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Intensity

1.50

W/ B EEEEAVAREREY - KT /31 X Spin-LED,
Spin-PD o B%

o BN A U AR ARE L B ARSI b 2 A v oYY 7 R BIR

o VIR LAY Spin-LED (2 & 2 =il 100 % MR e 78 % Rk

o JEHT A ST Spin-PD {2 & 2 @b F MR e it O FE5E

§- 6 mr #eiimm T
AL

Men cancerous ——
Cancerous _—

Polarization

o0 . LT
600 TOO 200 900 1000 1100 1200
Wavelength (nm)

ARXZAVERE - FERERFSARBRTORRE
o BB 2 O 7 L DAL £ 7 = 2 £ DRI
o= v 2D N AKKE K T 5 BELE O RICEL DM

At the present stage, it is very important to pave the way
toward establishing fundamental concepts of optical
manipulation of spins and vice versa; namely mutual
conversion between light and spins. Thanks to the recent
breakthrough of room-temperature, CP electroluminescence
from semiconductor based spintronic devices originally
developed in our laboratory, we have been concentrating our
research on the development of long-lifetime spin-LED,
spin-LD, and spin-PD, along with long standing research
target concerning manipulating of ordered spins with
photonic excitation. Applications of CP light are another
interestingresearch target, whichmakes usunique

worldwide.

i

T

=

B

&

=

=

20

e g

T - delayline

E

= -logic
-multiplex-

de-mutiplex

. ""M—[l

seed optical pulses = ; : enlarged digital
P pu [ optical waveguide B - e

from supply line  |[© signals

optical IC chip

All-optical memory for optical chips

eNon-thermal aspect of photonic excitation and photoexcited precession of
magnetization with low power, at low temp. with (Ga, Mn) As and room
temp. with Co/Pd.

eStudy on magneto-optical coupling in planer waveguides.

Intensity

130 135 140 145 150
Photon energy (eV)

Semiconductor spintronics: spin-LED and -PD
eNewly developed spin tunnel oxide barrier

eLateral-type spin-LED exhibiting RT pure CP emission

*CP detection with spin-PD having refractive facet window

AR

46 mr 5 11 mm, o g— >
rascille’ |
.r’

Men cancerous ——
Cancerous _—

Polarization

o0 . T
500 TOO 800 900 1000 1100 1200
Wavelength (nm)

Unstaining and non-invasive detection of cancerous
tissues with CP light

ePhantom for CP diagnosis with simulation and experiments

eDemonstration of cancer detection with CP light
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° HHMWRE Wakai Laboratory l

Big HH BB
Prof. Fumihiro WAKAI

| REATE - i,

| 7oex

Inorganic Materials, Properties,
Processing

KEREERD OB TENIZC L .
o €SIy I/R%ZRIVHET

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

- &5 3 vy AR T T £ 2 O BRI

- XHNET T T 4 — 2B LB 7 1t 2 DBIg
ERIERRETIZBI 28I VWET I v 7 ZADAKR
- DRIV & U 2 BR A L 22 B3B8 o SR W]

EEAMHSN TV 1S5 Iy 72k, SRS Om
b, Set. RO EZEEE®H L 2 Lits -
TEONTV T, COHRREHEELPECLT, 20
BHELESR® 205 3 ©IRRDEOK T DA O WELE
RO, C HELROHEM L, BERRY TET2
CERHEELTV T, & MBI 2 R L2
FREOBM@ b D TV T,

AEGE . Tt
P T N e

| 3 | [
XA 7AFETS 714 —Il&>THELEKILEEOELBRE L
(AR MEAT S % (5 > 7o R AR

‘-\.- .
FRRREERERE

EEEETOEIFHHAELI I Vv IRDER MNEIREER & AN E AW IRRROBAR

o MUEREEI B T T 5 2 BB L i WEAK extrufrFr A A—fBR OBt Iy 2 2 OBEAR
eIV Y F tF ZEERAT 4 254 b e HEIEE VI, A= v Eafr N TORSER RO
o EMRENr AR LS Iv A

(A

Engineering Ceramics:
Sintering, Micro-texture, Hardness, Toughness, Transparency

®
https://www.msl.titech.ac.jp/~dfc/

Sintering behavior: X-ray micro- and nano-tomography
Multiscale modeling of sintering

Hard and transparent ceramics: cubic silicon nitride
Hard and tough ceramies: SiO, stishovite

& Y
& Yyt
\"}" ) “
T _— @
. ©
(d) 98%

(a) Interaction between (b) Interaction among (c) Periodic particle (d) Random particle
two particles multiple particles packing packing

Multi-Scale Modeling of sintering

100 T
mn.nm"
— w B
£
g
2 6 S
@
5, (Fintectiting, 2000} -ﬁ
wit =g §UR SN e ] B 0
ee < a0} -
g . Oy ac-SiNe
" o s s " g% 8 %7
YT (s, 7008 = . S0z stishavite
e 20 £. T aon
§ e el .‘cmnronr‘
MgAECH"
yy Py ™y P 100 200 300 400 500 600
Crack Extonsion, Aa (um) Crack Extonsion, A3 (i) Shear modulus (GPa)

Nanopolycrystalline SiO, stishovite:
Very tough & hardest oxide

Nanopolycrystalline cubic-Si;N,:
The third hardest and transparent
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° RRBMFEE Azuma Laboratory

HEHR RERE

Assist Prof. Yasuo AZUMA

i Y.

A -HFTILobA=oR
Applied physics, Organic
electronics and molecular
electronics

-“sh

o R 0 TARE 44 o) P 1k A

o TYOHIIN 1. & 72 5B PE AR o W v SE A
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< HERICBT 5 BT BIG oBIE:
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RriTHoTV &7,
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SRRtk o> BN N TR 5 D #E ST
o BRI LSMO DG LT
o FHZAL 1 5 IEHTLEAL DRIE
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&/ Fr v TERLERT /HFERAVEEEF LIS VYIRS
e/ X vy FEMBPIIEF  RTREAT S 2 L CHRKIHEE S CHIME
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Physical and Electrical Property in Mesoscopic Materials

Electrical Property in Mesoscopic Alloy
Physical Property in Microfabricated Magnetic Materials
Quantum Physics in Micro/Nano Scale Materials

We are interested in electrical and physical Property
in micro/nano scale materials fabricated by lithographic
techniques.

We have demonstrated single-electron transistors and
floating-gate memory operations as their application by

using microfabrication techniques. Based on these

microfabirication techniques, we promote a study about

hysical and electrical characteristics in mesoscopic . - . .
PRy P Microfabrication of ferromagnetic materials
alloy and magnetic materials.

dl/dV (nS)
0 40 80 120

~
o
1

Resistance (Q)
3
=

400 500 600 )
Temperature (K) Vei (V)

Thermal hysteresis memory in Cu/Ni double layer Single-electron transistor with Au nanoparticle and
ribbon nanogap
eMicrofabrication of Cu/Ni double layer ribbon

eResistance change by thermal hysterisis

e[deal rhombic Coulomb diamonds are demonstrated
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@
° {EBETEAMZEZE Sato Laboratory

B BO Adhesive bonding technology, for next generation
Assist Prof. Yu SEKIGUCHI . '

HRAR, BIEHE, http://www.csato.pi.titech.ac.jp
BERES. £HFER

{2l i i
—— Material mechanics, Fracture

mechanics, Adhesive joints,
y A Biomimetics Strength evaluation of adhesively bonded joints
® . Dismantlable adhesive for recycles
Surface treatment for hard-to-bond-materials
. Biomimetic reversible adhesion

° EMEAELAN> B o RESESEN http://www.csato.pi.titech.ac.jp

- AR AR ORI S
R ; }nl/@f:&);)ﬁ@%‘[‘ﬁﬁ%% Joining technology is necessary for manufacturing processes. Development of fundamental technology of adhesive
- WA MR o) B KR bonding and establishment of evaluation methods have been investigated.

« RITVEAT 512 & 2 AR BR ) %45 &

MeflasiTa L SCBTEFT > TR EFAET 2 AT, BEPEE L L ORAHAM BT 2 EREH A B 78 % FR He i
DOMELEHIEL TV &7,

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

light-emitting materials

BhEXZRVIESBORATRL BEZ M)A L-BEEEER ORR
FEROI IS IO 2 REA L 2 L THRAMOISIIREZ TR EEEAORKOMRTH 2 ) 4 7 VDK S 2T 2700, BEICH
T5 2 k. 3250 THH B A O fEEL ),

Silicone rubber
Metallic mold
Silicone rubber 1
Metallic mold
Z, il Glass plate (b)

i‘ m\ Glass plate (b)
I 1
Fixing plate h b
Side View Top view 0

Side View Top view
3 /
Fixing plate m [ Jb (a) m ) W
a )
(@) © 7

REIALIE X fT 0 R EFERBTEES T N1 ZDOBER

MRHCRERERT AV F - S 2 6 IER CHEA LHEOE ORI Y2V OREME IR ONZEHA H = XL e MY ANTEEE 754 2 21
DHb, TOLSHFEMIH L TRAREZ T2 2 L oESERm LT R L. BEEHOR LRSI,

5 el 2 F5E.

X

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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Prof. Susumu KONO
BEEE - MRl WEIZR.
g o ) — MEE

Earthquake Engineering,
Reinforced Concrete Structures

Building Structures and Materials,

B NR

RS - MR

ﬁ%:z?U—b SEYDOME
21T

®
Ze

" Assist Prof. Taku OBARA O

Resiliency and safety of building structures

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

Building Structures and Materials

Performance design of reinforced concrete structures

Development of advanced seismic concrete structures

< Bfa v 2 ) — MEEM O RE
< Hfa v 7 ) — MEEmomETERL
- W 32 MO R A

EREORNABSRETRCT IRFI 2V HARRORE RO}
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Eaimmis Behavior of Colmin-Beam-56 Pils Joims

LR

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

. 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
assessment, seismic retrofit, performance based design, damage
controlling system using reinforced, precast and prestressed concrete
structures. Our current research topics include the following; (1)
damage evaluation/control of RC structures to improve the performance
based design, (2) develop damage controlling system using precast/

e REIS2T AR RuE prestressed concrete technology, and (3) study on shear transfer
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Shear Crack Width and Shear Drift Component in RC Beams with High Strengih Transverse Rabars
Ricky Rinaldl Ndvasc: Sttt Ko, Toboyo-Ratitute of Tachmokesgy

=P L The g e sinched parpamdicelr e the craces o T
1

B e e ———

i!, m WET L ODREN

RS g mechanism of reinforced concrete members. We look forward to working
h‘uﬂﬂl .H B T,
‘!ﬂﬁ'!M . MERMEELIEY

m’“'“"”““ with people interested in concrete structures.

Resilience of five story buildings tested at Building
Research Institute (Tsukuba)
eResiliency of reinforced concrete residential buildings were studied

U’ HBEEMCL SR TRNENL . R
K euro 7u——btﬁl_ﬂll.\‘n\

Seismic performance of RC beams with high strength Seismic performance of pile and pile caps under large
reinforcement scale earthquake
5 eSeismic performance of reinforced concrete beams with 1300MPa class eLarge scale pile-pile cap-foundation beam-column assemblages were
shear reinforcement was studied. loaded to see their ultimate condition under severe earthquakes.
T eBond performance of longitudinal reinforcement was compared to code
I—I prediction.
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HHIE EEHE—

Assoc Prof. Shouichi KISHIKI
BEEE - H. WMRIZ
Building Structures and
Materials, Earthquake

' ’ Engineering
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WEBROEEYICRN S RABESK

Bh¥ BH EE

BERE

Assist Prof. Takanori ISHIDA

Building Structures

B REE
Assist Prof. Nobuhiko TATSUMI
BEES

Building Structures
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http://www.udprc.first.iir.titech.
ac.jp/~kishikilab/
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Quick Inspection Method for the damaged steel structures
based on the visible damage

@
http://www.udprc.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

Social implementation of research results:
"Post-earthquake Damage Evaluations (2016, MLIT)

In order to judge the continuous use

of gymnasium which is expected to be
Residual out-of-

used for emergency filter in time of a A plane deformation

natural disaster, weresearchon 0.1 Calculation
establishment of Quick Inspection Residual | \ 0
Method for steel structures based on eformlon 1 y e i ©
the visible damage. 0.051 L
[1 .
. : + 15 Experienced
H - [}
It is an example for damage index of - 1 deformation in EQ
tension-only braces, which enables to e Y A
4 dH : - - t t
judge the experienced deformation ? 1 0.01 0.02
1 -
during earthquake. Safe Dangerous I 1« Safety range of continuous
(No enter) ' 1 use against many aftershock

F ""&1

v €onnections

Damage observation
in structural tests

Damage reconnaissance of
the 2016 Kumamoto EQ

Vibration Anewseismicdesignindex
MMP& of body based on human behavior
*To understand the human behavior under

the earthquake excitation

oTo translate the recent design target

VR (acceleration, velocity, displacement) to
the human behavior
. i . . oTo realize the continuous use from a view
Seismic design for damper connections w&AN\A,N» . .
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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° {EBR KB ZE Sato Laboratory

HERIR B KR
Assoc Prof. Daiki SATO
BEBE. WEIR.
HEIE

Building Structures,

Earthquake Engineering,
Wind Engineering
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Construction of safe and secure buildings against
earthquake and wind

@
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 the Actual behavior of buildings using observation record

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

Objective of this laboratory is to develop a design
method that considers both seismic load and wind load for
buildings applied advanced vibration technology such as
passive control and baseisolation, using experiments,

observation data, and simulations. Moreover, a method for

estimating performance of damper, which used in passive . - . 3 ) o
] o ) Response analysis for high-rise baseisolation building
control and base-isolation, is also been considered. under wind

eSystem identification using response observation records under earthquake

eResponses: simulation results vs. response observation records under wind

% A ER RS i o —"% Dynamic actuator _ Y
[] © —FOH-IEH

| [T T 1] Mic-section X

Experimental and analytical investigations of full-scale multi-layered viscoelastic damper under long-duration
excitations

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

*Modeling of the temperature- and frequency-sensitivities of viscoelastic material
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Division of Structural Engineering

° BRI E  Nishimura Laboratory

HEHR BN REE

Assoc Prof. Koshiro NISHIMURA

#HEar o) — MESYOMEY -
MEEEICEYT SHHRE

Seismic design and behavior of reinforced
concrete building structures, earthquake

‘ X . engineering, impact loading on structures
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Improvement in Performance and Safety of Concrete Structures

Seismic performance of RC structures

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

Structural design of concrete structures made of high strength materials

Stress transfer mechanism in building structures

Reliable structures can provide people with
comfortable urban life. It is required not only safe of
occupantsinthebuildingsbutalsouseofthe
buildings after earthquake disaster in some cases. To
answer those requirements, it is important to expand
choices for structural systems and design methods.
Our group conducts experimental and numerical
studies of mainly concrete structures aiming for these
goals. Accumulating these works, we propose new

structural systems and evaluation methods of

structural performance.

Cyclic loading test on RC corner column and beam joint
A corner column with two wide width beam is loaded to investigate
effects of arrangements of steel bars in the joint and yield hinge

relocation in the beams.

FEM analysis on RC beam-column joint

Numerical study on damage, stress and strain behaviors in RC structures.

Performance of high strength RC column
This is a cyclic loading test on RC column made of high strength deformed bars
(785 MPa) and normal strength concrete (21MPa). We study a new practical use
of high strength materials.
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World Research Hub Initiative (WRHI)

®
DAS #ARZ Das Laboratory

YHEERIEE Hena DAS

Specially Appointed Associate
Professor Hena DAS

Condensed Matter Physics,
Materials Science

FHEBIE Sergey A. NIKOLAEV

Specially Appointed Assistant
Professor Sergey A. NIKOLAEV

ERYEYIESZ, SHEMRRE
7§ <7l = Pl 3

Theoretical Condensed Matter
Physics, Computational
Material Science, Spintronics

¢ o
Theoretical and Computational Materials Physics

Quantum theory of magnetic and spin-dependent phenomena

Role of atomic order/disorder on the properties of materials

Unravel physical and chemical phenomena in meta stable phases

DAS group employs various first-principles theoretical methods to understand and predict the quantum phenomena in
materials, ranging from the ones having diverse commercial applications to those which are fundamentally interesting, at
the level of atoms and electrons. The group aims to elucidate structure-property relationship in various structurally and
chemically complex transition metal oxides and chalcogenides, including single crystals, thin films, artificial

heterostructures and nanostructures, in order to design new materials with desired properties.

° HAINDL ##%€2 Haindl Laboratory

FHEHHIR  Silvia HAINDL

Specially Appointed Associate
Professor Silvia HAINDL

Superconductivity, Thin Films,

FHEBE VA HifcF

Specially Appointed Assistant Prof.
Yukiko OBATA

EEAEL BEEYE

Quantum theory of magnetic and spin-dependent phenomena

eUnravel the material-property duality based on materials specific quantum
mechanical calculations

eDesign of new materials with new and/or enhanced magnetic functionalities.
Quantum spin-liquid, “Spin-Hall effect, - Electric field control over magnetism,

Low-dimensional spin system, - Frustrated magnets

- e [
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Predicted ME domain structure Observed

D=0

Unravel physical and chemical phenomena in meta stable phases

4
N * Investigate thermodynamic and
g kinetic stability of various stable
5 and meta-stable phases
o
o
i [Meta-Stable Stable « Simulate properties for both
structure structure
stable and meta-stable phases

Order parameter

The goal is to identify the structural ground state and/or meta
stable phases with fundamentally interesting functionalities.
m - 12

Ol —— S
Room temperature multiferroicity driven by the @ 100 200 300 400
meta-stable ferroelectric phase of LuFeO, Temparature ()
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Role of atomic order/disorder on the properties of materials
elnvestigate the thermodynamic and kinetic stability of the atomic ordered/

disordered phases
eUnravel their respective influences on the properties of materials

Magnetic and electronic properties, “lonic transport, - Ferroelectricity,

Negative thermal expansion

Li diffusion for various ternary phases

Energy barriers can be estimated
using NEB calculations

!

4 LiNiO, (Layered Phase (L))

Enargy

Almost no
Biffusion

Prediction Theory

Quantum phenomena in materials

sl o

+ Orbital
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We work in close loop with
experimental groups

[ Synthesis |¢<======{ Characterization |

*The group members have access to in-house computer cluster & the Tokyo
Tech supercomputer TSUBAME.
oThe group is involved in domestic and international collaborations with

distinguished experimental and theoretical groups.

Pulsed Laser Deposition Inorganic Materials,Solid State

Physics

Thin films of new superconducting materials

Superconducting thin films (grown by physical vapor deposition)

New heterostructures with Fe-pnictides and Fe-chalcogenides

Synthesis & characterization of functional interfaces

eFor the growth of thin films and heterostructures of new superconducting materials we
Thin film growth by use state-of-the-art physical vapor deposition methods: ultra-high vacuum (UHV)
physical vapor deposition pulsed laser deposition (PLD) and molecular beam epitaxy (MBE).
eFe-based superconductors: We have recently succeeded in growing fluorine-

image: plasma plume in UHV-PLD
substituted iron-oxypnictide (SmO, xFxFeAs) thin films by in-situ PLD using CaF,

substrates.

substrate O\
. 0. [ROJ*
TEM collaboration: M. Sasase afm :,:f::.: ﬂn R
(Tokyo Institute of Technology) A /\
g Jaser \plasma Fe - [FeAs]~
O - @ e . W
CaF,
substrate U @%@
target [ROJ*
The fluorine diffusion gradient is

responsible for a hybrid (sc/afm) film/substrate sc/afm hybrid iron- diffusion process from the Fe-oxypnictide with
bi|ayer structure. interface oxypnictide structure substrate during film growth ZrCuSiAs-type structure

Latest results:

a N

Unconventional superconductors

. g .. Unconventional superconductivity (beyond BCS theory) can be
Thin film characterization . P . 7 (bey 2
found in many compounds and at interfaces.
image: thin film surface morphology (AFM) The Fe-pnictides and —chalcogenides are one prominent and

recent example of unconventional superconductors with high

critical temperatures (~60 K for bulk samples). Spin fluctuations
are dealt as main candidate responsible for Cooper pairing and for
the superconducting order parameter the s symmetry was
oWe are interested in the film growth modes and their tunability. For basic proposed, which includes a sign change between different Fermi
thin film characterization atomic force microscopy (AFM), reflection high surface sheets. The extreme 2D limit (monolayers) and interface
energy electron diffraction (RHEED), X-ray diffraction (XRD) and X-ray

reflectivity (XRR) are available.

physics have, however, challenged a unified description.
We explore the future application potential of new electronic

eElectronic transportand magnetic properties of thin films and states occurring in engineered interfaces and heterostructures

heterostructures are investigated at low temperatures and high magnetic based on Fe-pnictides/-chalcogenides.

fields. \ /
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Research Papers

2014
224

2014
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2014

12
10

Research Budget

2015
183

2015
13

2015

18

2016
212

2016
13
32

2016

Achievement

2017
193

2017
10
39

2017
5
7

2019FEEDOMREBDBE Research funds

| #8% 10.0{/8M Total 10.0 billion yen

BEMRE 31%
Scientific research fund

IR RFEMR ZARER/EEL
(h) RIPEITIREHEE

@ HERHALENM FTHEE SR T — LBHI (CREST)

ZEMAE 38%
Contracted research fund

@ HARREREEEZHR TS v b7+ — L4

HEMEHEET DS S L (OPERA)

@ HERHRLEM SRR
SImAMERFCRIMHEFE (ALCA)

@ HIEMNALSHRIEETEB/MARKFR (K ZHT)
@ NIERXEEER—N—N1 Tz

Student Numbers

ERECOHRAR 24%

Joint research fund

2018 2019

206 174

2018 2019

5 7

17 6

2018 2019

4 4

" 3
—_—

BEENE 7%
Scholarship Donations

Organizations/Commissioned projects
Japan Science and Technology Agency (JST)

RERZFES S UOARAEMARRE Graduate Students, etc.

I o3 o
@
FNRT
. .
3 2
s

B%4% International Student

[ [ ik 2014
7 1
6 5
1 2
14 18

2015
31
101
7

0
139

2015

0 O ~

2016
40
135
13

2
190

2016

15

2017
46
142
12

204

2017

16

15

33

2018
34
144
15

195

2018

16

19

37

2019
45
156
16

218

2019

12

21

@ Strategic Basic Research Programs (CREST)

@ Program on Open Innovation Platform with
Enterprises, Researh Institute and Academia (OPERA)

@ Strategic Basic Research Programs (ALCA)

@ Strategic Basic Research Programs (PRESTO)

@ Intellectual Property Utilization Support Program

St [r) Fl A HEEE =

I Office for Collaborative Research Projects
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#f 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

M3R%E L RERF

BfiiSE Tt ETIAA—Fv 773 ) 74— v X —

At BUEGET & e U CHFSTia®E) 2 Beflimi» 6 324R L

F L TEBREE. SKREEROKRG L RERHEY L

T b, F oA AR5 T O RURHIE S SEBR A,

BSOS - BHHEMB 24T 0. PGS 2 IRIA S
BLTVAE,

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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Exhibition Space
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WHE S 3 v 2 2W%ER (7 v > 7 4 7HREFZERTRTIS) 72004 42 FA%E L 72 a-IGZO TFT (Nature #4Bi#k) #fH5 L2 & v M
fbanz KEIEHELTV, (65%! R85 4K)
THZEAT DI R, £ L —FDEHOMG 2 HIRRL TV 7.

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.

R — A

Exhibition cases

Meeting room

Access

N
=8 ®R3 Main Bldg.
Jares Director's Office,
Administrative Office,
Collaborative Researches * Research
Promotion Office
@R3 Annex
©R3 Annex A
OR3 Annex B
©OR3 Annex C
B®R3 Annex D (COE Bldg.)
R2 Bldg.
\o g
©J1 Bldg.
©J2 Bldg. J3 Bldg.
@®G2 Bldg.
@G5 Bldg.

®S8 Bldg. (Genso-Cube)
®S1 Bldg.
@S2 Bldg.

a=j

@H1 Bldg. (Suzukake Hall H1)
Area Lounge, Restaurant, Cafeteria
@®H2 Bldg. (Suzukake Hall H2) e s T —
Suzukake Hall Seminar Room 1,2 lokyu Denent_oshl .Lm~—_..(e
Shops Suzukakedai Sta_tlon =

To Shibuya

To Chuo-Rinkan

Tokyo Metro

Toei MitaLine Nanboku Line

New Tokyo
International Airport
(Narita)

A

Tokyo Metro
Hanzomon Line

- Tokyu
Suzukakedai ]l Denen toshi

. i Line
S

Nagatsuta

uzukakedai Mizonokuchi
campus Tokyu Oimachi
Line .
Tokyu Toyoko
Line
g Denenchofu
Line

JR NaritalLine/
Sobu Line

JR Tokaido
Shinkansen Line

Tokyu Tamagawa
Line

JR Keihin-Tohoku

Higashi !
= Kamata Line

Kawasaki

‘Yokohama Keihin-Kyuko

Line

Tokyo International Airport
(Haneda)

Rinkai Line

Keikyu
Kamata

Tokyo Monorail

. Tennozu Isle
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