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Steering and Management Comittee
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Doctoral Program in Innovative Platform for
Education and Research
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Leading Scientist Training Program

TARXxU7HTI—-X
Creative Pioneer Training Program
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Transdisciplinary Technologist Training Program

In the Interdisciplinary Graduate School of Science and
Engineering, the “Innovative Platform for Education and
Research” was established in April 2010. The Platform
consists of the Education and Research Core Group

and the Doctoral Program in Innovative Platform for
Education and Research. The overall management of the
Platform is conducted by the Steering and Management
Committee.

The Education and Research Core Group, which consists
of a number of core units that are selected among groups
that actively promote project research led by professors

in advanced research fields, aims for the visualization of
the activities of students who want to apply for admission
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Education and Research Core Group
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Electrochemical Energy Devices Core Unit
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Urban Earthquake Disaster Reduction Core Unit

SimF/ ILYMA=Y X% A7 1=vh
Advanced Nanoelectronics Research Core Unit
EBREYSE A7 1=V
Synthetic Biology Core Unit
EEIIZTULY A7 Yh
Medical Engineering Core Unit
ARET XY 7Oty aAri=yk
Atmospheric Plasma Processing Core Unit

to the school from inside and outside of the school.
Activities of the core units are supported by the school
in every respect. As shown in the figure above, six core
units are currently running, and they are outlined in the
following pages.

The Doctoral Program in Innovative Platform for
Education and Research is a new education course for
the doctoral program established in order to advance
and expand the education system of the school. This
new course aims at production of able people that meet
the needs of society, in hopes that students who take the
course after receiving a degree will actively participate
in various stages. See page 13 for course descriptions.
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Development of innovative next-generation batteries

< The Core Unit is developing an innovative, next-generation battery.
< Electrochemical energy devices, which store and transform energy,
are a key technology for industries. We are developing a novel and
innovative energy device based on basic research on batteries and
capacitors, which convert electric energy into chemical energy and
store the converted energy, as well as on fuel cells, which perform
energy conversion. To achieve this, we do our research on materials
development, reaction mechanism determination, and novel device
development.

1. Materials development: We search for new materials for next-
generation batteries, fuel cells and capacitors. Our target materials
span a wide range from inorganic materials to organic/polymer
materials. We are developing novel materials with the combination of

a pioneering material synthesis method, and advanced analysis and
property assessment methods using neutrons and synchrotron radiation.

Solid polymer fuel cell

£EZEREM
Metal-air battery

Lithium battery

A—IN—F /NI B
Supercapacitor

2. Reaction mechanism determination: Reactions that occur

at electrochemical interfaces are the key to the properties of
electrochemical energy devices, such as lithium batteries, metal-

air batteries, solid oxide fuel cells, polymer electrolyte fuel cells and
capacitors. However, the detailed behavior of those reactions still
remains unclear. We developed an in-situ observation method to unveil
the mechanism of the reaction and for feedback on improvement of
device performance.

3. Development of innovative next-generation energy devices: Starting
with the elucidation of the basic principle of electrochemical devices,
we are developing a new type of energy storage/conversion device.

In particular, we are doing research to develop an innovative next-
generation battery based on a novel reaction mechanism and a new

material.
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Seismic response control building
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Development of advanced technologies for reducing urban seismic mega risk

Major cities throughout Japan are nowadays exposed
to elevated risk of devastation by large earthquakes
(denoted as seismic mega risk), since vulnerability

to natural disasters has increased substantially due

to ever more complex urban functions. Such risk
results from excessive concentration of population, as
well as economic activities reinforced by ambitious
organizational and infrastructural developments.
Meanwhile, a number of other great world cities are
confronted by similar risk, constituting a real and present
threat to sustainable urban society at a global scale.
To avoid catastrophe and to construct a safer human
environment, advanced research activities for seismic-
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resistant technologies are urgently called for. The task
at hand includes the training of academic researchers
and other investigative personnel, as well as disaster
management engineers. Our core unit, targeting the
overall reduction of increased seismic mega risk,
aims to further leading research and bring together
the most highly specialized engineers in various areas
of Earthquake Engineering such as seismic hazard
evaluation, high seismic performance building and
infrastructure, and damage assessment.



Innovative Platform for
Education and Research

s ) v 2ha= 2 Afge 27 =y Nanoelectronics Research Frontier Core Unit

BEIx-R2ROHSZEELT

MEBF 27 LREER
g BHE

Electronics and Applied Physics
Professor

Hiroshi lwai

MBETF T LENEER
g EH —&%

Electronics and Applied Physics
Professor

Kazuo Tsutsui

MIEBEFLAT LEIEER
EHER KR R

BEFTFNAAIEDOHEE RN &L
NEORVN EEAEGLE BEHE
T2 - EERAMSEHOR
EEDEMEL TH)EHSHBFTICHNS
hTW2, -2 DHREIRILEICHIY) &
HBEE. t>Y— NNT-FRF. KBEME
ESXHADER - BRERE.HA.H
LBRELGENDREER-TRTFELTC 4
FICRATHENIKEV, BICSRIES/
HMOM AR ERENISBTR -#ET
BZEIEN. SETHEREVBEHEES
HXEBEHEREDT NI ZDERIF HHES
NTHEN. ZDEIET NI IDBAELIC

I3, HECEBE{ERHIED /= DE T RIEX.
HEDRD-BRE{EEEADIEFTELRN
RRICH D,

AIAT7IZYb TR RKZDHEFEMREHMN
RELT EERTREAICFrESHN
10FEEDF/EFTNAIAFMTHRE
GBI IMEREBETV. HIBGRBEIER
LEXHEZORD-RLICEMRTS2EEB
HET 2, F-ERCRIAEENELWT
STEEDBINOHEEEDEEEEIBE
TV FIEFTFNNAREVS[HD DKL
VOSBHTHRNICETEAMDOEA -
BHEIED,

Electronics and Applied Physics

Associate Professor
Shunichiro Ohmi

TS T TR 52—
BRI

HREEAMDOERK

HDOL ) EMICEB

Produce world-leading scientists and engineers
contribute to manufacturing technology

T ANNIN=)L JNyb
Frontier Research Center
Associate Professor

Parhat Ahmet

R & D concept for Industrial world

nanoelectronic devices S LS

HigE

ERR

x5 - ik ®

WK (7Y TRERE) i F/BIFIS A2
v HEFRUS

universities/independent administrative

overseas universites
(such as Asian countries)

? ﬂﬁ Education
E3

Collaboration

<+—>

International
nanoelectronic devices
education and research center

New device structure

* Eﬁ% Research

FEHIE
Precise interfacial
property control

KIFWEFEIL  High integration

#REEHT SR _

BEHREN. BEEEEE. BSMEEFTN(Z

World-leading research

ultralow power consumption, ultralow voltage operation, and ultrahigh performance electronic devices
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Energy saving, prevention of global warming and realization of a safe and secure society

For the prevention of global warming and safe and secure society

Electronic devices are the components that hold the

key to all sorts of modern social activities, such as
automobiles, nursing-care robots, medical imaging
processors, mobile phones and data centers. The field

of electronic devices covers a wide range of areas,
including integrated circuits, sensors, power devices
and solar cells, and these play important roles in society
as devices that function as our brains, sensory organs,
muscles and digestive organs. In the future, thorough
pursuit and promotion of research and development for
nanotechnology are expected to realize unprecedented
ultralow power consumption and super high performance
devices. Without the introduction of such nanoelectronic

devices, an energy saving, safe and secure society cannot
be attained.

In order to contribute to the prevention of global warming
and the realization of a safe and secure society, our core
unit is conducting research and development to lead

the world using nanoelectronic device technology 10
years ahead of what the industrial world is currently able
to handle. Our unit actively works to collaborate with
Japanese organizations and foreign organizations, such
as those in Asian countries, which are growing rapidly,

to accept and produce the best people in the world in the
field.
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Synthetic biology:Assembling parts from various organisms
to create versatile biological systems
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Assembling parts from various organisms to create versatile biological systems

In recent years, designing a system made of
biopolymers has made it possible to create an
autonomous, energy-efficient, and versatile system
where the essential nature of life is utilized.

Our research encompasses the establishment of
theories on the creation of such a system, as well
as its implementation. It has become possible

to create this kind of system thanks to advances
in research on both materials and theories.

For materials, studies have made it easier to
prepare proteins—important functional units for
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life—and high-molecular-weight DNA, which
codes the proteins. As regards the theories, the
advancement of interdisciplinary research has
greatly contributed to establishing a method of
applying knowledge about systems science to
the development of biopolymer systems. Taking
advantage of these developments, our research
unit is focusing primarily on the design of
synthetic genetic networks and the manipulation
of genetic code.
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Advanced medical and healthcare engineering for a comfortable and rich life

For our aging society, one of the most important issues
is to modernize medical technology. In order to ensure
that life at an old age remains comfortable and rich

for everyone, we should intensively and continuously
challenge the development of treatment techniques

with fewer side-effects on our body. The purpose of our
project is to innovate such technologies according to

the stringent contemporary demands coming from the
medical side, incorporating novel engineering principles
such as the nanotechnology, the endoscope-assisted
operation machinery, the closed circulatory system and
even the space medicine in the future. To perform these
innovations, our doctoral-course curriculum is supported
by a variety of departments in our Graduate School,
such as Energy Sciences and Information Processing,

in addition to Professors from Graduate School of
Bioscience and Biotechnology in Tokyo Tech. and from
Tokyo Medical and Dental University.

Our research goals encompass the development of a
high throughput protein screening system using optical
nanotechnology, an endoscope-assisted robotic operation
system for the abdominal cavity, and analytical tools
based on electrical impedance tomography or infrared
hyper spectra for visualizing human tissues or detecting
cancer cells. In the future, an advanced healthcare
management system using a communications satellite
will provide us with real-time secure communication
pathways to assist in the medical information processing,
which is expected to increase our quality of life. Our
technology to support the human activity in space is an
important subject to realize the management system.
Our research and education project is expected to
nurture doctoral graduates who can take leadership in
various research fields that will contribute to developing
advanced new medical technologies.
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Atmospheric plasma generation with wide variety of plasma gases. Attractive
characteristics of these atmospheric plasmas provide innovative processing of

WEHEA L. RELE. ERGH. BREDLIEREOEFRNHTOLY S o FAORBTEE, r

nano-material synthesis, surface modification, medical application, and hazardous and

waste material treatment.

Atmospheric plasma system for development of innovative processing

Atmospheric plasmas generate atiractive reaction fields
with high-density radicals and ions. This provides
the basis for innovative processing technologies with
high-throughput compared with low-pressure plasma
processing lechnologies. The focus of our research is on
the development of innovative plasma processing with
new plasma generation systems:
‘Nano-material processing with highly controlled
composition; atmospheric plasmas have atiractive
characteristics for synthesizing metastable and non-
equilibrium materials. Nano-material processing
techniques for highly controlled composilion will be
developed on the basis of these characteristics.
*Solutions to environmental problems; atmospheric
plasmas are powerful tools to solve a range of
environmental problems. Atmospheric plasma
processing techniques for hazardous and waste materials
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will be developed.

‘Human-friendly plasma processing for medical
applications; damage-free plasma generation can

be used for human-[riendly processing techniques.
Medial applications with damage-free plasmas will be
developed.

-Green chemical processing for large-scale industrial
applications; atmospheric plasmas can simplily
traditional chemical processing. Green chemistry with
energy-saving and environmental-friendly processing
techniques will be developed.

Fundamental studies of chemical and physical
phenomena lead to innovations in plasma processing
lechniques. The aim of our group is to establish a
worldwide research center for atmospheric plasma
processing through research and development of
innovative plasma processing technologies.
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At the Interdisciplinary Graduate School of Science and Engineering,
a new clocloral program, the “Doctoral Program in Innovative Platform
for Education and Research,” started in April 2010. Designed based
on the diverse fields that we see students with doctoral degrees being
active in, the program aims lo develop creative human resources
capable of meeting the needs of society.

The Doctoral Program in Innovative Platform for Education
and Research consists of the following three sub-courses:

- Leading scientist training program

This sub-course is designed to allow students to study for a doctoral
degree while participating in research projecis so that they can
acquire the knowledge and experience necessary to be leaders

in implementing internationally organized projects and grow as
capable, battle-ready researchers.

» Creative ploneer training program

This sub-course is designed to cultivate highly creative
entrepreneurs who have the ability to create new values and

make seeds of research commercially feasible through a fusion

of peripheral or interdisciplinary sciences and technologies,

based on the research themes of their doctoral dissertations and

a good understanding of this university’s traditions relating to
“manufacturing” and “coordination with indusirial world in the field

”

of engineering.

* Transdisciplinary technologist traning program

This sub-course is designed to cultivate human resources who have
the ability to exercise leadership in various social activities based
on their own specialties and extensive knowledge of many other
specialties and to take an interdisciplinary approach of combining
humanities, sciences and their speciallies in conducting activities
or solving problems.

The enrollment limit for each sub-course is about 10 students.

The enrollment for the Transdisciplinary technologist traning
program is not limited to students in the Interdisciplinary Graduate
School of Science and Engineering. 1t is open to students of all
graduate schools within the university.

iper-office@igs.titech.ac.jp

+ Features of the Doctoral Innovative Platform for
Education and Research Course

< Extensive hands-on knowledge that is difficult to learn in
conventional docloral programs can be acquired by studying in a
curriculum designed to expand one’s international perspective.

¢ Students studying in the Docloral Innovalive Platformn for
Education and Research Course can improve their ability to
communicate in English since they study in an environment in
which they routinely interact with specially appointed foreign
teachers.

© For the students studying in the Doctoral Innovative Platform
for Education and Research Course, financial aid through
employment as RA are available and short-term overseas
seminars, etc., are given during summer vacation.

< A credit completion certificate is issued 1o the students when they
satisfy all the requirements for the completion of the course. In
addition, when they finish their doctoral degrees they receive a
diploma and a course completion certificate.

TOKYQ INSTITUTE OF TECHNOLOGY
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