


The mission of the Institute of Innovative Research 

(IIR) is twofold ̶ to promote active cooperation 

within and beyond the organization by providing 

an open research environment, and to continuously 

improve this environment so that researchers can 

focus fully on their work and make the most of their 

abilities. By accomplishing this mission, IIR can 

create new research areas and new technologies 

that solve existing problems in society and lay the 

foundations of future industry. In the long run, IIR 

aims to become a world-leading innovation center.

Tokyo Institute of Technology reorganized its research system with the aim of accelerating the enhancement of and 

promoting its research capabilities. To that end, the Institute of Innovate Research(IIR) was established on April 1, 2016, 

with approximately 180 teachers, and promotes research in new and integrated fields. Currently, the IIR has four 

laboratories, each with its own distinct mission, four research centers, and 13 cutting-edge research units with 

small teams conducting the work.

The mission of IIR from the beginning has been to create new research areas, promote interdisciplinary research, solve 

problems in society, foster future industrial infrastructure, and strengthen industry-academia collaboration. This 

organization is expected to contribute to finding solutions to social and industrial issues as well as develop human 

resources to lead academic and industrial fields of the future by using scientific and technological knowledge to 

create new value. The organizations within IIR, which are located on the Suzukakedai and Ookayama campuses, conduct 

cutting-edge research in a wide range of fields, including life science, chemistry, materials, energy, electronic information, 

machinery, and disaster prevention. While respecting the individual ideas of 

researchers, IIR aims to continue to amass knowledge and contribute to society 

through the cooperation of its organizations. 

Tokyo Institute of Technology was appointed as a Designated National University 

by the Minister of Education, Culture, Sports, Science and Technology on March 20, 

2018 in recognition of its ability to develop educational and research activities at an 

international level. As an organization that engages in a vast range of science and 

technology activities, from innovative basic research to applied technology, IIR will 

contribute to the endeavors as the Designated National University through creative 

research efforts and advanced human resource development.

We look forward to your continued support and encouragement.
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Laboratory for Future Interdisciplinary 
Research of Science and Technology

Research Center for Biomedical Engineering
The Biomedical Engineering Research Center places its primary focus on providing an interdisciplinary network for researchers 
in the field of biomedical engineering, as authorized by Ministry of Education, Culture, Sports, Science and Technology. 
Being made up of four institutes, namely Laboratory for Future Interdisciplinary Research of Science and Technology (FIRST) 
at Tokyo Institute of Technology, Institute of Biomaterials and Bioengineering (IBB) at Tokyo Medical and Dental University, 
Research Institute for Nanodevice and Bio Systems (RNBS) at Hiroshima University, and Research Institute of Electronics 
at Shizuoka University, this research center utilizes the specialties of each research institute to enhance the functions of each 
university, promotes 
interdisciplinary collaboration 
with researchers of other 
national and international 
institutes, and contributes 
to the future improvement 
of medical service, health 
care system, and 
bioengineering fields, 
by widely applying 
interdisciplinary research 
achievements in society.

Through the integration of dif  ferent f ields, such as mechanical engineering, electrical and electronics engineering, 
metallurgy, information engineering, environmental engineering, disaster prevention engineering, social science, 
chemical engineering, and physical engineering, among others, we create new industrial technologies that are 
suitable for the present era and aim to contribute toward a more prosperous future for our society. By integrating 
multidisciplinary research fields, such as industrial sociology, economics, law, and humanities and sociology with 
a central core of science and engineering, we establish scientific technology aimed at creating new industrial 
technologies for the realization of a prosperous society.
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Laboratory for Future Interdisciplinary Research of

Science and Technology

Real-time FEM for haptic display 
of material feeling

One-Chip
Inertial Sensor

Wide wavelength range tunable 
VCSEL

Mathematical science and engineering of 
brain information processing, Human 
interface and virtual reality, Human 
olfactory, interface, Natural language 
processing and computational linguistics, Artificial intelligence

Intelligent Information 
Processing Research Core

Electron Beam
Lithography Exposure

Advanced electron beam writer

Spintronics in/on Semiconductors, 
Integrated devices・Integrated circuits, 
Organic electronics, User Interface and 
Man-Machine Interaction, Image process-
ing, Information Security, Artificial 
Intelligence

Imaging Science and Engineering 
Research Center

Quantum effect devices, Nanotechnology

Quantum Nanoelectronics 
Research Center

Earthquake Engineering, Passive Control Struc-
tures, Isolated Structures, Seismic Retrofit, Wind 
Engineering, Tsunami Resilient Structures

Urban Disaster Prevention Research Core

Real-scale loading experiment, Super-tall buildings 
＆ Civil mega-structures, Large base isolators ＆ 
Large structural members

Advanced Loading and 
Real-scale Experimental Mechanics 
Laboratory

Advanced electron beam writer, 
Improvement of writing speed, Development 
of high-speed data transfer module, 
Advanced thin film deposition, Device 
physics and characterization, New materials 
for power devices

NuFlare Future Technology Laboratory

Pneumatically-driven 
multi-dof robotic 
forceps

Medical Device, Tele Robotics, Robot Control 
Interface, Multi-DOF Manipulator, Fluid 
Measurement, Control and Its Applicational 
Technology

RIVERFIELD Inc. Joint Collaborative Research Laboratory 
for Advanced Surgical Robots and Systems

Nanostructures transferred 
from self-assembled 
block-copolymer pattern

Smart sensor (gas/ VOC/ odor molecule detection), 
Smart actuator (nursing care/ assist robot)

LG×JXTG Nippon Oil & Energy
Smart Materials & Devices Collaborative 
Research Programs

Tera-Byte 3D Large 
Scale Integration

Integrated Circuit・RF CMOS Circuit, Wireless 
Sensor Network System, Platform for Integration 
with Diverse Functionalities, Integrated 
CMOS-MEMS Technology, Swarm Electronics, 
Cyber Physical System, Tera-Byte 3D Large Scale 
Integration, Bio-Platelets Generation Device, 
Ultra-Small Cooling Device, Delightful Agriculture

ICE Cube Center

Increasing power density of bent axis type axial 
piston motor, Mixed lubrication analysis of sliding 
parts in bent axis type axial piston motor, 
Improving efficiency of swash plate type axial 
piston pump, Formation behavior and friction and 
wear characteristics of ZnDTP derived tribofilm

Komatsu Collaborative Research Cluster
for Innovative Technologies

Electron devices, Integrated system, Optical 
measurements, Ultrasonics, Plasma technology

Applied Electronics Research Core

Establishment of nano-fabricating 
technology, Creation of innovative 
actuators and sensors, Observation of 
comprehensive dynamic behavior for 
complex mechano-devices/systems

Innovative Mechano-Device 
Research Core

Surgical robot

Micro / Nano Mechatronics, Bioｍedical 
Engineering

Industrial Mechano-System Research Core

Deterministic lateral 
displacement (DLD) devices
for cell separation

Metallurgy for industrial applications, 
Design, development and applications of 
innovative functional materials

Advanced Materials Research Core

Fundamental technologies and applica-
tions related to life engineering, 
Fundamental researches, development 
and applications of advanced medical 
and orthodontic devices and their 
systems, Interdisciplinary and collabora-
tion researches for innovative develop-
ment of biomedical engineeringImaging

Biomedical Engineering 
Research Center

Fabrication of DLC films and 
functional carbon thin films, 
Classification and surface-de-
signing of adamant thin films, 
Surface coatings to 
correspond to environmental 
preservation, Application of 
carbon materials to photovol-
taic cells and microbial fuel 
cells, Precision and micro 
plastic forming, Adhesion technology for car structures, Bonding 
technology for dissimilar materials, such as CFRP and metals, 
Development of dismantlable adhesive, Property graded adhesive 
joints, Light-weight structures for eVTOL

Materials Processing Science Research Core

Ultrafast photonic network, New 
generation photonic sensing system, 
Optical wireless power transmission 
system, High speed, low power 
consumption, highly efficient photonic 
integrated devices and systems

Photonics Integration System 
Research Center

Improvement of wear 
resistance of 
Diamond-Like Carbon 
films by applying surface 
designing

Development of 
dismantlable adhesive

Framework and Academic and 
Technical Field in Imaging Science 
and Engineering Research Center

Shaking table test on 
real scale high 
performance RC 
buildings

Pneumatically-driven
multi-dof robotic forceps



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 c) contributions to the solution of social problems, including safety and environmental problems, through 
the application of innovative structures and materials.

Joint Usage/Research Center

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

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 Materials
Design

Division of Materials
Integration

Division of Structural
Engineering

Laboratory for Materials
and Structures

Division of Unexplored
Materials Exploitation

Creation of innovative materials through 
interdisciplinary collaboration

Creation of innovative materials through 
interdisciplinary collaboration

Organic Materials

Metals Organic
Materials

Laboratory for Materials and Structures



　Devics 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.

Laboratory for Materials and Structures

　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 
elements̶i.e., “ubiquitous element strategy.”

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

Division of Unexplored Materials Exploitation
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.

Division of Materials Design
The Division of Materials Design aims to predict, design, and develop materials with 
novel functions through non-traditional approaches and elucidate mechanisms using 
high-level calculations, analyses, and syntheses.

Division of Materials Integration

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.

Division of Structural Engineering

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. The topics of main 
interest are as follows:

・Materials design based on a combination of materials theory, calculations, and informatics, which is known 
as “Materials Informatics.”

・Design and development of novel functional materials based on advanced structure analyses including ultra 
high-speed time-resolved measurements, high-precision thermal measurements, and spectroscopic 
measurements.

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

　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 f  ire.

High-rise Isolated Building where 
Earthquake and Wind Observation are 
Carried out in Suzukakedai Campus

Thin film fabrication by pulsed 
laser deposition

Heating

Giant Negative Thermal Expansion



Laboratory for Chemistry and Life Science
Institute of Innovative Research

RIES
Hokkaido University
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Electronic Science
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Network Joint Research Center for Materials and Devices
The Laboratory for Chemistry and Life Science, Tokyo Institute 
of Technology forms a joint research network with the 
Research Institute for Electronic Science, Hokkaido University, 
the Institute of Multidisciplinary Research for Advanced 
Materials, Tohoku University, The Institute of Scientific and 
Industrial Research, Osaka University, and the Institute for 
Materials Chemistry and Engineering, Kyushu University. We 
conduct a wide range of joint research activities  such as the 
synthesis of chemical substances, the fabrications of 
devices or the development of analytical instruments. 
Utilizing the characteristics of the network consisting of 
external researchers and researchers affiliated with the five 
research institutions, many collaborative studies are 
conducted every year, achieving excellent results. To 
strengthen this network, we have introduced a “CORE lab,” 
which is run by young researchers from other organizations, 
where they perform joint research with their host supervi-
sors. Principal investigators selected through public recruit-
ment carry out long-term integrated collaborative research.

At the Laboratory for Chemistry and Life Science, we conduct studies toward the formation of new perspectives 
on materials proposing new theories by gathering knowledge from both domestic and international networks. 
This is achieved through a research system consisting of various disciplines in chemistry based on molecular 
science, as well as four disciplines in life science: molecular bioscience, molecular functions, molecular synthesis, 
and molecular materials design. Through the creation of the next-generation scientific technology, we aim to 
contribute toward the evolution of advanced human civilization and the realization of a more prosperous and 
sustainable society.



Molecular capsule

Molecular wire Molecular sensor

Molecular medicine

Molecular catalyst

Laboratory for Chemistry and Life Science

Institute of Innovative Research

Creation of functional materials through the precise 
regulation of the molecular organization

Elucidation of molecular functions through a real-time 
tracking of chemical reactions

Chemical understanding and application of diverse 
biological phenomena

Constructing molecular structures based on new concepts

Discipline of molecular materials design

The properties and functions of materials are determined by the spatial 
arrangement of atoms and molecules that form these substances. In this 
discipline, with organic molecules and macromolecules as the target, we 
pioneer the methodology that aptly organizes such molecules to work 
toward the creation of novel materials that have better and new functions. 
The materials that can be easily deformed by thermal stresses or thermal 
fluctuations at about room temperature due to their softness and suppleness 
of the molecules are called soft materials. Depending on the design, it is 
possible to create substances that move like creatures. In this discipline, we 
capture the behavior of the molecules from both static and dynamic aspects; 
thus, we readily develop a new soft material by precisely regulating the 
molecular organization process and morphology in various levels from 
nano-scale to macroscopic scale. We aim to contribute toward the diverse 
scientific fields, such as information, transmission, energy, medicine, and 
environment, among others.

Discipline of molecular synthesis
Molecules are fundamental components of a substance, and based on the 
diverse structures and sizes (e.g., molecular weight), they could express 
unlimited functions. In this discipline, we use our unique principle and 
methods to create novel molecules and cement the foundation required for 
the development of the expression of molecular functions. We target all the 
organic, inorganic, metallic complex, macro, and supramolecules to 
ultimately build a new molecular world by combining elements, bonds, and 
secondary structures.

Discipline of molecular functions

The smallest unit of a substance is its molecules, and the macroscopic 
properties that we observe are regulated through the structures and 
reactions of the molecules. In this discipline, we study molecular functions 
using the latest analytical methods and advanced theoretical calculations to 
understand the properties of the molecules and molecular aggregates. Based 
on the understanding of molecular functions, we develop advanced 
materials, devices, fuel cells, and catalysts, among others to contribute 
toward the actualization of a prosperous and sustainable society.

Discipline of molecular bioscience
The human body works as a combination of diverse chemical reactions 
involving molecules with elaborate structures that humans, after all, could 
scarcely fathom their complexity and how they regulate the body. In this 
discipline, we aim to understand the molecular mechanisms and regulatory 
mechanisms involved in various reactions occurring in living bodies, such as 
production and storage of energy, molecular recognition, and molecular 
motion, using chemical terminology. By integrating the obtained findings, 
we develop new technologies, such as clean energy and new disease 
diagnostic tools, to contribute to humanity.



Laboratory for Advanced Nuclear Energy

In addition to pursuing theories associated with nuclear power, we are leading the applied research in this field 
and aim to contribute toward its sustainable development globally. Along with conducting fundamental 
research to overcome energy problems, solving global environmental issues due to carbon dioxide emissions, 
and enabling the peaceful use of nuclear energy, we also promote mission-driven research in innovative nuclear 
systems, actinide management, global nuclear security, and advanced radiology. Furthermore, we will conduct 
studies on measures toward the recovery from the Fukushima nuclear accident, which is a major issue in Japan, 
including the decommissioning of nuclear reactors and environmental decontamination.

Our Objectives
We have been conducting research and education activities with a comprehensive mission of promoting “
nuclear research for the protection of peaceful, safe, and secure lives and for the establishment of a prosperous 
society.” Prior to this research institute, the nuclear engineering institute was set up in April 1956 with an 
objective of studying the theory and application of nuclear reactor engineering. It was promoted to the status 
of a university research institute in April 1964 and it has over 60 years of history. Despite its small scale, it has 
achieved many outstanding results in the field of nuclear power and applied radiation. During the second phase 
midterm target period (2010‒2015), the research institute has promoted mission-driven research in the 
following areas: innovative nuclear power system research, actinide management research, global nuclear 
power security research, and advanced radiology, as well as basic and fundamental research in these four areas 
(Figure 1). The Laboratory for Advanced Nuclear Energy succeeded this. In addition, we began environmental 
decontamination efforts in response to the TEPCO Fukushima Daiichi Nuclear Power Plant accident that 
occurred due to the Great East Japan Earthquake on March 11, 2011, and we are working toward the rebuilding 
of Fukushima. This laboratory focuses on the fundamental research of nuclear power to solve energy and global 
environmental problems. We are a central research institution that explores the frontier of nuclear energy and 
aims to become a global collaboration base for nuclear power and radiation application in cooperation with the 
USA, Europe, post-Soviet states, and Southeast Asian nations, such as Indonesia, Vietnam, and Thailand. As a 
university research laboratory, educating the students is also an important mission for us.
The Graduate Course in Nuclear Engineering is an interdisciplinary course that spans across three schools 
(Engineering, Materials and Chemical Technology, and Environment and Society) and five departments 
(Mechanical Engineering, Electrical and Electronic Engineering, Materials Science and Engineering, Chemical 

Figure 1. Structure of the research activities in our laboratory.
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Laboratory for Advanced Nuclear Energy

The Fukushima Daiichi Nuclear Power Plant Accident in March 2011 polluted the surrounding environment by releasing 
radioactive materials, leading to a significant loss of trust in the nuclear safety among the citizens. The Laboratory for 
Advanced Nuclear Energy is conducting various studies for an early recovery from the Fukushima Nuclear Power Plant 
accident.

We are developing a recovery and solidification system, where the radioactive cesium is recovered from a large amount of 
contaminated soil around the Fukushima Prefecture using high-speed ion-exchange phenomenon in subcritical water and put 
through high volume reduction solidification to form a stable inorganic matter.

Research on the Fukushima Nuclear Power Plant Accident

①Recovery of radioactive cesium from contaminated soil and high volume reduction of waste

In the Fukushima Daiichi Nuclear Power 
Plant Units 1‒3, the cores melted and a 
large portion of those cores are thought 
to have become fuel debris. By analyzing 
the phenomenon in which fuel debris has 
reached a critical level, and then 
quantitatively predicting emitted energy 
and radiation, we are elucidating measures 
that guarantee safety for the workers in 
the case of a criticality accident (Figure 2).

② Critical accident analysis of core meltdown

We are developing a fluid measurement 
technology that determines the leak 
locations in the containment and the 
pressure vessels by transporting an 
ultrasound sensor into the vessel using 
a robot. While the robot is acquiring the 
positional information, the properties of 
the debris are also obtained (Figure 3).

③ Integration of robot transport and ultrasound sensor to understand the properties of debris

Figure 2. An example of a potential criticality accident.

Figure 3. The ultrasound measurement system using a sensor-transporting robot.

Containment
vessel

Pressure vessel
Fuel debris Particle fuel debrisFuel debris mass

Concrete

Water
Fission reaction

Particle fuels that are broken into 
debris fall.

Science and Engineering, and Transdisciplinary Science and Engineering), and is managed by the teaching staff of this 
laboratory. We believe that this program provides the advanced education to nurture excellent students to continue 
building the next-generation society. The teaching staff conducts mission-driven and fundamental studies, as 
mentioned above, in the following five research areas:



Takao Kashiwagi

We aim to establish an advanced energy system that realizes the stable and 
environmentally-friendly use of energy while making use of existing social 
infrastructures associated with energy. Going beyond the framework of 
conventional university research, we establish an open innovation center for 
businesses, government, and municipalities to participate and create/promote 
research projects to find solutions for problems that the society and industries 
are facing. We aim to present solutions that will undoubtedly change the society 
and industries.

To actualize open innovation, there is a research promotion committee consisting of about 50 private businesses and 15 
municipalities at the AES center. With these entities at the center, we advance research projects through collaborations 
with the teaching staff from both inside and outside the university, receiving support from the federal government and 
municipalities. In addition, to provide smooth progress and a sound foundation for these projects, we conduct platform 
activities promoting our work, such as organizing routine symposiums outside the university and seminars and training 
workshops for the AES members, among others.

AES Center was established to:

Center Director

Solution Research Center for 
Advanced Energy Systems

https://aes.ssr.titech.ac.jp
/english/

Build a collaboration platform among industry, government and academia for open innovation 

Promote solution research on energy systems to achieve a low carbon society 

Create and promote projects for Advanced Energy Systems

1

2

3

4

5

Identify a Grand Design for a low carbon society, and formulate a roadmap and policy proposals 
to achieve this

Develop human resources with both project management and research skills



Advanced Research Center for 
Social Information Science and Technology 

For all citizens to receive efficient and convenient government services and 
high-quality medical services, citizens must be able to obtain, confirm, and utilize 
information stored and managed by the government and medical organizations. 
Therefore, we conduct our studies with an objective of organizing a safe and secure 
system, where one can acquire, confirm, and use ones’ own information (social 
information sharing platform). We aim to use this platform to actualize one-stop 
government services and life-long individual health management.

In addition, to introduce a highly public social information sharing platform, it is essential to promote, alongside 
research activities, system considerations and extensive collaborations among industries, government, and academia. In 
addition to academic research, this center works closely with the federal government and related ministries to advise on 
the policy planning to develop a system essential for such an end. The figure below shows the usage of the public 
identification service (Japanese Public 
Key infrastructure: JPKI), which we 
have been studying, as reflected in 
various current systems and policies. 
To promote the collaboration with 
industries, we conduct collaborative 
research projects with associated 
companies, as well as implementing 
international standardization 
activities through the International 
Organization for Standardization (ISO) 
with consideration for future 
international development.

A usage case of JPKI* implemented with My Number cards.

Research topics at the Advanced Research Center 
for Social Information Science and Technology

asist.ssr.titech.ac.jp

Advanced Research Center for Social Information Science and Technology

① Research on the information sharing platform system

② Research on the electronic administration

③ Research on the social security services

A study of a safe and secure social information sharing platform, where individual 
information managed by the government and medical institutions is acquired, confirmed, 
and utilized by the individual as needed.

A study of the procurement manner of various government information systems that 
support electronic administration to eliminate some persistent problems such as poor 
cost-effectiveness and delayed updates

A study of the system that proposes utilization of life-long health and medical information 
with the prevention of lifestyle-related diseases, and allows for individuals to view, obtain, 
and use their health information through the Internet.

Nagaaki Ohyama
Center Director



Visualizing

Analyzing

Manipulating

Membrane traffic

Protein dynamics

Nuclear system

(1) Visualization of cells :  Visualization and analysis of the internal structure of cells and molecular behavior in cells using  
                 next-generation imaging.
(2) Analysis of cells :  Molecular functional analysis of major life phenomena in cells.
(3) Creation, healing, and manipulation of cells :  Completion of cell editing technology; Reconstruction of higher-order life   
              phenomena.

Cell Biology Center

Life is supported by the behavior of proteins stipulated by genetic information. The image of 
the cell, the basic unit of life, has significantly changed in recent years, and its dynamic 
existence is being shown in various aspects. 
The Cell Biology Center has gathered associated researchers both from inside and outside the 
university with Prof. Dr. Yoshinori Osumi, a global leader of cell biology as the center director. 
Our research center forges the actualization of an unprecedented “cell” research consortium. 
At this center, we advance the understanding of cells by establishing the fundamental 
technology to visualize, analyze, and create/heal/manipulate the molecular functions from 
the expression and recombination of genes to the synthesis, modification, and decomposition 
of proteins and their cellular function dynamics. While conducting international advanced 
research in the elucidation of life phenomenon at the cellular level, we aim to significantly 
contribute toward the discovery of drugs and medical care based on cell research.

While building a research system consisting of various principles of biological sciences, such as 
cell biology, molecular biology, biochemistry, and biophysics, we developed the 
next-generation cell research that integrates other fields, such as material science and 
information science, both within and outside the institution.

Outline and the mission statement

Research areas

Specific efforts

www.rcb.iir.titech.ac.jp

● Elucidation of life phenomena at the cellular level 
● Contribution of drug discovery and medical care 
based on cell research

Chaperone Taguchi Lab

Elucidate how a newly synthesized protein 
(newborn chain) in the cells acquires its functions 
in the molecular mechanism through translation 
rate adjustment and chaperone research.

Chromosome dynamics Iwasaki Lab

Chromosomes that store genes, the blueprint of cell functions, 
move dynamically within the nucleus depending on cell 
replication and DNA repair. The mechanism of temporal and 
spatial regulation of this chromosome dynamics is elucidated.

Epigenetics Kimura Lab

After the transcription and translation of histones, 
imaging of the modified live cells and epigenome 
analysis are utilized to elucidate the dynamics of 
gene expression regulation associated with 
onset, differentiation, regeneration, and pathology. 

Autophagy Osumi Lab

Systematic and quantitative analyses 
of physiological functions of 
autophagy, selectivity of degradation 
substrate, decomposition process, and 
transport of the decomposed products 
to form a viewpoint of metabolic 
change using a yeast system. 

Cell signaling Komada Lab

Negative control of expression by 
decomposition of cell membrane 
protein and molecular mechanism of 
diseases onset due to the disorder is 
elucidated thus, contributing toward 
the understanding of cell functions and 
drug recovery/medical care.

Cell editing Kano Lab

Combining cell editing technology by 
introducing molecules into cells and 
next-generation image analysis 
technology will elucidate the regulatory 
mechanism of cellular function of 
human iPS cells and establish a 
development platform for the 
production of new cells.

Yoshinori Osumi
Center Director

Organelle morphology Fujita Lab

Elucidate the mechanisms shaping organelles and 
their physiological significance using Drosophila and 
mammalian cultured cells.



Asa Ito

For the first five years, the Future of Humanity Research Center’s activities will be 
centered on the concept of rita ̶ the Japanese word for altruism.

Exclusivism and accelerating fragmentation are rampant nowadays. Merit-based 
ideas force people to compete with each other and abandon the weak. This 
utilitarian view informs decisions on who to socialize with in order to gain the most 
benefit. The tendency is that if things are quantifiable, they are either valued or cast 
aside. How can we envision a better society and more fulfilling life in this savage 
world in which we find ourselves?

The concept of rita and its central idea of acting for someone or something other 
than oneself might provide us with a clue. At first glance, it may seem absurd. 
However, this human tendency could help us completely rethink humanity, society, 
and technology. To illuminate this aspect of our human nature, which stands apart 
from meritocracy, utilitarianism, and numerical evaluation, we can lead with an 
altruistic light in our pursuit of “rita-ism.”

Research areas will range widely from politics, the economy, and religion to AI, the 
environment, and the universe. Valuing encounters with researchers and experts in 
various fields, we will avidly extend our reach and open up the field of rita-ism. Our 
methods involve a flexible approach unique to Tokyo Tech that includes 
experiments and producing works in addition to methods traditionally employed 
by the humanities and social sciences 
such as bibliographic surveys and 
fieldwork.

Center Director

In February 2020, the Future of Humanity Research Center was established in the Institute of 
Innovative Research (IIR) in order to promote liberal arts study. The IIR is an organization that 
comprises world-class research teams at Tokyo Tech, including the Cell Biology Center led by 
honorary professor and Nobel laureate Yoshinori Ohsumi. The Future of Humanity Research Center 
is focused on the humanities but walks hand in hand with leading-edge science and technology 
research. Under an internal cross-appointment system, ILA faculty belong to the center for two 
years, in principle.

www.fhrc.ila.titech.ac.jp

The center will disseminate research 
results in various ways, such as 
symposiums, books, web articles, 
and radio. With your help and 
support, we will plant a variety of 
seeds in order to achieve the 
technology that will set humans free 
in the truest sense and realize a more 
humane society. Please look forward 
to the Future of Human Research 
Center’s Rita Project.

★Through establishing an innovative area “rita-ism,” we

set questions about humanity
which is to be faced now

provide the place to discuss
the concept of technology

show a new research
model of humanities

Future of Humanity Research Center



Overview

Research goals

Hydrogen is important for global warming countermeasures and 
energy security. To introduce large-scale renewable energy with high 
�uctuation, it is necessary to use hydrogen, which is suitable for 
transportation and storage. In Japan and overseas, many projects are 
rapidly underway, focusing on topics such as the transportation of 
renewable energy through conversion to hydrogen (P2G), the 
building of an international hydrogen supply chain, the development 
of highly e�cient hydrogen power generation, and designing systems 
for the development of a hydrogen society. Toward a hydrogen 
society, we are promoting research to solve various problems in a 
multifaceted, objective, and scienti�c way, based on collaboration 
between industries, government, and academia centered around this 
university, as well as collaborative research with the international 
community.

Global Hydrogen
Energy Unit
Global Hydrogen
Energy Unit

Profile
2015   Institute Professor (Professor Emeritus), Tokyo Institute of Technology
2007-2011  Dean, Graduate School of Engineering, Tokyo Institute of 　　
　　　　　  Technology
2000  Professor, Department of Mechanical and Control Engineering, 　
　　   Graduate School of Science and Engineering, Tokyo Institute of 
          Technology
1998  Professor, Department of Mechanical Engineering and Science, School 
　　　of Engineering, Tokyo Institute of Technology
1992   Professor, Tokyo Institute of Technology  
1984   Associate Professor, Toyohashi University of Technology 
1980   Lecturer, Toyohashi University of Technology 
1978   Assistant Professor, Toyohashi University of Technology
1978   Doctor of Engineering, Department of Mechanical Engineering, 
           Graduate School of Science and Engineering, Tokyo Institute of 
           Technology 
1973   Bachelor of Engineering, Department of Mechanical Engineering, 
           School of Engineering, Tokyo Institute of Technology

Ken OkazakiResearch Unit Leader

http://www.ghe.iir.titech.ac.jp/index-e.htmlWEB

Toward a hydrogen society

Tokyo Institute of Technology
Institute of Innovative Research

Industrial collaborative consortium activities (GHEC)

Collaboration

Global Hydrogen Energy Research Unit (GHEU)

Collaborative activities toward 
a hydrogen society

Industry, government, and research institutions

Building a 
low-carbon 
society/reform in 
energy demand 
and supply 
structureResearch on information organization, creation of value, system design and 

evaluation, extraction of development issues, and problem solution  

Hydrogen utilization 
system evaluation 

research

R & D of the 
oxygen-hydrogen 

combustion turbine power 
generation system

Hydrogen society is de�ned as “a society that uses hydrogen and 
hydrogen utilization technology is distributed and expanded, and as 
an energy to support industrial foundation, where about 20% or more 
of all energy consumption uses hydrogen as a secondary energy, with 
su�ciently quantitative contribution toward energy security and 
global environmental conservation” (Okazaki, 2016). The following 
three projects are the focus of our research activities to achieve this 
goal. 1) “Global Hydrogen Energy Consortium (GHEC)” aims to nurture 
the collaborations among industries, government, and academia to 
solve problems toward the hydrogen society, such as related 
technologies and systems centered on the global hydrogen energy. 2) 
“Research and development of oxygen-hydrogen combustion turbine power generation system” focuses on the study of hydrogen power 
generation as a commissioned project of NEDO to lead the research and development projects such as hydrogen utilization (since 2018). 
We are engaged in the research and development of a closed-cycle gas turbine system that is expected as an ultrahigh-e�ciency power 
generation system beyond the existing open-cycle gas turbine. 3) “Hydrogen utilization system evaluation research” conducts analysis 
and evaluation including the overall supply chain by the full-scale introduction of hydrogen, and predicts the future social and industrial 
trends based on theory as “total system introduction scenario survey” (2016–2017+, a NEDO commissioned project). By integrating 
these results, we presented a technology development scenario. To further develop this technological development scenario, we 
continue to extend the scope of this study.
We aim to contribute to society by promoting these projects through collaboration between research institutions and industries in 
Japan and overseas.



Overview

Advanced Data Analysis
and Modeling Unit
Advanced Data Analysis
and Modeling Unit

Misako TakayasuResearch Unit Leader

www.adam.iir.titech.ac.jpWEB

Research goals
Transactions in �nancial markets are made in milliseconds, and the 

amount of data collected in real time is now one million times greater 

than it was 20 years ago. It is now also possible to scienti�cally 

formularize how violent �uctuations in prices occur and how these 

a�ect other markets, which we do in much the same way as we write 

molecular formulas based on detailed observation. The Advanced Data 

Analysis and Modeling Unit attempts to analyze big data in a wide 

range of �elds, including �nancial markets, to create descriptive 

mathematical models. This makes it possible to understand individual 

research conducted in di�erent �elds in an integrated manner. Through 

the Future Observatory, which will be established to store big data and 

serve as a base for scienti�c research, the unit attempts to precisely 

simulate future conditions to solve a wide range of problems 

encountered in society to gain a multilateral understanding of 

phenomena in economics and human society. 

The accelerated increase in the level of information this century has 

seen the generation of a greater amount of big data on human behavior 

than ever before. The Advanced Data Analysis and Modeling Unit 

utilizes big data owned by public and private entities in an integrated 

manner to clarify phenomena in human society from a scienti�c 

viewpoint. The unit attempts to express changes in society through 

equations applying both mathematics and physics. Expansion in this 

�eld of research will make possible the prediction of future conditions in 

economic and social systems in much the same way we now forecast 

weather utilizing air�ow equations. 

Profile
2017   Professor, Institute of Innovative Research, Tokyo Institute of Technology
2016    Associate Professor, Institute of Innovative Research, Tokyo Institute of 
           Technology
2015   Associate member, Science Council of Japan (Committee on Physics 
　　　and Informatics)
2007   Associate Professor, Department of Computational Intelligence and 
　　　Systems Science, Interdisciplinary Graduate School of Science and 
　　　Engineering, Tokyo Institute of Technology
2000   Assistant Professor, Department of Complex and Intelligent Systems, 
　　　Future University Hakodate
1997   Assistant Professor, Faculty of Science and Technology, Keio University
1993   JSPS Research Fellow, Tohoku University
1993   Doctor of Science, Department of Material Science, Graduate School of 
　　　Science and Technology, Kobe University
1987   Bachelor of Science, Department of Physics, School of Science, Nagoya 
　　　University

Needs of a super smart societyNeeds of a super smart society

Creating added value in society through cutting-edge integration of big data

CompaniesCompanies

Data

Data

Data

Data

Future Observatory



Dendrimers have a three-dimensional structure with internal voids like 

the spaces between the branches of a tree. They are high-molecule 

structures with regular geometrical shapes and potential gradient. In the 

past, metallic sub-nanoparticles were thought to have been randomly arranged. However, the Hybrid Materials Unit was the �rst to 

discover that dendrimers have a stepwise complexation that extends from their inner to outer layers. The unit also established a method 

of synthesis that allows �exible and accurate control of the number, arrangement, ratio, and order of similar and dissimilar elements. 

The unit calls this the atom hybrid method. By applying this method, the Hybrid Materials Unit aims to produce new materials that are 

beyond our imagination, clarify their properties, and discover the number of atoms and correlations with di�erent types of elements. 

The unit also aims to systematize new materials and create a next-generation material library leading to the future design of materials. 

Overview

Hybrid Materials UnitHybrid Materials Unit

Research goals

Nanoparticles, measured in units of one billionth of a meter, are 

extensively applied in engineering. However, we have yet to fully clarify 

the properties of sub-nanoparticles, particles that are even smaller than 

nanoparticles. This has hindered the development of synthesis methods. 

It is expected that if we can freely structure sub-nanoparticles by 

programming the number of atoms in them and the compounding ratio 

of constituent elements, then we can create substances with properties 

that are completely di�erent from what we have now. Speci�cally, there 

is no known method for integration and combination of atoms of 

di�erent metallic elements. Considering the more than 90 metallic 

elements in the periodic table of elements, the potential combinations 

are in�nite. The Hybrid Materials Unit aims to create new materials using 

a highly precise hybrid method of blending metallic elements utilizing 

uniquely developed dendritic polymers (dendrimers) with the goal of 

opening the door to a new �eld that will serve as the base for 

next-generation functional materials.

ProfileProfile
2016   Professor, Institute of Innovative Research, Tokyo Institute of 
　　　Technology
2010   Professor, Chemical Resources Laboratory, Tokyo Institute of 
　　　Technology
2002   Professor, Faculty of Science and Technology, Keio 
　　　University
1997   Associate Professor, Faculty of Science and Technology, Keio 
　　　University
1990   Doctor of Engineering, Graduate School of Science and 
　　　Engineering, Waseda University
1989   Research Associate, School of Science and Engineering, 
　　　Waseda University
1985   Bachelor of Engineering, Department of Applied Chemistry, 
　　　School of Science and Engineering, Waseda University

Research 
Unit Leader

Kimihisa 
Yamamoto

Metal salts

Control of number of 
metal atoms

Integrated position 
control

Assembling of 
hetero-metal atoms　

Synthesis of 
sub-nanoparticles

Sub-nanoparticles

Atom hybrid methodAtom hybrid method

www.res.titech.ac.jp/~inorg/yamamoto/
member/yamamoto/WEB



Overview

Research goals
The Biointerfaces Unit aims to clarify the mechanisms of hand and 

foot movements via signals from the brain utilizing brain waves and 

electromyograms, develop prosthetic arms and hands that can be 

moved by brain activity alone, and apply this technology to 

rehabilitation of individuals su�ering from limb paralysis due to 

strokes and other diseases. The unit also plans to develop mobile 

devices that can noninvasively detect internal conditions from 

outside of the body. These include the condition of the liver and 

bladder, and other biological information such as blood and 

breathing to be used in the prevention of disease. By bringing 

together such technologies, the unit conducts research and development for wearable devices capable of monitoring health. 

The Biointerfaces Unit focuses on mechanisms by which 

information sent from our brain moves our body, and develops 

technology that enables brainwaves to control machines and 

devices. The unit also develops technology capable of assessing the 

condition of organs such as the liver, kidneys, and brain to promote 

health and enable the early detection of disease. Utilizing sensors 

that noninvasively assess the condition of the brain and other 

organs, the unit develops biointerfaces that control devices using 

collected biological signals. The goal of the unit is to utilize 

biointerfaces not only for the bene�t of the elderly and disabled, 

but also for a wide range of purposes including the development of 

equipment designed to maintain health in daily life. 

Biointerfaces UnitBiointerfaces Unit

Profile

Yasuharu KoikeResearch Unit Leader

2016   Professor, Institute of Innovative Research, Tokyo Institute of Technology
2009   Professor, Precision and Intelligence Laboratory, Tokyo Institute of 
　　　Technology
1998   Associate Professor, Tokyo Institute of Technology  
1995   Toyota Motor Corporation 
1992   Researcher, Advanced Telecommunications Research Institute 
　　　International
1989   Toyota Motor Corporation
1989   Master of Engineering, Interdisciplinary Graduate School of Science and 
　　　Engineering, Tokyo Institute of Technology
1987   Bachelor of Engineering, School of Engineering, Tokyo Institute of 
　　　Technology

Biointerface

EMG electrode

  EEG Sensor

Sensors & devices

Information extraction

Control of power-assisted 
robot utilizing balanced 
positions and rigidity

Information technology

Cortical currents

www.cns.pi.titech.ac.jp/kylab/WEB



Research goals

Overview

Nanospace 
Catalysis Unit
Nanospace 
Catalysis Unit

Profile

Toshiyuki YokoiResearch Unit Leader

The diameter of zeolite pores is one nanometer or less. Larger 

molecules cannot pass into these pores. Therefore, zeolite can 

select smaller molecules such as methane and methanol, and 

promote their chemical reactions. Utilizing the characteristics of 

zeolite, this unit places catalytic active sites in optimal positions in 

pores at the atomic level with the goal of establishing catalytic 

reaction processes designed to synthesize useful chemical 

substances such as methanol and ethylene from methane, which until now has only been used as a fuel, and to synthesize basic 

chemical substances such as ethylene and propylene from methanol obtained from CO2 and water. 

In order to realize a low-carbon society, it is essential to reduce 

dependency on fossil fuels, utilize fossil resources more e�ectively, 

and reduce CO2 emissions. The Nanospace Catalysis Unit aims to 

establish innovative production processes for nanospace catalysts 

and chemical substances utilizing diverse carbon resources. 

Nanospace catalysts have a number of super-�ne pores 

(nanospaces) at the nanometer level in crystals. This unit focuses on 

the catalytic properties of zeolite,* one of the porous crystalline 

materials that controls the catalytic active site at the atomic level, 

and works to develop breakthrough catalysts that contribute to the 

realization of a low-carbon society. 

*Zeolites are aluminosilicates with molecular-size pores 
 in their crystal structures

Innovative nanospace catalysts that produce useful chemical 
substances utilizing diverse carbon resources

Earth resources

■ Crude petroleum ■ Minerals

■ Ethylene

■ Propylene

■ Natural gas ■ Biomass

Useful chemical 
substances
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Nanospace 
catalysts ● Naphtha catalytic 

   cracking
● Methane conversion 
● Methanol conversion 
● Biomass 
   conversion

2018   Associate Professor, Institute of Innovative Research, Tokyo Institute of 
　　　Technology
2016   Assistant Professor, Institute of Innovative Research, Tokyo Institute of 
　　　Technology
2006   Assistant Professor, Chemical Resources Laboratory, Tokyo Institute of 
　　　Technology
2004   Assistant Professor, Department of Chemical System Engineering, 
　　　School of Engineering, University of Tokyo
2004  Doctor of Engineering, Department of Materials Science and Engineering, 
            Yokohama National University

www.nc.iir.titech.ac.jpWEB



Research goals

Overview

All-Solid-State 
Battery Unit
All-Solid-State 
Battery Unit

Profile

Ryoji KannoResearch Unit Leader

Development of solid electrolyte materials as a key technology for 

all-solid-state batteries

(1) Development of methods for synthesizing superionic 　　 
      conductors in large amounts for commercialization

(2) Development of fundamental process technology for       

      commercialization of composite electrode materials

(3) All-solid-state battery prototyping and practical use evaluations 

      (environmental impact assessments)

(4) Demonstration of high performance and functionality through 

      veri�cation of principles and advanced analyses 

Smart phones, tablets and other mobile devices have become 

essential to our daily lives, and the paradigm shift to electric 

vehicles is expanding globally. The traditional power source 

employed in these devices has been the lithium-ion battery, which 

contains a liquid electrolyte. However, safer, more compact, and 

higher-performing batteries are greatly sought after. The superionic 

conductor (solid electrolyte) developed by Professor Ryoji Kanno 

functions over a broad range of temperatures, and its material 

allows ions to move within the structure selectively at high speed. It 

delivers outstanding safety and stability, does not leak, and has a 

high energy density, making it a key technology for all-solid-state 

batteries. The All-Solid-State Battery Unit leverages its lead in the 

development of superionic conductors to promote the 

commercialization of all-solid-state batteries. 
2018   Unit leader, All-Solid-State Battery Unit and Professor, 
           Institute of Innovative Research, Tokyo Institute of Technology
2016   Professor, School of Materials and Chemical Technology, 
           Tokyo Institute of Technology
2001   Professor, Interdisciplinary Graduate School of Science
           and Engineering, Tokyo Institute of Technology
1989   Associate Professor, Faculty of Science, Kobe University
1985   Doctor of Science, Osaka University
1980   Research Associate, Faculty of Engineering, Mie University
1980   Master of Science, Inorganic & Physical Chemistry Division, 
           Graduate School of Science, Osaka University
1978   Bachelor of Science, Department of Chemistry, 
           School of Science, Osaka University

All-solid-state lithium battery system
All-solid-state battery
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www.kanno.echem.titech.ac.jpWEB



Research goals

Overview

Quantum 
Computing Unit
Quantum 
Computing Unit

Profile

Hidetoshi NishimoriResearch Unit Leader

Quantum annealing, a term taken from the metallurgy technique

“annealing” , is a metaheuristic (generic approximate algorithm) for

optimization problems. Basic theories are still to be established on

the mechanisms of enhancement of its performance. The Unit thus

focuses on the following topics:

(1) Possible enhancement of the performance by the introduction

　 of new mechanisms.

(2) Error correction in quantum annealing.

(3) General methodologies to express optimization problems with

　 the Ising model.

After decades of continued e�orts in basic research, a prototype

quantum computer was announced and commercialized in 2011

under the protocol of quantum annealing proposed by the group

led by Professor Hidetoshi Nishimori in 1998. The machine has

since been upgraded to its current fourth generation, and has

spurred a �urry of R&D activities in industry as well as in academia

toward real-life applications. Quantum computers are expected to

process some of the very complicated tasks that are out of reach of

supercomputers. The list of such tasks considered within reach of

near-future hardware includes tra�c optimization, portfolio

optimization, large-scale code debugging, solutions to �uid

equations, air tra�c control, and medical diagnosis. Research

activities of the Unit will cover a broad range of areas of quantum

annealing from basic theory to software and applications.

2018 

2016 
2011 
1996 
1990 
1984 
1982 

1982 
1981 

1977 

Professor, Institute of Innovative Research, Tokyo Institute of
Technology
Dean, School of Science, Tokyo Institute of Technology
Dean, Graduate School of Science, Tokyo Institute of Technology
Professor, School of Science, Tokyo Institute of Technology
Associate Professor, School of Science, Tokyo Institute of Technology
Assistant Professor, School of Science, Tokyo Institute of Technology
Doctor of Science, Department of Physics, School of Science,
The University of Tokyo
Research Associate, Department of Physics, Rutgers University
Research Associate, Department of Physics, Carnegie-Mellon
University
Bachelor of Science, Department of Physics, Faculty of Science,
The University of Tokyo

www.stat.phys.titech.ac.jp/nishimori/WEB

Quantum Bits and Annealing

As we turn on the interactions between qubits, 
the possibility of superposition of two states “0” 
and “1” is reduced at each qubit, and the system 
eventually settles to a single state.

In the quantum world, very small metal circuits at ultra-low 
temperature accommodate electric currents circling clockwise 
and anti-clockwise simultaneously, which are used to represent
“0” and “1” simultaneously in a quantum bit (qubit). This is in 
marked contrast to the conventional computer, which uses bits 
that can only be set to a single state of "0" or "1".



Research goals

Overview

Sustainable Chemical 
Resource Production Unit
Sustainable Chemical 
Resource Production Unit

Biomass conversion by new catalyst processes

Our aim is to produce chemical raw materials in a sustainable way 
without using limited fossil resources such as coal, oil, and natural gas in 
order to establish industrial processes that are better for the 
environment and realize non-petroleum plastics. The Innovative 
Heterogeneous Catalysis Unit, which existed until Fiscal 2018, created 
an innovative catalyst process. This made it possible to produce raw 
materials for plastics and high-performance polymers from biomass, 
and established a roadmap toward a non-petroleum plastic society. This 

the mass-production of polymer raw materials, etc., by utilizing the 
developed catalysts in collaboration with companies.

Profile
2016   Professor, Institute of Innovative Research, Tokyo Institute of
           Technology 
2006   Professor, Materials and Structures Laboratory, Tokyo Institute of 
　　　Technology
2000   Associate Professor, Chemical Resources Laboratory, Tokyo Institute of 
　　　Technology 
1999   Postdoctoral fellow, Pennsylvania State University
1995   Assistant Professor, Chemical Resources Laboratory, Tokyo Institute of 
　　　Technology
1992   Corporate Research and Development Center, Toshiba 
1992   Doctor of Science, Interdisciplinary Graduate School of Science and 
　　　Engineering, Tokyo Institute of Technology

Michikazu HaraResearch Unit Leader

www.msl.titech.ac.jp/~hara/index-e.html

To establish a mass production method utilizing the developed catalysts 
for the following useful materials made from organic resources such as 
waste wood and other biomasses as well as uneatable portions of plants 
instead of petroleum in order to create a new industry.
(1) Commercial production of high-performance carbohydrates like 

Mannose has been used for pharmaceuticals, but production costs are 
high and its usages are limited. If this technology becomes practical, it 
will be possible to reduce costs to a third, and this would have a major 
impact on society.
(2) Commercial production of engineering plastics and 
high-performance polymer raw materials from carbohydrates to 
realize non-petroleum plastics

er raw materials is 
over 200 billion yen, so the impact on the industry is great.



To extend the Wafer-on-Wafer (WOW) Alliance, a global platform for 
industry–academia research started in 2008, we will pursue the following 
themes.
【Three-dimensional integration technology】We will use the ultra-thinning  technology and the vertical interconnect technology possessed  

by the WOW Alliance to integrate semiconductors three-dimensionally and create a next-generation semiconductor that is higher in performance 
and lower  in power consumption. Furthermore, this work will accelerate the ultra-miniaturization of not only large-scale computing devices 
such as servers,  but  various devices equipped with semiconductors to 1/1000th of their current size.
【Cooling technology】By combining ultra-small cooling devices with three-dimensional stacked semiconductors, our work will allow for 

【Biotechnology】
to apply the semiconductor manufacturing process to prototype a platelet-producing device mimicking the structure and functions of the 

【Agricultural co-engineering】 To reveal the conditions for a plant's maximum output, we will make it possible to monitor “what a plant wants.”  
We will develop closed-system cultivation devices based on semiconductor manufacturing technology to control the growth environment and 
draw out the plant responses at high reproducibility. We will also create multimodal sensing technologies to quantify the various responses.

Research goals

Overview

Heterogeneous and
Functional Integration Unit
Heterogeneous and
Functional Integration Unit

Semiconductors for CPU and memory indispensable for personal 
computers and smartphones have improved performance through device 
shrinkages. However, we are encountering the physical limits of shrinking 
using conventional technology. The three-dimensional large-scale 
integration (3D LSI) technology that we developed has special vertical 
interconnect technology and special ultra-thinning technology for 
semiconductor die stacks, and improves performance while making the 
stacks smaller and thinner. Using this technology, we will integrate multiple 
semiconductor functions into a one-stack module, and our goal is to 
surpass the limits of shrinking devices two-dimensionally. Further, we will 
apply matured know-how of the semiconductor manufacturing process to 

biotechnology and agricultural engineering.

Profile
2013

   Tokyo Institute of Technology, Professor
2004   The University of Tokyo, Professor
1984   Fujitsu Limited
National Chiao Tung University (NCTU), Visiting Professor
Ph.D received from Tohoku University in 1995

Research Unit
Leader

Takayuki
Ohba

Creating new industries by utilizing
semiconductor manufacturing process

www.wow.pi.titech.ac.jp/



I have worked for many years in recon�gurable hardware, a type of 
hardware which allows changes to be made to its circuit con�guration 
according to what is being processed. What is special about this 
architecture is that, since it allows computing to always be performed 
using the optimum hardware con�guration, processing speed is faster 
than conventionally possible, as well as highly energy e�cient. 
Furthermore, since it can make use of large-scale data processing 
structures in parallel processing, it is highly compatible with AI 
computing. Since �scal year 2018, with this architecture as a basis, we 
have been advancing AI computing through projects under the 
Grant-in-Aid for Scienti�c Research (S), New Energy and Industrial 
Technology Development Organization (NEDO), and Japan Science and 
Technology Agency (JST). Though the speci�c �eld of AI computing investigated in each project di�ers, this research unit will provide the R&D 
infrastructure enveloping all of these �elds. In the future, I hope this unit will grow to become Japan’s central facility for AI computing research.

Research goals

Overview

AI Computing UnitAI Computing Unit

In recent years, great strides in arti�cial intelligence (AI) have been 
made, with deep neural networks (DNN) at the center. However, AI 
computing is not limited to DNN but covers a broad range of machine 
learning �elds, and also extends into data mining and big data 
processing. To traverse these realms exhaustively and e�ciently utilize 
vastly increasing data, new hardware, rather than an extension of 
existing hardware, must be developed. The aim of this research unit is 
to establish the research and development infrastructure for hardware 
that will make the next generation of AI computing possible: 
technology that is markedly higher in energy and cost e�ciency than 
what is currently available and also superior in autonomy and safety. We 
also aim to create a place for more people to participate in this �eld and 
�ourish in industry-academia collaboration.

An architecture platform that will drive AI computing
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Profile
2019   Professor, Institute of Innovative Research, Tokyo Institute of
           Technology 
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- In body �uid homeostasis, we discovered that the brain has a system 

that monitors the �uctuation of sodium concentration in body �uids 

and that there are neurons that drive intakes of �uids or salts. Our 

goal is to understand the control mechanisms underlying these 

nervous systems.

- Blood pressure is greatly a�ected by factors such as salt, stress, and 

obesity. We have identi�ed the brain mechanisms underlying 

salt-induced elevations in blood pressure. This unit seeks to uncover 

the mechanisms responsible for blood pressure elevations caused 

by stress and obesity. Additionally, we will aim to reveal the 

mechanisms by which combinations of multiple factors cause even 

higher elevations in blood pressure.

- In obesity, as it progresses, fat accumulates not only in fat cells, but also in the liver and other organs. Since accumulation of ectopic fat 

causes various diseases, we also intend to elucidate the mechanisms that control fat accumulation. 

Many organisms have the ability of homeostasis to maintain body 

temperature, blood pressure, osmotic pressure of body �uids, blood 

sugar level, and other parameters of their internal environment 

within a certain range, despite variations in the external 

environment. This ability, gained through evolution, is crucial to 

maintaining life. Homeostasis is made possible by the delicate 

communication of the brain and nervous system with organs, or 

that of organs with each other. For example, when an organism 

becomes dehydrated, sodium concentration within the body �uids 

rises, creating an appetite for �uid and decreasing the amount of 

urine. However, the mechanisms that trigger these maintenance 

functions are not fully understood. Our research interests focus on 

the homeostatic mechanisms especially for the three areas: body 

�uid homeostasis, blood pressure, and obesity.
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1985 Assistant Professor, Kyoto University Faculty of Medicine 
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1984 Assistant, Kyoto University Faculty of Medicine (Medical Chemistry)
1983 Researcher, Grant-in-Aid for Encouragement of Scientists, 

Japan Society for the Promotion of Science (JSPS)
1983 Doctor of Medical Science, Graduate School of Medicine,
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Understanding the central mechanisms of homeostasis and leading to drug discovery

Elucidation of brain mechanisms

Central mechanisms responsible
for salt-induced hypertension

Control of blood pressure by salt,
stress, and obesity

Control of water/salt-intake behaviors
according to body �uid conditions 

Control of obesity and ectopic lipid
   accumulation

Analysis of neural activity 
by in vivo calcium imaging

Genetic manipulation

Optogenetics

Real-time imaging

Development of 
breakthrough drugs
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