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Tohoku University Electro-Related Departments
21st Century COE Program

““System Construction of GlobalSystem Construction of Global--NetworkNetwork--
Oriented Information ElectronicsOriented Information Electronics””

Awarded by Ministry of Education, Culture, Sports, 
Science and Technology, Japan

For managing the NT-IT research and educational center, a steering 
committee has been established. The steering committee consists of a COE 
leader, 3 research leaders, a QI school leader and a few external intellectuals. 
The committee determines all the important matters for managing the COE 
program. The NT-IT research is promoted in a top-down manner under the 
strong leadership of the COE leader. Following three research groups have 
been set up and are closely cooperating one another for acquiring the 
international leadership in the fields of next generation electronics devices, 
communications networks, etc.

A: Fundamental Research and Analysis/Evaluation Technology
B: Semiconductor, Magnetic, Optical and Display Devices
C: Computing and Transport Technology

NT-IT Research and 
Educational Center 

In the COE program, the QI school has been established. Practical 
lecture and seminars by the first-class foreign researchers are introduced into 
the curriculum for the second half of the doctoral course. Worldwide excellent 
students will be solicited as elite doctoral candidate students in the short term 
course of the QI school. Also the best students will be selected from the 
regular courses. They are given 3-ranked research grant.

The QI school will hold annually a international mini-conference 
organized by students. The first-class researchers will be invited to this 
conference to give interdisciplinary tutorial lectures. The students will be 
trained to improve their ability to present and debate in English. Elite doctor 
students in the short term course will be dispatched for an errantry education 
to the industries overseas research institutes etc. under the young researcher 
training and super internship program of the QI school. The QI school is 
employing postdoctoral researchers to conduct international joint researches 
in cooperation with the first-class researchers. This program is considered as 
the gateway to become worldwide-class researchers with cutting-edge 
technologies.

Education Plan 

The industries of semiconductor, magnetic recording and liquid crystal are strategically very important in Japan for constructing an advanced 
information communications society of our country. They are keenly competing with both sides of the Europe/America and Asia. It is highly desirable 
to use the wisdom of universities for keeping a long-term competitive edge in these fields. The Tohoku University has long been conducting the world-
class original researches in the fields of the information communication technology (IT) and the nano-technology (NT) for material and device 
developments. The Department of Electronic Engineering was selected by Ministry of Education, Culture, Sports, Science and Technology, Japan as a  
educational and research COE due to its great research achievements. With the Department of Electronic Engineering as a core, an NT-IT research and 
educational center has been founded to form the world-strongest interdisciplinary COE in the fields of electrical communication and electronic 
engineering. Department of Electrical and Communication Engineering, Research Institute of Electrical Communication (RIEC) and New Industry 
Creation Hatchery Center (NICHe) join this program to expect a strong synergistic effect. Basic research achievements of material process evaluation 
etc. will be widely utilized for applied research of the advanced devices and systems. The original technologies created by this program will strengthen 
the international competitive power of the country. 

Objective
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Research ActivitiesResearch Activities

The nanometer-scale technology will become important as a technical infra-structure for the realization 
of the next generation of information/communication society. To develop this technology, it is inevitable, 
at first, to establish the method of material structure-control in the nanometer scale. In this research, we 
develop a method for the realization of very small-sized and high-speed electronic circuits by using 
plasma-nano technology. To be more concrete, a novel different-polarity-ion plasma, which consists of 
an alkaline metal positive-ion (A+) as an electronic donor, and the halogen (Ha-) or fullerene molecule 
(C60

-) negative-ion as an electronic acceptor, is generated and utilized to create the brand-new structure 
inside carbon nanotubes which include the hollow inner space with a diameter of several nanometers. 
Finally, our ultimate goal of this research is the development of the nano-scaled nonlinear electronic 
devices using our novel-structured carbon nanotubes, which enable ultra high-speed computing.

Ultrasonic micro-spectroscopy (UMS) has been developed as a new technology for characterizing and 
evaluating isotropic/anisotropic solid materials. This is an original technology developed at Tohoku 
University. The characterization/evaluation can be conducted by measuring with superior accuracy the 
propagation characteristics (phase velocity and attenuation) of the leaky surface acoustic waves (LSAWs), 
propagating on the water-loaded specimen surface, and the bulk longitudinal and shear waves. This 
technology is applied for the development of the higher quality single crystals (LiNbO3, MgO:LiNbO3, 
LiTaO3, etc.) and the device fabrication processes for future highly functional SAW devices and optical 
devices. This technology is expected to become a next generation basic technology to develop new 
materials and to resolve various materials problems in science and industry.

For leading the 21st century network information society, the materials, processes, devices, circuits, and 
system technologies are necessary to develop for reducing power consumption as well as improving the 
integration density and speed performance of system LSI's. To be concrete, we develop the high 
precision device technology which improves the current drivability by 10 times or more, the high-
density interconnect technology which enables high-speed signal propagation of above 10GHz, the high 
precision process technology for realizing fluctuation-free highly-reliable/low-power devices. 
Furthermore, we integrate these technologies to realize highly integrated system LSI's.

To realize ubiquitous networks, where all information is transferred instantaneously to all directions on a 
global scale, mass storage devices are necessary. For recording density of more than 300 Gbit/inch2, 
establishment of new media fabrication technology, which realizes average ferromagnetic crystal particle 
diameter 7 nm and its distribution width of 0.4 nm, is indispensable. In this research, to break the limit of 
the conventional nano structure control technique of thin films based on the conventional sputtering 
method, we develop the new type of chemical synthesis method for the nano particle fabrication and also
self-organization technology to attain an ultra uniform nano-scaled magnetic particle arrays, aiming the 
ultra high recording thin film medium higher than 1 Tbit/inch2, consisting the nano-scale distributed 
ferromagnetic particle array.

For exploitation of the frequency resources for the advancement of information communications, it is 
necessary to develop devices using tera-hertz (THz) bands between optical wave and microwave. Our 
research aims at ultra high-speed optical-communications technology of the next generation, making 
full use of the super-wideband characteristic of optical-wave. In this research, we develop a highly 
efficient and compact optical source based on high efficient wideband non-linear wavelength 
conversion, and ultra high-speed light control techniques. Inter-conversion technique between optical 
wave and millimeter/THz wave as well as an optical fiber network diagnosis technique are also studied.

Demand for a high performance electronic display is increasing as a man machine interface of an 
information system. It is strongly required to reduce the power consumption and to improve the quality. 
We have analyzed and developed control technology of liquid crystal surface alignment, theory and 
technology of polarization control, etc. Based on these achievements, we develop a super-low power 
consumption/large size display based on a new principle. 

For a new generation telecommunication systems, it is necessary to  develop advanced digital signal 
processing algorithms and VLSI's. Especially, adaptive digital signal processing is widely used in  
processing the voice, data, pictures, images, etc. In this research, we develop intelligent signal processing 
algorithms based on genetic and evolutionary algorithm, unlike the conventional signal processing based 
on the classic linear system theory, aiming at the realizations of high-speed high parallel VLSI's and their 
applications to information communications.

A lot of experiments on optical transmission using wavelength division multiplexing (WDM) which 
exceeds several hundreds of channels have been successfully reported. These experiments demonstrate 
that the performance of WDM systems is almost approaching its ultimate capacity. However, increasing 
the number of WDM channels makes the wavelength control more enormous and complicated. In the 
networks of the 21st century, it is important to exchange an increasing amount of information at a very 
high speed and with a large capacity. In addition, ultrahigh-speed optical signal processing will also be 
strongly required. This research aims at establishing fundamental technologies that enable us to handle 
ultrashort optical pulses in the femtosecond regime as an information bit in optical transmission.  Indeed,
such an ultrahigh-speed performance and flexibilities are crucial in the next generation optical networks. 
These technologies will have a great industrial and academic impact and contribute as a driving force of 
the next generation optical communication research.

Ultimate goal of our desire is to communicate with anyone, anytime, from anywhere to exchange any type 
of information. To realize this, wireless technology plays an important role. Since information transferred 
over the Internet is becoming increasingly rich, there will be a strong demand for broadband data 
transmissions of over 100Mbps and close to 1Gbps even in mobile communications systems. To realize 
such a high-speed mobile communications network, we develop a giga-bit wireless technology (broadband 
adaptive wireless signal transmission technique and multiple access technique). As the transmission rate 
becomes higher, the cell size should be smaller due to limitation in transmit powers. Virtual cellular 
system (VCN), in which self-organized distributed small wireless ports are deployed, is under the study to 
realize pico-cell wireless networks.

Semiconductor devices have so far advanced using the electron charge. We expect new functionalities 
and new paradigms can be realized by using not only charge but also spin of electrons.  The 
semiconductor electronics realized by using both charge and spin of an electron is called semiconductor 
spintronics. Our goal is to establish the foundation of semiconductor spintronics and to realize novel 
schemes such as integrated nonvolatile memory - logic, spin switches, high sensitivity magnetic sensors, 
ultra high-speed photonic switches, and devices for quantum computing and quantum communications.
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The Exploration of the Frontiers of 
Mechanical Science 

Based on Nanotechnology
Program Summary
Advanced research in the field of new Mechanical Sciences will be undertaken in the following 
four areas: Nano-mechanochemistry, Nano-materials and processing, strength and reliability of 
Nano-materials, and Nano-machines and systems. Through a double-spiral research and 
education program that is a blend of interdisciplinary and international research and education, 
we intend to establish a world-class research & education center of mechanical science based 
on nanotechnology.

Objective
The objectives are to foster training of talented persons to participate internationally by including 
advanced levels of research in their education; to establish a new field of mechanical science to 
meet the needs of functional and structural designs for next-century machines through the 
scientific rationale of nano-scale from the broad point of mechanical engineering or continuum 
body; to establish an advanced center that blends mechanical, electrical, materials and chemistry 
fields based on the phenomenological approach and on the findings of essential principles in the 
nano-field. In order to satisfy the above objectives, international research and education satellite 
centers that will enable doctoral students to undertake international research internships through 
the double-spiral research and education programs will be established in America, Europe and 
Asia.   

21st Century Center Of Excellence Program (Oct. 2003-Mar. 2008)

International seminars Evaluation committee
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Double-spiral Research & Education Program
A special and international research & education program will be well blended. The special 
research & education program will enhance special ability of talented persons by carrying out 
interdisciplinary research and education in a spiral state. The international research & education 
program, i.e., the double-spiral research and education program, will increase the special ability 
and the international view in a spiral state by exchanging visitors at the international research 
satellite centers. Active researchers will be invited to undertake cooperative research at Tohoku 
University, as well as to discuss subjects of mutual interest and to lecture students through 
conference presentations and discussions. 

International research internshipNano-machines and systems

NanotechnologyNanotechnology,, Computer scienceComputer science

Nano-mechanochemistry

<Research and education coordinator> Mechanical scienceMechanical science

Physical chemistryPhysical chemistry ,, Mechanical engineeringMechanical engineering ,, Quantum mechanicsQuantum mechanics
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Project research through project research

Strength and reliability of nano-materials
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Research Project
Due to the rapid development of nanotechnology, there is a strong need to approach mechanical 
engineering at the nano- and atomic-scale level. This program will satisfy the above requirements 
by constructing a new and advanced academic foundation, which is named “The Exploration of 
the Frontiers of Mechanical Science Based on Nanotechnology”, by including physical chemistry, 
quantum mechanics and computer science in traditional mechanical engineering.
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Program Leader, Professor,
Institute of Fluid Science, 
Tohoku University
Shigenao Maruyama

21st Century COE Program
International COE of FLOW DYNAMICS

21st Century COE Program21st Century COE Program
International COE of FLOW DYNAMICSInternational COE of FLOW DYNAMICS

The COE conducts the research of scientific principle of nano-mega spatiotemporal flow 
dynamics and creation of flow function, then expands beyond practical application. In the 
process of the research, we are establishing the COE of Flow Dynamics through the use of 
international research network.

For the purpose of cultivating highly practical and talented researchers who have a good 
sense of internationality, Graduate School of Environmental Study and Department of 
Aerospace Engineering cooperate with Institute of Fluid Science that are currently 
expanding internationally in flow dynamic research field, and form an international 
research educational group.

The COE will perform personnel training to the talents who may serve as a leader of 
international leading project research in the future through the various educational 
programs such as "International Internship“ by the active use of Academic Liaison 
Offices, "Double Degree System", "Leading Researcher Hatchery Program", and through 
international summer school inviting a number of top researchers as invited lecturers.

About the COEAbout the COE

We plan to raise world-class leaders for the next generation by 
way of concentrated investment to graduate students and 
young researchers by COE programs through the active use of 
the research facilities such as Transdisciplinary Fluid 
Integration Research Center and Fluid COE of Institute of 
Fluid Science, that we have established by practicing the policy
of Tohoku University "Research has the priority".

We aim at cultivating the leading human resources with a 
global view and advanced expertise who can achieve world's 
most advanced research results by systematically developing 
and utilizing the overseas bases such as Academic Liaison 
Offices, sister universities, and joint-research universities 
which we constructed in order to fulfill one of the principle of
Tohoku University, "Open University to the World and 
Community".

ObjectiveObjective

The COE aims to cultivate human resources who have the high practical application capability and international outlook 
to contribute to the continuous development of human society and flow dynamics study. 
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International COE of 
Flow Dynamics

In collaboration with Graduate School of 
Environmental Studies and Department of 
Aerospace Engineering, a "Flow Dynamics 
International Research Educational Project 
Base" is established in fiscal 2003 with the 
following institutions as a core: 
Transdisciplinary Fluid Integration 
Research Center newly established in 
Institute of Fluid Science, the Ministry of 
Education, Culture, Sports, Science and 
Technology, and Miyazaki brunch of 
Institute of Fluid Science. (The COE 
secretarial building is scheduled to be 
completed in an Institute of Fluid Science 
site.)

In addition to 6 existing Liaison Offices (Moscow State University, The University of New South Wales, Royal Academy of 
Science, INSA-Lyon, Korea Advanced Institute of Science and Technology, and Syracuse University), we are establishing 
Liaison Offices at Tsinghua University within the current fiscal year.

International Liaison Office & Project Base Foundation Plan

流体科学研究所

International COEInternational COE
of Flow Dynamicsof Flow Dynamics

International 
Networks

Advanced TechnologyGlobal View Points

International Office

Dept. of 
Environmental Studies 

Dept. of 
Aerospace Engineering

Research and Educational PlansResearch and Educational Plans

TFI Research Center
Research COE (Shock Wave)

Institute of Fluid Science

Advanced Infrastructure

Supercomputer Shock Tube

Aerotrain

流体科学研究所

International COEInternational COE
of Flow Dynamicsof Flow Dynamics

International 
Networks

Advanced TechnologyGlobal View Points

International Office

Dept. of 
Environmental Studies 

Dept. of 
Aerospace Engineering

Research and Educational PlansResearch and Educational Plans

TFI Research Center
Research COE (Shock Wave)

Institute of Fluid Science

Advanced Infrastructure

Supercomputer Shock Tube

Aerotrain

Towing wind tunnel



International 
Association
(T.Takagi)

Energy and 
Material Flows

(K.Tohji)

Shock-Wave-Driven 
Flow Functions

(A.Sasoh)

Highly-Coupled
Flow Systems
(Y.Kohama)

Program Leader: S.MaruyamaProgram Leader: S.Maruyama

Creation of flow function

Scientific principle

Practical application

N a n oN a n o -- m e g a m e g a 
spatiotemporal spatiotemporal 
f low dynamicsf low dynamics

Scientific technology contributing to the 21st centuryScientific technology contributing to the 21st century

International 
Association
(T.Takagi)

Energy and 
Material Flows

(K.Tohji)

Shock-Wave-Driven 
Flow Functions

(A.Sasoh)

Highly-Coupled
Flow Systems
(Y.Kohama)

Program Leader: S.MaruyamaProgram Leader: S.Maruyama

Creation of flow function

Scientific principle

Practical application

N a n oN a n o -- m e g a m e g a 
spatiotemporal spatiotemporal 
f low dynamicsf low dynamics

Scientific technology contributing to the 21st centuryScientific technology contributing to the 21st century

Educational ProgramsEducational Programs

The international human resource development program aims
at training of the researchers who can plan and promote
an international joint project:
・ Implementation of International Mutual Internship  

Program (compulsory)
・ Intensive course by top educators from the United 

States and Europe (compulsory)
・ Double Degree System
・ Assistance for international symposium organized   

by students and commending system 
Leading Research and Practical Education Program Based 
on Practicalism. Fostering a Self-Determining and 
Persistent Researcher:
・ DERUKUINOBASU (Leading Researcher Hatchery) 

program Encouraging Self-Motivated Research by Students 
・ Doctors in Business Field Who Support Research   

Infrastructure - Toward The Innovation of New Industry

・ International internship
・ Double degree system

・Leading researcher 
hatchery program

・Practical research education
by domestic visiting professors

Institute of Fluid Science

Graduate School of Environmental Studies, 
Dept. Environmental Studies

Graduate School of Engineering, 
Dept. Aerospace Engineering

International Association Promotion OfficeExecutive Committee

・ International internship
・ Double degree system

・Leading researcher 
hatchery program

・Practical research education
by domestic visiting professors

Institute of Fluid Science

Graduate School of Environmental Studies, 
Dept. Environmental Studies

Graduate School of Engineering, 
Dept. Aerospace Engineering

International Association Promotion OfficeExecutive Committee

Invited visiting professor of COE program, Prof. Kusunose, 
and his group has successfully established a new biplane 
configuration which can eliminate shock waves of 
supersonic transport significantly. The theory introduce a 
second wing nearly parallel to the conventional wing and 
proved that the interaction between the two wings will 
cancel the shock wave effects felt at the ground by 85%, 
using the super computer at the Institute of Fluid Dynamics 
to calculate.  Because one of the fundamental problems 
preventing commercial transport aircraft from supersonic 
flight is the generation of the strong sonic booms, new 
theory is a highly promising candidate in the achievement 
of nearly boomless supersonic flight in the near future. 

A new theory to reduce shock waves significantly for supersonic transport aircraft was established by 
Prof. Kusunose of COE program and his group

COE conducts three major programs: Highly-
Coupled Flow Systems, Shock-wave-Driven Flow 
Functions, and Energy and Material Flows. To 
complete these programs, three (3) steps are taken in 
the research of flow dynamics: (1) the understanding 
of flow dynamics on the nano-mega spatiotemporal 
scales, (2) creation of flow functions such as 
momentum, heat and mass transportation/
circulation of materials, and (3) practical application 
is produced through three steps, namely, (a) 
scientific principle, (b) creation of flow functions, 
and (c) practical application.

Research ActivitiesResearch Activities

Aero-trainScramjet engine

Supersonic transport for sonic-boom-less flight

Project Organization Project Organization 


