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The 21st COE Program

“Micro- and Nano-Mechatronics for Information-Based Society”

® Message from the Program Leader @

In academic year 2002, the Ministry of Education, Culture, Sports,
Science, and Technology launched the 21st Century Center of
Excellence (COE) Program, aiming to provide prioritized support to
Japanese universities to create world-leading research and
educational centers. Among many proposals submitted, the “Micro-
and Nano-Mechatronics (the Micro-Nano COE)” program at Nagoya
University was selected as a COE project in 2003. In this project,
we use mechanical engineering approaches to further develop nano
technology. This project is carried out under the leadership of the
Department of Micro-Nano Systems Engineering (the former
Department of Micro Systems Engineering prior to the Heisei 16
reorganization). Three Departments studying on mechanical
engineering relating fields collaborate in this project. In 1994,
Nagoya University became the first university in the world to install
a Graduate School of Micro Systems Engineering, which has taken
the initiative in research and education in mechanical technology of
micro-nano sciences.

This COE project covers a wide variety of fields: nano-mechanical
sciences (basic science), mechatronics (fundamental technology), and
systems technology (applied technology). We have chosen three
systems (information machinery systems, robotic systems, and
bioinformatic medical systems) as our main research targets, and we
believe that our research can be most effectively applied in these
areas. In particular, we are a pioneer in systems technology and
carry a wealth of expertise and experience based on the cooperation
between scientists and engineers from industry and academia.

Our COE project received a special fund to acquire major
equipment for research needs as well as a fund to aid young
researchers and create an ideal research and educational
environment. As a natural consequence, we acknowledge our
responsibility to utilize these resources most effectively.

Our goal is to become an active center of the Micro-Nano COE
project. By introducing our program to the public, we will seek
opinions and evaluations from a wide variety of people, including the
public, academics, and industry, and utilize their ideas to bring the
current Micro-Nano Science and Technology center to the highest
level and contribute to society. In this way, we would like to fulfill
the expectations of our COE program.

(V&

Yasunaga MITSUYA
Professor,
Graduate School of Engineering



Our objectives

We aim to deepen the understanding of
the nano-mechanical sciences (nano
sciences in mechanical engineering) and,
by combining micro-nano-mechatronics
technologies, we will develop systems
technology that will become the next
generation infrastructure of an
advanced information-based society. We
will provide seamless support to further
research and education in order to
establish novel technologies that will
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apply nano technology to actual devices
and systems, especially  using
mechanical engineering approaches.

Department of Micro System Engineering: Since 1994
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The people in charge .
e
@ Program leader @ The people in charge "“_
Yasunaga MITSUYA Fumihito ARAI —

(Overall research activities, Information machinery systems)
Professor, Department of Micro-Nano Systems Engineering,
Graduate School of Engineering

@ Sub-leaders
Toshio FUKUDA (Robotic systems)

Professor, Department of Micro-Nano Systems Engineering,
Graduate School of Engineering

Koji IKUTA (Bioinformatic medical systems)
Professor, Department of Micro-Nano Systems Engineering,
Graduate School of Engineering

Kazuo SATO (Fundamental technology)
Professor, Department of Micro-Nano Systems Engineering,
Graduate School of Engineering

Keisuke TANAKA (Basic mechanical science)
Professor, Department of Mechanical Science and Engineering,
Graduate School of Engineering

Tomohide NIIMI(Creative education)
Professor, Department of Micro-Nano Systems Engineering,
Graduate School of Engineering

Eiji SHAMOTO (Public relations & liaison)

Professor, Department of Mechanical Science and Engineering,
Graduate School of Engineering

Associate Professor, Department of Micro-Nano Systems
Engineering, Graduate School of Engineering

Nobutada OHNO
Professor, Department of Computational Science and Engineering,
Graduate School of Engineering

Yoshiaki AKINIWA

Associate Professor, Department of Mechanical Science and
Engineering, Graduate School of Engineering

Akira UMEMURA
Professor, Department of Aerospace Engineering, Graduate
School of Engineering

Mitsuhiro SHIKIDA

Associate Professor, Eco Topia Science Institute

Eiichi TANAKA
Professor, Department of Mechanical Science and Engineering,
Graduate School of Engineering

Kenji FUKUZAWA

Associate Professor, Department of Micro-Nano Systems
Engineering, Graduate School of Engineering

Shigeyuki HOSOE

Professor, Department of Mechanical Science and Engineering,
Graduate School of Engineering

Goro OBINATA

Professor, Center for Cooperative Research in Advanced Science
& Technology

Noritsugu UMEHARA

Professor, Department of Mechanical Science and Engineering,
Graduate School of Engineering




The hierarchical structure and leaders/members
Matrix structure (Research phases x Systems)
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Of 17 leaders. 15 have experience working with other universities or industries
(We will maintain the mobility of human resources)

Systems technology

center aims to operate an orgamzatlon that is able to

provide research and education in a wide range of basic
sciences related to systems technology, and to
emphasize objectives and responsibility to society.




B Our Research Targets I

Information machinery systems

sensor information
integration/fusion

Hpersonal assistant robot
HEmedical robot
Ewelfare robot

I cluster of large-scale sensors

@intelligent and autonomous robot@® )
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@high recording density/ high definition®

information network

human-robot cooperation

and collaboration

advanced information-
based society

Our Research
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Nano technology is a current focus of attention in the

field of materials and electronics technologies; in addition,

it will be an extremely important technology in the field

of mechanical technology.

The mechanical systems

always accompany a relative movement, which involves

an interface between a solid and liquid/gas.

Relative

movement in the micro-nano field involves effects on

atomic and molecular conformations or behaviors,

resulting in surface tension, friction, abrasion, fracture,

and flow. In the field of nano mechanical sciences, we

target such atomic/molecular conformations and

behaviors.

In our center, we have achieved significant results in

mechatronics, and now aim to synthesize technologies

involving

fabrication, control,

measurement,

and

manipulation with the nano mechanical sciences,

systemizing the resulting field as a fundamental

technology for micro-nano mechatronics. Furthermore,

we are engaged in research and development in the

fields of information machinery systems, robotic systems,

and bioinformatic medical systems, all of which are

systems technologies necessary for an information-based

society.




W \lano-Mechanical Sciences IS

Digitized
friction force

Molecular energy conversion
Molecular thermo fluidics

Digitized flow rate
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Nano-mechanical sciences (Nano-sciences in mechanical engineering)

\ Fabrication, Control
J Measurement, Manipulation

. Systemization of micro-
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®Micro-nano evolution of the mechanical properties

of thin film materials

Micro-nano detection of fatigue damage

Internal stress analysis of thin films

TANAKA
AKINIWA

EBSD analysis
of crystalline orientation
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Optimum Design and Integrity Assessment

Using X-ray diffraction, we have developed a novel
high-precision, non-destructive method to detect the

internal stress distribution in thin films, which are

components of microstructures. Combining electron
back scattering diffraction (EBSD) and atomic force
microscopy (AFM), we have also established a method
to quantify fatigue damage in thin film materials caused

by long-term use. Combining these two methods, we
have constructed a micro-nano mechanical model, and,
by simulating a fracture within a thin film, we aim to
develop technology for optimum design and integrity
assessment of microstructures.




Our Research

@®Quantification of the interactions of gas molecules
with a solid surface

Establishment of the REMPI method
(Reasanantly Enhanc
Multi-Photon lonization Method)

low fraquency Strongly non-equilibrium

phenomena of gas flow

high power |aser
Four photans

Interactions of gas molecules with a solid surface

unifarm
kinetic energy

surface
molecular beam

quartum nLtmbu of rotational energy

Quantitative detection of the momentum/kinetic nnnrﬂ,'
exchange between gas molecules and a solid surface

nent of the REMPI i

distribution in a supersonic free molecular flow of
nitrogen from the Boltzmann distribution. Integrating
the REMPI method into a molecular beam facility, for
example, we can quantify the momentum and energy
exchange between gas molecules and a solid surface.

In the flow fields around micro-nano devices, non-
equilibrium phenomena arise due to the small number
of intermolecular collisions. In such cases, the
interactions of gas molecules with a solid surface
become important. We have established the
Resonantly Enhanced Multi-Photon lonization (REMPI)
method, and shown a deviation of the rotational energy

@Ultra-precision micro-machining of hard materials

by applying elliptical vibration cutting

[Elliptical vibration cutting method]

An innovative machining technique by applying elliptical vibration to tools SHAMOTO
Ultra-precision micro-machining (nm order of roughness) of
Ordinary cutti hard materials (hardened steel, glass, tungsten carbide,
Micro - tungsten alloy, etc.) is realized.
machining Mold for fresnel lenses
technology L
anrmhpmaigt of Ultra-precision
frasonic machining of mold material
aﬂlt%ticaé::?brztl;:d (W alloy) for glass devices is
Eachgglogy achieved for the first time.
p S

' @®Mold for small glass lenses

Ultra-precision micro-machining of
hard refractory W alloy
(roughness: 40 nm Rz)

~ @Spherical machining of
- hardened die steel
Mirror surface machining of dies and

molds for various plastic parts is
realized without polishing!

We have developed a novel ultra-precision micro-
machining (elliptical vibration cutting) method that

enables cutting of hard materials while applying micro
elliptical vibration at the tool tip. We are currently
applying this techneology to the ultra-precision micro-
machining of various hard materials, which cannot be
achieved using conventional technologies. For

example, a big challenge in electron optics has been
the development of a mass production method for glass
devices with ultra-precision microstructures, such as
optical waveguides and holographic optical elements.
The use of the elliptical vibration cutting method
enabled us to achieve ultra-precision micro-machining
of a tungsten alloy mold for glass devices.




®Micro-nano process for fabricating silicon MEMS

Atomic-scale Etching Rate

Macroscopic Etching Rate

@Development of an etching simulation system

Haverudalisumpyﬁ

by species and
-

concentration

Etching model:
etch-pit nucleation

and step propagation

&

Combined fabrication
process for MEMS

We have discovered that etching anisotropy can be
reversed by the species and concentration of etching
solutions. We have successfully demonstrated a
correlation between etching rates and atom removal
modes on a crystal surface, and have also developed a
high precision etching simulation system. Furthermore,
we have established a high pitch-density, high aspect-

@®Micro-needles applied to transdermal drug dalivery\

High pitch-density, high aspect-ratio micromachining by combining mechanical and chemical processes

SATO
SHIKIDA

Driving signal
Integration of Sensors and Actuators

of young Shikida, F i

ratio silicon micro-machining process by combining
mechanical and wet-chemical processes. We are
applying these technologies to fabricate micro-needle
arrays for drug delivery and quartz probe tips for
scanning probe microscopy systems.

@®UIltra high sensitivity measurement of the

Adhesion force

@Elucidation of the dynamic behavior of a molecularly thin lubricant film
(Stable operation of micro machines and magnetic disks)

dynamic characteristics of molecularly thin liquid films

MITSUYA
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PSID: Position
sensitive
detector

Fabricated using the glass melting
method — ultra smooth

Surface roughness: Ra=0.20 nm
Rrms=0.25 nm

Displacement resolution:

ment .
LEMEN of the dynamic

In the field of micro machines and magnetic disks, it is
extremely important to elucidate the dynamic

characteristics of thin films in order to obtain sufficient

reliability and durability of these films. We have
developed a novel apparatus to measure the dynamic
characteristics of molecularly thin lubricant films: a ball-
ended optical fiber is vibrated on the film, and the

thin lubricant -+
Lubrieam/ Piezc 7, Ly
Several nm LA Force resolution.0.2nN
~= Substrafe (Spring constant: 20N/m)
Magnetic disk - i

We have daveloped an innovative method for ultra-sensitive measurement
aracteristics of molecularly thin liquid films

transmission function is used to determine the dynamic
characteristics of the film. In order to detect
displacement, we used a glass ball at the end of an
optical fiber as a lens, and were able to resolve
displacement to 0.01 nm, a phenomenally high
resolution equal to one-tenth the diameter of a
hydrogen molecule.




Our Research

®Micro-nano manipulation technology and
its application to bio-systems

1. Micro-nano manipulation in solution (closed space)
Trajectory control using laser manipulation and
indirect laser manipulation

Py

2. Preparation and utility of a functional microtool

FUKUDA
ARAI

Yeast cell

et

10wm  Yeastcell

én siem formation of a thermal gel indirect manipulation using a
microtool by laser irradiation thermal gel microtool

Improved advantage, safety, and operativity
\_

%:(5) . tajoctory control of multiple
—_— ‘objacts and siabilty analyss
micro-nano particles
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& Laser Focal Point[1 wmg)

J

3. Cre

An optically driven nano manipulator

ating a bocal imited spaca and on-chip analysis of celiular reactions

+ in sitw formation of a vertical permeation membrane

. We have developed
single cell manipulation and separation & e I
* micro reactor creation of a micro reaction
- + on-chip cell culture chamber for cell
orientation control by
indirect manipulation + other applications (including gene analyses, etc.) ihikamadl

J/

We aim to develop novel technologies for the
manipulation of micro-nano objects. Further, we aim to
extend the use of these technologies to manipulation of
biclogical systems, including proteins and cells.To
manipulate micro-nano objects, we have developed a
laser manipulation technique. With this technique,
multiple nano-beads can be concurrently manipulated
by scanning and/or switching a laser beam in order to

Verification of in-liquid

 degree of freedom: 3

Micro Finger for microsurgery In deep and/or narrow space in human body

rativity and microsurgery through the
:lemanlpulaﬂon. ::?n? D;:oa::als in
Length: 10 um,

control the movement and/or rotation of cells.

To establish a technique which enables the
manipulation of cells without causing damage, the
following novel methods have been developed: a
method that applies sol-gel transition for manipulation of
cells under a microscopic field. We also established in-
situ fabrication of a micro reaction chamber using
photocrosslinkable resin.

@®0ptically driven nano robots and biochemical IC chips

Bimanual remote

Biochemical chip for cell-free protein synthesis ~

Total synthesis system that integrates micro pumps
reactor and sensors, efc..
Successtul synthesis of many proteins directly from their genes

A micro bend pipe made from poly-lactic acid:
kverlﬂcatbn that this new device exhibits no cellular mcﬂyJ

We have successfully developed a unique prototype
“nano robot” that is remote-driven and controlled by
laser beam. This nano robot is fabricated by our orignal
nanostereolithography. The remote control performance
this machine in water has been verified
microscopically. With this new technology, cell and
intracellular operations become feasible. In addition, we
have developed unique remote control robot, “Micro
Finger,” that enables microsurgery in deep and/or

of

narrow spaces. The Micro Finger can easily pass
through an endoscope; therefore, this new technology
opens a new field of minimally invasive therapy.

To date, we have developed more than 20 Biochemical
IC chips, which concept has been proposed by
professor lkuta in 1996. We have already succeeded
the cell-free protein synthesis by using several chips.




® Young Researchers Education Program @

| Our educational approach

We emphasize education to develop vyoung
researchers. In this project, half of the research fund
is used to educate young researchers. Based upon
our vision of a unique m shaped educational system
that has been adopted in the Graduate School of five
mechanical field relating engineerings, we carry out
three fundamental programs: 1) to broaden horizons
and deepen knowledge, 2) to cultivate creativity and
the desire for improvement, and 3) to be
internationally minded and capable of public

To meet each goal, we 1) provide

presentation.

employment for young researchers as COE
researchers, 2) promote young researcher’s projects,
and 3) dispatch young researchers to foreign or other
Japanese universities. The number of students who
participate in these projects has increased, indicating
that our educational program has been effective. In
particular, the number of applications to young researcher’'s
projects has doubled, and the number of students

pursuing the Ph.D. degree has increased.

Young Researchers Education Program (Haif of the research fund is applied to this program)

1 To broaden horizons and deepen knowledge
2 To cultivate creativity and the desire for improvement
3 To be internationally minded and capable of public presentation

Emplay young researchers In the
COE researcher position

Vision: m shaped educational syst_em

Adopt/Promote young scientist' s o __
project proposal ot

Host symposia r
- o2 young researchers

@5end our young scientists abroad
to foreign universities or research institutes

®Send our young scientists to other
Japanese universities or research institutes

Planning and participation
of various events

o

Mechan[cs\ techr.'lcrfrantier
Mechatronics network

Prospects for developing young researchers '

Nagoya University is adopting a flexible graduate
school system to support a double major policy. The
7 shaped educational system derives from the shape
of the symbol #. Its features include, in addition to
the double major, interdisciplinary studies, needs-
oriented studies, and securing flexibility and mobility.
The core major area of study at this COE is Micro-
Nano systems engineering, and we are pursuing the
implementation of this educational system. Moreover,

we are promoting an overseas training program to

expose young researchers to the global environment.
Our educational efforts as a central presence to
shoulder the next generation is now beginning to
show its effects in activities such as venture
businesses founded by students and our alumni

performing at high levels in various workplaces.



Flexible graduate school system (Features) :
(z-shaped educational system) @Double major
@Interdisciplinary studies
®Needs oriented

@Securing flexibility and mobility

Interdisciplinary department
Micro-Nano Systems Eng.

 Impact of the COE
@Growing enrollment in doctoral candidates
@Growing number of employers for Research Associates
@Growing enrollment of high performing students in
post graduate studies
@Growing enrollment in doctoral candidates
L who have studied abroad

Introduction of the overseas training system

Venture businesses founded by students (5/1/05)
Future contributions made by alumni in various workplaces

Educational effects of our central presence to shoulder
the next generation

Mechanical Eng. Science
Mechano-Informatics and Systems Eng.

Graduate Schoolf

Schocl' o

Mechanical and Aerospace Eng.

b 4/1/04 Reinforced the COE system by an organizational upgrade

LY

- - - g - ik -' c \
@ Scholastic significance and contribution of actu

Scholastic significance Contribution of the application of this technology |

Systematization of Micro-Nano mechatronics Shouldering the progress of an Advanced
fundamental technology Information Society
@Pursuit of Micro-Nano science and engineering @®@Information machinery systems
(develop high speed-large capacity information

@Fusion of Mechatronics as a fundamental technology storage/high speed-high resolution imaging devices)

Fabrication/control/ measurement/manipulation in the @®Robotic systems

Micro-Nano domain {develop personal assistant robot/medical robot/

welfare robot)

@®Develop systematization technology as infrastructure @Bioinformatic medical systems

of an Information Society (develop tailored treatments/tailored drugs/

regenerative medicine/artificial organs)

L —

Sharing physical and information spaces via network;

contributing to the realization of a Ubiguitous Society
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Fushimi Meijo Line
Kamimaezu Tsurumal Nagoya University Sakura-dori Line
| Gokiso Tsurumai Line
K - Meiko Line
anayama
¥ Yagoto Kamiiida Line
To Akaike
Aratama-bashi
To Nonami
To Nagoyako (Nagoya Port)
Ta Taychashi

{Access to Nagoya University}

From Nagoya Railway Station: 20 min.

by subway Higashiyama Line to Motoyama Station,
then transfer to Meijo Line to Nagoya Daigaku Station.

Campus Map

Tnt] bl

8 COE Office
#341 School of
Engineering
2nd Building 3F

@ Subway Station (Nagoya Daigaku)
@ Bus Stop (Nagoya Daigaku mae)

Micro-Nano COE Office

(#341 School of Engineering 2nd Building 3F)
Graduate School of Engineering, Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464-8601 Japan
Tel/Fax: +81-52-788-6041
E-mail:coe_office@nuem.nagoya-u.ac.jp




