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Research Institute for Electronic Science conducts pioneering works in a new trans-disciplinary research
area "Nano-Science". We attempt to create the area of Nano-Science by fusing Photonic, Biological, and
Molecular Sciences. These three Sciences ultimately depend on each other, although they seem to be
exclusive in the classical sense of academism. Unraveling the secret of life inevitably needs the Nano-
technology based on Photonic and Molecular Sciences, and Nano-technology can not keep the eyes
closed to the living cell: molecular machinery gift of nature. We expect that the new area of fused
sciences will provide a wide basis of future technology. Along with the institutional aim, in addition to
studies of rather established fields of electronics such as physics, chemistry and mathematics, we also
focus on revealing the mechanisms of living organisms at several levels.

The Institute consists of 4 research sections and 1 research center, comprising in total 19 laboratories
and 1 adjunct laboratory for guest professors. It also takes part in education of Graduate Schools of
Hokkaido University and provides research training for more than 100 graduate students.
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Director
Professor Tateo Shimozawa

Section of Electronic Materials
Laboratory of Molecular Photonics
Professor Nobuhiro Ohta

Assoc. Prof.  Takakazu Nakabayashi
Laboratory of Phase Transitions
Professor Toshirou Yagi

Assoc. Prof.  Yuhji Tsujimi

Res.Assoc.  Masaru Kasahara
Res.Assoc.  Masaki Takesada
Laboratory of Molecular Electronics
Professor Takayoshi Nakamura
Assoc.Prof.  Tatsuo Hasegawa
Res.Assoc.  Tomoyuki Akutagawa
Laboratory of Optoelectronics
Professor lkuo Suemune
Assoc.Prof.  Satoru Tanaka

Res.Assoc.  Hidekazu Kumano

Section of Intelligent Materials and Device
Laboratory of Quantum Electronics
Res.Assoc.  Jun Kawamata

Laboratory of Molecular Devices
Assoc.Prof.  Kuniharu ljiro

Res.Assoc.  Masaru Tanaka

Laboratory of Supramolecular Biophysics
Professor Mamoru Tamura

Assoc.Prof.  Masataka Kinjo

Res.Assoc.  Goro Nishimura

Laboratory of Cellular Informatics
Professor Tetsuo Ueda

Assoc. Prof.  Toshiyuki Nakagaki
Res.Assoc.  Takashi Jin

gopoooooo
gogooooo
oo goooo
oo o0ooOooo
oo gooon
goon

oo gooon
oboo oooon
oo goooo
oo gooon
goono

oo goooo
oo gooon
goono

oo goooo
oo o0ooOooo
oo gooon
oo goooo

goodoododd

oo gooon
oboo oooon
oo goooo
oo gooon
goono

oo goooo
oo gooon
oo gooon
goon

goono

oo gooon

Directory of the Institute

Section of
Laboratory of
Professor
Assoc.Prof.
Res.Assoc
Laboratory of
Professor
Assoc.Prof.
Res.Assoc.
Res.Assoc.
Laboratory of
Professor
Res.Assoc.
Laboratory of
Professor
Assoc.Prof.
Res.Assoc.

Res.Assoc.

Section of
Laboratory of
Professor
Assoc.Prof.
Res.Assoc.
Res.Assoc.
Laboratory of
Professor
Res.Assoc.
Res.Assoc.
Laboratory of
Laboratory of

Lecturer

000000000 OLaboratory of

oo gooon
oboo oooon

Professor

Assoc.Prof.



Scientific Instrumentation and Control
Optical Systems Engineering
Keiji Sasaki

Shigeki Takeuchi

Junichi Hotta

Electromagnetic Sensing
Shinya Kuriki

Tetsuo Kobayashi

Yoshihiro Hirata

Fumiya Takeuchi

Biofluid Dynamics

Takeshi Karino

Koichi Niwa

Biomedical Control

Koichi Kawahara

Takeru Naiki

Yoshiko Yamauchi

Takayuki Nakajima

Informatics and Processing
Nonlinear Studies and Computation
Yasumasa Nishiura

Ryo Kobayashi

Tatsuo Yanagita

Makoto lima

Neuro-Cybernetics

Tateo Shimozawa

Hiroshi Nishino

Hitoshi Aonuma

Signal Processing

Sensory Information Engineering
Shuichi Ino

Parallel Destributed Processing (Adjunct)
Yohichi Tohkura

Kouichi Takeshita
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Nanotechnology Research Center
Head
Professor Masatsugu Shimomura

Laboratory of Nanomaterials

Professor Masatsugu Shimomura
Assoc.Prof. Toshiaki lwai
Res.Assoc. Katsuhiro Ishii

Laboratory of Nanodevices

Laboratory of Nanosimulation
Professor Hiroshi Tokumoto
Res.Assoc. Katsuhiro Uesugi
Division of Technical Staffs
Head:Prof.
Chief Eng.

Senior Eng.

Tateo Shimozawa
Takahide Ishizaka
Mitsuo Hoshiyama
System Developing Group

Group leader  Hideo Ohnuma

Seniour Eng.  Tatsuji Meike
Technician Norishige Nagai
Techinician Yoichi Iseya

Equipment Developing Group
Group leader  Yoshikazu Tsuchida

Senior Eng. Takao Ohta
Senior Eng. Yasushi Hirata
Technician Masashi Takei

Administrative Office
Head: Yuichi Satou
General Affairs

Chief. Admin.  Satoshi Okada
Seniour Admin  Tomoko Orita

Chiaki Mitsuhashi

Adiministrator

Accountant

Chief Admin.  Katsusuke Maruyama
Seniour Admin  Akira Sudo
Adiministrator ~ Tooru Nishi
Adiministrator  Masahiko Okita
0 LibraryO

Librarian Mineko Nagano



gobooooooooooooooooooooooboOod
oooooo

gobooooooooooooooooooooooood
goooooooooooooooooodoooooogod
ooooooooooooooooooooooooooOod
oooooooooodoooooooooooooooood
goooooooooooooooooodgoooooood
goooooooooooooooooodgoooooood
obooooooooooooooooooooooooood
goooooooooooooooodgoooooboon

Section of Electronic Materials

In this section, basic properties of materials for the
advanced electronic science are investigated. It covers
the basic studies of optical, magnetic and electronic
properties of organic and inorganic compounds available
for controlling electrons and photons. The following four
laboratories are organized in this section: Molecular
Photonics (photon-electron interaction and photoinduced
function of materials), Phase Transition (collective
motion of atoms and molecules), Molecular Electronics
(supramolecular systems for electronics),
Optoelectronics (basic properties of materials for opto-
electronics).
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Electric-field modulation
spectrometer.
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Interaction between photon and
electron has been investigated
theoretically and experimentally for
molecules, molecular complexes,
molecular aggregates and molecular
assemblies, with a special attention
to "Dynamics" and "Structure" of
photoexcited species and photoinduced
"Function" of materials.

Excitation energy transfer,

Time-resolved emission measurement system.

Studies on photoexcitation dynamics
and photophysical properties of
molecular systems

photoinduced electron transfer,
proton transfer and complex
formation in the excited states,
which are primary processes of
many photochemical processes and
play a significant role in biological
systems, have been examined, based
on the measurements of emission
spectra and their decay profiles. In
order to elucidate the relation
among "Dynamics", "Structure" and
"Function", external electric field
effects and/or magnetic field effects
on these photochemical processes
have been examined.

Well-defined molecular order is
extremely important to generate an
ultra-fast, ultra-efficient and ultra-
selective photochemical process, as
1s seen for photochemical processes
in photosynthetic reaction center,
and to produce a new material with
a new photoinduced function. In
order to induce a characteristic
photochemical process which is
applicable for a design of the new
material having a new function,
photoexcitation dynamics and
photoinduced electric and magnetic
properties have been examined in
molecular assemblies and linked
compounds with higher-ordered
orientation and arrangement.

Research Interests

O Structure and dynamics of
photoexcited molecules

O Photoinduced property and
function

O Effects of electric field and
magnetic field

0O Time-resolved spectroscopy

0 Molphology of solid films
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Phase Transition

Noble Property Hidden in the

Fluctuations of Materials
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The study of the phase transition
reveals new unknown properties of
materials useful for synthesis of
noble materials for electronic
science. These valuable properties
are usually hidden in the normal
material constants observed under a
stable condition. The fluctuation of
the physical quantities grows up
near the phase transition to give a
divergent or sometimes a gigantic
value of the susceptibility available
for the new electronic science. We
study many kinds of phase
transitions in the condensed matter
under unstable condition controlled
artificially in order to elucidate the
cooperative motion of atoms/

molecules in the phase transition
mechanism. We observe the
dynamics by the use of CW and
pulse lasers of pico- or femtosecond
time width for the observation of
whole of the dynamics in the phase
transition in both of the frequency
and time domains. We treat here a
wide variety of the phase transitions
in ferro- and antiferroelectric
crystals, ferroelastic crystals,
polymer gels, quasi-crystals,
glasses, liquids in addition to
melting and crystal growth
phenomena.

Research Interests

O Proton dynamics in hydrogen
bond

O Coherent excitation of soft modes
by ultrashort laser pulses

O Phase transition of relaxor
ferroelectric

0 Quantum fluctuations in quantum
paraelectrics and quantum
ferroelectrics

O Polymer network dynamics in
intelligent polymer gels

Raman scattering system for the study of proton
dynamics in the hydrogen-bounded material.

Femtosecond Q-sw mode-locked Ti:sapphire laser
system for the study of ultrafast dynamics.
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Molecular nanowires.

Towards the Realization of Molecular

Nanoelectronics
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Towards the realization of
Molecular Nanoelctronics, we develop
the "Integrated Molecular Systems"
through molecular-assembly pro-
cesses, which are further assembled
into molecular nanodevices for
future computing systems.

To obtain integrated molecular
systems through bottom-up self-
assembly processes, we program
each molecule in advance to have a
scenario for assembling into highly
ordered and complex structure.
We evaluate the structure and
electronic properties of the
molecular systems and fabricate
nanoelectronic devices using the
molecular systems as active units.

T TN, T ST

We are now studying on molecular
conductors and magnets from the
view points of supramolecular
chemistry. Combining supramolecular
structures of molecular rotors and
ionic channels with molecular
conductors and magnets, we develop
novel functional molecular systems.
Forming nanometer size units such
as nanowires from the integrated
molecular systems, we are constructing
molecular electronic devices. We
are also studying electron-photon
and photon-photon conversion and
photo-induced phase transition in
crystalline solids for the fabrication
of molecular photonic devices.

Research Interests

O Molecular conductors and
magnets with supramolecular
functional units

O Solid state molecular motors

0 Molecular nanowires and device
application

O Molecular assemblies with
bistability

0 Molecular photonic devices
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Pico-second time-resolved micro-
photoluminescence measurement system.

Optoelectoronics

Quantum Control of Electron-Photon

Interactions for High-Performance
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Quantum confined semiconductors
such as superlattices, quantum
wires, and quantum dots show
discrete electronic states. When
photonic fields are also quantized
one- to three-dimensionally in
microcavities, the interactions
between electrons and photons are
drastically changed with the control
of both quantum states. This has
possibilities to realize high-
performance optical devices with
high-speed capability and extremely
low-power consumptions. In our

L

Epitaxy system for nitride semiconductors.

Optoelectronic Devices

laboratory, semiconductor technologies
necessary to realize this scheme
such as nano-lithography and
selective area growth are developed.
Semiconductors being studied
include wide band gap nitrides
(GaAIN) and II-VI semiconductors
(ZnCdO, ZnMgS) for short wavelength
light emitters as well as narrow gap
nitrides (GaNAs) for optical fiber
communications.

Research Interests

O AFM/SEM nanolithography

O Wide band gap nitrides and
narrow-gap III-V-N nitrides

O p-type ZnO and quantum dots and
superlattices of wide band gap
semiconductors

OFDTD simulation of photonic
quantum structures and three-
dimensional photonic microcavities

O Excitonic polaritons
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0000000000000 000000000000O0g The present section is to carry out basic studies for
0000000000000 0000D000o0O0ooOoOooDOoO high performance electronic devices for switching,
0000000000 oooooooooooooooooo amplifying, memorizing and sensing signals of any form,
O000000000000000000000000onn utilizing inorganic, organic and bio-materials. The sec-
Oo000000000000000000o0oooooon tion is composed of four laboratories: Quantum

Electronics and Molecular Devices, Supramolecular
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Biophysics and Cellular Informatics.
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Quantum Electronics
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Fabrication of a clay-organic molecule hybrid LB film.

Interactions
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Photonic crystals are capable of
controlling the radiation field and
light propagation characteristics.
By fabricating a few kinds of
attractive crystals, we have been
studying their optical responses and
attempting to find new phenomena,
to thereby develop novel devices in
future optoelectronics. We have also

Quantum Control of Electron-Photon

been revealing their photon states
from the theoretical point of view,
which is a key problem for the above
purpose. We are also exploring novel
physical properties in semiconductor
quantum-confined systems such as
quantum dots and organic compounds;
the latter includes novel metal-
assembled complex, functional dyes
and organic amorphous materials. A
final target of those works is to
develop new nonlinear optical
devices such as a frequency converter
and a large-capacity memory by
utilizing a persistent hole-burning
effect.

Research Interests

O Photonic crystal

0 Hybrid LB film

O Photo-responsive organics

O Hole-burning

O Nonlinear optical effects and
devices

Two-photon absorption cross-section measurement.
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Molecular Devices

Development of Hierarchically-

Structured Molecular Devices
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Bioorganisms are capable of
efficient energy transformation,
selective synthesis of biomolecules
and interactive information processing.
All these processes are based on
effective molecular recognition at
highly organized supramolecular
assemblies. This research group is
concerned with the construction of
hierarchical molecular devices by
the combination of nanosize molecular
assemblies with micron size
structures derived from dissipative
processes. Nanosize molecular
assemblies based on molecular
recognition have been fabricated by
using complementary hydrogen
bonding of deoxyribonucleotides
(DNA) at the air-water interface.
Molecular information of DNA
sequence can be transcribed into
functional group arrangement in
DNA-mimetic organizates. Dissipative

structures formed in polymer
casting processes are utilizable to
form mesoscopic regular structures
such as honeycomb, stripe and dots.
The research aims at the development
of chemical sensors, artificial
photosynthesis systems and cell
information processing devices.

Research Interests

0 Organization of DNA and DNA-
mimetics and its photo-function-
alization

0 Fabrication of polymer mesoscopic
patterns by dissipative processes
and its functionalization

Confocal two-photon excitation laser microscope.

Cell cultivation on honeycomb patterned film.
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Supramolecular Biophysics

Jootdoodood

uboboooooboooobooobo
gbooboobooooobooooboo
gboobooobooooobooooboo
gbooboobooooobooooboo
gboobooobooooobooooboo
gooooboooboobooobooo
gbooboobooooobooooboo
gboobooooan

oooooomoooooooobooo
gbooboobooooobooooboo
OOooolcoooboooooiocoo
goooobooboobooobooboo
gboobooboooooboooboo
gbooboobooooobooooboo
gboobooboooobooboooboo
gboobooboooobooboooboo
gboobo—-0booooboooboo
gbooboobooooobooooboo
gooao

Life

goooo

gboobooboooooboooboo
gooooo
gboobooboooooboooboo
og
gboobooboooooboooboo
goooooao
OUOMRIODPETOOOOOOOODOO
gooao
goboboooobtooooooooo
gbobooooboobooboooa

Biological system is the typical
example of the general concept of
supramolecule, where the numerous
functions are originated from the
complex interactions among the
biologically active molecules, cells,
tissues and organs. Using non-
invasive optical techniques, we are
targeting the functions and structures
of the system from the single molecule
to brain tissue for understanding

Light, Tool for Exploring the Secret of

the role of supramolecular system.
Furthermore, we are developing
various optical techniques to
analyze these systems and to
establish the new methodology in
biomedical field.

1) Analysis of the higher brain
function by optical imaging technique.
2) Investigation of tissue spectroscopy
using time-resolved technique,
correlation techniques such as
diffusing-wave spectroscopy and
fluorescence correlation spectroscopy,
and single molecule detection
method.

Research Interests

O Single molecular detection

O Functional near-infrared spec-
troscopy

O Development of tissue spec-
troscopy

O Functional brain mapping

O Fluorescence correlation spec-
troscopy

Single-photon excitation (left) and two-photon excitation
(right) for fluorescence correlation spectroscopy.
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True slime mold.

Cellular Informatics

Toward Self-Organization of
Intelligence at the Cellular Level:

Lessons from the True Slime Mold
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A cell is the smallest system where
dynamism of life works auto-
nomously. Emergence of cellular
function is studied in terms of
hierarchic self-organization in
chemical systems far away from
equilibrium. The true slime mold is
a giant amoeboid cell and is useful
for this purpose. Cellular information
which governs cell behavior and
morphogenesis is studied in terms
of spatio-temporal dynamics of both
metabolism and gene expression.
We focus on smart behaviors of true
slime mold in a maze and other
puzzling situations. Ability of

e

Everyday life in laboratory.

information processing is estimated
from the viewpoint of optimization
for the task. And computational
algorithm of the optimization is ana-
lyzed by constructing a mathematical
model for spatially and temporally
multi-scaled dynamics of intracellular
biochemical events.

Research Interests

0 Sensing and judging

0 Biochemical oscillation

0 Pattern formation

0O Dynamics of cytoskeleton
0 Mathematical modeling
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In this section, investigations are made on the mecha-
nism and implementation of flexible and adaptive control
systems, such as those of a living body, based on the
metrology that relies on parallel, interactive, and high-
speed characteristics of light and electron waves.

The section comprises four laboratories that are
Optical Systems Engineering, Electromagnetic Sensing,
Biofluid Dynamics, and Biomedical Control.
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Optical Systems Engineering

Towards Ultimate Optical Sciences and

Quantum Photonics
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Advanced optical technologies
utilizing unique characteristics of
light will play an important role in a
future information-oriented society.
Our group aims to open new research
fields in optical sciences and to
progress toward the ultimate goal of
new optical technologies. On the
basis of new ideas and original concepts,
we investigate optical computing,
communication, measurement, and
control techniques using both
photon and wave aspects of light.

Quantum Information Technology:
Elemental devices of quantum
information systems such as single-
photon sources, twin-photon generators,
and multi-photon detectors are
developed for realization of quantum
teleportation, quantum cryptography,

and quantum computing.

Quantum Control of Photodynamics:
Photon confinements within
microspherical particles and
random media are investigated to
realize cavity quantum electro-
dynamical effects and nonlinear
optical phenomena for applications
such as single-photon switching
devices and highly efficient micro-
lasers.

Optical Measurement and Control:
Three-dimensional nano-position
sensing, laser manipulation, and
near-field microscopy are utilized
for control of molecular interactions
and for spectroscopic analyses of
single molecules and single
nanoparticles. Quantum lithography
using entangled photons is also
investigated.

Research Interests

0 Quantum computing and commu-
nication

0 Quantum teleportation and lithog-
raphy

O Quantum dynamics in micro-
structures

0 Single molecule and particle spec-
troscopy

0 Nanophotonic sensing and manip-
ulation

A microsphere with a stem.

Single-photon switching system.
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SQUIDs and Neuroimaging
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Superconducting quantum Inter-
ference device (SQUID) is an
extremely sensitive magnetic field
sensor capable to detect a field
down to 10 T. Transdisciplinary
studies related to SQUIDs are
carried out in our laboratory,
including the research on magnetic
and electrical properties of high-
temperature-superconductor SQUIDs,
their application to the detection of
biological signals, and physiological
/biomedical investigation using a
low-temperature-superconductor
SQUID.

Based on the high spatio-temporal
resolution of SQUIDs, cortical loci
and their dynamics of neural
activities underlying wvarious
functions of the human brain are
visualized. Auditory/visual sensory
functions and higher functions of
awareness, memory, language, and
music comprehension of the human
brain are elucidated by multi-modal
approach using the SQUID, functional
MRI, and high-resolution EEG,
supplemented with behavioral
measurements of eye-movements
and/or reaction time.

Research Interests

0 High-Tc SQUIDs

O Biomagnetism

O Functional neuroimaging
O Binocular rivalry

O Perceptual grouping
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Neural activities generated by an out-of-key tone in melody.



Jooodydbn

Jodoodgbouodbogd
Jogoouoogbogod

gbooboooboooobooboobo
gboboobooboooboooooboo
gbobooboobooooooooboo
gboboobooboooboooooobooo
gboboobooboooboooooooo
gboboobooboooboooooooo
gbobooboobooooooooboo
gbobooboobooooooooboo
gboboobooboooboooooobooo
gboboobooboooboooooooo
goboooboooobooboooLwbLo
gbobooboobooobooooooboo
gboboobooboooboooooooo
gboboobooboooboooooooo
gboboobooboooboooooooo
gboboobooboooboooooooo
gooooooobooboooooooon
gbobooboobooobooooooboo
gooooooobooboooooooon
gboboobooboooboooooooo
gboboobooboooboooooobooo
gboboobooboooboooooobooo
gboooboobooooo

gooog

gbobooboobooooooooboo
gboooao

gbobooboobooooooooboo
gbooboobooooooon

gboboobooboooooooobooo
gboobooooooog

gboboobooboooooooobooo
goao

To elucidate the mechanisms of
the localization of atherosclerosis,
cerebral aneurysms, and anastomotic
intimal hyperplasia in man, the
effects of various physical and fluid
mechanical factors on the surface
concentration of atherogenic low
density lipoproteins (LDL) at an
arterial wall and the uptake of LDL
by endothelial cells are investigated
in detail. This is done by carrying
out computer simulations of the
transport of LDL from flowing blood
to an arterial wall, and performing
mass transfer experiments of LDL
and model particles using a model of
an arterial wall prepared by seeding
bovine aortic endothelial cells (EC)
on layers of cultured smooth muscle

Bliond flow

Fo=4% 10 an's

Fl!e.m-:n of gh LDL
concantration
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=
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Surface concentration of LDL in an anastomosed artery

obtained by computer simulations.

Biofluid Dynamics

Unraveling the Mechanisms of
Localization of Vascular Diseases

An end-to-end anastomosed artery
containing an intimal thickening

cells (SMC) and co-culturing them in
a bilayer and real arteries harvested
from experimental animals.

Research Interests

O Analysis of the flow patterns in
the human cardiovascular systems

0 Localization of vascular diseases

0 Lipoprotein transport from flowing
blood to an arterial wall

0O Investigations on the rheological
property of blood

* ]
FIFE. Uesfl

A model of an arterial wall prepared
by coculturing endotherial cells on
smooth muscle cells.
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Biomedical Control

Systems Approach to Biological

Functions
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Our research activities are based
on the Systems Approach, in which
the biological bodies are taken as an
integrated and sophisticated infor-
mation-processing system consisting
of hierarchically structured,
autonomous type sub-systems having
the plasticity. Our current interest
includes the functional and
mathematical characteristics of
fluctuations in biological rhythms, the
functional significance of interactions

Wi,
i

between neurons and astrocytes for
maintaining a "homeostasis" in the
brain, the molecular mechanisms
responsible for the preconditioning-
induced ischemic tolerance of neurons
in the cerebral cortex, the biomechanics
and energetics of the heart, and the
signal transduction pathways involved
in the remodeling process of the
heart after myocardial infarction.
The final goal of our research is set
on establishing new information-
processing theories and control
algorithms based on the findings
obtained through the Systems
Approach, and applying them to the
engineering and medical fields.

Research Interests

O Fluctuations and non-linear
dynamics of contraction rhythm
in cardiac myocytes.

O Interactions between neurons and
glial cells.

O Ischemic tolerance of neurons in
the cerebral cortex.

0 Biomechanics and energetics of
the heart

O Heart remodeling
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This section conducts basic researches on the
development of electronic information processing for
automated reasoning. The section comprises four

Informatics and Proces

¥

laboratories. Laboratory of Nonlinear Studies and
Computation researches into mathematical structures of
pattern formation of dissipative systems. Laboratory of
Neuro-Cybernetics aims to reveal design principles of
the central nervous systems of insects. Laboratory of
Signal Processing specializes in application of circuit
theory for synthetic design of quantum electronic device
of super high speed signal processing. Laboratory of
Sensory Information Engineering tackles the realization
of electronic man-machine interface based on human
sensorimotor mechanisms. Also included in the section
is an adjunct laboratory for visiting professors invited
from private institutions to direct trans-disciplinary joint
researches on parallel distributed processing.

sin

g, ST
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Nonlinear Studies and Computation

0o
ot

oooooooooooboooooo
gooooooocooooooobooo
gooooooocoooooooobooo
gooooooocooooooooboo
gooooooocoooooooobooo
goooooooobooo

ooooooooooooooooo
gooooooocoooooooobooo
gooooooooooooooobooo
gooooooooooooooobooo
gooooooocooooooooboo
gbooooooooooooooooo
gooooooocoooooooooa
gooooooocoooooooobooo
gooooooooooooooobooo
gooooooocoooooooobooo
gooooooooooooooobooo
gooooooocoooooooobooo
gooooooocoooooooobooo
gooooooocoooooooobooo
gooooooocooooooo

Self replication in reaction-diffusion
system.

Modeling Nature's Complexity

goooo

gooooooocoooooooon
gooooooocoooooon
gooooooocoooooon
gooooooocoooooon
goooooooooono

Nature is a treasure house of
variety of spatio-temporal dynamic
patterns. One of the adequate
languages to interpret its beauty
and complexity is nonlinear dynamics.
Good qualitative modelings give us a
deep insight of universality and
simplicity penetrating diversified
phenomena. Experiment, modeling,
computation, and mathematical
analysis is a feedback loop to
understand the complex dynamics
in Nature. Any mathematical model
is a kind of metaphor for the original
phenomenon, but this does not mean a

Simulation of meandering river.

lack of rigor or power of predictability,
instead it predicts when and how
qualitative changes occur, which is
much more important to our life
rather than small quantitative
errors. Our laboratory covers pattern
formation in dissipative systems,
morphogenesis, material science,
fluid dynamics with phase transition,
biomechanical fluid problems, and
geomorphogenesis.

Research Interests

O Pattern formation in reaction-
diffusion system

0 Modeling in material science

0 Modeling of morphogenesis

O Analysis of body motion interacting
with fluid

0 Computational geomorphology of
river channel

Modelnig of grain boundary motion.
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Giant interneuron in the cockroach
brain.

Neuro-Cybernetics

Unraveling the Design of Micro-Brain
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The ultimate goal of our research is
technological implementation of major
principles of information processing
in biological organisms. To unravel
the biological design principles,
computer aided analyses of neuronal
structure and signal transmission
based on modern information theories
and engineering methods are
employed.

The present research aims at probing
cellular and network mechanisms of
brain functions. Arthropod animals
show varieties of adaptive behavior
despite they have only a tiny brain
"Microbrain" that comprises by far a
smaller number of neurons than our
"Megalobrain". We have investigated

Distribution of nitric oxide
generating neurons in the crayfish
brain.

major principles of information
processing in the brain using insects
and crustaceans. Our main research
projects are to 1) elucidate the role
of internal thermal noise for information
transmission in the mechanosensory
cells in crickets 2) elucidate olfactory
coding mechanisms in higher order
centers in cockroaches 3) clarify
mechanisms of neuronal plasticity
by investigating the role of nitric
oxide in the central nervous system
in crayfish.

Research Interests

O Neuronal representation of
information and transmission
capacity

OIntegration mechanism of

mechanosensory and olfactory
signals

O The role of nitric oxide for neuronal
plasticity

0 Neuronal mechanism of thanatotic
behavior

Experimental setup for intracellular
recording.
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Measurement of filter characteristics.
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Techniques in telecommunications,
remote sensing and recognition or
understanding by computers use and
process various signals propagated
as electromagnetic waves, light,
sound waves, and electron waves.
Advance in technologies continues
to demand higher speed of processing
the signals with enough accuracy.

The electron wave devices are
expected as next generation’ s
electron devices. We attempt to
establish the theory of analyzing
and designing the electron wave
propagation in potential structures.
We focus on the similarity between
the telegraph equation and quantum

Signal Processing

High Performance Signal Processing

mechanical wave equations, and
propose several equivalent circuit
models to describe the electron wave
propagation. Moreover, techniques
simulating wave propagation
phenomena in computer have been
developed based on these models.

The simultaneous localization of
multiple signal sources has been
studied to achieve high-speed
processing and super resolution in
low SNR or small data samples.
Moreover, the algorithm to obtain
the azimuth and distance of the
object sending supersonic wave in
water is studied. The automatic
pursuit system using the algorithm
has been developed.

The analysis and design theory for
small and efficient noise filters
which are composed of distributed
circuits is studied. We have
proposed equivalent circuits based
on multi conductor transmission-
lines and studied the frequency
characteristics of noise filters
theoretically and experimentally.

Simulation of electron-wave based on a circuit model.
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prowides a forum for disablsd
people

Automatic caption system for the
hearing impaired.

Transfer aid using a metal-hydride actuator.

Sensory Information Engineering

Fusion of Assistive Technology and
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The research purpose of our
laboratory is to design assistive
devices for the disabled based on an
analytical study of human senses
and motor functions.

We have put the following devices
into practical use.
1) a pitch controlled artificial larynx
which has been manufactured by
DENSEL, Inc..
2) auditory substitutes using both a

Virtual Reality

speech recognition system and the
tactile sense which were designed
and produced by electric companies
of B.U.G., Inc. and T.G., Inc..
3) actuators using a metal hydride
alloy for a transfer aid as well as for
rehabilitation apparatus which have
been developed by electro-mechanical
companies of Japan Steel Works,
Ltd. and Coper Electronics Co., Ltd..
The technologies obtained through
the design of the assistive devices
as well as the findings regarding
human sensori-motor functions have
been applied to construct human
interfaces for virtual reality systems
and robotics. We will promote these
research projects at Research
Center for Advanced Science and
Technology, the university of Tokyo,
from the beginning of 2003.

Research Interests

0 Aids for the sensory impaired

O Artificial electro-larynx

0 Evaluation study of virtual reality
stimulation

O Robotic aids for the disabled

Virtual reality system.
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Information
(Experienced)

Study of Human Information Processing
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The research project aims at
better understanding the future
relationships between human beings
and information technology (IT).
Various issues have been discussed
from the following viewpoints:

1) Future information environment

--- Possibilities and problems.

- Characteristics of information and
their transition in quality and
quantity.

- Memory of information --- Capacity,
media and methods.

Nature & Society

Information & IT
(Unexperienced)

Information Technology
(Experienced)

Exploring research areas into future relationships
between human being/society and information.

2)Relationships between human

beings and information.

- Extension of information sphere.

- Functions of information as an
extended brain, global brain, and
unexperienced information.

- Reliability and mental/spiritual
influences of information.

- Selections of information and IT.

3) Future relationships between

human beings/society and infor-

mation.

In fiscal 2001, these issues were
discussed in connection with the
project "Futurological Study on
Advanced Information Society"
(Project leader: Toshiyuki Sakai)
hosted by the International Institute
for Advanced Studies (ITAS). In
fiscal 2002, discussions will be made
in connection with the research group
"Network Human Interface (NHID)"
(Chaired by Hiroshi Harashima)
organized by the Ministry of Public
Management, Home Affairs, Posts
and Telecommunications.

The ultimate goal of this project is
to explore future research topics
and to call public attention to their
importance.

Research Interests

O Technological and sociological
views to the future information
environment

O Characteristic changes of infor-
mation in quantity and quality

O Future relationships between
human beings and information

O Physiological and psychological
influences of unexperienced infor-
mation and technology

O Exploration of future research
areas on relationships between
human beings and information/
technology
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Nanotechnology is a key technology of the new generation
of innovation industry, and is the technical basis of
semiconductor, electronic material, bio, information and
environmental technology. Our center is an interdisciplinary
research organization, which focuses on a "bottom-up"
strategy based on "self-organization" of atoms and
molecules as well as a "top-down" strategy based on
semiconductor technology to create a totally new field of
"nano-science and technology”. This research center
also aims to contribute and play an important part in the
establishment nanotechnology network in Japan.
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Porous polymer film prepared by self-organization process.

Nanomaterials

Nanomaterials Fabrication based on
Self-organization
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We are aiming to create supramol-
ecular architectures, which have
highly controlled nanostructure and
functions, by regulation of molecular
arrangement and orientation based
on self-organization of molecules.
We are also focusing on the creation
of new functional materials with
hierarchical structures from
nanoscopic to macroscopic scales,
similar to those in biological organisms,
by using self-organization processes
based on non-linear or non-equilibrium
dynamics and spatiotemporally
controlled reaction processes. The

=d.8k 2829 2Skv

bottom-up technology for synthesizing
a nano-size mass of atoms or molecules
and the top-down technology in
producing semiconductor devices
based on the photonics are conflated
into new nano-technologies. The
nano-technology investigated in the
research section consists of new
particle synthesis, new metrology,
and new device production and will be
applicable to bioscience, therapeutics,
information-communication engineering
in the near future.

Research Interests

O Fabrication of nanomaterials
based on self-organization

O Laser beam manipulation of
nanoparticles organization

O Photonic crystals and new light
transmission controls

O Backscattering enhancement
measurement of nano-particles

O Dynamic light scattering low-
coherence interferometry of nano-
particles

1 8um

Particle ordering using radiation pressure and particle

self-arrangement.
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Fabrication
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We aim to develop new-function and
high-function electronics devices,
which include one-dimensional ionic
conductors and molecular wires, by
combining "bottom-up" strategy that
creates highly functionalized molecular
nano systems from atoms and molecules

Molecular rotors.

DNA mimetics
at the air-water interface

Nanodevices

Interdisciplinary Fusion of Nanodevices

through self-organization processes
and "top-down" semi-conductor nano
technology. We plan to control electron-
photon interactions by quantizing
electronic fields with quantum dots
and photonic fields with photonic
nano-structures, and achieved new
photonic functions will be applied to
nano-photonic devices for high-
speed and ultra-parallel optical
communications. We are currently
examining the mechanism of bio-
system at the single molecule level,
and are developing the method to
artificially construct this system.
We aim at creating a nano system
through molecular self-organization,
and the development of a "super bio-
system".

Research Interests

0 Nano electronics devices based on
organic conductors

0 Nano photonics devices based on
quantum dot structures

O Creation of nano bionics using
DNA molecule

Formation of nano system by using molecular recognition of DNA.
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Simulation of step dynamics of crystal growth.
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We aim to search for conduct
interdisciplinary research projects by
creating a database of nanotechnology
research, and by data processing
system that utilizes data mining
method. We will also investigate and

Nanosimulation

Nanotechnology Promotion Strategy
and Nanosimulation

predict the economic effect and the
social impact of our research. By
using non-linear dynamics, we will
conduct a simulation and a numerical
analysis of self-organized phenomena,
and we aim to design nano material
and nano device through "bottom-
up" approach. We aim to conduct
basic research on nanocomputing,
by constructing a novel systems
based on new concepts such as
"quantum computing”, which will
realize superparallel and ultrafast
computing.

Research Interests

0 Nanotechnology promotion strategy
based on nanotechnology database

0 Nano simulation of self-organized
phenomena using mathematical
models

O Demonstration of photon phase
switching device using nano-sized
quantum confinement structures

Simulation of pattern of self-organization.
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The Division of Technical Staffs
consists of a group of technical
assistants in research laboratories
and a group of technicians in the
machine and glass shops. The
machine shop is equipped with an
argon welder and several precision
machine tools, while the glass shop
has a glass lathe and a large-size
electric furnace.

HRERERERE

Division of Technical Staffs
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Public Relations

(1000000 0[] The RIES-Hokudai Symposium

The 1st Symposium* Electronic Science at the Millennium” 00 Dec.21-22,19990

The 2nd Symposium* 0O O YohO "0 Mar.8-9,20010
The 3rd Symposium on Advanced Photonic Science “ 0 O SAIO "0 Dec.4-5,20010

il
000000 Poster presentation

“ 0" D000 Opening

[1 [ [ [ [] Open Laboratory[] Jun.8, 2002[]

00000000 Science talk 00000 Demonstration

00000000 [ One Day School Aug.23, 2002

000000 Group practice

0000000 Guidance
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