INSTITUTE FOR ELECTRONIC SCIENCE

RESEARCH
O oo on

BTFEFHAP

=RIES

=— Hokkaido University I< _%H =
— Research Institute o8 -

for D{, b 4 {,‘S‘*
NDED

Electronic Science



L1 [ EF e EE |

e

din

opododn
Director
Prof. Hiroaki Misawa

oooooooooooooodboooboooooooooooooooooooooooooooooog
ooooboOoooOoooOo0ooooo0oOo0obOO0O0bO00O00O0O0O0O0O00O0O0O0ObOOO0OO000O0
o00oo0oooooooooooooooo0oooooooooooooooooooooooonooog
go0ooo0oooooo0o0oOo0ooOo0oO0O0oObO0O0O00O0O00C0O0O0OO0O0O0O0O0OO0OO0O0O0O000O0
oo0oo0oooooooooooooooooobooooooooo0oooooboooooooonooog
00000000000000000000000000000000C0O00C0O00C0O00O0C0O0O0COO0O00O0O0
oooboobooobooooooooooooboo0oooo0oooo0oo@moOnoooooOnooOnag
000oo0o0o0o0o00o00o00o0o0o0o0o0O0000000000000000000O0O0O0O00O000
0000000000000000000000O000O0O000O00O0000C0O00CO0OCOOOGCOO0O0O0O0
0O0o0oo0ooooooooOoooooo

0000000000000 0000000000000000200700000000000000000
ooo000000oo0o0O00000000000000000000000000000000000O0000
gooooooooooboO0oOoOoOoOoooOoO0oO0OO0OoO0oOOoOobOOoO0oO0OoO0bOOoOoOOO0OO0O0OoOoOOO00
000000000000000000000000000000000D0002000000000000
ocooooooooooboO0oOoOoOoOooooO0oO0OOoO0O0oOOoOobOO0OOoO0O0oO0bOOooOOOO0OO0O0OOOoOOO000
ooo0o0o0oO0ooooobo0oo0ooobooboo0o0oooooobo0o0ooooooo0oooooooooon
ooo0o0o0o00oooOoO0o0o000bOoO0O00000000000000O0O0O00O0O0O000O0OO0O0O0O00
oo0o0oo0oo0000o0o00000o00o000oo00ooo0o0oooo0ooooooooo0onomonn
000000000000000000070000000000000000000D0DOD0O0DOOO
oooo0o0oo0oooooooobo0oooo0oooooooooooo0b000000000000000
OHINTSOOOOO000000000000000000000000000000000000

gooo0o0o0o000ooO000000O0O0000000o0O000000000000000000000
0000000000 Japan as No.O” 0000000000000 O00O0O00OO0OO0O0O0O00OOOOOO
ocooooooooboOoOoOoOooobOoOoO0OoOoOoOoOO0OO0OO0m@mOoOoOO0oOoOoOoOOOO0OO0ObOOOOO0O0O

In the midst of worldwide economic disorder, it is essential for us to go forward with determined, long-term
vision toward science technology and proclaim ourselves more as one of the world leaders in science and
technology to ensure the future of our nation without much resources. Expectations for affiliation research center
for science in the university is becoming huge under these circumstances. We, therefore, are now strongly urged
to promote original and creative researches on science technology which surpass global standard and keep
pioneering new research field leading us to innovation which makes the 1st positive step from existing regions of
study.

In Research Institute for Electronic Science (RIES), Hokkaido University, our spirited mind to challenge for
integration regardless of traditional frame work of study fields has been inherited by tradition as Research
Institute of Ultrashort Waves, our predecessor, developed the researches which united medicine and
engineering. For ever and a day, we have been striving for produce of new academic fields.

Under Nano Technology as its core, our present goal is to revolutionize scientific techniques by driving researches from
“ Trans-disciplinary Nano Science” which aims to integrate “ Optic” , “ Molecule / Material” , “ Life” and
“ Mathematic” . We have no doubt our achievements from these successful integrations deepen “ knowledge”

common to all humankind and consequently sophisticate our civilization.

Accelerating more production of these new academic fields, since 2007 RIES had been working with Institute of
Multidisciplinary Research for Advanced Materials (Tohoku Univ.), Chemical Resources Laboratory (Tokyo
Institute of Technology) and The Institute of Scientific and Industrial Research (Osaka Univ.) to establish “ Post-
Silicon Materials and Devices Research Alliance” in 2008. As backup for each other, our alliance has been
aggressively promoting collaborative researches even from different fields. The fruits of researches produced
from our alliance were highly praised not only in this country but also overseas and as a result of this, after
Institute for Materials Chemistry and Engineering (Kyusyu Univ.) joined the alliance, in June 2009, “ Network-type
Corporative Hub for Materials and Devices” was officially approved by Ministry of Education, Culture, Sports,
Science and Technology. This Network-type corporative hub was newly adopted through the restructure of
centers for Joint-Use/Joint-Research by the Ministry and people are now holding great expectations for us as a
new source for unique science technology’ s births.

Additionally, RIES has another aim to share our intelligence on leading-edge Nano Technology which was
cultivated in RIES and “ Cutting-edge facilities / techniques” extensively with our society. Since 2007, as center
of Hokkaido Innovation through Nano Technology Support (HINTS), we have been taking a part of
Nanotechnology Network Project for creating innovative outcomes by sharing cutting-edge research equipment
and facilities by Ministry of Education, Culture, Sports, Science and Technology. We believe RIES has been
making very important contributions to outcomes of new industrial techniques.

In the post bubble world, Japan is about to be overshadowed by conspicuous China’ s gaining power. Our
RIES, however, need to keep playing a leading role as a core center which focuses on producing essential,
innovative science technology to recapture “ Japan as No.1.”

Your continued support and cooperation for RIES will be greatly appreciated.
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Director
Professor Hiroaki Misawa
Professor Takayoshi Nakamura

Section of Electronic Materials

Laboratory of Molecular Photonics
Professor Nobuhiro Ohta

Assoc. Prof.  Tokakazu Nakabayashi
Assis.Prof.  Toshifumi limori
Laboratory of Quantum Information Photonics
Professor Shigeki Takeuchi
Assoc. Prof.  Yuhii Tsujimi

Assis.Prof.  Ryo Okamoto
Assis.Prof.  Masazumi Fujiwara
Laboratory of Molecular Electronics
Professor Takayoshi Nakamura
Assoc.Prof.  Shin-ichiro Noro
Laboratory of Coherent X-ray Optics
Professor Yoshinori Nishino

Section of Intelligent Materials and Device

Laboratory of Quantum Electronics
Professor Akira Ishibashi
Lecturer Keniji Kondo
Assis.Prof.  Hideo Kaiju
Laboratory of Nanostructured Photonics
Professor Junji Nishii
Assoc.Prof.  Hiroaki Nishiyama
Assis.Prof.  Hiroyuki Mayama
Laboratory of Cellular Informatics
Professor Tetsuo Ueda
Assis.Prof.  Seiji Takagi
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Scientific Instrumentation and Control

Optical Systems Engineering

Keiji Sasaki

Hideki Fujiwara

Molecular and Cellular Biophysics
Tomomi Nemoto

Terumasa Hibi

Kawakami Ryosuke

Molecule & Life Nonlinear Sciences
Tamiki Komatsuzaki

Li Chun Biu

Goro Nishimura

Hiroshi Teramoto

Nanosystems Physiology
Takeharu Nagai

Tomoki Matsuda

Yoshiyuki Arai

Informatics and Processing

Nonlinear Studies and Computation
Yasumasa Nishiura

Tatsuo Yanagita

Makoto lima

Neuro-Cybernetics

Hitoshi Aonuma

Hiroshi Nishino

Smart Molecule

Nobuyuki Tamaoki

Takashi Kamei

Tsuyoshi Fukaminato

Computational Life Science

Ichiro Tsuda

Yuzuru Safo

Yutaka Yamaguchi

Parallel Distributed Processing (Adjunct)
Tomoji kawai

Takayuki Shirao

Osamu Yajima
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Nikon Imaging Center

Professor Tetsuo Ueda
Professor Takeharu Nagai
Assoc.Prof.  Kazuki Horikawa
Assis.Prof. Kenta Saito

Support Office for Nanotechnology Research

Assoc.Prof.  Yasutaka Matsuo

Section of Collaborative Research
Laboratory of RIKEN Alliance Research

Guest Prof.

Takuo Tanaka

Nanotechnology Research Center
Head

Professor

Keiji Sasaki
Laboratory of Photon Process

Professor Hiroaki Misawa
Assoc.Prof. Kosei Ueno
Assis.Prof. Naoki Murazawa

Laboratory of Molecular Devices
Kuniharu ljiro
Kenichi Niikura
Laboratory of Nanophotonics

Professor
Assoc.Prof.

Professor lkuo Suemune
Assoc.Prof. Hidekazu Kumano
Assis. Prof. Hirotaka Sasakura

Division of Technical Staffs

Head:Prof.
Group leader  Hideo Ohnuma

Hiroaki Misawa

Equipment Developing Group
Group leader  Takao Ohta

Senior Eng. Yasushi Hirata
Senior Eng. Tatsuji Meike
Technician Masashi Takei

System Developing Group
Group leader  Hideo Ohnuma

Senior Eng. Yoichi Iseya
Technician Itsuko Imamura
Technician Kentaro Kobayashi
Technician Michiaki Endo

Temporary Employee  Yoshikazu Tsuchida
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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), Quantum Information Photonics
(quantum information technologies using photons),
Molecular Electronics (supramolecular systems for elec-
tronics), Nanophotonics (basic properties of materials for
optoelectronics).



HRERERERERERERERE

Molecular Photonics
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FLIM system.

oooooooooooooooooo
oooooooooooooooooo
oooooooo

gooog

oooooooooooooooooo
goooooooooooooo

oooooooooooooooooo
goooooooooooooo

oooooooocooooooobooo
ooooooooo

oooooooooooooooooo
ooooo

oooooooooooooooooo
gooooooooooooon

oooooooooooooooooo
oo

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 photoinduced functions 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 with higher-
ordered orientation and arrangement.

Research Interests

O Structure and dynamics of
photoexcited molecules

0O Photoinduced properties and
functions of materials

O Effects of electric field and
magnetic field

0 Time-resolved spectroscopy

O Electric  field effect on
photoluminescence and its
relation with electroluminescence
(EL)

O Fluorescence lifetime imaging
(FLIM) system
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After a century from the discovery
of light quanta by Einstein, the
generation of individual single
photons and the control of quantum
correlation among them are being
studied. Such researches will open a
new paradigm of * Science using
novel photonic states.” Typical
examples are quantum cryptography
realizing ultimate security and
quantum computers with which can
solve some problems extremely
more efficient than conventional
computers. Quantum optical

measurement which enables super-
sensitivity beating the standard
quantum limit and quantum
lithography with resolution beating
the diffraction limit are also studied.
In this context, we are studying the
following topics.
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photons toward ultimate technologies

Quantum Photonics: Quantum
Electro Dynamics (QED) using light
confined in micro/nano structures
interacting with individual light
emitters toward the realization of
new quantum information devices.

Quantum Information and Quantum
Metrology: Realization of quantum
optical circuits using photons for
quantum algorithms, quantum
cryptography and quantum optical
measurement.

Nano-scale Fluctuation: Investigation
on dynamical origin of huge dielectric
constant from the point view of
"polarization and quantum fluctuations
of nm-scale" by using the high
frequency-resolved and ultra fast
time-resolved spectroscopes.

Research Interests

O Optical quantum circuit for
quantum information and quantum
metrology

0 Nano-photonic devices using micro-
spheres and nano-optical fiber

O Highly efficient single photon
sources and single photon detectors.

0 Nano-scale polarization fluctuation
in Perovskite-type oxides

0 Nano-scale quantum fluctuation in
quantum-paraelectrics
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Molecular Electronics
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Ferroelectricity and polarity control in solid-state supramolecular rotators

Flip-flop 3

Towards the Realization of Molecular

Nanoelectronics
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Towards the realization of
Molecular Nanoelectronics, we
develop the "Integrated Molecular
Systems" through molecular-
assembly processes, 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

BF; site

Right
orientation

molecular systems as active units.

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 thin films and
nanometer size units such as
nanowires from the integrated
molecular systems, we are
constructing molecular electronic
devices. In addition to organic
molecules, we use inorganic
molecules and metal complexes as
target molecules.

Research Interests

0 Molecular conductors, magnets
and dielectrics with supramolecular
functional units

O Solid state molecular motors

0 Molecular nanowires and device
application

0 Molecular assemblies with bistability

0 Supramolecular assemblies with
polyoxometalate

O Interfacial properties of assembled
metal complexes
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Coherent x-ray imaging utilizing
advanced synchrotron radiation or
free-electron laser sheds a new light
on nanostructures deep inside
materials, which have been difficult
to access with conventional
microscopy.

Traditionally, x-rays have been
powerfully used for atomic
structure determination for
crystalline samples. Coherent x-rays
with well-defined wavefront further
open up new avenues for x-ray nano-
structure analysis even for non-
crystalline sample, such as cells or
organelles.

The high penetration power of x-
rays enables 3D imaging of samples
over micrometer thickness with no

coherent X-rays

need for thin sectioning, in contrast
to transmission electron microscopy.
Importantly, it realizes the
observation of internal structures
closer to their naturally functioning
conditions.

We take full advantage of the
advanced coherent x-rays to
promote imaging research
seamlessly from macroscopic to
atomic level; and aim to understand
macroscopic properties from
atomic- or nano level, which will
definitely lead to breakthroughs in
wide scientific fields in both life and
materials science.

Research Interests

O Nano-imaging of cells, organelles
and other objects with x-ray
diffraction microscopy

O Ultrafast coherent imaging
utilizing x-ray free-electron laser

O Development of x-ray nano-
focusing technologies and its
application to bio-nanoimaging

O Photon interference x-ray

absorption fine structure (m
XAFS)
O Atomic resolution x-ray holography
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The present section is to carry out basic studies for
high performance electronic devices for switching,
amplifying, memorizing and sensing signals of any form,
utilizing inorganic, organic and bio-materials. The sec-
tion is composed of three laboratories: Quantum
Electronics, Nanostructured Photonics and Cellular
Informatics.

nt Materials and Device

11



12

HRERERERERERERERERE

Quantum Electronics
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Creating a unification platforO for
bottom-up and top-down systems is
one of the most important issues for
harvesting fruits of upcoming nano-
technologies and nano-science as
well as those of Si-LSI-based
information technologies. By
fabricating nanostructured systems
that enable us to make one-to-one
addressing with nanoscale spatial
resolution over a macroscopic
sample, seamless conjunction of
nano- and macro-systems can be
made giving rise, for example, to a
Si-based LSI system that enjoys

Metal/Insulator Spiral Heterostructure
of two thin metal ribbons

P
-

_ 7

~1cm

«—
~1cm

Double Nano-baumkuchen (as Cartesian Coordinate for 2D bottom-up systems)

Edge-to-edge configuration

(Quantum-cross structure)

Creating a Unification Platform for
Bottom-up and Top-down systems

new quantum physical
functionalities provided by various
bottom-up systems.

We have been studying
nanostructure physics by preparing
systems being discrete in nanoscale
but having a bulk size, investigating
the electro-optical interactions,
electronic correlations, self-
organized criticalities, and possible
spontaneous symmetry breakdown
in such systems. We are interested
in both fabricating spiral hetero-
structures for a new platform as
well as for functional memories plus
high efficiency photovoltaic devices
and calculating the electronic
structures of the systems.

Research Interests

O Nanostructure physics

O Spiral heterostructures

O Electronic correlations and spin
correlations in nanostructures

0 Dimensionality (hetero-structural)
control

O Electric and magnetic property in
spin quantum-cross structure

O Photovoltaic devices/Solar cells

O Density functional theory

O Many-body perturbation theory

1t principle calculation of ground state of electrons in harmonic potential
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Nanostructured Photonics
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Demultlplexer
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Buried gra'fiﬁg

Dry Process
2002 2004

Antireflection plate

Buried prism

High index contrast waveguide
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Further creative evolution is
required for the light wave control
technology, which is utilized in
several fields such as optical
communication, information appliance,
solar cell, nano-biotechnology, etc.
Our research group focuses on the
development of new functions related
to light wave control using fine
structures formed on/in several
optical materials.

Antireflection function with small
wavelength and incident-angle
dependences can be achieved by the
formation of two dimensional cone
shape structures with period smaller
than incident wavelength on the
optical components. Our joint research
with a company succeeded to directly
Imprint such structure on a glass lens

Super prism
demultiplexer

@ &t & t
HEl ) MEDO DG
[ ]

AR glass plate

Imprinting process
2006

-
= ,;‘:‘;"" ™ AR glass lens

Novel photonic functions using sub-
wavelength structures

using a ceramic mold with excellent
thermal and mechanical properties.
This result is expected to be a core
technology to sophisticate next
generation optics for imaging and
sensing.

Enhancement of surface plasmon
field is studied using metal coated
gratings with period comparable to
incident light wavelength, so called
resonance domain. A silver coated
grating with shape accuracy in a
single nano-meter level, realized to
detect an ultraweak fluorescence
image under a commercial microscope
using a halogen lamp excitation.

Research Interests

O Top-down approach to fabricate
new functional optics.

0 Surface plasmonic devices using
periodic structure

O Imprinting process for optical
device fabrication

O Optical functions induced by
stereoscopic surface structure

Ofabrication of sub-wavelength
photonic devices using glass
imprinting techniques

O Optically induced index patterning
on/in materials

GC-SPR (Fluorescence imaging)
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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

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

O Sensing and judging

0 Biochemical oscillation

O Pattern formation

O Dynamics of cytoskeleton
O Mathematical modeling

Standing wave

&-D

Rotating wave

Synchronous oscillation

Transitions among rhythmic contraction patterns.
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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 investigated optical
communication, metrology, and
control technologies manipulating
the quantum and wave natures of
light.

Quantum control of photodynamics;
Photon localization within microspherical
cavities and random structures are

investigated to realize cavity
quantum electrodynamical effects
and nonlinear optical phenomena for
applications such as single-photon
switching devices and highly
efficient microlasers.

Optical measurement and control:
Three-dimensional nano-position
sensing, laser manipulation, and
single molecule spectroscopy are
utilized for control of molecular
interactions and for spectroscopic
analyses of single molecules and
single nanoparticles. Quantum
lithography wusing entangled
photons is also investigated.

Research Interests

0 Quantum dynamics in micro-and
nano-structures

O Dynamical single molecule and
nanoparticle spectroscopy

O Nanometer-space potential
analysis with laser manipulation

O Quantum lithography using
entangled photons

O Analysis of photon-localization
with narrow-band laser
microimaging spectroscopy

O Nano-photonic devices using
micro-spheres and nano-optical
fiber

" .
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Molecular and Cellular Biophysics

JO0000000 invivo DOOOOOOOD  Construction of "photo neuroscience"
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We have developed one of the most
advanced "two-photon microscopy",
which has given us important
insights into secretory functions in
neural and secretory gland cells. We
have proved the existence of
"sequential compound exocytosis" .

We explore two-photon microscopy
by incorporation of photo-activated
probes, fluorescent proteins, patch-
clamp techniques, and non-linear
optical techniques. Our newly
constructed "in vivo" two-photon
microscopy enables us to obtain a
complete picture of a living mouse
neuron. In addition, we have
developed a new super-resolution
method by a new laser beam, "vector
beam".

The goal is to reveal hierarchical
"missing-links" underlying between
molecular functions and
physiological functions in a living

and "laser biology" with novel laser

body. Spatiotemporal dynamics of
biomolecular interactions in situ
should be demonstrated for the
elucidation of physiological
functions, including neural or glial
activities, and secretion. Such
investigation is also critical for the
elucidation of biophylaxis or
development. We have thus
advanced new optical methods of
"visualization by photon" and
"manipulation by photon".

Research Interests

1) "in vivo" bio-imaging in a living
body using non-linear optical or
multi-photon excitation processes
induced by ultra-short pulse laser

2) Functional visualization analysis
for brain and neural secretion and
underlying molecular mechanism

3) Application of a new laser "vector
beam" for life sciences and for
"super resolution imaging"

4)Pathogenic mechanism and
treatment in cancer, diabetes,
liver drug metabolism, and
iImmune system

in vivo imaging of pyramidal neurons
in layer V in living mouse brain
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Molecule & Life Nonlinear Sciences

Bridge Molecules and Life
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Dodouooooooooooooo Jddoooooooooooooogg the systems. The main purpose of
pooooooooooooooogd ooo our laboratory is to understand the
00000000000 00" 000 000000000000000000 fundamental principles of chance
ooooooooooooooooon = and necessity of "change of states"
Oo0O0000D0000000O0o0on dt £ t t d
00o000000000000000 Biological systems are composed of and to construct new CONCepts an
Oooo0oooooooooooooo lecul IIs. ti methodologies to bridge the gap

molecules, cells, tissues, organs, etc
000000000000O00ooon with complicated hierarchical between such top-down and bott'om—
O00000o00o0ooooooooo . : . up approaches for biological
Slalatalalalalalalalalalalatalalals interactions. Resulting from a : ¢
imul h - ic level systems, enabling us to unveil the
pooooooogoooooooon stumulus on the microscopic level, mechanisms that bridge molecules
pooooooododoododoo the system can perform meso- and and life across hierarcghies in time
0000000o0ooOooooooon macroscopic functions robustly d
000000000000000000 even in a thermally-fluctuating and space.
g B g g S g B g g g g B g B g g S g environment. Such functions can be
. i N " of
000000000000000000 rationalized as a “sequence’ o Research Interests
~Talalalatalatalalalalatalalalalats structural changes involving
0000000000000 00000 Chemlcal reactions trlgggred by 'the . )
00000000000 0000000 stimulus across hierarchies of time . EU?S&I’HBI;;E;I p{[mc;lpleiioftseleicn
0Oo0Oooooooo oooooo” and space scales. There exist two ..\{1y aftio”c ashcﬂ -
0 000000 000000000 distinct strategies to explore the ¢ langest(_) sta esdstl)l'c aslc erlm
g B g B B g B g E B g B g B g E E‘ E mechanisms of such biological E?marri?ccslons and biomolecuiar
ms, that is, an anatomical
000000000 0oooooooo syste _S that is, an anatomica 0 Development of new methodolo-
bottom-up approach which builds . .
00000000O000O00O0oOooo : . gies and concepts to bridge mole-
goooooooooooooooon the system from the microscopic cules and life based on single mol-
Oo0oooo0o0oon molecular basis, and a constructive ot ; &
top-down approach in which one . ?C}J € 1rrtl¢ seges the hier-
develops (phenomenological) models rrl (flrima ?gmow r?gr 0SS en dleftr
gougo to capture some essential aspects of archies o € and space a S
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the biological systems. However, the
former solely articulates the

relation to biological function
0O Adaptability, robustness and

BEESEBDDDDDDDDDDD composite elements and the latter gsrg?é;grfsnce in complex molecular
010000000000000000 does not exclude possibilities which S . .
O0000000000000000 end up with models far from reality o ?pp.hc?tlonlto ?1010g1(t:al system
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Fig. 1. Regularity buried in chaos in
changes of states: why can the
black climbing trajectory end up in
the product although the red one
cannot?

103 nj-! 101 100 10°
! is)

Fig. 2: A complex network of protein
fluctuations buried in single-
molecule time series, reproducing
the anomalous diffusion probed by
single-molecule electron transfer of
NADH:flavin oxidoreductase
complex.

@ 25 340 35

Fig. 3: A procedure to identify local
equilibrium states on a high-
dimensional non-Euclidean space,
yielding an effective free energy
landscape from single molecule
time series.
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Exploring the mechanisms of life

through the use of live imaging
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Our primary goal is to better
understand how  biological
molecules function in space and
time. To this end, we are developing
several techniques to visualize
physiological events at molecular
level. One approach is the use of the
fluorescent proteins (FPs) which is
spontaneously fluorescent without
any enzymatic sysnthesis and any
cofactors Combination of FPs with
fluorescence resonance energy
transfer (FRET) technique allows us
to develop functional indicators, by
which we can visualize localized
molecular events in their natural
environment within a living cell. By
exploiting those techniques, we
have created not only calcium-
sensitive proteins to obtain an
understanding of how intracellular

A confocal fluorescence image of Zebra fish (red: actin,
yellow:tubulin, green: crystalline, cyan: nucleus)

calcium signals are generated and
integrated, but also new fluorescent
probes for the visualization of signal
transduction cascades that are
currently assayed by grinding
millions of cells. Furthermore, we
are developing novel optical
techniques by which fluorescence
signals can be efficiently detected.

As life sciences moves into the
post-genomic era, the continual
development of real-time imaging
approaches for elucidating cell and
biomolecule interactions in whole
living organisms is becoming
increasingly important.

Research Interests

10 Development of novel fluorescent
protein-based indicators for
biological events

20 Application of protein 3D structural
information to development of
novel indicators

30 Development of techniques for
light-based manipulation of
protein activity

40 Development of optical microscope
technology enabling whole-
organism imaging

50 Elucidation of signaling systems
for sensing and responding to
environmental conditions, and
for establishing certain morphology
during embryogenesis.

60 Development of ultra high
throughput genomic sequencing
technology
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This section conducts basic researches on the
development of electronic information processing for
automated reasoning. The section comprises four
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
Photon Process develops various kinds of
nanofabrication technique using light and create optical
nanodevices. Laboratory of Computational Life Science
aims to clarifythe complexity embedded in various
biological phenomena. 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.



HRERERERERERERN

Nonlinear Studies and Computation
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Self-replication in reaction-diffusion
system.

Modeling Nature's Complexity
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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

0 Analysis of body motion interacting
with fluid

0 Computational geomorphology of
river channel

Double gyroid morphology for
diblock copolymer melts

e o]
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Collision of localized convection
cells in binary fluid mixture.
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An interneuron responsible for sex-
pheromone processing 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, robotics and
system 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 called "Microbrain"
that comprises by far a smaller

{i} {i*-. _
: d _-;:‘Jt-_ K

Three dimensional reconstruction of
the cricket brain and the primary
olfactory processing center,
antennal lobe.

number of neurons than our
"Megalobrain". We have investigated
major principles of information
processing in the brain using insects
and crustaceans. Our main research
projects are to 1) elucidate neuronal
mechanisms for adaptive behaviour,
2) establish dynamical models to
elucidate mobiligence of social
adaptation 3) clarify mechanisms of
neuronal plasticity in the central
nervous system and 4) elucidate the
coding manner to detect locations of
olfactory stimuli in the central
nervous system of cockroaches.

Research Interests

O Neuronal mechanisms of adaptive
behavior

O Mobiligence in social adaptation

O Neuronal representation of
information and transmission
capacity

OIntegration mechanism of
mechanosensory and olfactory
signals

Students and an experimental setup
for intracellular recording.
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Although living things consist of
molecules as non-living things do,
we smartly sense and judge
surroundings and do the action by
ourselves. It is still important topic
in the present science to envisage
what is special and what is not
special in the molecular level for the
outwardly special living things in
comparison with non-living things.
We think that constructing new
artificial molecular systems with
various information functions which
are realized in the living systems
will contribute to the deep
understanding of the living things.
This is the opposite way of the usual
biology where we observe living
things itself directly.

In the living things, information is
stored in the molecular structures
or conformation of the molecular
organizations. And the information

Smart Molecule

Synthesizing Smart Molecules

is transferred among molecules via
molecular interaction. On the other
hand, light is a very important
media for both information and
energy not only in the living things
and also in the daily life. Paying
special attention to the above
points, we design new photo-
reactive molecular systems showing
well-regulated molecular structural
changes and study the following
changes in the inter-molecular
interaction, in order to actualize
new photo-sensor molecular
systems and light-driven molecular
machines as preliminary examples
of the artificial smart molecular
systems.

Research Interests

O Synthesis  of
molecular machine

O Study of photo-responsive liquid
crystal

0O Induction of molecular chirality
by physical chirality

light-driven
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Computational life science is a new
field of research, which has been
promoted 1n cooperation with
Department of Mathematics. The aim
of this laboratory is to clarify the
complexity embedded in various bio-
logical phenomena, which may
emerge over multi-scales of space
and time.

Biological systems express a specif-
ic complexity, which typically
appears in cell differentiation and
also in functional differentiation in
the brain. In cell differentiation, for
instance, it is not, in advance, deter-
mined that which part of embryo
becomes eyes. All organs are orga-
nized in accord with the development
of an individual as a whole system. A
similar organization is observed in
the functional differentiation of the
brain. A whole brain acts as a system,
in which all cortical areas such as a
visual cortex are organized in accord
with the development of a whole
brain. In this laboratory, taking into
account these characteristics, we

g< < <33 31 |

A fundamental structure of dynamic states for the transition between synchronized and desynchronized states.

would like to construct a new system
theory, that is, a complex systems
theory, based on the intensive studies
on various topics described below.

Research Interests

O Mathematical modeling of higher
functions of the brain, Nonlinear
dynamical systems and chaos,
Mathematical modeling of self-
reproduction and self-
reorganization, Mathematical
studies for biological evolution
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Parallel Distributed Processing
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This laboratory was founded when the Research Institute
of Applied Electricity was reorganized to the Research
Institute for Electronic Science in 1992. Scientists, execu-
tive officers and entrepreneurs from government agencies,
business enterprises and universities are appointed as a
Professor or Associate Professor for 2 years. Distinguished
scientists and outstanding intellectuals in public positions
are invited as a Professor, whereas promising young scien-
tists are invited as Associate Professors. This aims to
encourage the introduction of new collaborations, publish-
ing and information within the institute through seminars
held by the laboratory.
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00000000000 Open Facility

~

Through“ Open Facility” , the Nanotechnology
Research Center of RIES, the Creative Research
Initiative “ Sousei” and the Catalysis Research
Center support researchers not only within the univer-
sity but also throughout Japan by making available
state-of-the-art measuring and material processing
instruments. The Nanotechnology Research Center
contributes to the promotion of nanoscience and nan-
otechnology and provides nanoscale-resolved measur-
ing and analysis, ultra fine material processing instru-
ments, and Class-100 and Class-10,000 clean rooms.

25



26

goboooooooooooooooooooooooOod
oooooooooooooooooooooooooodoad
gooooooooooooooooooooooooood
obooooooooooooooooooooooooood
goooooooooooooooooodgoooooood
oooooooooodooooooooodgoooooodd
goooooooooooooooooodgoooooood
oooooooooooooooo

Nanotechnology Research Genter

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 of nanotechnology network in Japan.
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Nano/micro-structures such as
metallic nanoparticles and dielectric
photonic crystals can be used for
controlling the light-matter coupling
process, as well as propagation of
light waves and their confinement
within minute spatial domains. In
this research area we study
fabrication of photonic crystals and
metallic nanoparticle structures
using femtosecond laser
microfabrication and semiconductor
processing techniques with a
particular aim of building high-
sensitivity sensors for detecting
photochemical reactions in
biomolecular materials.

1) Metallic nanostructures, fabricated

with nanometric accuracy exhibit
a remarkable enhancement of

-
Manipulationhand localization of
photons
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Spatially selected two photon polymerization

VAN

Photon Process

Creation of Photochemical Reaction
Fields Strongly Coupled with Light and
Materials/Molecules

electromagnetic field intensity,
which may reach about 10° times
that of the incident field, due to
strong localization at the metals'
surface. These regions can be
treated as nanoscale chambers in
which photochemical reactions
can be promoted locally via non-
linear optical phenomena that can
be induced even by using ordinary
thermal radiation sources rather
than lasers.

2)Building of photonic devices
exhibiting the functionality of
SERS active substrates will allow
creation of high-sensitivity
biosensors. Also, building of
fluidic microchips for genetic
analysis will enable performance
of dynamic electrophoretic
separation analysis of DNA
molecules using a single chip.

Research Interests

1) Creation of new photochemical
reaction fields based on plasmonic
metal nano-structures and
photonic crystals

2)Development of micro/nano
fabrication techniques using
femtosecond pulse

3)Development of fabrication
technology of metal nanopatterns
by nano-lithography

4) Building of electrophoretic chips
for sequence and multi-target
fractionation of DNA
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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. The following themes are
in progress.

(1)Nanosize molecular assemblies
based on molecular recognition have

Molecular Devices

Development of Functional Molecular
Devices Inspired by Biosystems

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. We have developed the
synthesis of conductive metal
nanowires from single DNA
filaments for the future fabrication
of nanoscale electronics based on
molecular assembly.
(2)Protein-assembly using virus-
capsid proteins have been explored.
Chemical modification of the
proteins gives structural stability of
the virus capsule suited for drug
delivery carrier.

The research aimes at the
development of chemical sensors,
artificial photosynthesis systems
and virus-based drug delivery
carriers.

Research Interests

1.Creation of DNA-templated
metal/semiconductor nano-
devices

2.Development of nanoparticles
with molecular recognition

3. Fabrication of virus-based drug
delivery systems

Scanning Transmission Electron
Microscope (STEM)

STEM images of virus-like particles (left) and green fluorescent protein
(GFP)-packed virus-like particles (right) expressed in E. coli.
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Next-generation highly secure
information networks require
photonic devices based on new
concepts and high functionality. Our
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Proposed scheme to generate entangled photon
pairs with recombination of electron Cooper pairs

and holes in a quantum dot.

_

Nanophotonics

Quantum Control of Electron-Photon
Interactions with Nano-Photonic Highly
Functional Materials and Structures

laboratory develops nanophotonic
highly functional materials and
devices by (I) Preparation of nano-
structures such as quantum dots to
control electron number states, (II)
Development of technique to
convert individual photon
polarization state to electron spin
state and vise versa through
quantum dots, (ITI) Preparation of
nano-photonic structure and
coupling to quantum dots to control
photon generation processes, (IV)
Superconductor-based new photon
generation processes and
development of new paradigm based
on superconductor and optoelectronics.
Homepage:
http://nanophoto.es.hokudai.ac.jp/

Research Interests

0O Growth of semiconductor quantum
dots and spectroscopic studies of
single quantum dots.

O Photon correlation measurements
and generation of single-photon
and entangled photon pairs from
single quantum dots.

O Conversion of photon-electron
quantum states via quantum dots.

O Fabrication and simulation of
metal-embedded quantum dots and
study of on-demand photon source.

O Interdisciplinary research on
superconducting photonics and its
applications.

Photon correlation measurement setup and results
to show photon anti-bunching of photons emitted

from a single quantum dot.
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High Speed Laser Confocal Microscopy.
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Nikon Imaging Center
http://nano.hokudai.ac.jp/nikon/

Providing, improvement and
development of Bio-imaging
technologies

The Nikon Imaging Center at Hokkaido University
(NIC@Hokudai) promotes the improvement and
development of bio-imaging technologies and their
application to the life sciences. The NIC@Hokudai also
aims to facilitate cooperation between enterprises related
to microscope technology, and to participate in both
educational research and international exchange.

Activity

1) To provide an environment for basic research with
state-of-the-art microscopy and imaging equipment

2) To provide training courses on basic and advanced
microscopy

3) To develop new microscopy techniques incorporating
specific user requirements

TIR Evanescent Microscopy.

Multi-Color Fluorescence Microscopy.

30

Real-time Confocal Microscopy.
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Supporting research and development
for constructing nanodevices
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High resolution EB lithography system

HINTS is supporting research and development of
technology regarding new nanodevices based on the
concept of "advanced facilities and technology" including
ultrafine process and nanoanalysis. Hokkaido University
provided nanoanalysis device including a STEM system, in
addition to the ultrafine process device including high
resolution EB lithography system, to support research and
development of advanced nanodevices such as photonic
crystals and plasmonic devices. In addition to these top-
down research, Hokkaido University also supports bottom-
up technology related activities including developing
method of preparing self-assembled film and designing
catalytic agent with new features. HINTS may share these
advanced research facilities and the personnel who have
both experience and achieved results will provide a full
support for research and development of technology and
products as well as strategies.
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Alliance Laboratory

http://www.es.hokudai.ac.jp/alliance_labo/

Research and Development of the macro functional
material based on nano-scale molecules, on

00000000 ddddddddd  Molecular and Informative life science
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Alliance Laboratory is in progress
of multidisciplinary collaboration
with Molecular and Informative Life
Science Unit, RIKEN (Wako,
Saitama).

In living-bodies, assembly and
hierarchical structure of bio-
molecules produce sophisticated
macroscopic functions, e.g. soft,
flexible and efficient actuation. Our
aims of collaborative works are to
understand such living-bodies
functions via polymer science and to
develop synthetic polymers inspired
by bio-functions as material and

device engineering studies

Gels have unique material
properties, e.g. high water content
like living-body, properties of solid
and liquid. We engage in studies of
gel design and properties and
fabrications of gel device, with
multidisciplinary collaborators,
chemist, polymer scientist,
biologist, semiconductor engineer,
etc.

Research Interests

1. Creation of the functional hydro-
gels with high strength

2. Development of gel-functions-
integrated devices

Molecular and Informative Life

Science Unit, Advanced Science

Institute, RIKEN
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Technical Division in RIES has two
main sections; one is “ System
Development Team” that handles all
the technical support including
management of “ Clean Room,”
electronic circuit design, equipment-
control, bio-imaging, semiconductor-
nano-engineering and operating RIES
website or all related to information
network. Even when conferences are
held outside by RIES, they join the
researchers to offer technical support
there. In addition, they play a role as

administrative operators for all the BUS
equipment and for safety of the
experiments they organize annual
lectures for the staff and students who
handle liquid nitrogen, for example.

“ Equipment Development Team,”
the other section, mainly creates
custom-designed equipment used for
experiments on request-basis from
laboratories. In the machine workshop,
they work on developing many kinds of
devices by precision cutting of stainless
materials or welding argon, for example,
with tools such as large lathe or
longitudinal milling cutter. Special
request that needs aluminum welding
can be ordered. In the glass workshop,
they process and polish optical
lens/prism or create large Dewar vessel
and several quartz cells.

This team can be consulted on all the
technical matters or creating equipment
from outside of RIES.
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International Symposium of Joint Research Network on Advanced Materials and
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cmes wmuxy BT HPHRAR

nm- IR mOTTE)
[l |
£, e o (SIS RN ARG i

201000 000bDOooOoOobOoooOobOoobooobOgoboas
goooboooboooboobooboobooboobooo
goooobogn
goooboooboooboobooboobooboobooo

gbooobooboobgooboobooboobooobon

0oobooboooboobobooobooon
gbooobgoobooboobooboobooooboon
goooboooboooboobooboobooboobooo

gobooboboobgoobooo
goooboooboooboobooboobooboobooo
gooogoooo

oo oobobooooobob” ooobobboooooo
oooooo3nooooooooobooooooboooog



D00000000OEcole Normale
Superieure de Lyond 00O OO0 OOO
Ooooooooo

The Signing Ceremony for academic exchanges
with Ecole Normale Superieure de Lyon, France
(March 26, 2010)
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The Signing Ceremony for partnership agreement
with Advanced Science Institute of RIKEN,
Saitama (April 9, 2010)
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