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Since 2002, the Research Institute for Electronic Science (RIES) has been striving for the development of "Trans-disciplinary Nano Science", which
aims to integrate "Optical", "Molecule / Material", "Life" and "Mathematics" under nanotechnology as its core. Since 2007, as the center of Hokkaido
Innovation through Nano Technology Support (HINTS), we have been taking a part in the Nanotechnology Network Project which is achieving
innovative results by sharing the Ministry of Education, Culture, Sports, Science and Technology (MEXT) cutting-edge research equipment and facilities.
Our achievements from these successful integrations deepen knowledge" common to all humankind and consequently sophisticate our civilization.

In 2012, the Institute renamed all of the research divisions and each laboratory, and also reorganized the Nanotechnology Research Center, to the
Green Nanotechnology Research Center. These organization reforms aim to create green innovations using our world-leading nanotechnology. In
recognition of a part of the research we promoted, RIES was officially approved by MEXT as a satellite of the Low-Carbon Research Network (LCnet) in
2010. In this project, RIES is striving to develop solar cells based on an entirely new concept. Furthermore, "Network-type Corporative Hub for Materials
and Devices" was launched in April 2010, which is a joint project between RIES, Institute of Multidisciplinary Research for Advanced Materials (Tohoku
Univ.), Chemical Resources Laboratory (Tokyo Institute of Technology), The Institute of Scientific and Industrial Research (Osaka Univ.) and Institute for
Materials Chemistry and Engineering (Kyushu Univ.). This project pursues interdisciplinary collaborative research related to green innovation, which is
greatly expected to be an origin of creative science and technology.

Instability of energy supply and the appreciation of the yen caused by the economic anxiety in Europe might raise fear of the deindustrialization of our
country. Our RIES, however, needs to keep playing a leading role as a core center, focusing on producing essential, innovative science and technology

required for the scenario of future economic growth. Your continued support and cooperation with RIES will be greatly appreciated.
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Section of Photonics and Optical Science

AFRBFATIE., XOBEFORIMEZFAL LS - SF - FEF
ARME~A—RELT, XOEFMH - KBEZTILISFRALEHLL
BEZICTED CHEFHA - LHIE - SeEMLIE, KFEBECHIE - R
TEODREFTNARALE—RFR, IE—L 2 FXREAL:
FLOEHARNOREICRYBATHEY, COLSEHRIKX, #FHL
WHRDARZ - XEMEL T, EFIFCEVFLREOTFICIEH
SNFET,

Based on parallel, high-speed, and precision measurement techniques
that rely on the wave nature of light and electrons, this section strives to
develop the following: optical measurement, control, and information
processing that is based on the new concept of the full use of optical
quantum and wave nature; photonic devices for the flexible control and
detection of photons, as well as single photon sources; and new mea-
surement technologies using coherent X-rays. This research is expected
to lead to a new generation of optical science and technologies, that will
be applied to quantum engineering, biology, and other fields.
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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 Direct imaging of nanogap-mode
ultimate goal of new optical technologies. On the basis of new ideas and origi- plasmon- resonant fields.
nal concepts, we investigated optical communication, metrology, and control

technologies manipulating the quantum and wave natures of light.

Quantum control of photodynamics: Photon localization within micro-

spherical cavities and random structures are investigated to realize cavity

quantum electrodynamical effects and nonlinear optical phenomena for appli-

cations such as single-photon switching devices and highly efficient microlas-

ers.

Optical measurement and control: Three-dimensional nano-position sens-

ing, laser manipulation, and single molecule spectroscopy are utilized for

control of molecular interactions and for spectroscopic analyses of single Highly efficient photon coupling into

molecules and single nanoparticles. Quantum lithography using entangled a single plasmonic nanostructure using
. . . a fiber-coupled microcavity.

photons is also investigated.

Research Interests

Quantum dynamics in micro- and nano-structures

Dynamical single molecule and nanoparticle spectroscopy
Nanometer-space potential analysis with laser manipulation
Quantum lithography using entangled photons

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

Nano-photonic devices using micro-spheres and nano-optical fiber
Optical angular momentum and related materials
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Manipulation of individual photons toward ultimate technologies

FAVDAFA VIZKDAEFORRNS100FER T, BAE. BE. XF 1M I1PEZRESE., TOKE
FROEFHEEZEEICHET D TFHLOEDIKRE] OMBEIEEALDOH D, TOHRBFIN, REOEF21UT
1 %RBTHEFHESEEL. BEOHEHICIIRENICHRC ZLDOTELRVHBEZHEL. EFHEOHAETH
5, FLBEEORIZLDBEREDNDRALZHEBADIRENERT S FAEANL. XORIFERUTOHEBEEZ D
DEFRIVVIS T4 EINTINS, KAEAFEFTIE., EFER - EFATIS I URAFOEFIREZBEHE
IZHIE - RET D=ODEFIA PV XADHARLZHEL TS, £z, T/ RT—IIZB T EEFEBOHE
LEFTLTIToTLS,

EF7APJR 7400 F/ A5—)LOEERICEALZH oI E, BE—RAKOHEEER (RiRF=F
BHEE) . GoICEFNLZAVVEHBREF TN\ RAOERE*BKET,

EFEHR-EFHA: AFEZAVEEFEROBE, HoUVICEFAERV-EF7IIVXL, EFES. EF
KEtRA~DEAEE ST,

FTI/Rr—IiEE): BREBEENESLUVESRBESEARILEZRANT. +/ AT—ILODBIES - EFIEE
DREANENS., FEAEFMHOEXRFZTEXRXEHELMHENAT S,

MET—<

O KEFFER - XEFEHBORBICHEIT-AEFRBOHAE
WINROF /T F7ANERALI=F/ T+ b= I TINA ZADHE
ENEHE—RFRO., SEFIELFREFJORSE

TLITRANBA FBEAEMIZ BT 5+ 7 A7 — LD BIRE)
EFEBRERIZBITST/ R T—ILEFEH

After a century from the discovery of light quanta by Einstein, the genera-
tion 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 cryptog- Optical quantum circuit
raphy 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 is also studied. In this context, we are studying the following
topics.

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.

Nanoscale 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
spectroscopy.

Optical nanofiber

Research Interests

Optical quantum circuit for quantum information and quantum metrology
Nanophotonic devices using microspheres and optical nanofiber

Highly efficient single photon sources and single photon detectors
Nanoscale polarization fluctuation in Perovskite-type oxides

Nanoscale quantum fluctuation in quantum paraelectrics
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Unveiling deep nano-world with coherent x-rays
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Coherent x-ray imaging utilizing advanced synchrotron radiation and x-ray free-electron lasers sheds a new light
on nanostructures deep inside materials, which have been difficult to access with conventional microscopy. Tradi-
tionally, 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 samples, such as cells or organelles. The high penetration power of x-rays enables 3D imaging of
samples over micrometer thickness with no need for thin sectioning, in contrast to transmission electron micros-
copy. Importantly, it realizes the observation of internal structures of the sample closer to 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

® Nano-imaging of cells, organelles with x-ray diffraction microscopy

® Ultrafast coherent imaging utilizing x-ray free-electron lasers

® Development of x-ray nano-focusing technologies and its application to bio-nanoimaging
® Imaging biospecimens in solution using x-ray free-electron lasers

Experimental Setup at X-ray Free-Electron Laser Facility SACLA 3D Imaging of Human Chromosome
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Section of Material and Molecular Sciences
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Based on the material creation and material assessment techniques
that support electronics and life sciences, this section strives to elucidate
a correlation between photoexcited dynamics, molecular structures, and
optical properties, to create molecular functional materials for under-
standing biological information functions, and to create nano-macro
fusion devices using a hetero structure that combines top-down and
bottom-up systems. This research will contribute to the elucidation of
molecular assembly and in-cell dynamics, and the creation of new nano-
devices.
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Creation of novel function in materials and in biological system
with application of electric field and photoirradiation
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The followings are examined in our laboratory: how structure and Chemical vapor deposition system
dynamics of molecules or molecular complexes are influenced by photo- and OLED emission
irradiation in the presence of electric fields; how electric and magnetic
properties of materials are influenced by photoirradiation and electric field.

Based on the results, the relation among “Structure”, “Dynamics” and

“Function (Property)” has been elucidated. Until now it has been shown

that photochemical and photophysical dynamics as well as insulator-metal

transition can be controlled by photoirradiation and application of electric

fields. In the future, photoinduced superconductor and superionic conduc-

tor will be quested. Intracellular dynamics and intracellular function have

been also examined with a focus to a local electric field in biological

system using fluorescence lifetime microscopy (FLIM). Further, it will be

also examined how intracellular dynamics and function change when Fluorescence lifetime
strong and short pulsed electric fields are applied to a living system. microscopy (FLIM) system

Research Interests

® Structure, Dynamics and Function of Molecules and Materials Induced
by Electric Field and Photoirradiation

® Time-Resolved Photoluminescence Measurements and Elucidation of
External Electric Field Effects on Photophysical and Photochemical
Processes

® Quest of Novel Materials Having Photoinduced Superconductivity and
Superironic Conductivity

® Intracellular Environment and Excitation Dynamics with Fluorescence
Lifetime Microscopy (FLIM)

® Novel Biological Function Induced by Short Pulsed Electric Field and

. L. Time-resolved photocurrent
Photoirradiation P

measurement system

R
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Synthesizing molecules working smartly
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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 Molecular machine showing photo-switchable rotation
new artificial molecular systems with various information func- of propeller.
tions 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 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 show- A new concept of link of E/Z and stereo isomerism
ing 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

® Synthesis of light-driven molecular machine

® Study of photo-responsive liquid crystal

® Induction of molecular chirality by physical chirality

Driving motor protein by using light energy.
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Creating a Unification Platform for Bottom-up and Top-down systems
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Creating a unification platform for bottom-up and top-down systems is one of the most important issues for
harvesting fruits of upcoming nanotechnologies and nano-science as well as those of Si-LSl-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 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 heterostructures for a new platform as well as for functional memories plus high efficiency photo-
voltaic devices such as orthogonal photon-photocarrier propagation multistriped solar cell, and calculating the
electronic structures of the system.We also investigate the spin transport under spin-orbit interaction theoretically
and experimentally and compute the fundamental characteristics such as topological insulators. We also have
been developing a clean platform for aforementioned unification of top-down and bottom-up systems.

Research Interests

Nanostructure physics

Spiral heterostructures

Electronic correlations and spin correlations
in nanostructures

Dimensionality (hetero-structural) control
Electric and magnetic property in spin
quantum-cross structures

Photovoltaic devices/Solar cells

Density functional theory

Many-body perturbation theory

Clean Unit System Platform
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Section of Biology and Life Sciences
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Based on the platform technologies such as imaging and molecular
arrangement control using nonlinear optical processes, this section
strives to develop new methods for analyzing life functions that realize
the “in vivo” observation and operation of a live individual organism and
a deep tissue, to establish a system for converting the DNA base
sequence into positional information, and to create a supramolecular
protein structure. This research will not only elucidate the functions of the
biological molecule networks that form the foundations of life phenomena
but will also contribute to the development of cross-disciplinary areas
including “light and brain science” and of a combined nanotechnology-
biology area, which will lead to new treatments and clinical applications.



JEHHRRAEIRAZE 98 Laboratory of Molecular and Cellular Biophysics
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Construction of “photo-life science” by novel light

FHRARASFE, BELNWAL—F—ICLSFERBAEBRER N A A =D 0T &RDIC, BEFIFE. &
JEEZ, ARSI FRELZERT S LT, £SER, BRITO. THICKDEE] & THICKSEE %
RIRFICERIT SHLVERBEDA A—D VT RZRFASE S LZBIEET S, COHERE. REER, o
W, REFOERMEIER L. HELFRAGCHEER L - £aRP] Db - WEFE 2EAHIEZEB
BLTWS, COEIBGNAARFAA—DUTOHBEEVRL S EITk Y. £ n F- a0 Sk
BITEEOHEEZRARET SIRECEAZEEL TS, IS, ERRBEFEREMNICETET 52 EAFRE.
“in vivo” SRFEMIM AT LDBE, ARICRYEH, RETEIHAZRREOERMKRRICHILIz, Ch
[CEKYTORKINFREEBRY., BECAIZ2a—AVDIATA A=V U TNAlgeE o1z, —A. EKH
FORFHEME L TOMERREMAT 5720, FHRL—Y— IRJ MLE—L] ZRAVEEBREA A2V
EORRLEREL TS, T TROBIRMEO S BHEE=FROKL - BREEDD FHEIC DT IERHA
AME] GEFRSORBICEIILE, REROEGHCREC LD FEBOBAZEEL TS, BHE.
BRAGKRE, IR, EXREOARMRZE L TER. BRCANDERAZR >TWS, COXLSGE. B
A, RE. REGEDSHGERBOEERLFREORRAADGAN, HF-GEKLALD T - £afE] 24
AHITEEZHFELTL S,

MET—<
O BEX/NILAL—HF—IC &k HIFEHAFIBIE - ZHFIEBIEOIKE
B FERAWEER “Invivo” NA A4 A= DRFE
O HRL—Y— “RYMLE—L" OEWICHEBREREA A -0 THfTORRE
® fixi - HIRROSWEEEDTRILENT & T DR FHIEOHE
O OMEEAECHKZDHE
O KA. FERE. FEYMRE. RERICESITOREMBOMEEE - ARFBHEITEBAETONRE

Our group aims to advance new bio-imaging technologies for functional
analysis by photo-visualization and photo-manipulation using ultra-short
pulse laser as well as photo-activatable molecules, electrophysiology,
biogenetics. These methods explore basic researches on neuroscience,
metabolism, and cancer research, and open new fields of photo-
neuroscience, and photo-life science. In addition, advances in bio-imaging
will give us insights on emergence of specific function to hierarchies of
biomolecules, cells, and organs. Our newly developed “in vivo’ multi-
photon microscopy enables to visualize deeper layers of live organs. We
have successfully observed the deepest layer in live mouse brains, intact
neurons in all cortex layers and hippocampal CA1. We also develop a
super-resolution microscopy by using a novel laser, “vector beam”. We have
proved the existence of “sequential compound exocytosis”. By these micro- “in vivo” imaging of mouse brain
scopic techniques, we will investigate molecular bases of the laterality and
the development of brain. Currently we get on with collaborative works of
other universities, national institutes and companies. These applications for
physiological and pathological researches in a wide variety of live organs,
including bone, cancer, immune and skin, will explore a new field of “photo-
life science” in the intact body.

Research Interests

@ ‘“in vivo” bio-imaging in live specimen by utilzing non-linear optical or
multi-photon excitation processes induced by ultra-short pulse laser

® Application of a new laser “vector beam” for life sciences and for “super
resolution imaging”

® Functional analysis for brain and neural secretion and underlying
molecu lar mechanism

® Pathogenic mechanism and treatment in cancer, diabetes, liver drug
metabolism, and immune system

Super-resolution microscopy
by HRP beam

BUENISH
HEESDHE
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KD F7) A Aff%E5EF  Laboratory of Molecular Devices

FEAREEEICA R\ A P ENTRBEME D TR T DORFE

Development of Functional Molecular Devices Inspired by Biosystems

EMEIBELDFRBEINICE > THBIE SN FEER VA TLEERFELT, IEROBVLWIRIILF—F
BOMBEEE. BRALGHEREBRTERL TS, AARSHFTIE. £EYORFHREBILEFARLI S LT, T/
A—B =Y TIYA—F—[CWV =B AV ROEYYEEICE TSI FORBEMGTHERBEZTU. FFLHEE
HHEOREZTO TS, D FRHEOCBCEESLEDBYFEEDFERIZEYF /I A—F—H A XTHF =M
BIEL., SOICEEBERBEZFARTAZETIYIAI0*A—2—H A4 XATORFESKRDMBBILEITL. DFD
[EErGEEIEEEFTAS2E LTS,

BEERMIZIZ, UTOTF—< DIz #EHTINS,

(1) ERICEAEILLE=AYIDNAZEBERIGTHRELTEONADNATSVEFRALE: MRIZAA—2%

EZFICRBEIRTEHEEEMORAK] (Fig 1)

2 DANADHEE VN ENBECHBILICEI YR T 201 ILRAATEIVIZEBLE 20NV BEERD

BEHIEG S VITERZEBMICK D RSy T TUN) =X T LADRA] (Fig 2)

Q) REDBMHIZLY BCMEBILEHIEL., RALGEBICEEEINE: [T/ HFOESELEARDERNLEZDIE

Bl (Fig.3)
NLDEBHDFEENONA Ao —OHIBFEREEMH L EOHFTFLELIFRFEZREL TS,

HET—<

® DNARF#EME L=-EHaeEERDAIH

@ NI I94ILARATEILERWE=ES YT TN —
DRT LDIEE

® EEFT/HFERAWET/ BEKDIERELE ZDIE

O BRSO FHEEICEN MBS L DR

Bioorganisms are capable of efficient energy transformation,
selective syntheses of biomolecules and interactive information
processing. All these processes are based on effective molecular
recognition at highly organized supramolecular assemblies. This ~ Fig-1 Cell culture and detachment on the DNA brush
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) DNA (deoxyribonucleotides) brush has been fabricated by the
enzymatic polymerization of oligonucleotides immobilized on the
substrate. This can be superior cell culture substrate because of
less damaging detachment of the cells by using DNase. (Fig.1)
(2) Protein-assemblies using virus-capsid proteins have been Fig2 Confocal images of the cells after the
explored. Chemical modification of the proteins can give the f;‘sp:;:;‘i;’f ‘é'rrs; nglf\‘/‘;er; rzg‘:::d ?érggjr:?th\'/?r:‘:
inclusion and stimulus responsive release of drugs to the virus capsules, Red; model drugs) ‘
capsules. This can be suited for the drug delivery carrier. (Fig.2)
(3) Metal nanoparticles-assembly by surface modification has
been studied. Assembled metal nanoparticles can be applied to
chemical sensors or drug delivery carriers. (Fig.3)
These researches aim to develop functional molecular devices
such as chemical sensors, cell culture substrates, and virus-
based drug delivery carriers.

Research Interests
® Creation of the DNA brush as superior substrates
@ Fabrication of virus-based drug delivery systems
® Development of metal nanoparticles assemblies
by surface modifications
® Development of functional gels with excellent
mechanical or Optica| characteristics Fig.3 Fabrication of Gold Nanoparticles Vesicle
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Section of Mathematical and System Sciences

AARIBPATIE. EHRHE. BRATHER. LEBAZLEDOH
BRPZERN—RELT, BHRELTORBRBRREEDER AT A
DEEREE, BRDPFEEROEELEORBEILRICE THBAL Y
KOBEBEORYE., HLUREMENAETMARE L THEY HT/NY 7
BEOBBALEOHEICRYBATHES., COLIHEREIF., XD
7 7O—FTIE+oRBATESEI >0 FESK., Mia. . e
Wo-EEBEHBATEN > TLWAEMLER R TLERLEEDER
[CERLET,

Based on mathematical sciences such as complex systems science,
dynamical systems, and chemical dynamics, this section strives to eluci-
date the mechanisms of life systems such as the nervous systems as a
complex system, the fundamental principle of chance and necessity in
the “change of states” in the functions of hierarchical complex systems
and the barrier function that is created by epidermal cells as a group of
tissues. The goal of this research is to shed light on such complex life
system phenomena connected across the hierarchies such as
molecules, cells, tissue, and the brain; these phenomena could not have
been fully elucidated by conventional approaches.

14
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BMEMIBIAZE 98  Laboratory of Complex Systems Research Group

EMREF CTEMDIEZITED

The study of life by means of complex systems science

EHRABERAESFTIE. 2F. filg. SATLAICETOHE2AGRROER I ZHENICHEBAT LI EEE
2. #rL WA ‘/ZT.L\uHH@%ﬁ’E&)§L'CL‘%) BEHRELTODEGUVATLOMEZHBEIT LI BB
L. FILWEM A TLMEZEET S, ﬁk~@iﬂi‘£ﬁsu% Him. BESRE. THOREEKES
FURHMEEOREBEO-OOHEBENT TO—FFHIT 52, FREEREHENZROEBERDIEEEH
2T 5,

SEODMADEE

RHREROSREETHIERERETE. TEV—FRE. BE - HRICEAITIHEBETIVICKIHEIX.
HROFRO—EAEILINT, S5IZ, BIWDITEERERIZHES in vivo EHEIOE FOTEIEERICE T HMKE
FEAIICK - T, BHROFHTHIIEY— FREBEICHTIHARANERE DY MLa— T{/?@%i%ﬁo
Ty, 412, Deliberative Decision Making DA T DREBEDRREZBHIET, &5IC, a3a=45—T 3>
DINNEEDERAZEET, 612, IYVOREMELTEHICET 2HBEECHEBPEEET., KoF1+ =
VYR, EWMEHICHTIELWVEREZESEZS-OORMEAHAE LTILRSNZAER, ATAHFEENER, K
BEHEAZER, ¥Y—LEBR., #EF4FTIv I XICETIEBERTIRET 5.

MET—<

® BE - R, REICETIRASTAFI IR EBEDHE

O "NTOEHREROBEEL I A= Fr—2 3 VKRS A F
SO RADGH

O EROREZRDHAE

O ERDTEREDHBEHEBORE

® HFARANER, SUFLBHAZEROWR

O FT—LEAFTIHORODEFEETEHRA~DIGH

0 HEILELEFEFDOHE

The aim of this laboratory is to clarify the complexity embed-
ded in various biological phenomena, which may emerge over
multi-scales of space and time. Biological systems express a
specific complexity, which typically appears in cell differentiation
and also in functional differentiation. In cell differentiation, for
instance, it is not, in advance, determined that which part of
embryo becomes eyes. All organs are organized in accord with
the development of an individual as a whole system. A similar

organization is observed in the functional differentiation of the Embryo of transgenic cricket. GFP gene was
brain. Awhole brain acts as a system, in which all cortical areas expressed under the control of the eye-specific
such as a visual cortex are organized in accord with the devel- promoter. GFP fluorescence was observed in the

opment of a whole brain. In this laboratory, taking into account compound eyes.

these characteristics, we would like to construct a new system
theory, that is, a complex systems theory, based on the inten-
sive studies on various topics described below.

Research Interests

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

Hetero-coupled chaotic dynamical systems

Noised dynam_'cal SySte_m_s . . Confocal image of a gain-control neuron in insect
Neural dynamics of decision making from insect to man mushroom body (above) and a typical neuronal
Insect olfactory system response to odor stimulus (below)



DFEMIIBIZEDEF  Laboratory of Molecule & Life Nonlinear Sciences

DFEEmZES

Bridge Molecules and Life

HERSF. R, . FLTEEKCEIAG VAT LREICHARICESALGEASL, SH/OLAN)LTO “HIE”
MIVOLRNLETEELBERLGHEEZFEYHL TS, EAREEEL (X THARINSORIEIZKT 5 E LTHH
ié—ﬁ@%ﬁ%t&%ntﬁimiﬁmjf%U,%E%ﬂitrﬁ“
DEIBERURTLEEBBET H-HOF7 TO—FIZIL. KAILT.
) UNBRRNTF AL MBRMABILIIEN STV ORBBREOBREZHADHR NAT Y THETRUFENTFET

om%uanﬁmbﬁﬁmwrwkaﬁtﬁﬁL#%Tw(ﬁé?*ﬂﬁﬁ&#é HT. BEIE2 DM
HAHEREZRETDIETTURTLLEREZIRZADCEIEIRETH D, »
(15 MBREWAR] OEBREBLEMEAITLELDIZ, “ + v7§®>”&“ﬁFA7u7"®ﬁ77D—?§%
ELIT AWM OFEREMEILIL, /0L ONKEBEZECH LWES

LTWS, Cfth, B—

WRET—<

O EERIGOERZROBELZILICEITSBARALELADRE
O NFHRINT—AEAMLHEYEHIHFLWEREES R T LA
O HEREZHX -KEBROIERIGE & #ee 86, ERH
0 BE—RFnhtERAUW-HAEtR~DE

Biological system is composed of molecules, cells, tissues,
organs, etc with their hierarchical complicated interactions.
Resulting from a stimulus on the microscopic level, the system
can perform meso- and macroscopic functions robustly even
under thermal-fluctuating environment. Such functions can be
rationalized as a sequence of structural changes involving
chemical reactions triggered by the stimulus across hierarchies
of time and space scales. There exist two distinct strategies to
explore the mechanisms of such biological systems, that is, an
anatomical bottom-up approach which builds the system from
the microscopic molecular basis, and a constructive top-down
approach in which one develops (phenomenological) models to
capture some essential aspects of the biological systems. How-
ever, the former solely articulates the composite elements and
the latter does not exclude possibilities which end up with
models far apart from the reality because of the modeling. The
main goal of our laboratory is to understand the fundamental
principles of chance and necessity of aa“change of states”, and
to construct new concepts and methods to bridge the gap
between such two approaches for biological systems, enabling
us to unveil the mechanisms that bridge molecules and life
across hierarchies in time and space.

Research Interests

® Chemical and Biological Physics: Origin of chance and
necessity in changes of states in chemical reactions and
biomolecular dynamics

® Single Molecule Biophysics: New single molecule time
series analysis to let the system speak for itself

® Information flow across hierarchies of time and space
and its relation to functions, adaptability, robustness
and emergence in complex biological systems

® Application to biological system by single molecule
spectroscopy

EBERESFTIE, REBELICE

SRATLOGELAEET LS LEBIE
AIERANERGTRZEL T, BEREZHEAEELHEEDHBEZEIE> TS,

Two trajectories on an energy landscape,
both beginning in the reactant region, one,
orange, crossing the saddle to the product,
but the other, green, returning without under-
going the reactions. The phase space
geometry provides a transition state that can
rigorously predict the fate of these trajecto-
ries.

An illustration of single molecule detections
that enable us to monitor the dynamic fluctua-
tion of an interdye distance as a “microscopic
ruler” with the underlying time-dependent
state space network.

£kl OOENYDEMEWNZ D, £
BRICEAESPHEREZRET S YT
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BNEIEET > JMZE ) EF  Laboratory of Mathematical Modeling

FIEDEH CTHRRZHOSZA D

Capture phenomena from the viewpoint of the Mathematical sciences

MMEBRE T )L THIESE . T2 5 —7— FE LT, BARSLAS RS S £ MERZ OB AN L EE
FTH-0ONHEROEIEEELTLS,

HIEETILEIHRICLIBEOENTH S, BUEHEICL>THER RS EEET S EIL>THRIC
BOAENEANZXLEMDIENTED, SOICHZHMRFTICE >T, EAROLE VL EUHIEEEZRY H
FoENTREE LD, EENAEEEIERDORLIBEROAENEA WX LICEBOEREEZ 5 L%
BT D,

REOHEL., BAORELBTRERT IL—TEDRRAEEZToTWND, ZOHTEH, KRN 7
BEICHT DHMBETIVEECELDERAMETHY . N THEOKEBTZEL T, MBI EOREREN
EICGATERZNTEEOALBEBEIATING, S50, £MPONEBH TlL. MEMELT * —/ MEEE,
MBI D MIEE TILEICDVTHIERZ LTS, FAICMA. EUSEERAOKIERTO 4 MBMO 552
BESIHT 2RERMCLMYBATND, CALOWEL. £MEFHOORY FTZOHEAOBHENKL
CHIESh TS,

F-. ABMAEEEOREHEEZAN - RISLERICHT 2/88—>
BREOMBRTOBME S EERAVN RSB ORERITET> TS, Corneocyte
CNSEREEETICHT ZHEBRFEOERICEN>THY ., BEEA

T—IXD—DTHD, Epidermal cell

MET—< Basal cell

O EEVEICHT SEIEMEAT Dermis

o iﬂi*ﬁiﬁ & &Eﬁ%@%&iﬁﬁ@*ﬁ 3D simulation of epidermal structure

O EYETIVOEE & HIRMET
O BIRENEZICA L -BEEDRR O IR
O RICHERZRD/NE — VR

With mathematical modeling, numerical computation, and mathematical
analysis forming the foundation of our research, we aim to understand
biological and other natural phenomena from the perspective of the math-
ematical sciences. Mathematical modeling is the imitation of phenomena 3D simulation of cleavage of sea
through numerical formulae. By replicating phenomena on a computer via cucumber using a phase field method.
numerical computations, one can unearth the essential mechanisms hidden
within the phenomenon. Moreover, mathematical analysis makes it possible
to establish general mathematical structures for the target phenomenon. These structures enable one to give a
common understanding to the underlying mechanisms of numerous different phenomena.The nature of our
research also includes joint work with other groups working in the field of experimentation. In particular, our math-
ematical modeling of the skin barrier function is collaboration with enterprise researchers and, through our analy-
sis, we are expecting applications of our research related to antiaging and to the treatment of skin diseases.

Also in mathematical biology, we study models for cleavage (cell division), and the locomotion of amoeba cells.
In addition, we work on the mathematical analysis of Physarum, planar cell polarity, and gait transitions in quadru-
peds —the latter studies are expected to see practical use in the robotic engineering of biological motions.

Additionally, by using numerical techniques for global bifurcation structures, we investigate pattern formations in
reaction-diffusion systems, and we study the motion of liquid droplets via
variational techniques. These problems are tied to the development of math-
ematical methods for the model equations, and are also an important theme
of our research.

Research Interests

Mathematical analysis of self-propelled materials

Mathematical analysis of epidermal structures and skin diseases

Formulation of biological models

Mathematical analysis of self-propelled phenomenon using minimizing Simulation of liquid droplet

movements condensation atop a complex
Pattern formation in reaction-diffusion systems surface.
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Green Nanotechnology Research Center

AFAREZ—TR, T/ TIORMERBRELET ) -1/ R—
YavERAMELTRY., BHE - GHHEKRBEAIRIILF—EHBRIX
TL, 74 FUOBBVDRRZEELEYTRRTNNA R, BHEEF
KEEMRFLEDBREIRILF—T+ FZv IRy FT—0 1Y
B—T1—R, EHICEF. BETHOBIELRIATEDEHEMBLZEOH
RICMYBATHET, ChoDHARBRRE. MERFRHAERRY D
—JHREE BEORBETOD L) FOXEBOERN L EZEER
RIZEN->TLET,

With the aim of achieving nanotechnology-based green innovation, this
research center strives to study high-efficiency and wide-band solar
energy conversion systems, sub-wavelength devices designed for
efficient use of photon energy, ultimate energy-saving network interfaces
such as high-efficiency quantum state conversion elements, and materi-
als for the complete separation of carbon dioxide at room temperatures.
The outcomes of this research have led to large research projects such
as the “low-carbon research network core project’”, and organic
academic-industrial alliance research.

nEY—
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G)—2ITANZO AT DEF  Laboratory of Green Photonics

T /@S CHENICIRILF—7ZE1D

Efficient Creation of Energy by Nanostructures

TV—274 b ZAHARPEHETIE, €8T/ BEICIIBMELRT VT TOHEL. ThEKRBEMOK
EHRNPELTCERROKRERET DIAIAERRICERAT IHAREZEDH TS,

TR, KEDEEOHEERIENFERSGL, REAMHAT 5T /1 ADFHK. ELVEDHERD
HINRODONTWND, AHARDPEHETIE, BETIXEURBERTEES / BEN. AIRAEORNALEHET
BRTUTFHIZRHIELEERHL, KEFFOVELDOHEERZRSTES 151 Z2RIDZLIT@IILE, &
NIZEY, BOTOGIVYEETIRILT—RBREFARICT IABEMNGE, HRLBIFIISANHAFINS,

T, AARIHFTHEZTOTVIABEERR I AT AR,
KEBFRELTHELTLWA I EABALMNIHEL>TEY., 7
R ERNEBHFICEDIOTKDEILMIEICK Y BRENARE
THCENER SNz, RVRATLDERDHRBEHERAICHIT T,
KT oTTHoFBRBEB~DEFRHBREVER T E. BB
REFENRA - A A—DUTHBICLRYBA TS,

MET—<
® BEISAEVICEHT AHE
O NELTH - AIXREROTE

® I - AFRNKIGEMDEFE
® SERENRTS /T TS DG Two-photon-induced photopolymerization by a weak
® EETA PV IERDOHAE incoherent light source

We study on highly efficient optical antennae based on metallic
nanostructures, and develop solar cells as well as artificial-
photosynthesis systems which evolve oxygen and hydrogen as a
result of a photolysis of water.

Since the probability of light matter coupling process is not so
large originally, effective utilization of light in optical devices is
needed. We have recently elucidated the possibility of plasmonic
nanostructures as an optical antenna for visible and near infrared
light and enhancing light matter coupling process. Applications to
various fields are expected such as a solar cell enabling light

energy conversion with a small amount of substance.
Plasmon-enhanced photocurrent generation with

Furthermore, the photoelectric conversion system employs visible and near infrared light

water molecules as electron sources. To study further detailed
mechanism of the light-energy conversion system, we also
address ultra-fast spectroscopy and imaging for the purpose of
pursuing electron transfer dynamics from optical antenna to
semiconductor electrode as an example.

Research Interests

® Localized Surface Plasmon
@ Near IR Solar Cell

@ Artificial Photosynthesis

@ Design of Optical Antenna
@ Metallic Photonic Crystals

Near-infrared light induced water oxidation



HEBEFTF /MRAZEEF  Laboratory of Nanostructured Functional Materials
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Novel photonic and electronic functions using nanostructures

LZHRETIE. MHOREELURBICHR L -MHEEBEICLI2H-EAEFREOHARICIRYMA TS,
CD&SHEHEEIL. HIBHRBIE. BRRE. Bith. T/ NAALBEDEBLEVDBETERINTEY. §%1—F
DEELENKRDLNT LS, BERFVYIH/NILGEHMHEMAHRBELAZRFORTIC2ZRTMICERET 5 &0 AR
EOASAEOKRFEN/NES DWREFHIEEEENRKIRT 5, HLlE, DELOERME T, HHAEE & MEMEIC
BNf-tS3IvIE—IREEEL, HSALUVARBITEESA TV MTBIEICHMILEE, —A, BERE
EIEE (RXB%EE) OB I — FEFEFEFAL-RA TS XEUERIGICK > T, THROBEMET T, /\OY
VSUTHTORMETH., MBEHERNA A —DEHAICKRHETEDSIEFRIA Lz, o2, RO DEEKR
HENADICAZBEELT,. ZEOTO LV ZEETH) VBRIEAS AORAHEICRYBA TS,
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Our research group focuses on the development of new optoelectronic functions provided by nanostructures
formed on/in several materials. Such functions are strongly required in the fields of optical communication, informa-
tion appliance, electric battery, nano-biotechnology, etc. 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 using a ceramic mold with excellent thermal and mechanical proper-
ties. This result is expected to be a core technology to sophisticate next generation optics for imaging and sensing.
Meanwhile, the enhancement of surface plasmon field is studied using silver coated gratings with period compa-
rable to incident light wavelength (resonance domain),which realized to detect an ultraweak fluorescence image
under a commercial microscope using a halogen lamp excitation. Furthermore, phosphate glasses containing a lot
amount of proton are studied for the next generation middle temperature fuel cells.

Research interests

@ Functional Transparent Dielectric Materials
@® Sub-wavelength Photonic Materials

® Development of Proton Conductive Materials
@ Study on Fractal Nanomaterials

N
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T/ﬁ‘ﬂ%%ﬁﬁ?*ﬂﬁﬁ%ﬁj\ﬁ Laboratory of Nanophotonics

FEBEFDEFREME CEBREFEILRFZEID

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

KF - BFEVERNBELMDEFEZDHEEEREFNET S ERFXBZTREEVA, AT REFE
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Next-generation highly secure information networks require photonic devices based on new concepts and high
functionality. Our laboratory develops nanophotonic highly functional materials and devices by (l) Preparation of
nano-structures such as quantum dots to control electron number states, (lI) Development of technique to convert
individual photon polarization state to electron spin state and vise versa through quantum dots, (Ill) 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 supercon-
ductor and optoelectronics.

Research Interests
® Growth of semiconductor quantum dots and spectroscopic studies of single quantum dots.

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

@® Conversion of photon-electron quantum states via quantum dots.
@ Fabrication and simulation of metal-embedded quantum dots and study of on-demand photon source.
@ |Interdisciplinary research on superconducting photonics and its applications.

Proposed scheme to generate entangled photon pairs with
Photon correlation measurement result to show photon recombination of electron Cooper pairs and holes in a
anti-bunching of photons emitted from a single quantum dot. quantum dot.



> /TP JUMERIZESEF  Laboratory of Functional Nanomolecular Materials

DFESRICLDRREMEMHDRIRZHEL T

Towards the Realization of Functional Materials Using Molecular Assemblies

DFNEEREZELIME (BCEELE ZAHALTEBRFIUATLZRIEL, ThixEalt - £1ELT S
CET, RMRDOAVELA—TA VI VRTLDEODRFF/ TINA AREHESHAEMHOBELFRIELT
W5,

1DDRFITHDAFE2RETINHEERFEL. PFNBRIZFYETF T, BELERBBEEBRIT LS
[ZHOMILOHDFEHRTT S (DFTOTSL) ZET, DFMLRMLAT Y TOFETERIFIURTLE
Wit 5 EMNTREL D, FENFURTLOEEY MM - MEERIEZITL. BIZEASZI=-v rET D
EREEEANTOTFT/ FTINAROZAMMEEREET S,

BHEMICZIE, BRFLZORENOAFHER, PFHMERZREZALGEL. 2FA—4F4—0O(FoF v ORI
BEDBRFRELNFHER - D FHMEARELZBCERBEICEVESIET S LT, FHRBEEMEERAL
TW3, -, INSEBYPFIURTLNLOEE, €1/ MFHEF /YA XDOMEEEI =y FZBL. T/
A RGA~NDERZER > TS, S5I2, BUEEOCKRESHEEN L TEB/ AV EAMS FEEHEICER
SEEEAMEEHAERADOSRHEMAETMLITo TS, FEXNESFE LT, EEMICNZEEYOLE
BARGEEZHRGAFERYHZ->TLS,

RT—Y
HEREEHE N FREZHARAAT
FHEK - A - FERORIR
B FE—F—DEFE
T/ RTFEESHRDOBEL T/\/4 XEM
RIFFVARL—FE2RAVEEBYFRBEDHEL
ekl Ferroelectricity and polarity control in solid-state
ZERIERFBDHOI-ODZIEMBERK supramolecular rotators
ZMEFRHZ K D ZFHEMEOEE

o0 000 0%

Towards the realization of Functional Materials using
Molecular Assemblies, we develop the “Integrated Molecular
Systems” through molecular-assembly processes, which are
further assembled into molecular nanodevices for future com-
puting systems and high-performance porous materials.

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, Porous metal complex assemblies with high
electronic and porous properties of the molecular systems selectivity and low-energy regeneration
and fabricate nanoelectronic devices using the molecular for carbon dioxide gas
systems as active units and applicative porous materials.

We are now studying on (i) supramolecular structures of molecular rotors and ionic channels with molecular
conductors and magnets toward the development of novel functional molecular systems, (ii) thin films and nanome-
ter size units such as gold nano particles from the integrated molecular systems toward molecular electronic
devices, and (iii) porous metal complex assemblies constructed from metal ions and organic molecules via coordi-
nation and hydrogen bonds. In addition to organic molecules, we use inorganic molecules and metal complexes as
target molecules.

Research Interests

@ Molecular conductors, magnets and dielectrics with supramolecular functional units
@ Solid state molecular motors

® Assemblies of gold nano particles and device application

@® Supramolecular assemblies with polyoxometalate

® Porous materials for carbon dioxide separation

@ Porous materials made of cheap raw materials

—QUR S

—VONOYIN M
U—COH=R
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TERTEEIERTZE 0 EF  Laboratory of RIKEN Alliance

AR NERICHERES )\ ADEIK

Functional optical materials and devices

BILEEMESTIE. EFREHRN EBILERRRERRARN &N T TN o 1 ARELF ORI £ 184
MICERALEN OB THREERT 5-OICRESNBRTHS, ARARLPFTIE. F/ A—FLRT—L
DATBEREZE S -FH L VAFIERTEHAR L. TAZRAVTRREBEELGIREBICE S EHERLEL
T A ROSAEM M, KEFTNAADERREZHEL TS,

BERK, T/ A—PMLRAT—ILOEEBELAREOBERRE IS AEVEN LEHEEERAZFALTEY
RIZAFERHIEL, TOIRLF—ZEBRTIRTFOERZEREL T, EXRTFORFLRERERIAZIToTL D,
BFHRIVVIZIT4—HGoUITT LM BRAL—F—MIKMERAVEALERS / BEKREERL, ZD
HEFREEFRN~AR~ENDLOVRRFEHE TR L TEHEL TS, F=. SFERZAVEERRHEZ
ABWTEDRRERBNSA—FIZT4— NV I SETVD, ChoDERMCBEDREILEZITL. EDFE
NEDHEREEDTLND,

MRET—<

0 ERT/BERERAVEENRABLRIRT /A ADFHR

Laboratory of RIKEN Alliance is expecting to develop new science and technology in optics and photonics fields
by combing knowledge and techniques of the Research Institute for Electronic Science, Hokkaido Univ. and RIKEN
Advanced Science Institute. We are developing new methods for controlling the propagation of the light (photons),
and apply them for high efficient photovoltaic devices, photocatalytic materials, and optical quantum devices.

We are developing new photon trap device using plasmonic interaction of photons with nanometer scale metal

structures. We are fabricating nanometer scale metal structures using electron beam lithography and femtosecond
laser processing, and evaluating their optical properties from the wide-bandwidth spectrum from UV to far-IR.
Numerical calculation of the electromagnetic field is also done and its results are fed back to the experimental
parameters.

Research Interests

@ Strong field coupling of light with nanometer scale metal structures and their application for high efficient
functional optical devices

Fourier Transform Infrared Spectrometer Scanning electron microscopy
(FT-IR) image of gold nanostructure

Electron beam lithography system

B
W
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A A—3> 01> /ST — Nikon Imaging Center (http://nic.es.hokudai.ac.jp)

A A= VI OREE IR FFE

Providing, improvement and development of Bio-imaging technologies

TAVAA=D VTRV N T A A =DV TEMICET SRELHRMBR. 5 VIEHERMEAFES &
VEDEYFHARADICAZEHEL . A2 LEHBEERMEEEREDEERILLLVITEKRIIE T 2HFHRE

NDEE., FHECERMNGRRZEMELET,

FEE

O REGDBWBEAA—DUTHBEREL., EBHAEDIR
BoRHE

O FEWBICAEADBVVHARENMNSGNAIY RA—HY—F TS
FIFELRLRNLIZEDLDE THEMEREZDO FL—=250—X

O HEMBEL—Y—DT7ATT7ERMLEHEBHMERMNTORR

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.

Activities

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

@ To provide training courses on basic and advanced micros
copy

@ To develop new microscopy techniques incorporating specific
user requirements

Real-time Confocal Microscopy.

High Speed Laser Confocal Microscopy

Multi-Color Fluorescence Microscopy

TIR Evanescent Microscopy



SOEHEEHEEEZE  Promotion Office for International Alliance

EA. BN EDFHUWEITHE R R OHEEC@IFC

Promotion of New Academic Joint Research with Domestic

and Overseas Institutes

BEFHZEHAEME. BROIDOMEM. 7OT7DI3DOMEM - Lo 2 —EXRBELZMBE L. R¥v T
PEEDORR, DaA VP URDOLECHRAPRR IO ) FEBBHICERL TS, ERESIELES
F. CWFETOEREEEZDZRESE T, BREEICEIIRENE - CEHBEORENEZES LB, B
ARy bD—ODNTELTEETHERE - BIET H-OICEHUFECRESN-LDTHDH. BERNOH

BEiry bIO—0 EBNORTMERBRY FT—IMNERETHTOT S LG ELFHELTLS,

EFE e EH

O BEE, BANOOBREZRBHLT, T—YE—XFOEFTRIEBRVKROOLA
O BHAREE & DEMBEREE (201246 AR TRCKIFATRMHES. 7 O 7 IF3EHE)
0 XHAZEM#RMRER. JSTHRMERHZRMIGAHESZEE,M (2007-20124)

0 £YFLBDEEOFENERLRAEZEET SAEa—< Y- JAVTAT7 - YA I VR - TAYTS LA

T35 NEZE2007TFE 14, 2010F24
O Bh-BRARHARIERSSINLIKNIA FIT7VERE

144 (20104F)

0 ENn-EEERMEERE Science2007,2010, PNAS2008, 2011, ACS Nano20124t:

The Research Institute for Electronic Science has academic
exchange agreements with three research institutes in Europe
and U.S. and three research institutes/centers in Asia to
promote exchanges of staff members and students, and joint
operations including joint-symposiums and joint research
projects. The Promotion Office for International Alliance which
was established in 2012 aims to take the role in planning and
consulting to build an international coordination and to
strengthen collaborative works as a hub of international
networks by developing International coordination. We are also
planning to launch a program to enhance a global collaboration
among the networks of both domestic and overseas institutes.

Examples of International Cooperation Activities

@® Annual international symposium with guest speakers from
overseas, the theme of this symposium is expressed as a
single letter in Chinese characters.

@® Academic exchange agreement with overseas institutes
(three research institutes in Europe and U.S. and three
research institutes/centers in Asia, as of June, 2012)

@ Bilateral joint research programs supported by the Ministry
of Education, Culture, Sports, Science & Technology in
Japan, Japan Science Technology, Strategic International
Research Cooperative Program, nine programs, as of
2007-2012.

® Awarded Human Frontier Science Program Grant Prizes
which promote interdisciplinary collaborations in biology
constituting more than two countries (Awarded one in 2007
and two in 2010).

@® Awarded a Daiwa Adrian Prize which is given to a signifi
cant scientific collaboration between British and Japanese
research teams (2010)

@ Significant achievements of international joint research;

Science 2007, 2010, PNAS 2008, 2011, ACS Nano 2012, etc.

J—=NIVERE THHERE R EEBV
ERRIE[E3[20% s NN A
2010£3A25-26H

B BB AR & DA ST 7 i T A
2012%1824H

DRI
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> /T OEERSET Promotion Office for Nanotechnology Collaboration

7/ T OZRWCRimtt R a5 T D

Promotion of Advanced research through Nanotechnology Support

;7 T EERERISBMMMIE S /5B - oM EF—T—FET D ThRInRFEEEMN 28U, £- 8
F - REVEFIET EFHBEOFT/ T84 RBIR G 5 NICHgae T/ MERIHICEAT 2. Hilf - EREAXED
i%%ﬁé“uiioa¥ﬂ%ﬁnﬁtu #340mD o 1) — L —LRHIZEB LI2EDBESEEEFE— L

HE, 7TOXTYCVDEE., FIAIYFUOVEELREOBMMAMIEERICMA., BEETMEE (STEM)
%ﬁ4¢zt LITEE (FIB) . B0 REeXREEELEDFT /58 - PMEBZEHX. 7+ b=yt
BTNARPTSAEZ VI TNARBEDERGH T/ TINAR - ITYUTILOMERAKEEXELEFT, £1=
hd by TEYUMBHERERELTTELS, REAT7YTTFH /00— ICBTIXELITVET,

CNLICMAT, FRUEEFRIROFT/T9/05—TS5y b I7+r—LEE, TR2L2EEFRROBEREAE
FYRIT—OFBEL N EXHHPEEOEGERERALREEETENDEREEZE L CTEEOKE - ARITFZEHE -
Rt ¥(Cx L TEBMIZH/ T2/ 00—(CBT3XEICRYBATHETD,

Tz, Bl RBEOEFEEETXOHECILBERAEMEE
BEOERMELZENBOLAMKE., REGELOERMAELIE
BHIIZITo>TLET,

CDESTFH/ TUEEHEZTIEIEFREAERDOEHHE
WERDHLRILIZET A R— &, A - BT AORFEIZDLY
TENLREBRETICHBMM DERMICHR—FLET,

ERAE 30

® EBEHMMIOMEXE

® /A - BHOMRXIE

® 3/ 70/ R —IcHT SHARAMRME Cleanrooom:340m?
® FERHNH D DM Z AT

Promotion Office for Nanotechnology Collaboration supports
research and development of new nanodevices and new nano
materials to control photon, electron and spin by nanofabrication
and nano-characterization and analysis. Especially, based on the
concept of “the integration of open advanced facilities and technol-
ogy”, applicants are able to research on nanotechnology and use
the instruments without any investment for expensive equipment.
RIES has ultrafine processing facilities including two ultra-high
precision electron beam (EB) lithography systems, a plasma CVD
system, an atomic layer deposition system and some dry etching
systems in our clean room, and nanoanalysis facilities including a
scanning TEM (STEM) system, a focused ion beam (FIB) system
and X-ray Diffraction (XRD) systems.

In addition, Hokkaido University is selected in “Nanotechnology
Platform Program” and “Low-Carbon research network Japan
(Lcnet) program” under the support of the Ministry of Education,
Culture, Sport, Science and Technology (MEXT). We offer technical
guidance and consultation regarding research, technology, and
product strategy.

EB lithography system

Main Objectives
@ Support for micro-nanofabrication

@ Support for nano-characterization and analysis of
materials

@ Promotion of nanotechnology collaboration

@ Consulting services for nanotechnology research
Scanning TEM system



1 fif BB Division of Technical Staffs

iZsiE R EFR

Technical Support and Equipment Development

BRifigplE. YR T LRRERM S KREFRRNMNGH D, YR TLRAREEMNE. FEOFEMRMEZANT.
D) —2I— L - B, BEFEERRET. #EGE. NA A A-D0T FEEKF/HMEMI. L®-1E
Ry bI—0 - RARFAOV T TH A NEBEELGE LV o, BTG XIEEZTo>TLS, Oz, BF
MERRFOXBOESE - RBEOEE, REERITRARAH LEERFE~DREET R, FNBESOIIEK
BEAORIGHEE, HRAEFRICELIZIELT o> TS, EERERME. BEIFICLYEFSINIERE
BRI DBAF - "WIEICH=> TS, BMIMEZETIE. XTULADBETHIE 7L VinhE, KERE - #ito
FARABRBREDTHEEBMZRANT, ECORBREEDRFE - #MEZToTLVS. BAFIFK. 7ILIBERRICELD
HABEFICDANTESRHZRA TN D, HASRAIHETE, XELVX - TYUXLEOMIEHE. RTV
LRABGHAREADAN—LEN L TOHFOBRBEDOEM - TOMAET 17—, FEEEREILOREEZT-
TWa, Ff=. FEMIEFAS DO OEMEHK. BEREL EORMIERFAICHLINZA T D,

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 Devel-
opment 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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—iﬂﬁﬁﬁﬁ Open House

BFREMEATE., FIFE. 6AOIRRABABMPIC. —BLARAEEBELTOVET, 2008FICEFHIFR
Fr oA odtF v UNRICHBELEZZ EITED, 200FEEMGFIEF v /N RATHELTVET ., REMN
ERETEROLSIPRF v NI LEENT-120, L18EMAMLADE2Y O— (BEEL2I V—) ZEME
TIPRBENDTIREHL LELZ, 202FEDRBZERII0ANEZBR. FELALRATTELOHMRD

ARDNBRFORZICMNSRFOFZELGTY T L,

RIES is annually open to the general public during
the Hokkaido University Festival period in the month of
June. With RIES having moved to the northern campus
from the central campus in 2008, the RIES Open House
has been held in the northern campus from 2011. As
the northern campus is at some distance from the
central campus, which is crowded with people visiting
Hokkaido University Festival, we have made efforts to
improve accessibility for visitors by, e.g., operating
velotaxis (bicycle taxis)for free from the North 18 jo
gate. The number of visitors in 2012 surpassed 1,000,
and the RIES Open House provided people of all ages
with an excellent opportunity to experience state-of-
the-art science.

/
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%:J\Jl \‘J'le International Symposium

BFHEMEMATE, 199F L YRBICEBRY VRSO LFRELTVET, COVURSOILIK, £, &
F-#E. £@. BEOLH CEBNAGRLVEEZBET LI LANENT, EaFOMEEAI/ R—2 3
DILERIZBNDEEZEZTVET, BEEDLVURSYHYLEFNREFNIZ, T—VEZRTEL. TONBE—XFNDE
FTERBELTEFELE. UTIE. C#EOT—IZEDONE-EFETT,

RIES is independently holding the international symposium every year since 1999. This symposium aims to
establish a wide area international relationship between the researchers in the scientific fields of “Optic”,
“Molecule/Material”, “Life” and “Mathematic”, which should help to merge the several advanced topics in different
scientific fields and to accelerate the innovations in related fields. The aim of each symposium has been symbol-
ized using a single “Kanji” (Chinese Character). Followings are recent characters and memorial photographs.

The 12th RIES-Hokudai International Symposium(Dec.201 1)

2009 2008 2007

Discovery of hidden Development of theories for complex Creation and development
mechanisms or rules systems such as living cells and using
in nature macromolecules nano-technology
(Prof. Nagai) (Prof. Tsuda) (Prof. Misawa)
[Bi]

2006 2005 2004
Understanding of Creation of new paradigms Exceed something
nanoscience and of sciences or

nanotechnology on life go across over something
(Prof. Tsujii) (Prof. Ueda) (Prof. Nakamura)
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Section of Photonics and Optical Science
K RAT LYIERE S EF

R EA HE BENEMAR BRILINDZIX
HEER BR wE BEREmEA BRILINOZIX
B 8 CBH fE BERZEWER BRILINDZIR

HETFHERARIE

R A B BEREWER BRILIbOZIR

BRI IR s BEFR mER

B B EA = BEREWER ERILIb0ZIR
B B BER EE BEREMER EmILIbOZIR

Je—LYNEHRRDE
B R OF SR BEREMEN e ABBERE

B) # MCNEWTON 1BERMZMEH L ABBHNZ

B 8 AR BE BENEMAN £ AEBEENZE
YEFIFIRFIERRT

Section of Material and Molecular Sciences
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