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The Research Institute for Electronic Science started newly in April, 1992 for con-
ducting pioneering works in a new interdisciplinary or transdisplinary reseaiqh a”éa
named "electronic science". So, in addition to studying the respective targets fr
the rather established academic fields such as electronics, chemistry and physics, .W"
have also focused on unraveling the mechanisms of living organisms at several I
els, and exploring significant features of light, thereby to provide a new basis ﬁ)’br 1
developing novel materials, devices and systems in future electronics. [

adjunct for guest professors. It takes part also in education of Graduate Schools
Hokkaido University. We have 110 graduate students at present.
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Director
Professor Kuon Inoue

Section of Electronic Materials
Laboratory of Electronic Structure
Professor Nobuhiro Ohta
Res.Assoc.  Nobuo Takenaka
Res.Assoc.  Naoki Osaka
Laboratory of Phase Transition
Professor Toshirou Yagi

Assoc. Prof.  Yuhji Tsujimi

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

Res.Assoc.  Hidekazu Kumano

Section of Intelligent Materials and Device
Laboratory of Quantum Electronics
Professor Kuon Inoue

Assoc.Prof.  Kazuaki Sakoda

Res.Assoc.  Jun Kawamata

Laboratory of Molecular Devices
Professor Masatsugu Shimomura
Assoc.Prof.  Kuniharu ljiro

Res.Assoc.  Masaru Tanaka

Laboratory of Supramolecular Biophysics
Professor Mamoru Tamura

Assoc.Prof.  Masataka Kinjo

Res.Assoc.  Goro Nishimura

Res.Assoc.  Yasutomo Nomura
Laboratory of Celluler Informatics
Professor Tefsuo Ueda

Res.Assoc.  Takashi Jin
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Scientific Instrumentation and Control
Optical Systems Engineering
Keiji Sasaki

Shigeki Takeuchi

Junichi Hotta

Electromagnetic Sensing
Shinya Kuriki

Tetsuo Kobayashi

Yoshihiro Hirata

Fumiya Takeuchi

Biofluid Dynamics

Takeshi Karino

Shigeo Wada

Kouichi Niwa

Biomedical Control

Koichi Kawahara

Takeru Naiki

Yoshiko Yamauchi

Informatics and Processing
Nonlinear Studies and Computation
Yasumasa Nishiura

Ryo Kobayashi

Tatsuo Yanagita

Makoto lima

Neuro-Cybermetics

Tateo Shimozawa

Makoto Mizunami

Yoshichika Baba

Signal Processing

Nobuo Nagai

Masakiyo Suzuki

Hirofumi Sanada

Sensory Information Engineering
Tohru Ifukube

Shuichi Ino

Norihiro Uemi

Chikamune Wada

Parallel Destributed Processing{Adjunct]
Shinji Nambu

Yutaka Kawabe
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Electronics Instruments Laboratory

Head: Prof. Tohru Ifukube
Assoc.Prof. Toshiaki lwai
Res.Assoc. Katsuhiro Ishii

Division of Technical Staffs
Head:Prof.

Kuon Inoue

Chief Eng. Norio Kuroda
Senior Eng. Tsuyoshi Ushizaka
Senior Eng. Kiyoharu Kamada

System Developing Group

Group leader  Mitsuo Hoshiyama

Seniour Eng.  Hideo Ohnuma
Technician Norishige Nagai
Techinician Tatsuji Meike

Equipment Developing Group

Group leader  Takahide Ishizaka

Senior Eng. Yoshikazu Tsuchida
Senior Eng. Takao Ohta
Technician Yasushi Hirata
Technician lkuo Yamakawa

Administrative Office

Head: Masami Tokumasu
General Affairs
Chief. Admin.  Takatoshi Yamaguchi

Adiministrator ~ Tomoko Orita

Adiministrafor ~ Tsuyoshi Sato
Accounfant

Chief Admin.  Shinichi Kobayashi
Seniour Admin  Manabu Mineta
Seniour Admin  Miho Asano

Adiministrator

Library

Tomoaki Ichikawa

Librarian Mineko Nagano
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Section of Electronic Materials

Basic properties of materials for the advanced elec-
tronic science are investigated in this section. It covers
organic and inorganic compounds available for control of
electrons and photons, and optical, magnetic and elec-
tric properties of materials are examined in substance.

The section comprises the following four laboratories:
Photophysical Chemistry (photon-electron interaction);
Phase Transition (collective motion of atoms and mole-
cules); Molecular Electronics (electronic structure of
organic compounds); Optoelectronics (basic properties
of materials for optoelectronics).
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Interaction between photon and
electron has been investigated theo-
retically and experimentally for mol-
ecules, molecular complexes, molec-
ular aggregates and molecular
assemblies, with a special attention
to "Dynamics" and "Structure" of
photoexcited species and "Photo-
Functionality" of materials.

Electoronic Structure

Excitation energy transfer, photoin-
duced electron transfer, proton
transfer and complex formation in
the excited states, which are prima-
ry processes of many photochemical
processes and play a significant role
in biological systems, have been
examined, based on the measure-
ments of emission spectra and their
decay profiles. In order to elucidate
the relation among "Dynamics”,
"Structure" and "Photo-Functio-
nality", 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 a
ultra-fast, ultra-efficient and ultra-
selective photochemical process, as
is seen for photochemical processes
in photosynthetic reaction center,
and to produce a new material with
a new photofunctionality. In order
to induce a characteristic photo-
chemical processes which is applic-
able for a design of the new material
having a new functionality, photoex-
citation dynamics and photoinduced
electric and magnetic properties
have been examined in molecular
assemblies and linked compounds
with higher-ordered orientation and
arrangement.
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Phase Transition

The study of the phase transition
of condensed matter reveals new
dynamical properties useful for syn-
thesis of noble materials for elec-
tronic science. These valuable prop-
erties are usually hidden under a
stable condition of the material.
The fluctuation of the physical
quantities near the phase transition
elucidates these valuable properties
of materials. We study many kinds
of phase transitions under unstable
condition controlled artificially in
order to obtain the atomic picture of
the phase transition mechanism.
We observe the dynamics by the use
of CW and pulse lasers of pico- or
femtosecond time width. The laser
light detects excellently fluctuation
dynamics near the phase transition.
We treat here widely the phase
transitions in ferro- and antiferro-
electric crystals, ferroelastic crys-
tals, polymers, quasi-crystals, glass,
liquids in addition to melting and
crystal growth phenomena.
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Towards the Molecular Electro-
nics, we develop the molecular
assemblies with novel electronic
functions based on cooperative phe-
nomena.

We can modify the electronic
structure of molecular assemblies
by regulating the overlap of frontier
orbitals between molecules. Design

goboooooooooooooocoooooon

Molecular Electronics

coooooooocooooooo

of frontier orbitals as well as the
construction of molecular assem-
blies by controlling the overlap of
the orbitals are the key to realize
the cooperative phenomena in the
electronic system, through which
we develop novel systems of nonlin-
ear electronic functions such as
switching and memory effect.

To obtain functional molecular sys-
tems through self-assembly process-
es, we program each molecule in
advance a scenario to highly
ordered structure. As for the con-
struction of molecular assemblies,
we utilize the crystal engineering
from the viewpoint of supramolecu-
lar chemistry, Langmuir-Blodgett
(LB) and self-assembly-film tech-
nique. In addition, microgravity
condition is applied.

The molecular assemblies with
conducting, magnetic and nonlinear
optical properties are studied in
terms of solid state physics and
chemistry, aiming at realizing non-
linear electronic functions based on
cooperativity in the assembly. In
the future, these molecular assem-
blies will be extended to the bio-
mimetic computing system, in
which molecular assemblies are
self-organized to form a dissipative
structure.
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Optoelectronics

Quantum confined semiconductors
such as superlattices, quantum
wires, and quantum dots show dis-
crete electronic states. When opti-
cal fields are also quantized one- to
three-dimensionally, the interac-
tions between electrons and photons
are drastically changed with the
control of both quantum states.
This has possibilities to realize
high-performance optical devices
with high-speed capability and
extremely low-power consumption.
In our laboratory, semiconductor
technologies necessary to realize
this scheme especially in nitrides
and II-VI semiconductors are devel-
oped: 1. AFM/SEM nanolithogra-
phy. 2. Growth processes of wide-
gap nitrides. 3. Growth and charac-
terization of narrow-gap III-V-N
nitrides. 4. Pyramidal photonic dots
and optical microcavities. 5.
Excitonic properties of wide-gap
superlattices and quantum dots. 6.
FDTD simulation of photonic quan-
tum structures.
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Section of Intelligent Materials and Device

-

0000000000000 000000000000O0g The present section is to carry out basic studies for
0000000000000 0000D000o00oOoOooDOoon high perfomance electronic devices for switching, ampli-
000000000000 o00ooooooooooooo fying, memorizing and sensing signals of any from, utiliz-
O000000000000000000000000onn ing inorganic,organic and bio-materials. The section is

composed of four laboratories: Quantum Electronics,
Molecular Devices, Supramolecular Biophysics and
Cellular Informatics.
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Photonic crystals are capable of
controlling the radiation field and
light propagation characteristics.
By fabricating a few kinds of attrac-
tive crystals, we have been studying
their optical responses and attempt-
ing to find new phenomena, to
thereby develop novel devices in
future optoelectronics. We have also
been revealing their photon states
from the theoretical point of view,
which is a key problem for the above
purpose. We are also exploring novel
physical properties in semiconduc-
tor quantum-confined systems such
as quantum dots and organic com-
pounds; the latters include novel
metal-assembled complex, function-
al dyes and organic amorphous
materials. A final target of those
works are to develop new nonlinear-
optical devices such as a frequency
converter and a large- capacity
memory by utilizing a persistent
hole-burning effect.
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Molecular Devices

Bioorganisms are capable of effi-
cient energy transformation, selec-
tive 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 molecu-
lar assemblies with micron size
structures derived from dissipative
processes. The research aims at the
development of chemical sensors,
artificial photosynthesis systems
and information processing devices.
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Supramolecular Biophysics

Biological system is the typical
example of the general concept of
supramolecule, where the numerous
functions are originated from the
complex interactions among the bio-
logically active molecules, cells, tis-
sues and organs. Using non-inva-
sive techniques, such as optical
method, our research is targeting
the functions and structures of the
system from the single molecule to
brain, for understanding supramole-
cular system. Furthermore, various
new optical techniques are develop-
ing to analyze these systems and to
establish the new methodology in
biomedical field.

1) Analysis of the higher brain func-
tion by optical imaging technique.

2) Investigation of tissue spec-
troscopy using time-resolved tech-
nique, correlation techniques such
as diffusing-wave spectroscopy and
fluorescence correlation spec-
troscopy, and single molecule detec-
tion method.
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Cellular Informatics

A cell is the smallest system where
dynamism of life works autono-
mously. Emergence of cellular func-
tions is studied in terms of hierar-
chic selforganization in chemical
systems far away from equilibrium.
The true slim mold is a giant amoe-
boid cell and is useful for this pur-
pose. Cellular information which
governs cell behavior and morpho-
genesis is studied in terms of spatio-
temporal dynamics of both metabo-
lism and gene expression.

Our current projects are. sensing
and judging mechanisms of environ-
mental information, origin of biolog-
ical rhythm, organization of
cytoskeleton lipid metabolism, posi-
tional information in morphogene-
sis, "calculation" by a cell.
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Section of Scientific Instrumentation and Control

In this section, investigations are made on the mecha-
nisms and implementation of flexible and adaptive con-
trol systems, such as those of a living body, based on
the metrology that relies on parallel, interactive, and
high-speed characteristics of light and electron waves.

The section comprises four laboratories that are
Optical Systems Engineering, Electromagnetic Sensing,
Biofluid Dynamics, and Biomedical Control.
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Our group investigates advanced
technologies of optical measure-
ment and control utilizing temporal
and spatial characteristics of laser
light, which lead to ultra-fast optical
devices and optical nano-sensing
and nano-manipulation systems.
Basic researches on quantum com-
putation and quantum communication
using photons as well as quantum
electrodynamic devices are also pro-
gressed, which are useful and
promising as future information
technologies. Research topics
include (1) nanometer-space poten-
tial analysis with radiation pressure
of laser, (2) emission and energy
transfer dynamics within a micros-
pherical cavity, (3) near-field
microscopy with an upconversion
microspherical laser, (4) time-
resolved scattering spectroscopy of
nanometer-sized particles, (5) linear
optics quantum computation and
entanglement manipulation of pho-
tons, and (6) multi-photon detection
devices and single photon genera-
tors for quantum cryptography.
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Our studies are focused on super-
conducting quantum interference
devices (SQUIDs), including high-
temperature-superconductor
SQUIDs for practical measure-
ments, and their biomedical applica-
tions. Based on the high spatio-tem-
poral resolution of SQUIDs, cortical
loci and their dynamics of neural
activities underlying various func-
tions of the human brain are visual-
ized. Auditory/visual sensory func-
tions and higher functions including

0

101
200}
300
400
SO0
6O

?Dt}-

[ms]

Electromagnetic Sensing

awareness, memory, language, and
music comprehension of the human
brain are elucidated by multi-modal
approach using the SQUID, func-
tional MRI, and high-resolution
EEG, supplemented with behavioral
measurements of eye-movements
and/or reaction time.
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Biofluid Dynamics

Atherosclerosis, aneurysms, and
anastomotic intimal hyperplasia
develop preferentially at certain
sites in the arterial system such as
bifurcations and curved segments of
relatively large arteries where flow
is disturbed and formation of sec-
ondary and recirculation flows
occur. Hence to elucidate the mech-
anisms of localization of these vas-
cular diseases, the effects of various
physical and hemodynamic factors
related to disturbed flows on the
surface concentration of athero-
genic lipoproteins at an arterial wall
and their uptake by wvascular
endothelial cells are investigated
both theoretically by means of com-
puter simulations of the transport of
lipoproteins from flowing blood to
an arterial wall, and experimentally
by carrying out mass transfer exper-
iments of lipoproteins and model
particles using cultured vascular
endothelial cells and real arteries
harvested from experimental ani-
mals.
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Our research activities are based
on the systems approach, in which
the living body is taken as an inte-
grated, information-processing sys-
tem consisting of broadly distrib-
uted, autonomous-type subsystems
having the plasticity. Our current
interest includes functional meaning
of the biological rhythm fluctuation,
information-processing mechanisms
in the central nervous system, adap-
tation and apoptosis of the neural
system, and genetic response and
tolerance to brain ischemia. The
final goal is set on establishing new
information-processing theories and
control algorithms based upon the
findings obtained through the
approach, and applying them to the
engineering and medical fields.
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This section conducts basic researches on the devel-
opment of electronic information processing for automat-
ed reasoning. The section comprises four laboratories.

Section of Informatics and Processing

TR | 3 7 ]
l-

1.t

Laboratory of Nonlinear Studies and Computation
researches into mathematical structures of pattern for-
mation of dissipative systems. Laboratory of Neuro-
Cybernetics aims to reveal design principles of the cen-
tral nervous systems of insects. Laboratory of Signal
Processing specializes in application of circuit theory for
synthetic design of quantum electronic device of super
high speed signal processing. Laboratory of Sensory
Information Engineering tackles the realization of elec-
tronic man-machine interface based on human sensori-
motor mechanisms. Also included in the section is an
adjunct laboratory for visiting professors invited from pri-
vate institutions to direct trans-disciplinary joint
researches on parallel distributed processing.
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The aim is to understand the math-
ematical structures of nonlinear
dynamics including the pattern for-
mation of dissipative systems, fluid
dynamics with phase transition, and
dynamics of information process-
ings of the brain. Modelling, com-
puter simulation, and mathematical
analysis are combined together to
study these problems.

oooooooooooooooo

¥ %

oooooooooobooo

ooooooooo



HRERERERERERERN

Jogd
googogd

goooooooooooooobooo
ooboooooocooobooooboooo
oooooooooooooooobooo
oooooooooooooooobooo
ooooooooooooooon
gooooooooooooobooo
oooooooooooooooooboo
oooooooooooooooooboo
oooooooooooooooooboo
oooooooooooooooobooo
oooooooooooooooooboo
0000oooooooooolit®oo
0ooooooooittooooooo
oooooooooooooooooboo
oooomooooooooooobooboo
1°'0000oooIcDcooDoooon
oobooobooocoooooooooo
oooooooooooooooooboo
oobooobooocoooooooooo
oooooooooooooooobooo
oooooooo
goooooooooooooooo
oooooooooooooooooboo
obobooooooomoooooono
oooooooooo

gooon

lD0D000oooUoooooooo
ooooooo

20000000 0DDbOOoDUDbOOOOD
ooooooooobooo

30000o000oDOoOoUooOoOo
ooooooooooooo

AD0000O0O0o0ooOOoOoOoooOoOo
oooooooooo

S00000000D0O0UDOOOOD
ooooooooobooo

0000000 0DO0OO0UDOOOoOD
ooooooo

The ultimate goal of our research
is technological implementation of
major principles of information pro-
cessing in biological organisms. To
uncover the biological design princi-
ples, computer aided analyses of
neuronal structure and signal trans-
mission based on modern informa-
tion theories and engineering meth-
ods are employed. The present
research aims at probing cellular
and network mechanisms of brain
functions, particularly of those in
insects. Experimental models
include the cercal wind sensory sys-
tem of cricket and the mushroom
body, an association center for place
memory in cockroach.

Neuro-Cybernetics
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Signal Processing

Techniques in telecommunica-
tions, remote sensing and recogni-
tion or understanding by computers
use and process various signals
propagated as electromagnetic
waves, light, sound waves , and elec-
tron waves. Advance in technolo-
gies continues to demand higher
speed of processing the signals with
enough accuracy.

The electron wave devices are
expected as next generation's elec-
tron devices. We attempt to estab-
lish the theory of analyzing and
designing the electron wave propa-
gation in potential structures. We
focus on the similarity between the
telegraph equation and quantum
mechanical wave equations, and
propose several equivalent circuit
models to describe the electron
wave propagation. Moreover, tech-
niques simulating wave propagation
phenomena in computer are are
developed based on these models.

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

The analysis and design theory for
small and efficient noise filters
which are composed of distributed
circuits is studied. We have pro-
posed equivalent circuits based on
multi conductor transmission-lines
and studied the frequency charac-
teristics of noise filters theoretically
and experimentally.
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Fig. 2 Pitch controlled artificial
larynx

The research purpose of our labo-

ratory is to design assistive devices
for the disabled based on an analyti-
cal study of human senses and
motor functions.
We have put the following devices
into practical use. 1) a pitch con-
trolled artificial larynx (Fig.2), 2)
auditory substitutes using both the
tactile sense and a speech recogni-
tion system, 3) actuators using a
metal hydride alloy for a transfer aid
as well as for rehabilitation appara-
tus (Fig.3).

The findings regarding human sen-
sori-motor functions and technolo-
gies obtained through the design of
the assistive devices have been
applied to construct a human inter-
face for a virtual reality system
(Fig.1) and robotics. These advanced
elemental technologies may offer
valuable feedback in the design of a
better model of the assistive
devices. We have also tried to
acquire information about sensory
integration, concept formation, and
sensori-motor associations in the
human brain.

Fig. 3 Transfer aid using a Metal-Hydride

actuator
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The twenty-first century will be
characterized by revolutionary
changes in information and commu-
nication systems. The technological
foundation of these changes will be
the integrated circuit technology
and microelectronic components.
The aim of our research is to create
new high performance integrated
devices, in particular ferroelectric
thin film devices, for high-speed
digital and high-frequency RF cir-
cuits. The microstructure / proper-
ty relation of ferroelctrics is studied
and the device design is developed
to use its material characteristics
sufficiently.
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New technologies and instruments
are developed on the basis of physi-
cal optics, optical image processing,
and digital signal processing to sup-
port research studies in four
research sections of the institute.
Advanced research projects are
originally performed in multiple
scattering of light from dense disor-
dered and aggregated media for
physical optics, diffusing light
topography and hemorheology
based on the dynamic light scatter-
ing for biomedical optics, an array
generator for a partially coherent
beam and low coherence interfer-
ometry for the coherence theory,
information processings based on a
fractional Fourier transform and an
optical Wigner distribution function,
and industrial applications of
enhanced backscattering and
dynamic evanescent light scattering
to particle sizing and optical costant
measurements .
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Division of Technical Staffs

The Division of Technical Staffs
consists of a group of technical
assistants in research laboratories
and a group of technicans in the
machine and glass shops. The

machine shop is equipped with an
argon welder and several precision
machine tools, while the glass shop
has a glass lathe and a large-size
electric furnace.
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