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Research Institute of
Electrical Communication
(RIEC)

Prof. Hideo Ohno

Director

BXUBEMINATIE 1935 FORBLOR. HREHRPFEE - HBEZIICH L LR
ROBHWBEOEBREZLGZITHRMREZRIS, HRZ ) -FLTEX LI, MBiRC
DIEMD LI, HENEFZLRRY Llce ABEELSEII 127 —Y 3V 2RRY
LR ANRERMOFELCRICET MR ZREFALTVET, AEBIIEFROES
DR E R CIRF2 L RBELIEEDTY,

32 @l AP 50 BAERRFEERORICEHFOAEE—FIRDS [FREVOIEDIEE
FRARDDHEND BICIRSD 2 L S TRIFNUEWIFEV) ERELE Lz, BRI EL
DIEECHEENAEEZESATE. CORK[IFEDOFBOERZZ L TVET, K
FOMBISROENDDIE, FBEFEBPERGERMZRANT 2L THD. INZ
BICRERICHAREREAMBRZIT O TVET,

BAMHRICBEVT, BREEIE. ABEARB. e, T L CABEERO™M
THRAFAGIThN, b ZRUEC HLPLIHREBORBLLOTVET, &
FCIE B/ ER|/ EBEAVE—ZY FTDRERE (o), REDBERZNELT (v
IT7—2) ANIHEEZEBLOMLEL, ITXLF—PRELGE. DEBIHRPE
EEEELLD ETDHEDMBENITEATNET,

ThIeBlE. FlEREZRIN T 28 - BENEMREARIC. REOHRNER
ICSABMELAITL CESTVET, FHC (1) BIRILF—TER - KEEDER
MELBE. 2) RAXKEX THEEDBEICE . BEDOMXERZ L DORIM
RIBFRBRE. Q) BAGET —2PRLZL BT HRIERETRIC. BOFELE
HERHLTHE L TRREEEZ2ERDBEHRLEL I 227 —2 3 VORRF,. DO
REFINNTED TNET,

AFrIE. 4 DOBRERFI, 2 DOk E 1 DD 2 —Z#lE L. MR EIFROER
ML 5. BREZEN - 554 - X - B - B - KT 572007 /N1 AL BIEE. 77—
FTOFv— VINIITETE—HRDYVATLELTELRA. TNSDAEZR

RHNDIARE & DERINEHEDOE & ITHENITED DHEHE LTVEY, EHEITEL

TIE XEBZED S BERBELFRMEIMR E L THRAFA - HEAMAEARDEEE

ZlF. NEOMRE LEDHDZHRATOV 7 MRAREZED TVET, DHEDKFIC
BMOEEZLTC5T IDEEIF. ERITERRVHER, 5 2 BOSRKFHE CREONEZ R TERENEHEN. FFFEEDL S 6 F/H
DEIWENBEENE LIz, AEEL 100 ZBA5 7OV 17 & 120025 BA 352 DEEE W e E EEREDOERE, EHIFH
BFREEPEFONPLLEGESE 24 THLEHT. —BORBIIHEFINET,

FFACIE. ERNGHREBSZHEL. SHREAMEZRODDBERL T INETOMERAZESICRBEEIEDLZEMIT. 5
FEOT7 V3T 50 1IBFEICKELE Lic, RFERZORKREETY, T VERBNNICEDTRER. 2016 FEICERRD
2V E—PREINEDL. BRMCLEATHEABEBIRIEHED 1 BT TEMLE L, &fc. KEHBDEBPEFMRED
BNRELEALTNET,

FrIEZZDIEDN 2014 FEL SEDRREDIEIC LY TABNHETORIRIC@I f3EERMEL LS| BIREEZE ] ORZED TVOE
To COFREICLY ., REFREZRFICT HATLHNEE EDSROBERLEZ LSI & LTERLLET,

EolT RS LIEARER IOV 7 M EFRNATERE L TWET, 2010F3 BICEAFOBELNFOLE o el E TRV F—-
AV FOZ Y REB Y AT L2 —] MERREICKVRBEINE Lic, JE. #7%) — P28 T3/ VT —mEERBRD
PIRBFEL. WNERT IMPACT DX#EEZRF. AFEBRERTL 7 ~OZ 7 AMEER LY 2 —LEE LIEFERST CED SN TVE
Fo 2011 F 10 Blcld, REARBXZZIT T, PIIVEFROIEICLY TEBXBEMREE MMREEICLVRBINE LT, R
FAFKEEEEMERBCED SN TS 3 RTOV LY FD—D& LT KBITRNERBERMZBET 2MRERINEFE
BEOTICHESNTOET, 2016 FEICZIBEROBEEZLEI RS HDIBRMETOI T/ b AV ALV T AT 17 AHRL
VE—] MAFOFEMRERMSRE LTRESNEBDZRBELE Lic. lee AFMOHBETOY 17 MABRHRERF. 4 KF (R
JERF. BRAE, KARKE. BEEDRT) 2R ET2AREEMEERENMIBERTRD SN, £FH8E A2 ~OZ 7 X2
HEARAEF 2 —] 52016 FEICRBES AR ZMHBL TVET,

BRUBEMEMAIE. COLDICHROBRICERITSA S EHIC, BRICERITIIBRBEDH L WMEREZHE. FEFEAIMICDE
D2 EEEMOANE L EFEHICLDRAL. TNSZBULHBE EAMBRZBNICED TVET, WEH S EREBERNZRER
RITISAT AT TEL. BREETDEDZZEL TV TOLIBARES LW ERBICRE LA/ N=2 3V THRAZTIVHR
{fedOBHZRFIF. ABEENEIZI 17— 3 >OXRFZEL T #HROE (Quality of Society. aRE—REHIRIRIE) DR
LIZSBEBEMLTEBYET,

BEROCHEEE CHEE E ST LA LIBBVELETY,

2 | BRUB{SHAZEAT » RIEC 2017/2018



Since its foundation in 1935, RIEC has made a series of pioneering achievements in laying the foundations of modern information and
communication technology (ICT), including perpendicular magnetic recording, semiconductor devices and optical communication, and
has played a world-leading role. Building on this tradition, we will continue to research the scientific principles and applications of inte-
grated science and technology to meet the current and future needs of society and to realize a new paradigm of communications that
enriches people’s lives.

32 years ago, then-director Professor Jun-ichi Nishizawa said in his address at the 50th anniversary ceremony, “Study in research areas
must begin while they still have no name.” Even today, when academic fruits have come to be evaluated by various indices, this is the
basis of our activities. What is well respected in the outcomes of research at universities is the creation of new research areas and new
technologies.

In modern society, information processing and communication are being continuously conducted in various forms between people,
between machines, and between people and machines, which form the foundations of modern society. In recent years, the main focus
has been on the Internet-of-Things (IoT), Big Data, and Artificial Intelligence, which can collect and analyze huge amounts of data to ef-
ficiently utilize the limited resources available to us, such as energy and food, and further expand the horizons of society. These exciting
developments have given society a handle that has never been available before.

In order to make these expectations based on ICT a reality, we are conducting research in the following areas along with basic re-
search that lays the foundations for future ICT: (1) developing high speed, high capacity, and ultra-low energy ICT, (2) creating resilient
and disaster-tolerant ICT, a requirement that was demonstrated only too well by the impact of the Great East Japan Earthquake of 2011,
and (3) solving real-world problems that involve huge amounts of data yet require a real-time intelligent response.

To meet these needs, RIEC conducts research encompassing areas from basic materials and information science to integrated systems
comprising devices, circuits, architecture and software that generate, recognize, transmit, store, process, and control information. To this
end, RIEC has been organized into four Research Divisions, two Laboratories, and one Center. We have been certified by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) as a Joint Usage/Research Center for collaborative research in information
and communications technology and are engaging in joint research projects with outside researchers. Thanks to your support and pa-
tronage, we achieved one of the highest rankings in the final evaluation of the 2nd term, and last year embarked on a 6-year 3rd term.
We are soliciting a full range of joint research projects including those centered on collaboration with industry, on international develop-
ment, and on younger researchers. This year we are conducting more than 100 joint research projects with more than 1,200 participants.

In the RIEC five-year action plan formulated in 2013, it was announced that we would further develop our research and development
capabilities by promoting international research as well as diversity through recruitment. This fiscal year is the last year of the five-year
action plan. In 2016, we played a leading role in establishing two centers, which are outlined below. In addition, 10% of our faculty mem-
bers are now from overseas, reflecting the global nature of ICT fields. We have also continued to hire female scientists and send young
researchers abroad for collaborative work.

In addition to these activities, we have been promoting the government-funded Brainware LS| Project since fiscal 2014, which aims to
create LSIs based on new concepts that are capable of human-like judgment. This program is creating advanced information processing
LSls, such as those of artificial intelligence, which can be used to apply artificial intelligence to real-world situations.

Within the university, we are also expanding R&D projects centered around RIEC. In March 2010, Tohoku University established the
Center for Spintronics Integrated Systems, where RIEC members and others are working on a collaborative project between industry,
academia and government to develop low-power logic integrated circuits using spintronics technology with the support of the gov-
ernment’s IMPACT program. In October 2011, in response to the Great East Japan Earthquake, Tohoku University resolved to set up
the Research Organization of Electrical Communication under the leadership of RIEC. As one of the eight major projects underway at
Tohoku University's Institute for Disaster Reconstruction and Regeneration Research, research and development for the creation of di-
saster-tolerant ICT is being carried out through collaboration between industry, academia, and government. RIEC also played a key role
in establishing the Center for Innovative Integrated Electronic Systems in 2012 to develop and realize advanced integrated systems on
a chip. Furthermore, in 2016, two additional Centers were established. One is the Yotta Informatics Research Center based on a project
for handling the “quality” of information to meet challenges “"beyond big data” involving researchers from both arts and sciences fields.
The other is the Center for Spintronics Research Network, which was funded by the government to establish a worldwide network for
spintronics research. Tohoku University is one of the four key universities (together with the University of Tokyo, Osaka University, and
Keio University) to operate this network.

RIEC will respond to present-day needs, open up new worlds of communication for the future, work together with industry to create
core technologies leading to the development of new industries, and, through these efforts, will offer a world-class education environ-
ment. In addition to providing innovative solutions to problems through the application of ICT, we will continue to work hard to open up
a new era of academically rooted innovation befitting a university. Through these activities, we will contribute to the “quality of society” (a
phrase proposed by Shunichi lwasaki, Professor Emeritus of RIEC).

As always, your suggestions and comments are most welcome.
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Institute Vision
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Global vision.
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Faculty's Vision (Basic Philosophy and Mission)

The Research Institute of Electrical Communication (RIEC) has a long tra-
dition of original research and achievements in the fields of high-density and
high-level information and communications. With this in mind, and taking
advantage of the mobility enjoyed by a university-affiliated institute, we con-
tinually investigate and research scientific principles and applied technologies
aimed at creating communication technologies that enrich humanity, includ-
ing harmonious man-machine interfaces, and continue to serve as the center
of information and communication research in Japan.

Organizational Policies for Reinforcing Functions (-2017)

We are pursuing the following goals, with the aim of resolving problems
associated with information and communication research and contributing to
the advancement of human knowledge.

® We continue to pursue diverse and multifaceted research projects in order
to accomplish our mission of creating communications technologies that
enrich people’s lives.

* We promote research and development on energy-efficient, high-speed,
and high-capacity information and communication technologies to pro-
duce highly applicable and disaster-tolerant systems.

* We promote research and development on novel and advanced informa-
tion processing and communications by exploiting state-of-the-art infor-
mation and communication technologies.

Strategic Focus and Major Policies

1. Promotion of research on information and communication technologies for
the betterment of human knowledge
We promote multifaceted cutting-edge research in the fields of informa-
tion and communication, in line with the university objectives of “Achieving
World-Class Status and Leaping Ahead” and “Leading the Post-earthquake
Restoration and Regeneration.” For this purpose, we focus on promoting
diverse state-of-the-art research, student and recurrent education through
research, our own activities as a joint usage/research center, international
partnerships, disaster-resistant ICT (Information and Communications Tech-
nology) research for earthquake disaster reconstruction, and partnerships
with private industry.

2. Capacity-building for diverse research activities

In order to promote diverse research activities, we exercise flexible insti-
tute management that allows for dynamically formed research groups to
meet the needs of various research projects. Under our new flexible man-
agement system, researchers belong to basic research divisions according
to their research areas, and they can also participate in research groups
formed by the institute. In order to recruit more diverse research staff mem-
bers, including female and foreign researchers, we have allocated our own
funding for new research positions.

ERUB{SHHZEAT « RIEC 2017/2018



3. RSEIRAZE 2@ LR E - KiliEHE
BRAMDAR E—EL LIcBBE RS ZED. B
BHERE W L CEBRNICEVIKEDREE -
HirEZERLEY, BREHETOY S LZ2FAB
LICBAES - BIVROE DAY SR A H Z B8
LET, #RAHBZENE LI HHEEZ R
L&Y,

4. HEFA - HEHARLROZFEDRE & HE
HEFA - HEAERROPZEEE TH D H
B7AY 17 MR ZES I EHREREIICHELE
c HETOYV IV FARHIEEESIER. KR
7OV 10 MRER, EFRRENRE. BHEH
Moesz iRt EFRHFMZFTHER, AfEEEL
FEDRDEREL. ZHREHFATOI 7 MR
BEHELET T,

5. AR D EIR L & ERR RIS D HEE

EFHELETF | HRRERMBNKET 2HEE
BALET. NEAZEHREREHEDRILK

FESUBEMRAERY >R D LOIEFIC L Y
RAMOEBRMRED ZESILE T, ERENEE
MR ZHE MR ESKEOHERZZEST 57
o HEMA - KERERRDOFRNEETH S
HETOY 17 SRARICERERRRHEEL % 5
#LETS

6. 1688 - IEZFTET HMTES DA

EFEEMRZIICHE LIRS K UHESR
RIBICEIL. BRREZHELT T, BLEF]
MEBT2HEHFEL LT THPEERICLDR
ROHEEY D2 G EGEICTERAICSE L, #
BORENERICHFS LEY, MKXE ICT D%
Bisd BEBEMEREODZAVERE LT #
ERHEERELE T,

7. EFEE DR HHEE

MR REER LB AT R B R T O
V17 b EBRBHICRET S LDl HEMR
BEORBEZHEL LT,

3. Training researchers and engineers through state-of-the-art research

We promote educational and professional development as an integrat-
ed part of our state-of-the-art research activities, and we train top-level
researchers and engineers in collaboration with related graduate schools.
Through our international partnership programs, we introduced a support
program for study and research abroad. We also provide open lectures for
recurrent education.

. Promotion of activities as a joint usage/research center

As a joint usage/research center, we promote nationwide cooperative
research projects, which are activities central to the institute. In order to
encourage diverse research projects, we reformed our joint project research
systems and classified our projects into five categories, according to their
main objectives: large-scale project proposals, fostering young researchers,
providing support for novel and preliminary research, international joint re-
search, and inter-organizational research.

. Internationalization and promotion of international joint research

We introduced a new program that sends a young researcher abroad
each year. We promote international research by strengthening our sys-
tem for visiting foreign scholars, as well as through the RIEC international
symposium. Based on the goal of promoting world-class international joint
research, we introduced “international collaboration” as one of the five
classifications of our cooperative research projects.

. Promoting research activities related to Leading the Post-earthquake Resto-

ration and Regeneration

We are contributing to creating new industries and promoting the regen-
eration of Japan through partnerships with private industry. As distinguished
citizens with expert knowledge, we actively participate in governmental
and industry actions related to future planning, and we also contribute to
the creative reconstruction of local communities. As a primary contributing
organization, we support the Research Organization of Electrical Communi-
cations, which aims at establishing disaster-tolerant ICT.

. Promoting academia—industry collaboration

We propose goal-oriented academia—industry collaboration, based on
our research results, and promote the establishment of joint-research pro-
grams.
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Birth

Telecommunications research at Tohoku University began in 1919 with the
establishment of the Department of Electrical Engineering in the university’s
School of Engineering. In that era, work was centered on strong-current elec-
trical engineering, but upon the establishment of this department attention
turned to weak-current electrical engineering.

In 1924, the Saito Foundation granted what in those days was a huge sum
to fund research by three professors, Hidetsugu Yagi, Heiichi Nukiyama, and
Shigetaro Chiba, into communication methods using electricity. As a result,
telecommunications related research was conducted systematically for the
first time in Japan. The department was subsequently strengthened by the ad-
dition of a succession of gifted young researchers such as Yasushi Watanabe,
Masatoshi Matsudaira, Kinjiro Okabe, Shintaro Uda, Kenzo Nagai, and Kat-
suichiro Kobayashi. The fruits of their research were considerable, as reflected
by the publication of numerous papers in journals both in Japan and overseas
that attracted widespread attention.

Along with subsequent advances in telecommunications technologies and
the spread of communications equipment, the importance of telecommunica-
tions related research became increasingly recognized, fueling a groundswell
of opinion in favor of setting up a research establishment to undertake tele-
communications research at the Tohoku Imperial University. The university’s
statutes were revised and an affiliated telecommunications research institute
was established. Professor Heiichi Nukiyama was appointed as the first head
of the new institute, and he had a full-time staff comprising three assistant
professors, six assistants, and one secretary.

Given its intended evolution into an entity independent of the Department
of Electrical Engineering, this research institute was designed to function in
parallel with the School of Engineering, but shared premises with the Depart-
ment of Electrical Engineering, and its research facilities were conventional.
It maintained an arm'’s length relationship with the Department of Electrical
Engineering and the number of people who functioned effectively as regular
staff was far larger than the number of regular staff prescribed by its statutes.
This strengthened both the organization and the content of its research, en-
abling it to produce noteworthy results.

Cradle and growth

In response to society’s need for telecommunications engineers, the De-
partment of Electrical Communication was established within the School of

Engineering in 1941. As part of a three-entity cooperative structure that includ-
ed the Department of Electrical Engineering and the Department of Electrical
Communication, the Research Institute of Electrical Communication (RIEC)
achieved considerable success in a diverse range of research projects and pro-
duced a large number of skilled personnel through its research and education
activities. In this way, it steadily built up a tradition of combined operations.

As a result of a statutory change, in 1944, RIEC, hitherto a telecommunica-
tions research institute affiliated with Tohoku University, was given the status
of an integral research institute. It had an independent research institute
structure comprising five divisions staffed by full-time professors, but firmly
retained a system of close links with the Department of Electrical Engineering
and with communications engineering.

During the difficult circumstances of the postwar period, work continued in
the research facilities, which had narrowly escaped wartime destruction. As a
result of the promulgation of the National School Establishment Act in 1949,
Tohoku University was re-established with the status of a national university,
and RIEC became one of its integral research institutes.
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Owing to the subsequent rapid progress made in the field of electronics,
there were successive increases in the number of research divisions with the
addition of one in 1954 and 1957, four in 1961, three in 1962 and 1963, and
one in each of 1965, 1969, and 1976. This saw RIEC develop into a major re-
search institute with 20 research divisions and some 100 teaching staff.

The year 1956 saw the completion of the institute’s first independent build-
ing (currently part of the Institute of Multidisciplinary Research for Advanced
Materials) on the Katahira Campus, formerly in the Sakurakoji district of Sen-
dai. The end of March 1963 saw the completion of a new building (currently
S Block No. 1 Building) that was double the size of its predecessor on the
Katahira Campus formerly in the Minami Rokken-cho district, marking the
beginning of a move from the Sakurakoji district to the Minami Rokken-cho
district. When the School of Engineering transferred to Aobayama in 1966,
the former Department of Electronic Engineering building (currently N Block,
No. 1 Building) became an RIEC building, as did the building (currently No.
2 Building) of the Training School of Engineering Teachers upon its closure in
1969. This completed the transfer of all the divisions.

The Laboratory for Microelectronics (operating for a limited period until
March 1994) was established in 1984, and the Super Clean Room block was
completed in 1986. The Laboratory for Electronic Intelligent Systems was
established in April 1994 as an advanced version of the Laboratory for Micro-
electronics.

In 1958 the electricity related departments of the School of Engineering,
with which RIEC was closely associated, were supplemented by the addition
of the Department of Electronic Engineering. Subsequent milestones includ-
ed the establishment of the Research Center for Applied Information Science
in 1972 and increases in the number of information engineering majors in the
Graduate School of Engineering in 1973 and in the information engineering
departments in the School of Engineering in 1984. With this as a basis, the
Graduate School of Information Sciences was newly established in 1993.

With greater emphasis being placed on graduate schools, in 1994 the
electrical, communication science, and electronic engineering majors in the
Graduate School of Engineering became electrical and communication en-
gineering and electronic engineering majors. With greater emphasis being
placed on graduate schools, in 1994 the courses in electrical, communication
science, and electronic engineering in the Graduate School of Engineering
were replaced with courses in electrical and communication engineering and
electronic engineering. A total of nine courses were instituted, including full-
time courses. In addition, four electricity related departments and the Depart-
ment of Applied Physics were amalgamated in 2007 to form the Department
of Information and Intelligent Systems, whose name was changed to Depart-
ment of Electrical, Information and Physics Engineering in 2015. In addition,
2008 saw the establishment of Japan’s first Department of Biomedical Engi-
neering, with the aim of fusing medicine and engineering with active input
from the electrical field. In 2012, the Department of Electrical and Communi-
cations Engineering of the Graduate School of Engineering was reorganized
as the Department of Electrical Engineering and the Department of Commu-
nications Engineering.

Development:
From national collaborative research institute to joint usage/research center

In 1995 RIEC celebrated the 60th anniversary of its establishment. To mark
the occasion it sought to meet the needs of the impending advanced informa-
tion society by reorganizing itself as a national collaborative research institute.
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In June 1994, approval was given for RIEC to become a national collaborative
research institute engaging in both theoretical and applied research relating
to high-density and advanced information communications, whereupon it
reorganized into three broad research divisions: Brain Computing, Materials
Science and Devices, and Coherent Wave Engineering. In addition, to replace
the Laboratory for Microelectronics, which had reached its specified duration,
the Laboratory for Electronic Intelligent Systems was established across the
three divisions.

The backdrop to this was the IT revolution, characterized by rapid progress
in information and communication technologies, which made the information
society a reality. To ensure that RIEC played a leading role in the information
society, in 2001 its philosophy, objectives, and goals were reformulated.

RIEC has defined its philosophy as follows: “Close and smooth commu-
nication between people is fundamental to maintaining and developing a
flourishing and humane society. We will contribute to the well-being not only
of Japan but also of human society as a whole through the rapid develop-
ment of science and technology related to communication.” In addition, RIEC
pledged that, based on the results of research conducted hitherto in relation
to high-density and advanced information communications, it would play a
pivotal role in undertaking comprehensive research into the theory and appli-
cation of science and technology that will provide communication approaches
that benefit humankind.

Also, in April 2002, RIEC established the Research Center for 21st Century
Information Technology in compliance with a ministerial ordinance. Straddling
the three research divisions, the center’s aim is to address, through collabora-
tions between industry and academia, the changes that occur in the fabric of
society, leading to the creation of new information and communication indus-
tries.

In 2009, major changes were made to the organization of university research
institutes and centers; the national collaborative research institutes were abol-
ished, and joint usage/research centers were established. A council for joint
usage/research centers was set up in April 2010. These centers involve not
only the joint use of facilities but also the conduct of joint research; something
that is strongly desired by the research community.

At the time of the change to a collaborative research institute in 1994,
RIEC's intention was to operate with its orientation towards joint research,
gathering research scientists together from a broad range of backgrounds
both within Japan and overseas, and pursuing joint research projects. In this
regard, RIEC anticipated the main goal of these new centers. In recognition
of its achievements, RIEC has been accredited as a joint usage/ research cen-
ter since 2010. In both the mid-term and final assessment as a joint usage/
research center, RIEC received the first rank evaluation for its research activity
and contribution to the related communities.

Leap forward: As a world center of excellence

To realize RIEC's philosophy and goals in the coming era of next-genera-
tion global, ubiquitous information communication, an appropriate research
system has been put in place. In fiscal 2004 a reorganization was undertaken
that considered the research time scale, in addition to the research fields
themselves. Research was divided broadly into short-, medium-, and long-
term research, and we introduced flexibility to enable the organization to be
changed fluidly according to the progress of the research. A major role in
short term research is played by the Research Center for 21st Century Infor-
mation Technology, which facilitates the practical application of the excellent
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research results achieved by RIEC within approximately five years through col-
laboration between industry and academia. We have also set up a Laboratory
for Nanoelectronics and Spintronics to engage in research over medium-term
spans of approximately 10 years. It undertakes comprehensive and intensive
research into material and device technologies based on nanotechnology. We
have also established the Laboratory for Brainware Systems, whose aim is to
build intelligent integrated systems that break down the barriers of present
day information technologies, conducting fundamental research with a view
to practical applications. To promote research at the Laboratory for Nanoelec-
tronics and Spintronics, in March 2004 we completed the Nanoelectronics and
Spintronics integrated research block, which is equipped with the latest tech-
nology.

Long-term research has been reorganized into four major research divi-
sions. The Materials Science and Devices Division and the Coherent Wave
Engineering Division, which developed scientific techniques for transmitting
large volumes of information accurately at high speed, are both in fields in
which RIEC has traditionally been strong. These units have been reorganized
into the Information Devices Division and the Broadband Engineering Divi-
sion, respectively. Moreover, to build an advanced information society in which
humankind and the environment are in harmony, we have established the Hu-
man Information Systems Division, which aims to elucidate the ways in which
human beings process information, and the Systems and Software Divi- sion,
whose goal is to develop software and systems to advance and enhance the
information and communication systems that underpin the information society.

Since 2004 reorganization, RIEC played important roles in establishing three
university wide organizations authorized by the President of Tohoku Univer-
sity. In the fiscal year of 2009, Center for Spintronics Integrated Systems was
established to carry out the program designed by the Council for Science and
Technology Policy, Cabinet Office, Government of Japan. In 2011, Research
Organization of Electrical Communication was established to carry out re-
search on disaster-resistant information communication network as one of the
eight programs Tohoku University launched under the Institute for Disaster
Reconstruction and Regeneration Research in response to the heightened
social needs after the East Japan Great Earthquake. In 2013, Center for Inno-
vative Integrated Electronic Systems was established to construct a center
of excellence of academic-industrial alliance. In 2016, two additional Centers
were established. One is the "Yotta Informatics Research Center” based on
a project for handling the “quality” of information to meet the challenges of
"beyond big data” involving researchers from arts and sciences fields. The
other is the “Center for Spintronics Research Network” which was funded by
the government to establish a worldwide network for spintronics research. To-
hoku University is one of the four key universities (together with the University
of Tokyo, Osaka University and Keio University) to operate this network.

RIEC has structures for close cooperation in the spheres of research and
education with the School of Engineering (Electrical Engineering, Commu-
nications Engineering and Electronic Engineering), the Graduate School of
Information Sciences, and the Graduate School of Biomedical Engineering.

At the same time it welcomes researchers from within Japan and from
all over the world, and as a world center of excellence its duty is to engage
vigorously in research activities in a wide range of fields related to telecom-
munications. Construction of the new building of 13,513m2, named the main
building, was finished in November of 2014, and opening ceremony for the
building was held on June 23 with the cerebration of 80th anniversary. Building
on the proud record of achievement of our distinguished predecessors and
colleagues, we are entering a new era in which we hope to make further leaps
forward amid the rapid development of information and communication tech-
nologies and the rising tide of globalization.
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Faculty & Staff
TR29E5818IR7E/as of May 1, 2017
BR Professors 24
HEBIE Associate Professors 22
B Assistant Professors 19
IEREZEE Research Fellows EFEEEMRE 1
HEMT L RES 7
R Specially Appointed Professors 1
WL Specially Appointed Assistant 5
Professors
1= Administrative Staff 14
e Technical Staff 16
a5t Total 106
MR ANE CPR284EEE)
Researchers (FY2016)
NEAHRE Foreign Researchers EEHIR Visiting Professors 7
BB Visiting Associate Professors 1
RESHAMEE Cooperative Researchers of Private Company etc 2
BAFMRERFRIMZEE JSPS Research Fellowship for Young Scientists 10
HAFMIRESNE A LR JSPS Postdoctoral Fellowship for Overseas
(=t Researchers 1
HhRESNE
%fﬁgg%ﬁﬂ/\ Invitation Fellowship for Research in Japan 1
SELHIRE Contract Researchers 8
SEHHMES Contract Trainees 1
= Total 31
AR
Students
FRL29F58 1HIRTE/as of May 1, 2017
- 3 TEEREIFIRR ETFAZER S -
BATR . T SATTZTE EE A mibys) A=
Siz_;lrgof é_}lﬁij;ﬁ Graduate School of Graduate School of Ea)ﬂﬁ';f;éﬂﬁ’jﬁ _l'_:' D-I—l
9 9 | Information Science  |Biomedical Engineering ota
AR
Undergraduate Students = =
B AIHAERAR
Master Course Students 8(®) 540 143 (19)
BT HEARAR
Doctor Course Students O 151 40(15)
TRZRP TSR
Institute Research Students 1 11
st 170 (1
Total (16) 68 (18) 1(1) 242 (35)

# () AEANTHE Foreigner
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Land and Buildings

B ALEMBERARFEIT B1E1 5 FRetX A
Site: Katahira 2-1-1, Aoba-ku, Sendai, 980-8577, Japan

2« SR EA 15,491m’
FEMEETE 42,291m?
Building: Total building area  15,491m?
Total floor area 42,291m?
FRE29F4H 1B3IR1E /as of April 1, 2017
pecky el 130 BTEE SEETR
Name of Buildings Structure Year of Completion Floor Area
A8E #BE >0 ) — bt EePE. 1R 2
Main Building Reinforced Concrete, 6 stories, Tbasement 2014 13,513m
1588 BRER D>V 1) — M ABER S 1 7 779m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 4%
Building-N : 1959, 1960
2588 BEO> 7 ) — b ARER 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,085m
F/ - A RERHERR 255 SPEEE 2
Laboratory for Nanoelectronics and Spintronics  Steel-frame, 5 stories 2004 7:375m
TULA > T TR BEma> o) — M ERE 2
Laboratory for Brainware Systems Reinforced Concrete, 1 story 1967, 1968, 1972 >25m
B>y ) — b~ (—BRAE) 2BEE 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,553m
=37
HETER 1996 598m?
Steel-frame, 1 story
=24 m=, o1
arvakaioan . 1999 147m?
Light-weight steel-frame, 2 stories
21 IR B EM SRR 2 — gRE > 1) — b 3R 1930 1 343m?
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
=
RETEER 2002 435m’
Steel-frame, 1 story
L - P> 2 — BB ) — b 2RER 1981 790m?
Evaluation and Analysis Center Reinforced Concrete, 2 stories
. PHEE S )41 ) — _nmEREsEE) 17
) et SHIL Y- (—HRENE) TER 2
. Reinforced Concrete (partly light-weight 1972 166m
Helium Sub-Center
steel-frame), 1 story
HETIE Sy ) — b (—EREHS) TERE
—7 Reinforced Concrete (partly light-weight 1965, 1966, 1978 479m?
Machine Shop
steel-frame), 1 story
kol 2
Others >10m
5t :
Total 42,291m
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Budget

ESEEMERICSI Bud Shift
TREUEEHIZARC 351 5 FHOH § Budget Shi (i : B/ million yen

6,000
5,000 ——
1,542
50
4,000 ——
3,000 —— EE—— | BF 360 20
2,988
2,464
1,423 1,452
1,000 —— . . . L —
1,435 1,382 1,460 1,392 1,411
0
FY2012 FY2013 FY2014 FY2015 FY2016
EBERN® NERER MERERES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEANER W Budget Summary B3 ¢ FF/thousand yen
£ 15
C ; FY2012 FY2013 FY2014 FY2015 FY2016
ategories
E%"%;Zﬁ@ AEE  Personnel Expenses 770,443 723,507 791,174 724,798 804,575
Operation Grants | w98 N on-Personnel Expenses 665038|  658590|  668941| 667,582| 606,599
SErEE s =
EEERE Bt 1435481| 1,382,097 1,460,115| 1,392,380 | 1,411,174
Operation Grants Total
REMEEHEE
Grants-in-Aid for Scientific Research 407,629 343,824 399,311 422,846 407,902
== e
SEtRRE . 1,344,071 1,890,012 1,007,060 | 1,076,220| 1,007,451
Funds for Commissioned Research
N ES SoimtfseB RS
External Funds FIRST Program 1 « NEXT Programs#2 671,668 660,578 0 0 0
ZMf£ Donations 40,714 38,100 16,890 14,490 36,190
(FB18) MIEREE  Indirect Expenses 326,869 336,037 212,669 219,886 244,413
INEEAR 5 2,464,082| 2932,514| 1423261| 1,513,556 | 1,451,543
External Funds Total
KETEIBEE  Expenses for Reconstruction 4,993 0 0 0 0
PELEERE  Expenses for Relocation 0 49,632 359,770 20,011 0
EEREE RE  Expenses for Facilities Improvement 1,536,530 0 0 0 0
e =
MR EERES 5t 1541523|  49632| 359,770| 20,011 0
Expenses for Facilities Improvement etc. Total
A~ =
l?l'otanlJr 5,441,086 | 4,364,243 | 3,243,146 | 2,925947 | 2,862,717

% 1 FIRST Program...Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)
% 2 NEXT Program...Funding Program for Next Generation World-Leading Researchers (JSPS)
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External Funds

BAI 1 B/ million yen
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672 661
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408 399 423 408
400 -1 @ M4 4 w1 R v
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41 38
0 ‘ ‘ 0o 17 | 0o 14 o 36
FY2012 FY2013 FY2014 FY2015 FY2016
ST 2 ZEERRZE IRIZCBh A E S el
| MERRERDE ZERE e B A E S it
Grants-in-Aid for Scientific Research Funds for Commissioned Research FIRST « NEXT Program Donations
NEBEEMER M External Funds B © FF/thousand yen
S
Categories FY2012 FY2013 FY2014 FY2015 FY2016
MEHREmHE
Grants-in-Aid for Scientific Research 407,629 343,824 399.31 422,846 407,902
=ETEAoT
;Xz;%jffgrgéommissioned Research 1,344,071 1,890,012| 1,007,060| 1,076,220 | 1,007,451
et B A E S
FIRST Program 1 « NEXT Programs2 671,668 660,578 0 0 0
?o@a%o ns 40,714 38,100 16,890 14,490 36,190
&5t
'Il;cl)ial 2,464,082 | 2,932,514 | 1,423,261| 1,513,556 | 1,451,543

FIRST Program...Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)

%1
% 2 NEXT Program...Funding Program for Next Generation World-Leading Researchers (JSPS)
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Nation-wide Cooperative Research Projects

fFE7TaY 7 MEEOBE LB

AR [BEHEEDEFICHIT S COE (Center of Excellence) & LT ZDMRE L VEASHRICAR L FMEREIZI 1271 —
NESITKET BIHICHBFA - HEMATILSRE L TRADIHZEE EHR 70T 7 MREZFITL T\, AMRAOZE DR
b BEAFEOERFATIEE . ARRAHE L OREMRERIRSE LTWSETAICEEN G S, RO THE 7OV Y
MEAZR) &lE. BB ERTICHITAEA - AT LICET 2R EOMELEENNADENTEHREDHIDE &ICAB « O—7 1 % —
L. 7OV MARE L TREL TV EDTH S,

HE7OY TV FMAERIE. FIANAOREOEMAES TEEEIN. EOICFOBEBHEBNAS TRBEND T EHHFETHS,
CNET. AATRFOHRRE TOY 7 MARDRES KURME. BRADOE - 1 - FITAE. H - QATHAEERT. BEAE -
EEDHENUMEREZTRE LT, REICKYITHNTWVS,

70y =7 MIREHA

HETAOY 17 MAEROEEDHIC, HETOY 17 MHREZESRROHFTOV 17 b EEEER. HETOYV 17 MEZEES
KNFEEINTVS, HATAY 17 MAREERIE. HATOY 17 MARICET2EELEEE TR T 2OICARN 3 4. FH 2
BEFHN 5 BDAEFH 10 BOEBICKYBREN TV, HETAY 17 MAREEROE®MIE. AT CEFITEN TV EHERE
DRFEEER LGNS, FIRADERZL RO, ARFAOBENTH S [ABEENEIZ 1 27— 3 Y ERIRT 2RI
DFBESADHE ORBICARRGEHETOY 17 NAREEBNHET 5T £ICH D, TNE T REHRDORNEFRIRDEZEE,
NENDILR. BEDEMICET 2RFICOVTEREITOCECHY . BICTREOSIMICEL TE. RF - RRZRAE L THREBY
BRBZETOTCECVS, GH. HBETOD 17 MNAROFRICRE LEEZEBEITT O fed, NMEREeaoHHRTOI T hEE
ZERPREINTL S,

e, HBRTOY 17 MARDOABGEBEEZR S cdlc. AARAEEOHEICL VBTN TWRZHRETOY 17 FEBESRD
REIN TS,

The Institute has a long history of fundamental contributions in many fields of engineering and science that include the fields of semi-
conductor materials and devices, magnetic recording, optical communication, wireless communication, electromagnetic technology,
applications of ultrasonics, acoustic communication, non-linear physics and engineering, and computer software. On the basis of this
rich historical background the Institute was designated as National Center for Cooperative Research in 1994. Accompanying Tohoku
University's transformation to “a national university juridical entity” in April, 2004, this institution plays a leading role on the world stage,
as its researchers, both domestic and foreign, continue the task of “investigating the theory and application of universal science and
technology to realize communication, to the enrichment of humanity.”

In such background, the Institute organizes Nation-wide Cooperative Research Projects by coordinating its activities with research
workers. The main themes for Cooperative Research are selected annually by the Committee for Cooperative Research Projects. Then
invitations for project proposals and participation are extended to university faculties and government laboratories as well as industrial
research groups. Each project approved by the Faculty Council of the Institute is carried out by a team of researchers that include mem-
bers of the Institute as well as outside participants.

The Advisory Council which includes members from other institutions has an advisory function to the Director in defining the general
direction of the research at the Institute and its Nation-wide Cooperative Research Projects.

The Project Selection Committee that includes members from the outside of Tohoku University has a judging function for project pro-
posals. The purpose of the Project Steering Committee is the proper operation of approved projects.

moE EERRS W8 0K
Director ; Advisory Council jJ  Otline o the Operation Pollcy

#E7OY 7 MARERE -
(Copperative Research Frojects Committes) M DT MPIR. Po - F s
EERE

Act as a planning center for all operations
in cooperative projects research

#EM7O0Yz 7 EERAR
Cooperative Projects Selection Committee

HROFE/ HERE

ions / Adoption d

Type A

Type B

Rating of app

HE7OVV FREERS
__Cunpuraﬂve Projects Steering Gummhtea__

Type S

FHED /B ERYE
Budget allocation / Daily routine business
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Research Fields

RUEAFBEBEMEAIE. IEARBBELIRIINF -V AT LER BEIFEH,
ISRIERBFER L. %K - HEWE

FEW VAT LERRFER
EERARRHEEBECEDMRRGEH LB DTS,
CDEEITHODEDUTORE. b,

Bl MBRKREED LicTH /1ERT /A DRI
BT, BLAREBEDIODRIRT AT LRI,
BT NBERRZFNE L SBMS AT LDORIA.
B, BRHERERAD VAT LEY T T T T DRI,
DR REHEST D L= EBLE LTV S,

BF LSRR OBEHRBFHERERERR
CEVWTRWRABERZERS., HENA - HEASRILRORH

M7 A A

Information Devices Division

Ta— kR F T

Broadband Engineering Division

R TN 2R
: Materials Science and Device Science
E@m%¥1?mmmmm
BT/ TN A
CBEEIFC
| EEETS

__D|electr|c Nano Dewces R
Ultrasonic | Engmeerlng

Biomedical Englneenng
%ﬁ#ﬁﬁﬁ& o _iMaterlaIs Functlonallty Design
#77}}_3377’77‘11' Physical Fluctuomatics *
P RTA VR

L AE¥hOZU2

P AEYILY bO
e
)= —
A e
| % .. Flectronic Physics Engineering *
F/ERETINAR - Nano-Integration Devices and
/Ot Processing o
| ERGEE Development and Management

i of Technology *

‘Spintronics
Spin Electronics *

Green Power Electronics *

| AIBEEM AT LF - Inteliigent Integrated Systems *

§|ﬁ¥ HEFRZ

i I Electronics and Optical Quantum Science

F/7#4#bFIL2 O Nano-Photoelectronics

N '

| BIREF Image Science and Information

’ Display>
T AHE

i I Plasma Science

TXRIVF—HER 'Enérgy Generation Sysfem *

AT N
EEDH

Visitor Section

CmMFSR

Magnetic Devices

| EmEEE

BA N L—I2XF L\ Information Storage Systems

BFMERIE " Quantum-Optical Information
: ‘Technology
P77V XUE ~ Algorithm Theory *
/\/(7_!’4_:7') /7 v__BlomodeIm

EEDEH

TO— Ry RiEE
E

1EERIBE
i I Information Technology
DT A L REE Advanced Wireless Information
Bl ... .Technology
D BRETIE Electromagnetic Wave
' _Engineering® oo
HBERARIF

: I Ultrahigh-Frequency Engineering
70— K/\> FES  Ultra-Broadband

= Signal Processing
WiE(E - BFNE

Optical Communication / Applied Quantum Electoronics
Ultrahigh-Speed

_..Optical Communication
Applied ¢ Quantum Optlcs -

Optical Physics Engineering * |
Microphotonics *

TBERECER - HMERZE

Information Recording / Material Science

Visitor Section

Basic Technology for Broadband
Communication
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The Research Institute of Electrical Communication (RIEC) maintains a close cooperative relationship with the Graduate Schools of En-

gineering, Information Sciences and Biomedical Engineering in its research and educational activities, especially with the Departments

of Electrical and Communication Engineering, Electronics, Computer and Mathematical Science, System Information Science and Ap-

plied Information Sciences. This cooperation enriches the research activities of RIEC as a “Joint Usage / Research Center.” The research

fields of four divisions are:

(1) Information Devices Division:Advanced Nano-Information Devices Utilizing Physical Phenomena

(
(
(

4) Systems & Software Division:Advanced System and Software for Information Society

2) Broadband Engineering Division:Next Generation Systems for Ultra-Broadband Communication
3) Human Information Systems Division:Creation of Information Systems Harmonizing People and Environments
)

NS 27 A

Human Information Systems Division

VAT A -
Systems & Software Division

V777

EAER

Bioinformation

| ECRERETR

E%ﬁﬁj/tl FA4VY

Iyz=! EEFLIZ\JI/:\:—
| /7\7'1_\ *

. /XT/_\*
gv%ﬁuz?wﬁ—
TN R
;ﬁ@*¥EI$*

ARIEHR

Electromagnetic Bioinformation
'Engineering

Real-World Computlng R

Appheol Electrical Energy System

Advanced Social Energy Systems * -

‘Micro Energy Device *

‘Neural Electronic Engineering *

Human Information Processing

BRGFIEHY AT L

bRy E—
P I—A*
| SEmEEWR AT L

| SRR
;ﬂM%%@%I

%ﬁ/ZrAﬂ?*
_ _Informat|on Content

,m&:/r/v
i »_lﬁ Eﬁ ﬁfhuﬁﬁ

EHREFTNAR

Bioelectronics

L N ARADTF

FINA R
P TS AEIY

ji%?%l_mffff

EENEH
i I Visitor Section
L RIVFE—ZILaY

:Advanced Information Technology
[Intelligent Electronic Circuits *

Visual Cognition and Systems

Human Interface *

Advanced Acoustic Information
Systems

Electronic Control Systems
*

Systems Blomformat|cs

Information Technology
Communlcatlon Software Science *

Nano-Bio Hybrid Molecular Devices

Plasma Science Engineering *
_B|omed|ca| Electromcs

Multimodal Computing

e

STEHERE

Computer Science

VIRYITHE S
L OvEa—Ta vy
mEEm

_$t$1U74
ERIERBELY

}m £S5 LRIE
;y7rvlﬂgmﬂ

AVZ—2y b NAZaZHh—2 3>
Internet Communication

Ehxy bT—7

YATLOF:
P X2z —v3v

PRy bDO—7 i
By FT— U@
ifﬁﬁﬂWﬂ¢1

B> AT L
#Efﬁk—?—

HE VLS| Y R T Ls

i I Intelligent VLS| System
| FIER VLS| V2T L

N

17‘4

osm aFL
EtEmER

BESH
Visitor Section

mmiamE

W:Informauon Securlty

“ flntelhgent System Saence

Communication Science *

oftware Construction -
Computmg Information Theory
Image Information Commumcatlons

' ~ Foundations of Softvvare SC|ence

Electric Power Network System *
Communication Network Systems

Informatlon Network Systems
EnV|ronmentaIIy Conscious
..Secure Information System ..

New Paradigm VLS| System
 Soft Computlng Integrated

~ System

Computer Structures

Information Social Structure

* RIBHEDHEDE

Laboratories in Graduate Schools
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F/74bILY FAZY AAREE

B Nano-Photoelectronics

F/7+xbILVbOZVR
Wse g (LIRER)

Nano-photoelectronics
(Prof. Uehara)

F/HDFILZbOZIR
75 (R EE8R)

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

OZef, TRIVF—. BEEECOE L DEIkS
J REEDE DY DS

OE M DBFREIDEREED STM HEADFEDRFE

OF / EEHRTORALGEHRIFHNMREZD
TEHH

OB TILHHDFEN - SHEFORE

e Exploration of material properties of individual
solid-state nano-structures in spatial, energy,
and time axes.

e Development of STM light emission spectros-
copy with ps time resolution.

e Investigation of various electromagnetic phe-
nomena in nanometer-scale spaces, and their
engineering applications.

e Development of efficient and broad-band
light sources and detectors.

OB—RF - DF DR

OB—nFDZERIG « HEEHE
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e Optical excitation of a single atom and mole-
cule.

e Controlling of the chemical reaction and ge-
ometry of a single molecule.

* Molecular electronics based on the nano mo-
lecular assembly.
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Solid State Electronics
(Prof. Suemitsu)
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Solid State Physics for Electronics
(Assoc. Prof. Fukidome)
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e Surface chemistry during formation of SiC
films on Si substrates.

e SiC-MOSFET on Si substrates.

¢ High-speed devices based on graphene-on-
silicon structure.
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¢ Development of integrated multi-functional
Dirac-electron devices using MEMS-based de-
vice fabrication processes.

¢ Development of novel nano-device physics by
use of operando-microscopy.
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Dielectric Nano-Devices
(Prof. Cho)
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¢ Development of scanning nonlinear dielectric
microscope (SNDM) with super high (atom-
ic-scale) resolution.

o Ultra-high density ferroelectric recording sys-
tem using SNDM.

e Evaluation of ferroelectric material and piezo-
electric material using SNDM.

e Evaluation of dopant profile in semiconductor
devices (Si, SiC, GaN or diamond system etc.)
using newly developed s uper-higher order
scanning nonlinear dielectric microscopy.
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Materials Functionality Design
(Prof. Shirai)
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¢ Design of new spintronics materials based on
first-principles calculation.

e Theoretical analysis of transport properties in
spintronics devices.

e Computational simulation of nanostructure-
growth process on surface.

¢ Development of simulation scheme for materi-
al/device functionality design.
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Nanoscale dielectric measurement systems
(Assoc. Prof. Yamasue)
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¢ Development of noncontact scanning nonlin-

ear dielectric potentiometry with atomic-reso-
lution.

¢ Development of atomic resolution multifunc-
tional scanning probe microscopy and its
application to the evaluation of the next-gen-
eration electronic materials and devices.
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Materials Science under Extreme Conditions
(Assoc. Prof. Abe)
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® Matter at high densities.

® Metallization and superconductivity of hydro-
gen and hydrides.

e Development of first-principles structural
search methods.
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Functional Spintronics
(Prof. Ohno)
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® Spintronics.

e Electrical, optical, and spin properties of spin-
tronic materials and their applications.

e Properties and applications of magnetic semi-
conductors and their quantum structures.

¢ Spin control in magnetic metals and applica-
tions for functional devices.

e Spintronic devices based on metallic systems
and their applications for memory and logic
integrated circuits.
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Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Processing —
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Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)
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® New structure non-volatile memory device.

® New structure product-sum operation device.

¢ High-density implementation of devices for
brain computing.

e Intelligent quantum device.
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® Low-damage plasma CVD process without
substrate heating for epitaxial growth of highly
strained group IV semiconductors.

e Large-scale integration process of group IV
semiconductor quantum heterostructures.

e Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-
erostructures.
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Nano Spin Materials and Devices
(Assoc. Prof. Fukami)
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e Dynamics of magnetic domains and domain
walls in nanoscale magnets.

e Control of magnetization utilizing the spin-or-
bit interactions.

e Development of high-performance and
low-power spintronic memory devices.
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Our main interest lies in studying the physical and chemical
phenomena that take place in nanometerscale regions and
their applications in nanophotoelectronic devices. Develop-
ment of novel probing methods is also targeted.
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= Nano-photoelectronics (Prof. Uehara)

The material properties of individual nanostructures are inves-
tigated through their optical responses to the local excitation
induced by electron tunneling in a scanning tunneling micro-
scope (STM). In this method, unlike conventional electric mea-
surements, attainable temporal resolution is not limited by
the signal levels. Hence, the material properties are explored
with high spatial and temporal resolution. Efficient excitation
of light confined in nanostructures is possible in the spectral
range from THz to PHz by electron tunneling. This confined
light is efficiently converted to free (i.e., propagating) light by
the presence of the tip. By utilizing such properties, one can
realize efficient and broadband optical sources and detectors.

= Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Process and operation principles of the next-generation
molecule-based electronic devices are investigated to break
through the limit of downsizing that the current Si technology
will reach in the near future. By using electron tunneling in
STM, one can control the locations of individual atomic and
molecular species on a solid surface and even induce chemical
reactions in them. The physical, chemical and electronic prop-
erties of the species processed in such a way are investigated
by using abilities of STM itself. The optical proper-ties are also
analyzed by STM light emission spectroscopy. By combining
these techniques, we explore novel molecule-based electron-
ic devices.

MR STM Z B A TcE B RENITREE
Integrated Surface Analysis System with Low-temperature STM
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The strategy of scaling-based Si technology in electronics is
now facing several severe challenges, due to intrinsic physical
properties of Si, difficulties in nano-fabrication of devices, and
the saturating bit cost by scaling. In power electronics, on the
other hand, higher efficiencies are required of devices used
in power generation, transmission, and conversion. In this
respect, SiC thin films formed on Si substrates, and graphene
films formed thereon, are expected to solve these challenges.
To introduce SiC and graphene into Si technology, we are
studying their surface-related growth mechanisms, develop-
ment of device fabrication processes, and characterization of
their devices.
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1. RODT ST - F 20 DU
Fig1. The world-first graphene-on-silicon technology
carbon atoms

2. 7271 RERFOZRTHOEEE

Fig2. Graphene: A two-dimensional network of

= Solid State Electronics (Prof. Suemitsu)

By using our original technology of organosilane-based gas-
source molecular beam epitaxy, we have succeeded in the
formation of qualified SiC thin films on Si substrates at low
temperatures (~1000 °C). Using this SiC/Si heterostructure,
we have further succeeded for the first time in the epitaxial
formation of graphene on Si substrates (GOS). We are now
studying the betterment of the SiC and GOS films to try to
fabricate graphene-based field-effect transistors working in
the THz regime and power devices based on SiC/Si.

= Solid State Physics for Electronics
(Assoc. Prof. Fukidome)

By use of nano-scale characterizations centered on synchro-
tron-radiation analyses, we are investigating the device prop-
erties of SiC as well as of Dirac electrons and two-dimensional
electron systems such as graphene. In particular, our finding of
controlling the surface structural and electronic properties of
graphene in terms of the crystallographic orientation of the Si
substrate paves a way to industrialization of graphene. Use of
nano-fabrication is also investigated to realize further control
of graphene properties. Furthermore, we develop operando
x-ray spectromicroscopy, and exploit device physics of novel
nanodevices.

3. BREETOCA-HE—SRE L SREDSTME (BL)
Fig3. A UHV-compatible process/analyses system and
the STM image of a Si surface (inset).
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The aim and target of the dielectric nano-devices laboratory
are developing the research on the dielectric measurement of
electronic materials using nano-technologies and applying its
fruits to high-performance next generation electronic devices.
It is also very important aim of our laboratory to bring up lead-
ers of the next generation by cultivating young researchers
and students through the research activities.
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(4Tbit/inch?)

Fig1. Ultra-high density actual information storage

using ferroelectric nano-domain manipula-
tion (4Tbit/inch?)

77 A JVDEHE

power MOSFET

2.SIC/NT — MOSFET @ K —/X> b 70O

Fig2. Dopant profile measurement of SiC

= Dielectric Nano-Devices (Prof. Cho)

Our main area of interest is evaluation and development of
dielectric materials, including ferroelectric and piezoelectric
materials and their application to communication devices and
ferroelectric data storage systems.

Our major contributions to advancement in these fields are
the invention and the development of “Scanning Nonlinear
Dielectric Microscope” (SNDM) which is the first successful
purely electrical method for observing the ferroelectric polar-
ization distribution without the influence of the shielding ef-
fect by free charges and it has already been put into practical
use. The resolution of the microscope has been improved up
to atomic scale-order. Therefore, it has a great potential for
realizing the ultra-high density ferroelectric recording system.
Our recent research achieved the recording density of 4 Tbit/
inch’ in actual information storage, requiring an abundance of
bits to be packed together (Fig.1).

Moreover, we have started to make a measurement and an
evaluation of flash-memory device and dopant profile in semi-
conductor devices using SNDM (Fig.2). Because SNDM can
detect very small capacitance variation, it can be a very pow-
erful evaluation tool for various materials. Now SNDM evolves
into a new evaluation technique for insulator and semiconduc-
tor materials besides ferroelectric materials.

= Nanoscale dielectric measurement systems
(Assoc. Prof. Yamasue)

We intend to contribute future information and communication
technology through the development of novel nano-scale dielectric
measurement systems for the evaluation of the emerging electron-
ic materials and devices. In particular, we are developing a new
scanning probe potentiometry method called scanning nonlinear
dielectric potentiometry for the atomic-scale quantitative investiga-
tion of material properties regarding electric polarization on surfac-
es and interfaces. By integrating the new method with the existing
microscopy methods, we are also working on the establishment of
a multifunctional scanning probe microscopy system towards the
advanced analysis and characterization of the next-generation ma-
terials and devices including two-dimensional crystals (Fig.3).

-y
™

3. ERERIEMERIIHRIABERT Va3 A b
IC&% SIC £V 57 2V DRFDRAEEER
Fig3. Atomic resolution imaging of graphene on SiC by
ultrahigh vacuum noncontact scanning nonlinear
dielectric potentiometry

ESBEMIZSFT = RIEC 2017/2018 | 25

o
&
7
N
P
A
i
%
i
g

UOISIAI] SODIAS(] UOITeULIOU|




o
PN
J\
pe
A
i
%
i
g

UOISIAI] SODIAS(] UOIIeULIOjU|

PR BEE G TSR =

Materials Functionality Design

B -

PTEREA R =

Shirai & Abe Group

Staff
BH EX FaIER #0220 I HA
E6] ey B

Kazutaka Abe

Associate Professor

Masafumi Shirai
Professor

Masahito Tsujikawa
Assistant Professor

@ HREE)

Research Activities

BRDBRT )\ RITIE. KREDBREZWNE - (F - BRI 5
SDITHERPHMATE ERRATBEMBDFIBEENTND, KK
DHBRERIELUTOEEY TH B, (1) RIMKIERT /A ADE
BEBDMHPT /BEICBVTHIET 28 FYERR % ERAY
ICRRBBY 2 &L (2) 7/ RIEREDMA LI DD 287 LULEEE
BIMHNT /IBEZERKRETT S L ()kﬁﬁ?‘lb—
>3 VR E R E L e B SE - BeEDERET A E AT

&

Various kinds of materials are utilized for processing, commu-
nication, and storage of massive data in modern information
devices. Our research objectives are as follows: (1) theoretical
analyses of quantum phenomena in materials and nanostruc-
tures, (2) computational design of materials and nanostruc-
tures which possess new functionalities, (3) development of
materials design scheme utilizing large-scale computational
simulation techniques.
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Kubota, et a/, J. Phys. D: Appl. Phys. 50, 014004 (2017).]
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= Materials Functionality Design (Prof. Shirai)

Materials Functionality Design (Prof. Shirai)

Our research interest is focused on “spintronics” to realize
new functional devices. The main topic is theoretical analysis
of spin-dependent transport properties in highly spin-polar-
ized materials. We extend our theoretical research to elec-
tric-field effect on magnetic anisotropy in ferromagnetic films
for realizing low power- consumption devices.

The giant magnetoresistive devices using half-metallic Heusler
alloys are promising for application to the read-out head of
hard disc drives. We theoretically design non-magnetic mate-
rials for a spacer layer between two ferromagnetic layers. We
found that the Fermi-surface matching between the Heusler
alloy and AgsMg ordered alloy is better than Ag. Experimen-
tal results confirm the improved magnetoresistance for the
device using the Ag;Mg spacer. [ T. Kubota, et a/, J. Phys. D:
Appl. Phys. 50, 014004 (2017).]

= Materials Science under Extreme Conditions
(Assoc. Prof. Abe)

We investigate the properties of dense materials by using ab
initio methods. Our current research focuses on metallic hy-
drides, which are predicted to show high-temperature super-
conductivity driven by electron-phonon coupling. We are also
developing simulation techniques to search stable structures
from first principles. The structural search methods are quite
useful for examining unknown substances and, therefore, like-
wise applicable to designing new materials at one atmosphere.

1: Co,(Fe,Mn)Si/Ag/Co,(Fe Mn)Si #& (££K) KU Co,(Fe,Mn)Si/
AgsMg/Co,(FeMn)Si & (AKX (cxt L CEHEENEZHX
EVREDEREENY b UK

Fig.1:The dependence on in-plane wavevector of the majori-
ty-spin channel conductance calcuated for Co,(Fe,Mn)Si/Ag/
Co,(Fe,Mn)Si (left) and Co,(Fe,Mn)Si/AgsMg/Co,(Fe,Mn)Si
(right) junctions [taken from T. Kubota, et a/., J. Phys. D: Appl.
Phys. 50, 014004 (2017).]
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Our research activities aim to deepen the understanding of
spin phenomena in solids and to develop new functional ma-
terials and devices in which electron charge and spin states
are controlled. We are also working on research and devel-
opment of advanced technology for nonvolatile spintron-
ics-based devices to realize high-performance and low-power
integrated circuits and hardware for artificial intelligence.

R [ - EER R S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics ” section.
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In addition to the conventional demands such as faster
operation and larger throughput, low power operation for
low-carbon emission and robust operation not damaged even
in a disaster are required for the development of the next
generation information technology. To meet these demands,
studies on high functional and high performance Si-based
semiconductor devices realized by 3-D nano-processing and
large scale integration of such devices are important research
subjects. We study the subjects such as new transistors and
memories using new materials, new devices based on new
principles like quantum effects, and required 3-D processing.
Moreover, we develop advanced technologies related to 3-D
nano-integration, dependable mixed signal LSI, and non von
Neumann architecture.

R [ - EER R S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics ” section.
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Optical Transmission
(Prof. Nakazawa)

Ultrahigh-Speed Optical Communication

FESE
W5e o3 5 (R AEER)

Optical Signal Processing
(Assoc. Prof. Hirooka)

=AREN T 7 1 1\5HH
M (FHEEHR)

High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)

O7 T L bR UL R E RV BB ZER
ERIEIXICRE T B3

Oyv/>zv baBEERETEBEZEIE—L Y
N XTI T BRZE

ORIVFAT 77 A4 INE 5 OITHEEEMYE T 7
A INDIZR LT 75 5 YGBEDRHR

e Terabit/s OTDM transmission using a fem-
to-second pulse train

e Ultra-multi-level coherent optical transmission
toward the Shannon limit

e Multi-core fibers and optical fibers with new
functionality

OBSERE Y — ) TEHREHAE LIORTE
PRI B DA%

ORI FE MR 2T L e 20 ESNIER
Lil@R OTDM RENDIGFA

e Distortion elimination technique using
time-domain optical Fourier transformation

e All-optical signal processing using nonlinear
optical effects and their application to ultra-
high-speed OTDM transmission

OFFHREN L —F L BBENT 71/ \TA
DFSA

OB/ UWWRE— FEHL — & BRIz -
KA DEEEADISA

e Frequency stabilized lasers and their applica-
tion to high accuracy measurements using
optical fibers

e Ultrashort mode-locked lasers and their appli-
cation to frequency standards and microwave-
photonics

LA FE iR

Broadband Engineering Division

ISREFAFHRR

Applied Quantum Optics
=7+ b=
MR EF (\R#ER)

Highly Functional Photonics
(Prof. Yasaka)

OXIEBIT L BHEAST /N1 A BERA ED
M

OB EAICRDIAZ
O=eEHEHAZRBROMR
OFTRE S CERADMB DR

e Ultra-high speed control of semiconductor
photonic devices by signal light injection

¢ Highly functional semiconductor light sources

¢ Highly functional semiconductor optical modu-
lators

¢ Novel functional semiconductor photonic inte-
grated circuits
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Advanced Wireless Information Technology
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Advanced Wireless Information Technology
(Prof. Suematsu)

FEET AP LARY b 7= 5il
RS E (REARR)

Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

OL&ETA VL ABER 1 Fv TERERD
e

OI VR U732V RFEHEROBRDHE

OXIVFE-RFITAVLR " BEBEREEN
71 V%)L RF ESEEERR DB
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® Broadband wireless on-chip transceivers

¢ Millimeter-wave/submillimeter-wave IC's

® Low power digital signal processing for multi-
mode wireless / satellite communications

¢ Location and short message communication
system via QZSS

® Wireless system/devices for intra-body com-
munication

O ER " BERMETA VL ABERY
7 — D5

OIEHET AV LABERT « 22 IVES0IE
D%

e Joint terrestrial and satellite communication
network

e Digital signal processing for broadband wire-
less communication

BRA FL—TI Y RT LHARE

KRBEA L=V T L
MRS E HEHER)

Information Storage Systems
(Prof. Muraoka)

Information Storage Systems

kRBgsaIvEa—7—v3 v
%24 %F (Greaves E51Z)

Recording Theory Computation
(Assoc. Prof. Greaves)

OXHRBEBE/N—FT 1 A7 FZAT7I1CEY
2R

OWRA b L—YICBEWAAY RT 1 XY DHFR

OBBEANL—YDdDT 1 V2 IV ES0E
I<BIY HEA%E

ORBET 7 A IVDPEA S L—I (BT W%

e High areal density hard disk drives

e Head/disk devices for high density magnetic
storage

e Digital signal processing for high density storage

¢ Network storage for large capacity file server

OFEZELRHBERBOIYE1—42Y 30
L—2 3 VL BE

e Micromagnetic simulation for high density
read/write theory
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Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing

WBREEZEFT /1A
MR EF R HEHIR)

Ultrafast Electron Devices
(Assoc. Prof. Suemitsu)

OF S XEVHBRT SAILYEIR - R -
ZIRT I\ ADHRERILE Y AT LIGA
OFHR 1 757 20 ERBWHRET SNV
VHBEFTINAADRIHEZ DY AT LIGA

¢ Plasmon-resonant terahertz emitters/detec-
tors/modulators and their system applications

e Graphene-based terahertz lasers and ultrafast
transistors, and their system applications

EFRBERIFHMEE W Quantum-Optical Information Technology

BFHMRIY
FISESY 8 (RRHAS)

Quantum-Optical Information Technology
(Prof. Edamatsu)

OlnGaAs ¥ AL R EREFRMR b 5

VD ZAZ RO T DEFEERRIG A DA

OGaN AMB =BV eEME - 8AKRNZ VY

R B RUZ DEMEEIRIGHADHE

¢ InGaAs-based field effect transistors (FETs) for

ultimately high-frequency integrated circuits

® GaN-based FETs for high-power and high-

frequency applications

= )

BFL—H— RIS
FIRSE (SHERED)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

BFF/74bZ0R
Bz 9285 (Sadgrove #i%)

Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

OFFEZRVEFLONNFOHRE - &
FEDRFE L EBFIBRBENDIGA

ON7 74\ HERE,. FEEEFIEEZ A
WeBFREREBET/ \1 ADFFE

OXFERBVIEREFETAL EFREREE
MOFFEEIGA

¢ Novel techniques for the generation and de-
tection of photon entanglement.

¢ QICT devices using optical fibers, waveguides,
and semiconductor nanostructures.

® Techniques for extreme quantum measurement
and quantum state synthesis using photons.

OFBERET N v MBI 2BERAHEED
%
OB NHARIF DI RV I DARER

e Coherent optical control of electrons in semi-
conductor quantum dots.

e Quantum optics of semiconductor microcavi-
ties.

OF /KT 741\ %= B\ BE—AF RO
OF /T4 b= RTINA ZEBWAHRF
DFFENDISA

¢ Use of optical nanofibers to produce novel sin-
gle photon sources.

¢ Control of cold atoms using nanophotonic de-
vices.



Ultrahigh-Speed Optical Communication
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Research Activities
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With the vast growth of traffic on the Internet from simple text
data to high quality voice, image, and real-time video content,
it has become increasingly important to realize an ultrafast,
high-capacity network to support the daily needs of modern
communications. Ultrahigh-speed optical communication
is the key technology for building such an interconnected
world. This laboratory aims to realize a global ultrahigh-speed
optical network by engaging in research on ultrashort pulse
generation and transmission. Our research areas include op-
tical solitons, high-speed mode-locked lasers, optical signal
processing, and the development of fibers with new functions.

W HEEAEDEF | FRER
HBeElEGRmECBESEREER EDREDHITIE. SR
KXY AT LDOBRNEE TH 5D, TD—H T BB
ISR Tl S ERDRVHBEEARDBEEINEENT NS, £
T CAMENT TlE. BR/ VAL —UEEMEL CLENEIZE
(OTDM) A TIT K W BEEEAER T 1Tbit/s/channel L ED@E®R
HEDRITEBIBL TS, BBE(ICELTIE. YOS
RIBICEFICIERAET|E S C EICK Y BRERBMHERE KIEICH
EEE% 0AM EMENHBEEI L — L > MmOz
FEICIRVBATVS, . 8REEE— FEBL—YiEZzD
HEE— FERRAIICEARSEEICESTzD. ZDHENDISA
HLEERLTWD, 51, IVFAT 774 NBLUZDBRE
BEEZERERMOMIELESD T B,

@ HESIIEAE DT | FERAEHRIR
AFEHB Tl KOBHENETD LT, IHEHHIDRER
2L CHESEHRDF F TUBT 32 HHIFITHE T TL
. BEMICE, F5EY MIOBSER OTDM EEORRICR
ARG T LI MR UV RER. BIVER. HEESE.
187 & DRFVBEHROTRBRIRY A TS,
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EEECBERROKT

Experiment on ultrahigh-speed optical transmission

= Optical Transmission (Prof. Nakazawa)

Ultrahigh-speed optical transmission is the driving force be-
hind attempts to realize advanced high-speed networks that
support ultrahigh-precision image transmission or ultra-real-
istic communication. At the same time, there is a strong need
to realize spectrally efficient optical transmission to expand
the transmission capacity for a given optical bandwidth. With
a view to achieving an ultrahigh bit rate exceeding 1 Tbit/s/
channel, we are actively engaged in realizing ultrafast optical
time division multiplexed (OTDM) transmission using ultra-
short pulse lasers. To expand the spectral density, we are
working intensively on ultra-multi-level coherent QAM trans-
mission technology in which the spectral efficiency is greatly
improved by encoding the information in both the amplitude
and phase of an optical beam. Another important aspect of
our research relates to the development of multi-core fibers
and their applications to ultrahigh-capacity space division
multiplexing.

= Optical Signal Processing (Assoc. Prof. Hirooka)

We are engaged in the development of all-optical technolo-
gies using nonlinear optical effects by taking advantage of ul-
trafast optical properties, where optical signals are processed
without the need to convert them into the electrical domain.
Specifically, we are developing femtosecond pulse compres-
sion, pulse shaping, optical demultiplexing, and distortion
elimination techniques, which are indispensable for realizing
ultrahigh-speed OTDM transmission exceeding terabit/s.

= High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)

We are engaged in the development of frequency stabilized
laser operated at 1.55 pm and its application to high accuracy
measurements using optical fibers. Furthermore, we are de-
veloping ultra-short pulse lasers.

Q

2048 0AM Db —L Y MYES (B) XU 197774/ \OHEETE (6)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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Yasaka Group
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Research Activities
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TINA B, RUOFHEALERBEER Y TV VAT LEE
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BN T/NA ZADBEREIEE ZDBEBENEANDSEEE. #Fl
WEILY bOZ I ANBOREZIEH TS,

Internet traffic has been increasing explosively and the
amount of information which should be processed has been
increasing. The capacity of information processing in optical
communication systems should be increased drastically to
cope with the explosive increase in the information traffic. It
is necessary to realize ultra-high speed and highly functional
semiconductor photonic devices and semiconductor photonic
integrated circuits to construct next generation highly func-
tional optical information communication network systems.
We are investigating novel, highly functional semiconductor
photonic devices, which is indispensable to realize new gen-
eration optical information communication network systems.
Furthermore, our research interests cover ultrafast photonic
devices, opto-electronic semiconductor devices and their ap-
plications to optical computing and signal processing areas.

W SIHEET £ N Z U ARDE | JIREE

FEAEREER Y N -V Y AT LERBIT S LT, B
EENTHBEY AT LERIRT B ODBHEENR - 87 /3
AHl, RUBBRNESUIBEE RITYT 5 e DDA EME
EHT A ALY 5 T EDRERRARTH D,
FARDEF CIE. FEEL - PFERNEHREN-—AE L
BEEEAE T\ A RUFTH SRR BRI DR %E
ToTW5, HDsE. (M. AR, RRZEBEHICERSZED
TEBRHFEHNTNA R - REREREEZRIRT 2 LT BRE
- BREROBERY T —JOXRBEEZBELTWVS, .
HREBICED HBAEET )\ A XDRIEZEBIREL. 7/3 X
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Schematic structure of a hybrid-modulation semiconductor laser

= Highly Functional Photonics (Prof. Yasaka)

It is indispensable to establish highly functional light source
and photonic device technologies and novel functional semi-
conductor photonic integrated circuit technology for realizing
highly functional optical communication systems and novel
functional optical signal processing systems. We have been
studying highly functional semiconductor photonic devices
and semiconductor photonic integrated circuits based on
semiconductor lasers and semiconductor optical modulators
to create novel semiconductor photonic devices, which can
control intensity, phase, frequency and polarization of optical
signal freely. Furthermore we research novel semiconductor
photonic functional devices based on novel principle to real-
ize innovative photonic information communication network

systems.
4. Y
E z ~— E g (Direct cument mod )
sﬁa ’_E 3 == B &I (Hybrid mod )
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BERL—YOBF v —TEERE (ER) &5 7 71/ REFIE (BR)
Negative chirp operation (left) and optical fiber transmission characteristics (right)
of hybrid-modulation semiconductor laser
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Wireless communication systems, such as cellular phones, have
offered mobile voice/mail services to us. Nowadays, they be-
gin to offer mobile internet services which handle high capac-
ity photo/motion data. In order to enjoy freedom from wired
lines, small size, light weight, long battery life terminals have
been required. For the next generation wireless systems which
include terrestrial / satellite communications, dependable con-
nectivity and green wireless information technologies (IT) will
be the key issues.

W iR T A v L R B E R
HRAT | A
AAEDF CII ER - BERZRE LIESERBRXY NT—7
DERIFEEBEELT. BEEHNDBINEEDDEWERT A VLR
EBEFAM (Advanced Wireless IT) (ZRE BH5C A (S SILEEEE -
TINA X « REFMHOSBEHR - 2y bT— U HMIESE T,
—BLTHZE - BEZT> TV,
EEMNIBREIE - 7/341 R « REFMOMERELTE UV
CMOS EffiE BWNe BB ERE RFINT =T > 7 - vt A 4 -
SFUEEDHR-BR BN T EY 12— IVOREETS
TW3, ZLTC.TNSDY) AV RFTFINA R T VT T EI 21—
Wiz EDT A v L ABEHRICHNBEEIROFEZ. 7421
EIRFEMERNTCHEET DT Y27 ATy RRF 7F07E
ERDBAZE - BEZEITO> TV 5,
g - Xy b —ORMOMEE LTIE. BEE - HhEGE
ICKDERBEEICHESRAY NT— 07V AKAJREE T 5
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(MBWA; mobile broadband wireless access) DHIZEETT>TL
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(personal area network) DBAZEEIT> TN 5,
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Figl IEF2 XMt » 70— RNV RIEBEG R Y T —2 Dt
Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

Toward the realization of a ubiquitous and broad-band wireless
network, we are actively engaged in the research work on de-
pendable and low power consumption advanced wireless IT.
We cover the whole technical fields from the lower to higher
layers, i.e., signal processing, RF/Mixed signal device, antenna,
MODEM and network technologies.

As the studies on signal processing, RF/Mixed signal device and
antenna technologies, we are developing RF/Millimeter-wave
RF CMOS IC’s, antenna integrated 3-dimensional system in
package (SiP) transceiver modules, digital/RF mixed signal IC's.
As the studies on MODEM and network technologies, we are
focusing on next generation mobile broadband wireless ac-
cess (MBWA: mobile broadband wireless access), dependable
broadband wireless local area network (WLAN) and ultra-broad-
band wireless personal area network (WPAN).

We are also working for the next generation wireless commu-
nication systems/devices which include a location / short mes-
sage communication system via quasi-zenith satellites (QZS)
and a fusion of various wireless communication systems “de-
pendable wireless system.”

= Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

We are engaged in the development of wireless access tech-
nology for heterogeneous wireless network include satellite
communications. Specifically, we are developing seamless
roaming technologies among heterogeneous networks and
large-capacity wireless access method for large disaster relief.

o)

Channel Estimation
Signal Processi

. 2

Fig.2 [KHI7 A v L ABER 1 F v TEZEROME
Fig.2 One-chip modem LSl for Broadband wireless communication
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Our main interest lies in high-density information storage
technology. The core technology is magnetic recording with
fast data transfer and large storage capacity, which is applied
in hard disk drives and magnetic tape storage. Recently,
multi-media information, such as digital movies and music,
that requires very large storage capacities is used in broad
applications from internet to mobile communication. This
trend accelerates the areal density increase of magnetic re-
cording. Recording theories, devices, and systems based on
perpendicular recording are being studied in order to attain
ultra-high density information storage. Our target is terabit
storage (over 5 Tbits/inch2 areal density), in which the bit size
corresponds to an area of 10 nm by 10 nm.

W KFEEANL—IY AT I
MR E | MEEEE

BHBIIEEGRAY FEBEET « X7 OMRETV. REICINS
T EDEEBELHEBEDORBRIREY (K1) ZBEAT
MEER LICHUBA TN S, £fe. BEOEBZBASHEARE
VATLELT Ry NT—=Y EITHBT BA M L—YZERE
DETCEREEABERZSIEHINHA L —2 (®2) OB
WEED TN D,

vaEgESsI 1 —F—Y 3y
=85 | Greaves A2

RATVAR TR T 4w 7 ABRICEDER—/\ -1 —%%

BBV 1293 — 3 VU REBELTEEER L L—

BRI DFIZET > TN B,

1 BERRERANY FEEET 1 RV AUV REEREDRIE
Fig.1 Read/write measurement using a single-pole head and a per-
pendicular medium.

* Information Storage Systems
(Prof. Muraoka)

Single-pole heads and perpendicular disks are investigated
through read/write experiments, as shown in Fig. 1, to im-
prove the recording performance. For extremely large capac-
ity storage systems, storage grids working on a network, as
shown in Fig. 2, are also explored.

= Recording Theory Computation
(Assoc. Prof. Greaves)

A computer simulation utilizing micromagnetics is being
carried out to obtain design guidelines for ultra-high density
recording.

2 ZHOAFIHDOD e & UBRENDARIRA S L—I T 2T L
Fig.2 A large-scale storage system with parallel HDD operation.
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Terahertz (sub-millimeter) coherent electromagnetic waves are
expected to explore the potential application fields of future
information and communications technologies. We are de-
veloping novel, ultra-broadband integrated signal-processing
devices/systems operating in the millimeter and terahertz fre-
quency regime.

@BIO— RNV RFNACR - YRFL
HRAE | RiHHS

SUR - TIONVYEHE TCOBEDIREGIREF 7/ \ M RBE KU
ZDVAT LZMERT 5, BEAENICIE. FEFENT OEGEED
TIT7IVNCRIRT 52X S REVHBAFA LI LULE)
EREBDOT INIVYHEL—Y—PER NS VI X2ORIHEBTE
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= Ultra-Broadband Devices and Systems
(Prof. Otsuji)

We are developing novel, integrated electron devices and
circuit systems operating in the millimeter-wave and terahertz
regions. IlI-V- and graphene-based active plasmonic hetero-
structures for creating new types of terahertz lasers and ultra-
fast transistors are major concerns. By making full use of these
world-leading device/circuit technologies, we are exploring
future ultra-broadband wireless communication systems as
well as spectroscopic/imaging systems for safety and security.

= Ultrafast Electron Devices
(Assoc. Prof. Suemitsu)

We are focusing on two important material systems for high-speed
and high-frequency devices: the indium gallium arsenide (InGaAs) for
ultimately high-frequency operation including sub-millimeter-wave
regime, and the gallium nitride (GaN) for high-power millimeter-wave
applications. Our activities include the design, process, and character-
ization of these devices and their integrated circuits.
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BREALT ST 1Y SV I AR L—H—FKF (DFB-
DG-GFET) DEFEAMIREE, FISHRH & Q BRATHER.
B—E— F7 IV L—F—RIRDERER
current-injection graphene transistor laser (DFB-DG-
GFET). SEM images, measured ambipolar property,
simulated modal gain and Q factor, and world-first
measured single-mode THz lasing spectra.

571V ZEBRIZRTRFERNT OREILBIT B
TA YTV RMIB S RIVEL BT IANIVY BAK
HOBRER

world-first observation of terahertz spontaneous
emission in double-graphene-layered 2D atomically
thin heterojunctions via photoemission-assisted res-
onant tunneling.

ER 7« —IVRTL— b EGA L InP ReBFREE
NS UIRE EZ DN ER EDEEE

InP-based high electron mobility transistors (HEMT's)
featured by the slant field-plate structure, experi-
mentally confirming its improved high-breakdown
voltage performances.

EXUBEHIZEFT = RIEC 2017/2018| 35

7
1
A
Pe
|¢
T
>
B
7
B
Fq

uolsinlg Buuesuibug puegpeoig




7
T
A
Pe
|\\
T
>
B
7
g8
Fq

uolsinlg Buuesuibug puegpeoig

EFLIFRIFMARRE

Quantum-Optical Information Technology

AL - =7% - Sadgrove iz =

Edamatsu, Mitsumori & Sadgrove Group

Staff ##y ZFE— Keiichi Edamatsu
B2y Professor IS

Mark Paul Sadgrove Mark Paul Sadgrove
BT Associate Professor

A {2 Nobuyuki Matsumoto  FaEB 183 Naofumi Abe

Research Fellow

B Assistant Professor Mg

=% RZE Yasuyoshi Mitsumori

Associate Professor
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Research Activities

REOERLE - BERIMIE. E5Z2EBEPEREG EDOHH
TR OBYELITHISE® TRABNEZTOTVEH, L
k. BROBEELEERILICRRNEGFIN D C EHEFHENT
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RFEZIT WD MRS 2 S8 FIERBERIMOEAILH R <
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BETNAADRACEBEL. KEROBFERBEOHKESE
HNEMBEATOFFE B THEL L T S,

Current information and communication technology utilizes
macroscopic and classical physical quantities, such as volt-
age or frequency of electric fields. The classical technology
will reach the limit of information density and speed in the
near future. The quantum-mechanical counterpart, “quantum
information processing and communication technology”, in
which information is carried by microscopic and quantum-me-
chanical quantities, is expected to overcome the difficulty. Our
goal is to develop quantum information devices utilizing quan-
tum interaction between electrons and photons in semicon-
ductor nanostructures, to obtain further understanding of their
physics, and to apply them to practical quantum information
technologies.

¥ EFCERIFAEDE | KRBT

BT ONGLOHOBTHAETE L BT EREERN. i
B BB TR AL BT EREET 1 . ERETEH
B - BRI RBBIR AT > T B,

VEFL—F—DXTHF

MZEDE | =/
HEREFEBEICHIT D EFIREDNHEEDRF D LU FE
MDA ETV. BEFBHREEORIBICAEIT T /A ADEFH
HBIELTWS,

WEFFH/T7+bZUR
=58 | SadgroveEEi%

ETFHRCAHNRFOREDDDF/ T+ =T AT INA XD
ARZEREL TS,

B.BI 0

1. AFORNAEICH T H8%E S BEDOIHEESBROAKER (Bh) SRR
EXOTRME (BR) . FHAERIENA NIV DORER, (FiR) EWY. VB
R BLUOTZ22T7—F & B OFRSEAEmT BRI D2,

Fig.1 Experimental results (filled circles) and predicted lower bounds (curves) of
error-disturbance uncertainty relations (EDR) in photon polarization mea-
surements. The Heisenberg EDR (blue) is violated by the experiment while
the EDRs proposed by Ozawa (red) and Branciard (purple and green) hold.

= Quantum-Optical Information Technology
(Prof. Edamatsu)

Development of fundamental devices and quantum measure-
ment techniques for quantum info-communication technology
(QICT) utilizing photons, novel materials and semiconductor
nanostructures.

= Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

Development of optical manipulation technique of electrons
in semiconductor quantum structures for the realization of
QICT

= Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

Development of nanophotonic methods for the manipulation

of quantum emitters and cold atoms.

E Laser pulse

C.

V. B.

z

2. PBKETF Ry bHOBEF - EFLFOHFH I —L > Ml
Fig.2 Coheorlent optical control of an electron-hole pair in a semiconductor quan-
tum dot.
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Electromagnetic Bioinformation Engineering Electromagnetic Bioinformation Materials
(Prof. Ishiyama) (Assoc. Prof. Hashi)

OBsREMA T

OB B KBRS
OXAVOMR 77 F1T—4
OB S AR ERERMR

OTA VL ARV VTV AT s
ORSRENMERLIERTRL

® Wireless magnetic sensing system
e Functional magnetic materials
e Super high sensitivity magnetic field sensor
¢ High-frequency electromagnetic measuring
system
® Micro magnetic actuator
¢ New medical equipment using magnetic

ARG AT L

Wt7e b

Human Information Systems Division

EIREIERY A7 LHZEE 1 Advanced Acoustic Information Systems

FIREIRWY AT L
R 5 (BRAEER)

Advanced Acoustic Information Systems
(Prof. Suzuki)

BR - #BSRERRVATL
R 5 CRAAHHER)

Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

ORIWFE-ZIBEDRRUEDL 3RTEZRE
BRI RBRR DR

OBEBIEEER (active listening) HERICEDC 3 X
TR T « AT LA RBARFIRE X T LB

OREEREBRICE D BERESERED
R
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BEMHEDOEREAMEERBABED

e Spatial hearing process as a multimodal per-
ception

e System theory and development of 3D high-
definition auditory displays based on the no-
tion of “active listening”

¢ Development of new theories of acoustic digi-
tal signal processing.

¢ High level cognition process of the sense of
presence and verisimilitude

OBRERUEEREANRIFERLIBEREZDHE
O3nxEEBEROBEME Y VIV AT A
DIER
OBGRE
DIEE

BROLBICEDCEEBRI AT L

e Mechanism of multisensory information pro-
cessing including hearing

e Development of high-definition 3D sound
space acquisition systems

e Auditory information systems based on multi-
sensory information processing
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Visual Cognition and Systems
(Prof. Shioiri)

Visual Cognition and Systems

R Reitkae
W (RAHEHR)

Cognitive Brain Functions
(Assoc. Prof. Kuriki)

BRBIEREIITENY A T L
MR B (M= AEHER)

Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

ORFRTRDE BRI & ZEFEDORE
ORBESHIH & REEEMBOET /L
O3RTTEBHDTH, P, SREEFEDHRZE

® Measurements of spatial and temporal charac-
teristics of visual attention.

® Modeling control system of eye movements
and visual attention

e Investigation of early, middle and late vision of
3D perception.

ORMDEERKRICET MR
OBRFEFERODYUAN TONEE « AT DR

® Representation of color information in human
brain

e Separation and integration of visual informa-
tion in human brain

OBR LMBEDRBRERTREEIZDME
OBRHE ETBORRICET 2%
OB KTHRDOEBNRIET D%

e Integration of visual and haptic information in
the human perceptual system

® Mechanisms in visual perception and action

® Spatial perception during bodily actions

RERAVE1—T 1 VITHAEE
Real-World Computing

RFIAVE1—T1VYT

MADE (AEHR)

Real-World Computing
(Prof. Ishiguro)

RHRYEETI VT
R DE (hNNESER)

Real-world Mathematical Modeling
(Assoc. Prof. Kano)

OBKXBHEEY 7 hARY ~OHH
OiEfFeilEx RiT. F17. EGICHT2ER
par Gl
OZEZFLIRSBEVDOERREBOIFHER
ERRT 4 7 ANDIEH

e Control of soft-bodied robots with large de-
grees of bodily freedom
e Autonomous decentralized control for various

types of locomotion, e.g., slithering, swiming,
flying, walking, running.

e Dynamical system approach to understand ver-
satility behavioral and its application to robotics.

O@EY A7 LOBEDHENICEET 25
OBNORRA A ZXLORAEEORY b
DISAICEY 55

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems
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Attention and Learning Systems
(Assoc. Prof. Tseng)

Information Content

BRAVT VYRR
AVRAZ9T47AVTY
MRS E (bR

Interactive Content Design
(Prof. Kitamura)

ORBISIREDADZXLEETIVE
OZREHMELFE
OBRAMEDFE L EBAN

e Visual attention mechanisms and models
® Multi-sensory perception and learning
¢ Developmental vision and cognition

Oy - BRI 1 YA V2 71—
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Nano-Bio Hybrid Molecular Devices
7/ MM ARERFTINAR
AR5 (FHHR)

Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

OANTHRREREICE D T/\1 ADBEFE EIGBIC
B9 BH%E
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¢ Development of artificial cell membrane sen-
sors and their medical applications

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

e Construction of electronic and ionic devices
based on biological two-dimensional materials

¢ Development of flexible devices using organic
transistors

¢ Dynamic and Adaptive Spatial User Interface

We are aiming novel spatial interfaces that dy-
namically adapt to users whole activities in a
space by using situational awareness technolo-
gies including robotic displays.

Interactive Content Visualization

Using an approach based on emergent compu-
tation, we propose a new technique to display
various contents interactively and dynamically
according to the situation.

3D Motion Sensing and Interaction

Designing novel real-time magnetic motion-track-
ing systems using multiple identifiable, tiny, light-
weight, wirelessand occlusion-free markers, and
its use with original 3D display systems.

Block Interface

Designing novel building block systems by em-
bedded-sensors to visualize actions and interac-
tions while children play with blocks.
Kinematics-based Content Manipulation Tech-
nique

Designing intuitive content manipulation tech-
niques such as pointing, scrolling and zooming
on various screen devices based on user kinemat-
ics and real-world metaphor.
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Research Fellow
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Research Activities

FEREDBWIAZ 27—y avaERIL. SHROEDBERY X
TLELTDIRTS EZBIET HIcdIcld. ERDODRT 255%
BOZABHTEIMA T, £HRDET HHRLBGIHELZLZDHTE
HELUTURA. TNOEHRENITIREY 2 e ODOMERARELHE
Thb, TDHICEHMRETIFRE. ERDET 2 EREZIT
R Y TRIE S UICERICEENS ZIT ORIET S
MREHEL TV D, INSDEIMAREZELCT. EHEDRY
BAZ 27—y a UEMOELZBEL. [FRBELUICER
BHDEFICEML TP <,

For realizing good communication with human body, and for
realizing the properties of the human body as an information
system, we have to realize the function of the human body as
information in addition to catch the signals from the human
body. Our research division works on the technology for sens-
ing the information from the human body and for approaching
action to the human body. We are focusing to realize the com-
munication technology with human body and to contribute
information and communication systems and medical-welfare
spheres.

W EREHRIERMEDE | AILEE
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BEEF v ) T ESERE R
High frequency carrior-type thin film magnetic
field sensor

oyl E i

pump

FTRIBHAHBDAT OB T A VL AR T

A prototype of wireless artificial heart assist blood

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

High-frequency carrier-type magnetic field sensor, which is
developed in our laboratory, obtains the world-highest field
sensitivity in room temperature under the works for materials,
micro-fabrication techniques, controlling the magnetic prop-
erties. This sensor is studied for sensing system for bio-infor-
mation. As one of the approaching system for human body,
wireless actuators and manipulators are investigated. This
technology is important for a basic study for robots working in
the human body. A part of this wireless driving technology is
applied for a development of completely embedding artificial
heart assist blood pump and a motion system for a capsule
endoscope working in the colon tube.

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

Stressless and painless acquisition technique for accurately
capturing the motion or the information of a human body is
strongly desired in the area of the medical treatment and/or
rehabilitation therapy. In this research division, sensing systems
for temperature and for hardness are studied as no contact
sensing systems. In addition, wireless magnetic motion capture
system is studied for the medical and welfare use. Development
of functional magnetic materials and its fabrication process are
also studied to progress these magnetic sensing systems.

Fingers motion

Motion of LC markers stuck on
each fingers

TAVLAMSE—Y 3 VF v TF vV AT I
Wireless magnetic motion capture system
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Research Activities
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We aim to develop advanced and comfortable acoustic com-
munication systems exploiting digital signal processing tech-
niques. To realize this, we are keenly studying the information
processing that takes place in the human auditory system.
Moreover, we also investigate the mechanisms for multimodal
information processing, including hearing. We mainly apply a
psycho-acoustical approach to study human auditory and mul-
timodal perception. In this sense, our research is characterized
by its high interdisciplinary nature which covers acoustics, in-
formation science, communications engineering, electronics,
audiology and psychology.

W EIHERIRY AT LARDE | SAEIR
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157ch DEFRAC—HY AT LERBWN T Y EY 2y 7 AiBRElE2EBLE Y AT L
Accurate sound space communications system based on higher order Ambison-
icsby using 157ch loudspeaker array

= Advanced Acoustic Information Systems
(Prof. Suzuki)

Basic studies are keenly conducted to gain a deeper under-
standing of the perceptual process of hearing. In particular,
three-dimensional (3D) spatial hearing is studied under the
notion of “active hearing.” This notion treats 3D spatial hear-
ing which considers listener's movement during hearing. With
this knowledge as a basis, we aim towards the realization of a
‘comfortable’ 3D sound environment. A notable application
of this research is the development of 3D auditory displays.
These systems are a critical requirement for the realization of
universal multimedia communications.

= Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

We study the mechanism of human multimodal processing,
including hearing. In particular, we focus on speech percep-
tion as an audio-visual process, the judgment of auditory
space during motion and the impression of a sense-of-reality
in multimodal content. Such knowledge is crucial to develop
advanced communication and information systems. Based on
this knowledge, we are developing future auditory information
systems.

Elevation [dez |

B RDEEMCELL, MEBRMIBICE > TGRABICEILL TV S,
Head-related transfer functions as a function of elevetion.Poles and zeros change
systematically with the rise of elevation.

EXUBEHIZEFT = RIEC 2017/2018 | 41

ST

T

UOISIAI] SWa1SAS UOHBWLIOU| UBWNH

E2
P4
2
=
I
bt
%
2B
Fq




i

.

UOISIAI] SWo1SAS UOHRBWIOLU| UBWNH

*
2
2
4
N
i
%
&
&

BRRERFHRY AT LHARE

Visual Cognition and Systems
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Research Activities
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Human brain is one of the most adaptable systems in the world.
Understanding the brain functions is one of the most important
issues for evaluating and designing things around us to improve
the quality of life. We investigate the brain through visual func-
tions to apply the knowledge to human engineering and image
engineering.
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The spatial extent of visual attention was measured using two kinds of brain waves:
steady state visual evoked potential (SSVEP) and event related potential (ERP). In the
case of SSVEP, the attentional effect gradually decreased with the distance from the at-
tended location. In the case of ERP, however, the attentional effect was obtained at the
location where visual attention was directed, and information around the attentional
locations was suppressed.

* Visual Cognition and Systems (Prof. Shioiri)

Modeling the processes of human vision based on the findings
of the strategies that the visual system uses, we plan to propose
appropriate methods for evaluation of image qualities, efficient
way of image presentation and evaluation of visual environments
in general. We also investigate dynamic selection process in vision
with or without attention to realize prediction system of human
perception and action in the future.

= Cognitive Brain Functions (Assoc. Prof. Kuriki)

Our perceptual experience arises from neural activities in the
brain. Studies of these neural activities are critical for understand-
ing the mechanisms of visual perception. Moreover, presenting
visual information in order that the visual information is suitably
represented in the brain can provide the way to display proper
visual information in information and communication technology.
Here we investigate the brain functions of visual perception (mainly
on color perception) using brain-activity measurement and analy-
sis in relation to visual perception.

= Attention and Learning Systems (Assoc. Prof. Tseng)

My research interests cover the broadly-defined human cognitive
functions such as perception, attention, and learning. With psycho-
physical, neurophysiological, and computational approaches, we try
to answer how sensory systems construct a coherent world that we
experience and look for applications to enhance human life quality.
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Representation of visual information in the early stage of human visual cortex is still
unknown. The mechanisms of visual information processing will be investigated
by using behavioral studies and functional brain-imaging studies. This study may
reveal the “optimal coding method” of the visual information for human brain.
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We systematically research a wide range of interactive modal-
ities and content to benefit human-computer interaction. For
example, we innovate digital content enriching and enabling
daily-life communication, work, and leisure.
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= Interactive Content Design
(Prof. Kitamura)

Content is not always enjoyed alone but often in the company
of others (e.g., friends, family, and so on) simultaneously. In
these cases, it is necessary to consider the “environment” in
which groups of people enjoy the content and “atmosphere”
which is generated by the "environment.” We focus on
non-traditional content areas other than movies, music, and
games, by considering the atmosphere including 3D physical
space, content and human. In this context, the focus of our
group is in researching new and innovative techniques to in-
teract with novel forms of content with the goal of enhancing
the impact, effectiveness and hedonistic feelings of the con-
tent to improve and enrich people’s lives.
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Real-World Computing
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Akio Ishiguro Takeshi Kano Dai Owaki
Professor Associate Professor Assistant Professor
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Research Activities
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Living organisms exhibit surprisingly adaptive and versatile
behaviors in real time under unpredictable and unstructured
real world constraints. Such behaviors are achieved via spatio-
temporal coordination of a significantly large number of bodi-
ly degrees of freedom. Clarifying these remarkable abilities
enable us to understand life-like complex adaptive systems as
well as to construct truly intelligent artificial systems. A promi-
nent concept for addressing this issue is “autonomous decen-
tralized control”, in which non-trivial macroscopic functional-
ities are emerged via spatiotemporal coordination among vast
amount of autonomous components that cannot be explained
solely in terms of individual functionality. We study the design
principles of autonomous decentralized systems that exhibit
life-like resilient behaviors from the viewpoints of robotics, bi-
ology, mathematics, nonlinear science, and physics.

GO [Z7 L4 >0 1 PR RE R S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Our research activities focus on development of highly sophis-
ticated molecular-scale nanodevices through the combination
of well-established microfabrication techniques and various soft
materials, such as biomaterials and organic materials. We are
working on medical bioelectronics where we try to apply semicon-
ductor micro- and nano-fabrication techniques to development
of a sensor platform for drug screening, organic electronics where
we try to develop various sensors based on organic materials, and
bioelectronics where we try to construct artificial neuronal circuits
as a model system for understanding brain functions. These de-
vices can combine with information systems, leading to realization
of a new technology for health-conscious society.

FRIL 7 - X E> gk S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics ” section.
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Software Construction
(Prof. Ohori)
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¢ Development of SML#, a new ML-style poly-
morphic programming language

e Reliable and productive Web programming
framework

e Logical foundation for compilation

e Integration of databases and programming
languages

aAVEa1—T 1 v ERERARE

B Computing Information Theory
aAVEa—71 2 JRHRER
R EF (ML)

Computing Information Theory
(Prof. Toyama)

SIEEY I b TRRE
A5 (L FFE80%)

Reliable Software Development
(Assoc. Prof. Ueno)

OXMREEE SOOI 52> J 558 SMLE DRI%
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e Development of SML#, a new ML-style poly-
morphic programming language

¢ |Implementation technique for programming
languages

e Formal semantics for practical programming
languages

W5

Systems & Software Division
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Computing Logical Systems (Assoc. Prof. Aoto)

ATV bRy bT—Y
R EF ALH A #R)

Intelligent Network (Assoc. Prof. Kitagata)
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e Rewriting Theory
¢ Foundations of Softwares
e Automated Deduction
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e Software Infrastructure of Cyber society (Cy-
berware)

* Multiagent framework / Design methodology

* Knowledge-based communication services /
User-oriented networking

® Agent-based/Knowledge-based/Network-
based systems

OMBEERY bT—0ZRILo 7 /ISBY 7
FoTT

O/fmtExy b7 —F> 0 /My b T7—F
i

ORI+ 2 X —EXEH

* Knowledge based network middle-ware / Ap-
plication software

® High tolerability networking / Intelligent net-
working

e Next generation ubiquitous service infrastruc-
ture
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B Environmentally Conscious Secure Information
System
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Environmentally Conscious Secure Information
System(Prof. Homma)

V7 bhAVE1—T 4 VIERY AT LMRE
B Soft Computing Integrated System
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Soft Computing Integrated System
(Prof. Horio)
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e Hardware algorithms for high-functionality/
lightweight cryptography

¢ Design and evaluation of embedded system
security

e Electromagnetic information security

e Environmentally conscious information pro-
cessing technology

OML A+ 20 A% 7EA LT IERWEVLSI>
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OFHBROERTRZ BIgTMIEVLSIV AT LD
FFICE Y 2%

e VLS| information processing systems based on
complex dynamics

e Brain-inspired neuromorphic analog VLSI cir-
cuits

¢ High-performance brain-like information pro-
cessing system and its applications

e Brain-inspired VLS| system with consciousness

FBER VLS| > X 7 LHAZEE M New Paradigm VLS| System

FBLZVLSIZ R T Ls
MRS E (PEHR)

New Paradigm VLSI System (Prof. Hanyu)

HSVLSITH 1L >
HAED T (FHEHIR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)
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e

¢ Nonvolatile logic-in-memory VLS| architecture
and its application to ultra-low-power VLS| pro-
cessors

e Device-model-based new-paradigm VLS| com-
puting architecture

® Asynchronous-control/multiple-valued data
representation-based circuit for a high-perfor-
mance Network-on-Chip

e Low-power VLSI design technology based on
stochastic logic

OPVTIESDET U —VLSIER/ 7 —F 77 F v
|99 2%

OBEREESEEEEVLSIE®E/ 7 —+7 7
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e PVT-variation-aware VLS| architecture and its
applications

e Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

* EDA/CAD algorithms for new paradigm VLSI
systems
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Nowadays, a variety of software systems manage everything in
the world. Firm foundations for developing high performance
and highly reliable software are essential for continuous
advance of our societies. We are focusing on programming
languages and database systems, which provide foundations
of software development and data management. We are also
developing a new practical ML-style programming language,
SML#, which embodies our recent results such as record poly-
morphism and native data representation.

O VT MU ITERHAEDE | KIEHE
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type pthread_t = unit ptr
val pthread create = _i_mport “pthread_create®
: (pthread_t ref, unit ptr,
unit ptr -> unit ptr, unit ptr) -> int
val pthread_join = _import "pthread join"
: (pthread_t, unit ptr ref) -> int
fun spawn £ =
let val r = ref (Pointer.NULL ())
in pthread create (r, Pointer .NULL (),
fn _ => (f (); Pointer.NULL ()},
Pointer.NULL ());
Ir
end
fun join t = pthread_join (t, ref (Pointer.NULL ()))
val r = ref 0
val t = spawn (fn _ => r := fib 42)

SML# DFetmtEE © <ILVF AT EDRA T4 TALw FHR—F
SMLi# feature: native thread support on multicore CPUs

= Software Construction (Prof. Ohori)

A key technology to enhance the reliability of software sys-
tems is to develop a high-level programming language that
can directly represent various resources and can automatically
detect potential inconsistencies. Based on this general ob-
servation, our research aims at establishing firm theoretical
basis and implementation technique for a reliable and flexi-
ble programming language. One direction toward this goal
is to establish logical foundations for compilation, such as a
proof-theory that accounts for the entire process of compila-
tion.

= Reliable Software Development (Assoc. Prof. Ueno)

Towards realizing a highly productive and reliable program-
ming language, we are developing techniques for full-scale
compiler construction and essential programming features
for practical software development. Major research topics in-
clude a heap management system for unobtrusive concurrent
multicore programming, seamless interoperability between
programming languages and external data, and formal se-
mantics of practical progamming languages.

SYNC1 SYNC2
: hit rootset .
| Srtlj?:pn?e? I.I enumeration .'I |
M4 e . >
snooping | | |
barrier | | {
| H1 | |
| )
M2 .' ,' >
| |
II II
|object | segment
| trace | reclamation

PRESYNC1  PRESYNC2 MARK  ASYNC

ATV bedE— LEVERILTT GC 7)bdYU X
Highly efficient fully concurrent non-moving GC algorithm
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Computing Information Theory
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Kentaro Kikuchi

Assistant Professor

Yoshihito Toyama

Professor
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Equational reasoning is ubiquitous in many areas of computer
science such as automated theorem proving, formula manip-
ulating systems, algebraic specifications, and functional and
logic programming languages. Rewriting is a mathematical
formalism which can offer both flexible computing and effec-
tive reasoning with equations. We aim at developing a unified
theory of computational-logical-algebraic systems based on
the theory of rewriting systems combining computations and
proofs.
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= Computing Information Theory (Prof. Toyama)

Our research focuses on important theoretical features of the
rewriting paradigm, such as the Church-Rosser property, the
termination property, and the modular property. We are also
interested in design and analysis of automated deduction sys-
tems which can offer both effective computation of functional
(or logic) programming languages and flexible reasoning of
automated theorem provers. We are investigating program
verification and transformation systems based on automated
theorem proving techniques.
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Proof by Equational Reasoning — Computation by Rewriting Systems
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People expect that various networks exist everywhere in the
society and information systems over such networked envi-
ronment support everyday life and social activities of people
and create new life styles as well as information society. This
laboratory aims at research and development of advanced
network-based intelligent systems.
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= Intelligent Communication
(Prof. Kinoshita)

It becomes an important problem to develop intelligent sys-
tems, which can cooperate with various people as the human-
friendly, easy-to-use, intelligent partners, in order to support
various creative activities of people in an active and autonom-
ic way. To realize such an intelligent system, we propose a
concept called Cyberware as an infrastructure of cybersociety
that provides people a new information environment in which
people and intelligent systems can work together coopera-
tively. We aim at studying advanced information technologies
to realize a new infrastructure of cybersociety based on coop-
eration and coordination of both people and intelligent sys-
tems over the networked environment, using the agent based
computing technologies.

= Intelligent Network (Assoc. Prof. Kitagata)

With Intelligent Network, networks and services must have
the ability to autonomously construct/reconstruct themselves,
according to change of user demands or changes in the en-
vironment. To realize such a system, we investigate network
software, based on agent and multi-agent technology, net-
working technology and service infrastructure.
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Agent/Multiagent System and its applications

EFNEREREBEA LR Y T —UBBYRT L
Network Management System based on Active
Information Resources

RIVFI—V Y MBIV EEER
Multiagent-based Sensor Management Infrastructure
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Environmentally Conscious
Secure Information System
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The emerging information and communication infrastructure
such as Internet of Things is expected to generate a new val-
ue and bring us a more fruitful society. On the other hand, it
brings a new type of security risks that we have never met and
solved before. The new risks include the nullification of appli-
cations by data forgery and the falsification of critical control
information in factories. These risks are not always addressed
by conventional technologies and their naive extensions.
We are studying future information systems from theories
to implementation technologies for constructing advanced
information and communication ifrastructures in a safe and
secure manner.
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= Environmentally Conscious Secure Information System
(Prof. Homma)

We are studying theories and technologies for developing
secure information and communication systems to ensure
security and reliability from the level of vast and diverse in-
formation sources (i.e., embedded devices such as sensor
terminals), not only to ensure the network and software secu-
rity. We are also studying the security analysis and evaluation
technologies for embedded systems that heavily depend on
the information and electromagnetic environment where the
system is placed. In addition, along with the challenge to the
social implementation of the above research results, we are
promoting the standardization works through the activities in
various standardization committees.
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C.CRYPTREC
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Security analysis method Visuallzation of EM leakage AbIlialal bt ULl

Analysis of system security using EMC techniques

RIS F 1 7 1ER R 7 LR OME
Overview of environmentally conscious secure information system research
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Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brain-inspired
computer hardware system, which is robust and flexible, and
yet quick and efficient.

FEMIE T7L1>0 1 7R S5
For turther details, please refer to the “Laboratory for Brainware
Systems” section.
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New Paradigm VLSI System
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Research Fellow
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Professor Associate Professor

Naoya Onizawa
Assistant Professor

W TAZEEE)

Research Activities

BAIRIEFEREREIRE (Very Large Scale Integration; VLSI) F v
7. BXUOFNEIGA LIVLISIE AT L, BFHEs0 F8EAK]
ELTHELTEY ., BRMRDH 5D ZEERIEDHARERD
BERELTWS, LHALEAS, VIS ATLOSEL - &%
B ESZZ MK - 7N AOWHII TR, YRR TAD
EDDH B, APRETIE. TERE TOCMOSRN—RVLSIEETAH
ROIHMEF LIZW TFBER) OVLSI AT L7 —F 77 F vix
SICZDREIBEERIBATICE Y. ERFFEMDORREITH L.
ANBEDBEMZ & EET HHEaEIERILELZRITT VLSV AT L
EHRRITBHTEEPMTRENET S,

Very Large-Scaled Integrated (VLSI) processors and their ap-
plications to electronics systems, where VLS| processors are
used as a "brain” for intelligent control like human beings, are
the key components in the recent information communication
technology (ICT) society. In this research division, we explore
a path towards a new paradigm VLSI processor beyond brain
utilizing novel device technologies and new-paradigm circuit
architecture such as logic-in-memory architecture.

FRIE 7 L1 >0 1 IR S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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AEY Oz XEARER - HIZEE B Spintronics
AEVHBEIE
MR E (KEFHER)

Functional Spintronics (Prof. Ohno)

T/ RAEVHETINA R
RS (RRAEHIR)

Nano Spin Materials and Devices
(Assoc. Prof. Fukami)

ORE> FOZY RICEY BHI%E

OREY FOZI AMBICHIFBEF - H+ R
E Yt s ZDISHICET BH5E

OBMHEARB L UOZFDBEFHEEDOWME & IHE
|CE8d BHZE

O BRLEAEDRLDFIE & Z DEERTISA
|CE8d 2HZE

OLBHMHRFEZDAT) - REERELR
ADISAICET 2%

e Spintronics

e Electrical, optical, and spin properties of spin-
tronics materials and their applications

e Properties and applications of magnetic semi-
conductors and their quantum structures

e Spin control in magnetic metal and applica-
tions for functional devices

e Spintronic devices with metallic system and its
applications for memory and logic integrated
circuit

OF /B EPOHXPBEED 213 7 AL
Sl paY iy

OREY - HEMREERZ AW B DFIEIC
BT BH1ZE
BHREALE Y FOZ 7 AAE Y EF OB

e Dynamics of magnetic domain and domain
wall in nanoscale magnet

e Control of magnetization utilizing the spin-or-
bit interactions

¢ Development of high-performance spintronics
memory devices

Laboratory for
Nanoelectronics
and Spintronics




F/ N AREDFTINA AHARE

B Nano-Bio Hybrid Molecular Devices
T/ NMARERFTINAR
MARDE (FHHR)

Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

OANTHREREICE D T/N\1 ADBEFEESBIC
B9 HHI%E

OF / BEEDIBERE\A 4+ > HISRICEY
B

OB HZMAEEBUO A THEEIREICEY
ZHE

O% RN F - HELEEEOET ) > JICET S
B3e

OZRFTN\A A HRICEDCBF - 1+ TN\
A ADRIRICEE T BH%E

OFH NS VIR 2ZAWET7 LFVTILT N
A RICBET B3R

e Development of artificial cell membrane sen-
sors and their medical applications

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

e Construction of electronic and ionic devices
based on biological two-dimensional materials

e Development of flexible devices using organic
transistors

F/ERTINAR - TOL XA - HiZEE W Nano-Integration Devices and Processing ———————

T/EB/TINAR
R (ERE#IR)

Nano-Integration Devices (Prof. Sato)

EFNTOBERERILTOLR
RS E (REAEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFIBETBRMEAT ) 7/ XICBT B

OFBEBMERT /A R CBET HHR

OB ERT N1 ADBBRERERIMNICEY
BT

O FHIAET/\ A RIS A%

e New structure non-volatile memory device

® New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

¢ Intelligent quantum device

OBEENV BR¥ERIEZF Y vILERDD
DIEBEERIFMHR TS XICVDT AL RIC
B9 2%

OVIE¥EhaEEEF T OBEDBRERL
TOtRICEY B

OV EHEFATOF / T/INA ADEHEL
SR LICREY 25

e Low-damage plasma CVD process without
substrate heating for epitaxial growth of highly
strained group IV semiconductors

e Large-scale integration process of group IV
semiconductor quantum heterostructures

e Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-

erostructures
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LRI A _
T/ « AEV RERMER

Staff

KA EF  Maki Suemitsu
M (BIE)  Director, Professor

HIBER Cooperation Section
AE AR
Esnioa=

K& f®E Michimasa Musya
AR Technical Official

/NE  FJEE  Rikima Ono

Hifrsa Technical Official

lori Morita
Technical Official

Laboratory for Nanoelectronics and Spintronics

[F/ « AERERBER ) (&, KNP BIIZThER & L TR
16F481HICKESNZ, TOENIE. BHRBEEEZZST)
JILYMAZOR - REY NOZ IV AEBEMERET S &
ICHh D, TNAERIRTBH. [ T7AT5 LB AL
HAEDT-HDRIBEE | K> TEmEnfc S/ - AEVEEE
Mz E FDEBRFEEANT. TRFRH K ORFTEREEE
RICHBDAFESR - BRADEMENTFEHICH/ 70/ AT —
ICTEDVREFDER « AV HEMET 2EBIVHR T/ 1 X5
MOMEFHEEED, T5ICEE - HROBIEEOFOMEE
DTMAEE LB TOY 17 MIEREHET D,

BE. 7/« AEVEREMEETIE. T/ - RE U REREE
DHEES 2/ EBT/IN\A R - 7OV, RAEV MOZV R F
/o NAABEDFTINA ADZEBR M A EY T SRR
s BRERtE Y 2—70Y 0 MR, BERLES. RUBT
A— R\ FMESREBHEZE., V7 rava—7a v JEREY
AT LHARENARE LEE L THREES TWND, TNSDER
T. EEEEEMEAILEL. F/ILY FAZIR - REY MO
ZORICHBIFBHREDODCOEELEATEZBEELTWVWS,

The Laboratory for Nanoelectronics and Spintronics of the
Research Institute of Electrical Communication (RIEC) was
established in April of 2004. Its purpose is to develop and
establish the science and technology of nanoelectronics and
spintronics for information technology. Utilizing the facilities
installed in the Nanoelectronics-and-Spintronics building and
under collaboration between RIEC and related laboratories of
the Graduate Schools of Engineering, Information Sciences,
Biomedical Engineering, of Tohoku University, R&D on nan-
otechnologies of materials and devices in Nanoelectronics
and Spintronics are continued extensively. Furthermore, na-
tion-wide and world-wide collaboration research projects are
conducted to build a systematic database in electrical com-
munication research.

The Laboratory for Nanoelectronics and Spintronics mainly
consists of laboratories of Nano-Integration Devices and Pro-
cessing, Spintronics, and Nano-Bio Hybrid Molecular Devices;
together with the project office of the Center for Innovative
Integrated Electronic Systems, and the groups of Ultra-Broad-
band Signal Processing and Soft Computing Integrated Sys-
tem. These groups cooperatively carry out the research aimed
at establishing a world-wide COE in the research area of na-
noelectronics and spintronics

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nanoelectronics and Spintronics

High functional and high performance -~ h Nl

Si-based semiconductor devi

Nano-Integration
Devices and Processing

Dimensional ity
Control

Functional control of electron spins

Spintronics

Group IV
o Semiconductors g

[Nanostructures]

THz electronic device
technology

Ultra-Broadband
Signal Processing

Charge

Brain LS| Based on
Analog Neura-Dynamics

Soft Computing

Biomolecules
Drganic Molecules

Novel electronic and biomedical devices
based on functional bioforganic molecules

Integrated
Spintronics

‘ Nano-Spin Memory Logic

Industry-academic-government
collaboration

Integrated System

‘ Nano-Bio Hybrid Molecular Devices ‘ '

Project Office of the Center

anl |-~

for Innovative Integrated
Electronic Systems
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COE of International Research Collaboration

T/ I bAZ 7 AEBRLRRRLRRIEERE (FI7EE~
DFERFHNHEMERES LRI ZE8EE LT 21H#RZIEK
HONZBELGIBFRBELZRET 2. 7/ ER/IERTDE
REER) o TAEVHEEMOMI & FEFEADIEA) « [DF
T/ BEIC LB BRIVEORF LGB D3FZRITEA. 7/
LY hOZ I ABRTINARE. TNEBWVIBERY AT LOE
REHET DL LI, INSERFT 2 HDEBEHLFMAEE
FleBEL. 7/ IL7 NI ANEORRICEITS 22—
FTITV LV ADHEIZBIEL TS,

International conferences
have been organized with
research groups in LNS.

imec
(Belgium

University of
Vigo (Spain)

5

University of
Stuttgart(Germany;

COE of International
Research Collaboration

] ‘International-collaborative
Research System

We aim at establishing a Center of Excellence in three re-
search areas, "Nano-integration technologies and their

u o

evolution”, “Spin-control physics and technologies and their
applications”, and “Realization and application of information

processing using molecular nanostructures”.

Research collaboration
with visiting professors

ot 1 :
Ly

State University
of New York(USA)

Massachusetts
Inst. Tech. (USA)

Harvard
University (USA)

IHP & Berlin

Institute of

Technology Polish Academy of | | Chinese Academy
(Germany) Sciences (Poland) | | of Sciences (China)

Princeton
i University
(USA)
National Sun | | University of || Argonne  National
Yat-sen(Taiwan)| | California (USA)|| Laboratory (USA)

Academic Exchange Programs

IHP-Innovations for High Performance microelectronics, Germany

Berlin Institute of Technology, Germany

Interdisciplinary Center on Nanoscience of Marseille (CINaM)-CNRS
Institute of Semiconductors, Chinese Academy of Sciences, China

WINLAB.Rutgers University, USA

Institute of Physics, Polish Academy of Sciences, Poland
University of California, Santa Barbara (UCSB), USA

Harvard University, USA
University of Vigo, Spain

State University of New York, College of Nanoscale Science and Engineering(CNSA), USA

National Sun Yat-sen University, Taiwan

Research and Educational Center “Photonics and Infrared Technology” and Institute of Radio
Electronics and Laser Technology, Bauman Moscow State Technical University (BMSTU), Russia
Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL),
Massachusetts Institute of Technology (MIT), U.S.A

T/ - AEVRERMER TR LIERY Y RY U L

RIEC SYMPOSIUM ON SPINTRONICS

1 2005288-9H %5 2[5 : 2006528 15-16H
12007%108316-1181H %5 4 [5]: 200851089-10H
12009410H22-23H % 6 [3: 2010F285-6H
120114283-4H % 8 [5:201242H2-38
12012%58318-6A2H £10E : 201351815-16H
12013F18318-2A1H 5125 : 201456H825-27H
12015%11818-20H 148 : 20165F11817-19H

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER
1@ :2012%11815-16H % 2 [@:201442821-22H

% 3 [@:2015%2818-198 % 4[5 :201652H523-24H
% 53 :201742827-28H

1s t:November 15-16, 2012
3rd:February 18-19, 2015
5th:February 27-28, 2017

2nd:February 21-22, 2014
4th:February 23-24, 2016

1s t:February 8-9, 2005 2nd:February 15-16, 2006
3rd: October 31-November 1, 2007 4t h:October 9-10, 2008
5th:October 22-23, 2009 6th:February 5-6, 2010

7 th:February 2-3, 2011 8 th:February 2-3, 2012

9 th:May 31-June 2, 2012 10th:January 15-16, 2013

11th : May 31-June 2, 2012
13th : Novembe18-20, 2015

12th :June 25-27, 2014
14th :Novembe17-19, 2016

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

% 13 :2007%E11821-22H %23 :201063811-128
% 3 [3:201243821-228 % 4 [8:20134387-8H
% 5 [6]: 20144385-7H % 6 [8]: 20154382-4H0
% 7 [B:20164E381-30 % 8 [ :201743H6-7H

1st :November 21-22, 2007 2nd: March 11-12, 2010
3rd :March 21-22, 2012 4th: March 7-8, 2013
5th :March 5-7, 2014 6th: March 5-6,2010
7th :March 1-3, 2016 8th: March 6-7, 2017

REEFEA N -\

SD!UOJJU[dS pue sdluods|soue 0} AJOJ,QJOqu

RIEC-CNSI WORKSHOP ON
NANO & NANOELECTRONICS,
SPINTRONICS AND PHOTONICS

% 1 [8 : 20094E10822- 23H
1st: October 22-23, 2009

2nd RIEC Symposium on Spintron-
ics- MgO-based Magnetic Tunnel
Junction- Left: Albert Fert (2007 No-
bel Prize Laureate in Physics); Right:
Russel Cowburn
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Spintronics

KE - RRHARE

Ohno & Fukami Group

Staff

AEF =B AR BE &H 3 Justin Llandro
26 BT BhEL B

Hideo Ohno Shunsuke Fukami Shun Kanai Justin Llandro
Professor Associate Professor Assistant Professor Assistant Professor
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¥ HHRES

Research Activities

BEAROEBRE PR E > OREZ HIH L TENICGAT S7cdlc,
FLUOMH - BSOS ZOXEVIEDER. RUALEY b
A=Y ARFICAICET MR ZTO TV S, Eolc. REHM
ICK W ERBEB P ATHER/ \— FY T 7 ZaikE. [EEEE
KT HALY FAZY ARFOMBHFEZED TS,

Our research activities aim to deepen the understanding of
spin phenomena in solids and to develop new functional ma-
terials and devices in which electron charge and spin states
are controlled. We are also working on research and devel-
opment of advanced technology for nonvolatile spintron-
ics-based devices to realize high-performance and low-power
integrated circuits and hardware for artificial intelligence.

O A VEERIFHRNT | KEHR

ERRORAEY EBEDOBREZE LB IRIVE D DEKES
AEY PAOZIXARZFADIGAE. ThICEUAIRREGEDH LWL
SIEERERNUIERBEWEY X7 LAORRZENE LT,
MBI - RRICBIT 2 AEVICREE LY. RUZTNZFA
LIcHRAE VMK - RFOAIRICET 2MEZETO>TL
%, EAENICIE. BAHIES b > R VSR T O SRR,
BRPERZ BV ERE R RN, 2 FRIEL2FI PR
Ny 2 2T EERVHRALY bOZ 0 AR ORRZ S
EDHTND,

O T/ AEVMETINA R
MEDE | REABIR

EHEEEESHALY POZ I REBRIRORREZEEL. B
MIC K BT/ HERF ORI ERITOBE, RO D
DRBIROHAL A A+ 27 ADEBRERET 5 L ZBIELT
W5, ALY FOZ 7 ARFORMEIERLIBSAG EH LWL
77— 3 OFFRICEE VA TV S,

BRICLBHEST/ T A =2 DB K DHKIEEDE(LDERE
Modulation of magnetic domain structure through
the electric-field effects on magnetic parameters.

= Functional Spintronics (Prof. Ohno)

We are working on the investigation of spin-related phenom-
ena in magnetic semiconductors and metals, as well as the
development of novel functional materials and devices in
order to realize low-power functional spintronic devices and
integrated circuits. In particular, we are tackling the following
challenges; development and characterization of ultrafine
magnetic tunnel junction devices, establishment of novel
technologies to control magnetism utilizing current or electric
field, and preparation of functional spin materials using mo-
lecular beam epitaxy and sputtering.

= Nano-Spin Materials and Devices
(Assoc. Prof. Fukami)

To realize high-performance and low-power integrated circuits
based on spintronics, we are working to develop technologies for
current-driven fast switching of magnetization in nanoscale devices
through material developments and investigation of magnetization
dynamics. We also aim to open up new applications utilizing spintron-
ics devices such as neuromorphic computing.

¥
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h
A e

=

Hall Resistance R, ,

-30-20-10 0 10 20 30
Channel Current I, (mA)

TFATACY MAZY ARFEY T TRAEL TRV
AT RERMEIC LMDV Ea—F « > T DRIBRIE
Demonstration of neuromorphic computing utilizing artificial neural
network with analog spintronics devices used as synapses.
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Nano-Bio Hybrid Molecular Devices

FEFHRE
Hirano Group
Staff
TEH E5 BR KN A 5288
g B B
Ayumi Hirano-lwata Daisuke Tadaki Hideaki Yamamoto

Professor Assistant Professor Assistant Professor

@ HRIEE)

Research Activities

R LTI TR & NA AT U 7 )b, BER & OREIC
K. BRIBRILBZRRICT 27/ AT —Ibe BFAT—ILD
BRAGTINA ADBEFEZBIEY ., FEAHHMNIRITZ )R-
V=2V EQERBRICFBTEAT  AILNAFTLY b
A=V A, BEMEICEDC Y TERETS>BHILY bOZ
A T LT AT/ > THEEIRBZ/EY EiF. ML
CHDBRLESETH/NAAILY FAZY ADHZREREHESD T
W5, TNSDT/NA RSBREEY AT LEREERIRETH Y.
BERARDOOFRME LTRFTHEZEEL TV,

Our research activities focus on development of highly sophis-
ticated molecular-scale nanodevices through the combination
of well-established microfabrication techniques and various
soft materials, such as biomaterials and organic materials. We
are working on medical bioelectronics where we try to apply
semiconductor micro- and nano-fabrication techniques to
development of a sensor platform for drug screening, organic
electronics where we try to develop various sensors based
on organic materials, and bioelectronics where we try to con-
struct artificial neuronal circuits as a model system for under-
standing brain functions. These devices can combine with in-
formation systems, leading to realization of a new technology
for health-conscious society.

O/ IMTREDFTINA A
MENE | FEFHE

M FRFORORELGHKEEZS /77 /AJ—ERMETHL
ek FLLWEFT /M ADRARZTD, BAEMICIE. ATH
ICHERRRIBE Z R L. FEEMEEMEEDEMERI Y —=
VIEELTOISAZERLTVS, e. TOLOGERINT
e BRSO L. £ E o ridiinz RIERERF & LIcho
ETIWVAT LD E BIETHREED T D, I, Bl
INAF IR W THTIREEZE T 57 /X1 ADIERP, £ DE)
PRRBDFHIZE L T RERDFEERMBIDIA KT LELN HT
REBFT/N\A ADRREEZBEL TS,

side effect
positive

side effect
negative

J L

B N RIL—T N EREER
Fig.1 high-throughput sensor for drug side effects

side effect
positive

= Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

We are working on development of novel devices based on
the combination of nanotechnology and biomaterials that
have highly sophisticated functions. In particular, we are
aiming to reconstitute artificial cell membrane structures as
a platform for high-throughput screening of new drug candi-
dates. We are also applying such fabrication technology to
brain research, and are investigating construction of a brain
model system by utilizing living neuronal cells as fundamen-
tal elements. In addition, we are developing bio and organic
devices with novel functions. Through the evaluation of their
working principles, we are aiming to create novel electronic
devices that do not solely rely on conventional semiconductor
materials.

— PaHT 502 ppauT 10—
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Fig.3 p'-i-p” type organic field-effect transistor using conductive polymers

2 AEEERERVEREIRE DO BB 3

Fig.2 Reconstruction of neuronal circuits using living cells
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j_/%ﬁ?_\'/ \\’],Z ° 7’|:|-tzZEH§'%§ Nano-Integration Devices and Processing

1EiE - HBREMRE

Sato & Sakuraba Group

Staff

1R X R BER M Fi
26 AR Bh#L

Shigeo Sato Masao Sakuraba Hisanao Akima
Professor Associate Professor Assistant Professor

@ HRIEE)

Research Activities

EROZREPABEMRITNA., ERFERFENAIT EEE
BAMPKERTEIET 20/ R MR ESRIEERITHIGT
ESRERERBEEEBRMOBREICAIF T, 3hxt ./ Tot
AEAa BRE LTz ) OV REER T\ A X@%‘ﬁ%“ Sik=2ld
& INSZRVARESEBRIEORBHIERZRECTH S,
TINA ADBHERE - BIERRLICHB WV TE. FIMR PRI RS E =S
AL F S VI RAZERF - AT URTFORE. EFHRELE
HLWRBICK > TEMFT DHREEET /M ADBEFE. Thbo
WCRAER 3 RT T O ARMOREEED B, HET. 3Rk
FCRERINORF. 77 - TVRET « NV AT IVARRER
EBIEDER, £/ AT —F7 0 F v DRBFICEW MBS,

In addition to the conventional demands such as faster operation
and larger throughput, low power operation for low-carbon emis-
sion and robust operation not damaged even in a disaster are
required for the development of the next generation information
technology. To meet these demands, studies on high functional
and high performance Si-based semiconductor devices realized
by 3-D nano-processing and large scale integration of such devic-
es are important research subjects. We study the subjects such as
new transistors and memories using new materials, new devices
based on new principles like quantum effects, and required 3-D
processing. Moreover, we develop advanced technologies related
to 3-D nano-integration, dependable mixed signal LSI, and non
von Neumann architecture.

O T/ ERT N AR DEF | e

TBEMEAT LEE - NEWKEZE T H5BIEE T/ 1 XDk
¥, BEEL CEB T 2aEERBT /1 ADBR. RUTh
S5TN\AZADBERERE, TOICETHZEDOREBEFA LI
TINA ADEFEESEOEZEE T 5, FRNUITIK. TNS5T/NT
AFEMD, MEETERE RSO & T BHIE/ 1 RHERADISH
"%,

» a¥/\7 fo%‘i*ﬁﬁ AAnE

EBEERIFMA TS AT VD RERSGEEERELTF ./ A —
bVA — ZEEREICE S D BEENT OIS DR FHEEH
HZFREIC T B L LBl BFRREZSOHLBROBHRRZF
BICTERE L. FIREFWEZRETT 2, BT, IV RFEE
BFANTOS/BEICSVCEELT 28FREEHMEL. Sifk
BEIRANDOARRERCH OIS IV EFBEOEFA\T OBES
FUBMRET /1BET /M ADERZEN S,

A RO T O TRBIE T _

R CHELI LN FRO T PMRBOLHIZE, BETSI0E
AW, TISARGEW . EER W, BUICHERT -7 0 FvOERA D

EFARTHY ., RARRETIL. BUNRMERAET S-0IHELT /%
HUE7OER - THAARKOMRE NS, CO2F L TARNLER

ERLTARREADTLEFET .
ﬂﬂﬂlll
RLALATALATA

T ST ORI
T—%FOFY = 11 3

BUEUETE D T 0 b 2 A TRIRICEIF T

Towards the Realization of a Prototype Brain Computer

Za—oFvd

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of a
product-sum operation device having non-volatile storage,
multiplication, and addition functionalities, the development
of a high-functional thresholding device having self-excitation
functionality, the high-density implementation of these devices,
and the development of an intelligent device utilizing quantum
mechanical property. Also, we make efforts to apply these device
technologies to non-von Neumann computers including a brain
computer in future.

= Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

The following researches are being advanced: (1) Atomic-order
control of highly strained group IV semiconductor heterostructure
formation in a nanometer-order ultrathin region which utilizing
plasma CVD reaction at low temperatures without substrate heat-
ing, (2) Systematic investigation and control of charge transport
phenomena including quantum phenomena in the highly strained
group IV semiconductor heterostructures to find out novel elec-
tronic properties, (3) Heterointegration of the group IV semicon-
ductor quantum heterostructures and high-performance nanode-
vices into the Si large-scale integrated circuits.
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SRR - BB Y AT LHAZEER « BZE= M Recognition and Learning Systems

RRXRERR AT L
MEDEF (EAHER)

Visual Cognition and Systems
(Prof. Shioiri)

BRBIEEEITENY A T L
MRS REHEHR)

Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

R - @ERERH/ATL
M5 CRAHEER)

Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

ORERTB ORI IE & 2T IEDRIE
ORIESHIE & REVTERBOET )L
O3RTTEBHDIE. . SRR FIEOHE

® Measurements of spatial and temporal charac-
teristics of visual attention.

* Modeling control system of eye movements
and visual attention

e Investigation of early, middle and late vision of
3D perception.

ORFEMBOREBRERIBIEZOME
ORMELITHORRICET D%
OBHTEROEBMEICET MK

e Integration of visual and haptic information in
the human perceptual system

® Mechanisms in visual perception and action

e Spatial perception during bodily actions

ORERUEEREHNEIERVBEEZDHR

O3 EEEEROSHERE VY Y IV AT A
DIEEE

OBEERFEBRILVBICED(EEBERV AT L
DB

e Mechanism of multisensory information pro-
cessing including hearing.

e Development of high-definition 3D sound
space acquisition systems

e Auditory information systems based on multi-
sensory information processing

Laboratory for Brainware Systems
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Soft Computing Integrated System (Prof. Horio)
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e VLS| information processing systems based on
complex dynamics

® Brain-inspired neuromorphic analog VLSI cir-
cuits

e High-performance brain-like information pro-
cessing system and its applications

e Brain-inspired VLS| system with consciousness

Brainware LSI Systems
Soft Computing Integrated System
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New Paradigm VLSI System (Prof. Hanyu)
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¢ Nonvolatile logic-in-memory VLS| architecture
and its application to ultra-low-power VLSI pro-
cessors

e Device-model-based new-paradigm VLS| com-
puting architecture

e Asynchronous-control/multiple-valued data
representation-based circuit for a high-perfor-
mance Network-on-Chip

¢ Low-power VLSI design technology based on
stochastic logic

Brainware LSI Systems
New Paradigm VLSI System
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Real-World Computing (Prof. Ishiguro)
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New Paradigm VLSI Design (Assoc. Prof. Natsui)
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e PVT-variation-aware VLSI architecture and its
applications

e Self-adaptive system for resilient VLS|

® Optimization algorithm and its application to
VLSI design methodology

® EDA/CAD algorithms for new paradigm VLSI
systems

Autonomous Decentralized Control Systems
Real-World Computing

HHRYEETI VT
BRI 5 (hNmAESER)

Real-world Mathematical Modeling
(Assoc. Prof. Kano)
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e Control of soft-bodied robots with large de-
grees of bodily freedom

¢ Optimization algorithm and its application to
VLSI design methodology

¢ Dynamical system approach to understand
versatility behavioral and its application to ro-
botics.
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e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems
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Laboratory for Brainware Systems
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The Laboratory for Brainware Systems of the Research Insti-
tute of Electrical Communication was established in 2004 and
renewed in 2014. Its purpose is to contribute to the research
and development of advanced information science and tech-
nology for Brainware systems which realize a seamless fusion
of the changeable and complex real world and the cyber
space.

We aim at establishing scientific and technological founda-
tions and at exploring human-like brainware computing appli-
cations for Adaptive Cognition and Action Systems Division
(Recognition and Learning Systems Group), Autonomous De-
centralized Control Systems Division (Real-World Computing
Group), Brainware LSI Systems Division (New Paradigm VLSI
System Group and Soft Computing Integrated System Group),
and brain architecture Division (planned ). The Laboratory for
Brainware Systems consists of the above four divisions which
cooperatively carry out the research. At the same time they
serve as a laboratory for nation-wide cooperative research in
the field of Brainware systems.

Physical and Adaptive Hardware Environment

*Brain-Like Computing
(Brain Architecture)

* Real-World Dynamical
Intelligence

and Information Generation
(Real-World Computing) (Recognition and Learning Systems)

Environment with Massively Parallel Brain L8]

MNowo-Crip ﬁ Lo
e T
(agiest Cormatra B WM wd 1790w

ion for Brainware LS1 system

+ Brain LS Based on Analog Nearo-Ih

(Seft Compating Integrated System ] (New Paradigm VLSI System)

EBLBEMZEFT = RIEC 2017/2018] 61

>
L
e
>
7
T
7
i)
e
7
i
ifd
B

swa1sAs alemulelg Joj AiojelogeT




-
L
e
>
~
T
7
il
e
7
i
ifd
B

swa1sAg alemulelg Joy AiojelogeT

Boid c FEY AT LHRE

Recognition and Learning Systems
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Satoshi Shioiri Kazumichi Matsumiya  Shuichi Sakamoto
Professor Associate Professor Associate Professor
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Research Activities
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To create computational models of the process that the hu-
man brain integrates multiple sensory inputs from the outside
world, we are investigating the visual and auditory functions in
the human brain for implementing these functions in hardware
under biologically plausible settings. Our approaches include
psychophysics, brain wave measurements, and computer sim-
ulations.
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Target contrast (%)
Ruens )
. Luminance-based transient signals make an important conlribution

How does the visual system achieve 1o visual stability. and to the relative weight of retinal and extra-
visual stability across retinal ion in target across saccades.

= Visual Cognition and Systems
(Prof. Shioiri)

Modeling the processes of human vision based on the find-
ings of the strategies that the visual system uses, we plan to
propose appropriate methods for evaluation of image qual-
ities, efficient way of image presentation and evaluation of
visual environments in general. We also investigate dynamic
selection process in vision with or without attention to realize
prediction system of human perception and action in the fu-
ture.

= Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

Humans can perform various actions based on the recogni-
tion of the outside world that is constructed through multiple
sensory inputs such as vision and touch, even though they
frequently move their own body parts in the environment.
Here we investigate the adaptive-process and functions of the
human cognitive system for action through psychophysical ex-
periments. On the basis of the experimental evidence, we aim
to establish design principles for constructing qualitatively dif-
ferent information and communication environment threugh
vision and touch.

= Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

We study the mechanism of human multimodal processing,
including hearing. In particular, we focus on speech percep-
tion as an audio-visual process, the judgment of auditory
space during motion and the impression of a sense-of-reality
in multimodal content. Such knowledge is crucial to develop
advanced communication and information systems. Based on
this knowledge, we are developing future auditory information
systems.

RzEH L CHREEREBNTRALL, TOBAD—DIIc, BIEEEH S BATREHESN
DIET (Yvh— FEME) IC&BF0H 2. LH L. FHZUE. RIEBRORFRER
BlcbIF oFENERE S LT, BEEEESICERNICSE YT 2NEBEDNEEZ 7% LT,
We perceive the visual world remains stable across saccadic eye movements. How does
the visual system achieve visual stability across saccades? Our findings suggest that lu-
minance-based transient signals make an important contribution to visual stability, and
to the relative weight of retinal and extraretinal information in target localization.
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Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brain-inspired
computer hardware system, which is robust and flexible, and
yet quick and efficient.
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Fig.1 (Left) A chaotic neuron VLSI circuit chip. (Right) A large-scale general pur-
pose chaotic neuro-computer system with 10,000 neurons connected via
100,000,000 synapses.

= Soft Computing Integrated System (Prof. Horio)

We are working on a novel high-performance, highly-efficient,
flexible, and robust brain-inspired computer hardware system.
In particular, we focus on an information processing through
physical complex-networked dynamical process, and its im-
plementation as a computational hardware system using an
analog VLS| as a core component. Toward to the final goal,
we are developing integrated circuit and device technologies
suitable for the brain-inspired computer systems, such as
VLSI technologies for high-dimensional chaotic networks and
large-scale complex systems, VLSI circuits and architectures
for ultra-low-power asynchronous neural network systems, and
compact and low-power devices/circuits for adaptive synaptic
connections. At the same time, we are developing a massive-
ly-parallel brain-inspired computational system architecture,
which is very much different from that of the conventional dig-
ital computers. We further intend to realize an autonomous
brain-inspired computer with a sense of self and conscious-
ness based on a complex network with dynamic change in
spatiotemporal network state and structure.

®2: () #ROTIZIVAVE1—2HNEEGHEEERBEE. HF AEGE®
CERTERICECAARZ2—0avEa—4702147 (B) Eo7ara47
YL - Bl L TS RAEBICHIE TED L SICT 27D VLS Fv 7

Fig.2 (Left) A chaotic neuro-computer proto-type system for quadratic assign-
ment problems, which uses chaotic wanderings and inspirations to find
solutions. (Right) A dedicated VLS| chip for a fast and practical large-scale
chaotic neuro-computer system which can solve real-world problems.
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New Paradigm VLSI System
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Research Fellow
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Assistant Professor
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Very Large-Scaled Integrated (VLSI) processors and their ap-
plications to electronics systems, where VLS| processors are
used as a "brain” for intelligent control like human beings, are
the key components in the recent information communication
technology (ICT) society. In this research division, we explore
a path towards a new paradigm VLSI processor beyond brain
utilizing novel device technologies and new-paradigm circuit
architecture such as logic-in-memory architecture.
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Error-resilient nonvolatile logic LSI

M. Natsui, et at, JIAP, 2017,

= New Paradigm VLSI System
(Prof. Hanyu)

We are studying a “new-paradigm VLS| computing” con-
cept that investigates the optimal design through all the
VLS| design layers from a device/material design level to an
application-oriented algorithm level.”Logic-in-memory VLSI
architecture,"where storage elements are distributed over
a logic-circuit plane, makes global wires reduced greatly.To
implement a logic-in-memory VLS| compactly, we utilize non-
volatile devices such as magnetic tunnel junction (MTJ) devic-
es and focus on other challenging research subjects such as
stochastic logic.

= New Paradigm VLSI Design
(Assoc. Prof. Natsui)

We are studying a new VLS| design paradigm for highly-de-
pendable VLSIs in the nanoscale and post-silicon era. To fully
utilize the benefits of technology scaling, we are focusing on
PVT-variation-aware VLSI architecture and its applications,
self-adaptive system for resilient VLSI, brain-like optimization
algorithm and its application to VLSI design methodology,
and electronic design automation (EDA) algorithms for Non-
volatile logic-in-memory VLSI.
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= Real-World Computing (Prof. Ishiguro)

Living organisms exhibit surprisingly adaptive and versatile
behaviors in real time under unpredictable and unstructured
real world constraints. Such behaviors are achieved via spatio-
temporal coordination of a significantly large number of bodi-
ly degrees of freedom. Clarifying these remarkable abilities
enable us to understand life-like complex adaptive systems as
well as to construct truly intelligent artificial systems. A promi-
nent concept for addressing this issue is “autonomous decen-
tralized control”, in which non-trivial macroscopic functional-
ities are emerged via spatiotemporal coordination among vast
amount of autonomous components that cannot be explained
solely in terms of individual functionality. We study the design
principles of autonomous decentralized systems that exhibit
life-like resilient behaviors from the viewpoints of robotics, bi-
ology, mathematics, nonlinear science, and physics.

1LENCREBISHEEZE T AANEREORY bOERE
53 BRI
Fig1. Autonomous decentralized control of a snake-like
robot that exhibits highly adaptive properties.
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Fig2. Quadruped robot driven by a fully decentral-
ized control.

3. BRD—ER OB RIEEICES L CHEERTREG 7 £
ErFRORY b

Fig3. Ophiuroid robot that can immediately adapt to
physical damage.

= Real-World Mathematical Modeling
(Assoc. Prof. Kano)

Our research group aims to understand mechanisms under-
lying collective behavior in multi-body systems such as traffic
flow and flocking of animals and to develop control schemes
for such systems. In multi-body systems, non-trivial collective
behaviors emerge from local interaction among individuals.
We seek for the core principle underlying collective behaviors
by constructing a simple mathematical model, and then de-
velop “reasonable” control schemes on this basis.
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¢ Broadband wireless communication technolo-
gies for Dependable Air

e Development of high-efficient transmission
power amplifier module contributing to the
low-carbon society ':'
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Research Center for 21st Century
Information Technology (IT-21 Center)
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The purpose of the IT-21 center is development of practical
technologies for IT based on the advanced technologies of
RIEC with the partnership among Industry, Government and
Universities. The term of development is limited less than 5
years. The projects are planed on matching with both basic
technologies in the University and application in the Industry.
Combination of the technologies of the University and Indus-
try makes practical technologies with availability for the com-
mercial products. The center actively accelerates to obtain the
intellectual properties generated from the development of
practical technology to the Industry.
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Noriharu Suematsu
Project Reader, Professor*

Suguru Kameda
Associate Professor*
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Fig.1 5GHz & 324Mbit/s AR LAN IR
Fig.1 5GHz-band 324Mbit/s wireless LAN terminal

Fig.3 MBWA E3EEER (EitHa%14H)
Fig.3 MBWA field test (Base sta-

Fig2 /\1 £ 3 VIEEMBImEE
/B 3D SIP S R EEARIR AR
Fig.2 Ultra-small-size 3D SiP milli- tion)
meter wave wireless terminal

for uncompressed HDTV

Mobile wireless communication technology is one of the sig-
nificant communication technologies that support the ICT so-
ciety, connected with the high-speed backbone network using
optical fiber. Evolution of the mobile wireless communication
technology in Japan is indispensable to keep the leadership
in this technology area in the world.

With the partnership of Japanese major mobile wireless man-
ufacturers and Japanese type | carrier, the mobile wireless
technology group of IT-21 center has been proposing the
concept of "Dependable Air,” which is a heterogeneous and
highly-reliable wireless network. The Dependable Air is able

to work even in the event of a big disaster.

As a result, so far, (1) 5GHz-band 324Mbit/s wireless LAN ter-
minal, (2) ultra-small size 3D system-in-package (SiP) millimeter
wave wireless terminal for uncompressed high definition tele-
vision (HDTV) transmission have been successfully developed,
and (3) seamless handover technology for wide area broad-
band mobile wireless access (MBWA) and seamless system
handover technology between MBWA and wireless LAN have
been successfully demonstrated by field tests. Moreover, the
Dependable Air with satellite communication systems such as
Quasi-Zenith Satellite System (QZSS) have been proposed for
improvement of dependability of wireless network.

From 2015, the mobile wireless technology group will start the
JST A-STEP type project "Development of high-efficient trans-
mission power amplifier module contributing to the low-car-
bon society.” In addition, our group would like to contribute
to the local industries in Tohoku area including the establish-
ment of venture companies based on our developments.

Figd 74XV &7« T7
Fig.4 Dependable Air
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Ad-hoc research groups
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Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal

organizational structure to investigate challenging exploratory topics and needs-based, cutting-edge subjects.
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u Group of multimodal attention

Satoshi Shioiri (Group Leader)
Yoiti Suzuki
Shuichi Sakamoto

Kazumichi Matsumiya

Attention spreads over a limited range in the visual field as the spotlight
metaphor suggests and similar attention effect is known for auditory and
tactile perception. We investigate spatial spread of unimodal and multimodal
attention using steady state visual/auditory/tactile evoked potential through
electroencephalogram (EEG) measurements in order to model attention
modulation for unimodal and multimodal perception.

m Next-Generation Nitride Electron Device
Research Group

Tetsuya Suemitsu (Group Leader)
Takashi Matsuoka
Tomoyuki Tanikawa

Takeshi Kimura

Gallium-nitride-based transistors have potentials to save the power con-
sumption in many application fields such as high-speed telecommunication
and automotive systems. Combining the advanced material technology de-
veloped in IMR* and the device technology developed in RIEC, this group
explores break-through technology to realize high-frequency and high-power
transistors that helps save energy in many kind of electronics systems.

* Institute for Materials Research
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= Yotta Informatics Research Group

Hiroaki Muraoka(Group Leader)
Jiro Gyoba

Yéichi Suzuki
Satoshi Shioiri
Noriharu Suematsu
Takahiro Hanyu
Simon Greaves
Toshihiko Hirooka
Tetsuo Endoh
Shin-ichiro Omachi
Shin Saito
Mitsuyuki Nakao
Nei Kato

Kentaro Inui
Kengo Kinoshita
Naofumi Homma
Hiroaki Kobayashi
Fumihiro Matsukura
Tatsuo Yoshinobu
Yoshiyasu Sakura
Masatoshi Koizumi
Saku Hara

Kyoko Haga

Yuko Murakami
Nobuhiko Terui
Yasumasa Matsuda
Tsukasa Ishigaki
Mariko Nihei

Created world-wide information is rapidly growing. It is projected to reach
to a yotta-byte scale information in 2030. In order to manage the gigantic
information, new criteria of quality, property, and value have to be taken into
account for the next generation ICT technology. Interdisciplinary research by
the experts from humanities and social science, and ICT engineering is car-
ried out.
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W YAN—=T 4T AINEF2) T4 ® Cyber-Physical Security Research Group
M N —7

AR WHX (tFR) Naofumi Homma (Group Leader)
B4 HX Takuo Suganuma
P& &ih Takahiro Hanyu
K P Atsushi Ohori
loT. M2M. CPS &> e RIERIBHBEER DI For the next-generation information and communication infrastructures

. VI b T7ERER. YATLEF1)T 1. suchasloT, M2M, and CPS, we aim to developing information security tech-
N—=FRox7tFa)Trq. BR7—F77F+$H  nologies to ensure security and reliability at the level of vast and diverse in-
FUORHR IOy S EFEHE T E5HEEICLSDE  formation sources (i.e., embedded devices such as sensor terminals) in a ver-
EMENLET7 TO—Flc&Y, BADDZHREIER  tically integrated manner from the viewpoints of software constitutive theory,
HER (TR EEDT/INA ZA/N—RKZT7)  system security, hardware security, circuit architecture and next-generation
DILNIVH SV AT LD - EEMEZEMRT S micro processor.

BT+ 1) 7 A HifOI %= B157,

W RS 7oA A - HEERISEZ Vv —7 = Brainmorphic Nano-Devices and Circuits
Research Group

RBE EE (R Yoshihiko Horio (Group Leader)

i X Shigeo Sato

ME Fe Hisanao Akima

KEF HB Hideo Ohno

RE B Shunsuke Fukami

PE &b Takahiro Hanyu

FH K Masanori Natsui

TEH =BS5S Ayumi Hirano-lwata

A ZE88 Hideaki Yamamoto

FE HEN— R 27 OMBELEATH DD\ Brain-inspired hardware systems have been actively developed recently.

KEEORMETIFES, KEHT L= X)b—IC However, a big break-through to the true brainmorphic system has not

EFESTWEWL, T T, MORFOEEFHHE  been reached yet.

ICEDE. FICHICBIT2EMMEBOA M FZUR This research group aims at development and implementation of novel
B/ TINAZXPHEEEENERBLOROYIE  brainmorphic computational hardware that reproduces the bio-physics and
ERAFZOREFRALTCERT S, HLWKEIE  dynamics in the brain directly through dynamics and physics of nano-devic-
U7 —F 77 F v DR EZOERERIRRICKS  es and ultra-low-power integrated circuits based on the latest physiological
REZHIET, knowledge.
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m Research Group for Advanced Wireless IoT

Noriharu Suematsu (Group Leader)
Takahiro Hanyu

Kazushi Ishiyama

Naofumi Homma

Nei Kato

The aim of this research group is to propose a new concept and to show
the technical feasibility of advanced wireless loT. Since the advanced wireless
loT should handle a large number of terminals in a limited area, the inter-
ference between the small cells becomes a very big problem. To solve this
problem, we propose a novel millimeter-wave/ sub-millimeter-wave wireless
loT system and will discuss the related technical issues to realize this con-
cept.
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Flexible Information System Center

OBRDOIE - BRI - FIAE - RERUHAEX
EIRBDEE

Oxv hI—=0 DBERRT - B - ER

OREFRDIBERS Y b T =T B LUBERY AT
LICTEY B R

e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment.

® Advanced maintenance, management and
operation of network.

e Technical supports for information network and
systems in the institute.

Flexible Information System Center

W 2Y/AR
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REMEETER

Management Office for Safety and Health

OMRFADREEEEERARS. FERELE
DRIR BLOLEDZE

OR2BEBROETDAES LOLRLELE
EICEIT BIBRDUNE

OFWBEDLEEBELENDT R/NA AP
RO

OBES LUFEENRE LIBBLEHED
S

OFADAMEBPEE BT & DOEREFHE

e Inspection of and assistance in improving the
safety and health management system and
working environment within the institute.

e Investigation of laws related to safety and
health and collection of information regarding
safety and health management.

e Provision of advice and information to safety
and health personnel in each department.

¢ Implementation of various types of safety edu-
cation targeted at staff and students.

e Liaison and coordination with the supervisory
authority and other departments on campus.

MREREM 2 —

Fundamental Technology Center

O I, BFFHAL MBI, FRER
DIeDDIEAR IEHM DR

Oa—AlFRY bT—0 DIRSF

OREFROR LI T BHEAT 1%

e Providing of technical skills of machining,
physical and chemical measurements, material
processing, and information management.

® Maintaining of the in-house network of the in-
stitute.

e Technical supports for safety and security of

m?ﬁi_—hﬂ% mmmmEs
Hikity ¥ —

Fundamental Technology Center

Management Office for Safety and Health
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Staff

KT #E Tetsuo Kinoshita
trE—F & Professor

Sl BA Yoshihito Toyama
BE (30 Professor*

A X Takuo Suganuma
BE (30 Professor*

k|67 7T Gen Kitagata
I () Associate Professor*
BH —A Kazuto Sasai

B (30 Assistant Professor*
g EE Masahiko Sato
0= Technical Staff

AH Fa Kenji Ota

0= Technical Staff

Flexible Information System Center
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SNEWE CRIENGUIEPEEDH ZRET 50 D5 TH
WY AT LTHD, At FZ—DOEMIE. INETDIHTL]
[FHRAVEFREEZBR . ABORENPREICEDLE CRATIER
SIRZEITON R ABOBEICHISTES L D& [PhoHLy
[BRIIBOE Z FICEDE. BIFTNOMEGHAREE ZZ 2 5
EODERRY FT—V BLUBRV AT LEEE - EATS
TElcHh B,

e, BHRAX Y FT—7. BLUOBERY AT LOREENDBEA
@ C R/ 7N\D&EER L. ZiEROsEGER . FIA.
EE - B, REGEDRODIENGT Y AT L et - 1BR%
ToTW%,
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Printer Room

The present information systems represented by computers
are inflexible systems, because their uses are predefined and
they provide only the fixed processing and functions. The flex-
ible information system on the other hand, is a system which
can perform the flexible information processing adapted to
the human intention and situation of its environment beyond
the limitations of the principles of the inflexible information
processing. The aims of this center are to manage and oper-
ate information networks and systems based on the concept
of the flexible information system, and support smooth re-
search activities of RIEC.

Moreover, utilizing technical know-how acquired through ap-
plying the information networks and systems to practical use,
we also design and construct a leading-edge system for ad-
vanced organization, utilization, administration, operation and
dispatching of scientific information.

1BHRgARE

Server Room
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Staff

rE F— Yoichi Uehara

tra—fk (BE) Director, Professor

kg Bz Nobuyuki Sato

Bh#L Assistant Professor

HRIK 1R Tamotsu Suenaga BIEH =
RS Technical Staff RS
(ST Maho Abe W4 B
RS Technical Staff RS
(S = PN Kento Abe By F=
RS Technical Staff RS
sul BF Yuko Maruyama ESSEIpN =
RS Technical Staff RS
A& EE Takenori Tanno ¥ BE—
RS Technical Staff RS

Yasuaki Maeda
Technical Staff

Hiroyuki Yagyu
Technical Staff

Fundamental Technology Center

Kana Sekiya
Technical Staff

Katsumi Sagae
Technical Staff
Koichi Shoji
Technical Staff
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X1 ATHRREs AR 7 a>
FvIN\—
Figure 1 Teflon chamber for
artificial cell mem-
branes

B2 X$REHTEE
Figure 2 X-ray diffractom-
eter (XRD)

Pioneering studies in research areas from basic sciences to
applied communication technologies have been performed
at this institute. Technical staffs have traditionally contributed
to these efforts through the use of their well-established skills,
experience, and knowledge. To accelerate such contributions
in the future, a fundamental technology center encompassing
all technical staffs and an assistant professor was established
in 2007. This center provides technical skills of machining,
physical and chemical measurements, materials processing,
and information management though the following four divi-
sions.

The machine shop division focuses on advanced machining
techniques and supplies the experimental apparatus (e.g., see
Fig. 1.) that are required by different laboratories. This divi-
sion also provides machining instructions to the students and
faculty members who pursue machining independently. The
evaluation division offers various evaluation and measurement
instruments such as X-ray diffractometer (see Fig. 2) and elec-
tron probe X-ray micro analyzer (see Fig. 3). Glass processing
techniques can also be provided. In addition, this division
is responsible for supplying freezing media. The processing
division offers nanometer-scale electron beam lithographic
techniques in cooperation with the cooperation section of the
Laboratory for Nanoelectronics and Spintronics. Instruments
for accumulating and testing optical multilayered thin films are
also available in this division. Finally, the information technol-
ogy division operates the in-house network of the institute and
manages commonly used information equipment in cooper-
ation with the Flexible Information Research Center. In addi-
tion, this division engages in the collection and management

of intellectual property-related information.

M3 EFE—LEA
XERTTRDITRE
Figure 3 Electron
Probe X-ray Micro
Analyzer (EPMA)
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Staff

PHE &H3L  Takahiro Hanyu

EE EH Manager, Professor

LB F—  Yoichi Uehara

BER ) Deputy Manager, Professor
kB {2  Nobuyuki Sato

Bh#L Assistant Professor

fJER EHitN,  Maho Abe

BifrEe Technical Staff

Management Office for Safety and Health

ZEBEEERIIME CACHEPEEDRE L RFZMEFT
DI EEBENE LTEB TH D, IEIcHIT 2RERICHL
T ER BEAA. BTG EHMELNTEY . BREEH#
STEENDGE BV, REWEEEE CIEFN COREEIN &
ENDFBIITOhNS & Dlc. BiEEHZE L CHREPRRNE
F. IBFOREFEBEDT R— 2172\ 5,

PIEFROOMERIE. BEER CH LR KUEER. HUED %
T2 TCVRRARE. TOERM CHL2ERBRPNBISES
FUEHBHED 555, RS SUBERDHARILADEEE
BEAIV, B2 OMRES L OBREDELSERIIEBELET
HBEE. EEEERLBLEHTOTCL S,

ZEFEERICBEV U Pk, MIRAOBE. EXED SHBK
CNZREBEZESRIFTNOLEBEEREH OBREPZEH
LICETZEFTEELFEEBTRE L. IRBLUBERICBEE
1715, MRS FUBERTEEDORBIC LD > THEHERE L.
BMRE. MREEHNTRLEEEBDRBEOIFEETOILICE
Z

ZEFEEREISHERFT CORTEB O LN DREBEIITTHNS
LOFEHL TV,

ZRERER

Safety and health seminar

REALORESRYEL

AESAoEEEE
22 98 SACRVEVALRETE

BEAAREZHEER
High-pressure gas seminar

The Management Office for Safety and Health is an organiza-
tion with the objective of maintaining the safety and health of
staff and students working at the institute. The use of chem-
icals, high-pressure gas and radiation in research activities
at the institute entails many risks. The Management Office
for Safety and Health provides support for safety and health
management in facilities such as research laboratories, exper-
imental facilities, and machine shops through activities to en-
sure that research activities within the institute are conducted
safely and smoothly.

With respect to safety and health management, the Safety
and Health Committee, comprising the Director, staff at the
institute and industrial physicians, discusses matters related
to safety and health and the maintenance of the safety and
health management system at the institute, and submits rec-
ommendations to the Director and Faculty Council. The Direc-
tor and Faculty Council then finalize guidelines as advised by
the contents of these recommendations. The guidelines are
then implemented into actual safety and health management
operations at each of the facilities such as research laborato-
ries.

The Management Office for Safety and Health operates to
ensure safety and convenience in research activities at the in-
stitute.

ISRFLUHBR

First aid seminar
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MR

Title of Sub-Group

B Study Groups on Electrical Communication

Study Groups on Electrical Communication are organized
to solve scientific and technological problems and to promote
research and development through the collaboration of the
Research Institute of Electrical Communication, Group of ECEI
(Electrical Engineering, Communication Engineering, Electronic
Engineering, and Information Engineering) in Graduate Schools
of Engineering, Information Sciences, Biomedical Engineering,
related scientists and engineers inside and outside Tohoku Uni-
versity. The Study Groups on Electrical Communication consist of
15 Sub-Groups as listed, to deal with specific subjects. Each Sub-
Group holds workshops and the abstracts of the workshops are
published annually in The Record of Electrical and Communica-
tion Engineering Conversazione Tohoku University.

Many scientists and engineers not only from universities but
also from government laboratories and industries attend the
workshops, present papers, and discuss issues very actively. We
are pleased to provide information on these activities upon re-
quest. Please contact the General Chairman or each Sub-Group
Chairman for general information or more specific questions.

BEIFHRER

Electromagnetic and Optical Waves Engineering

Za-N\IEAA LAV —T 1 VIHER
New Paradigm Computing

FEIFHMRR

Acoustic Engineering

HBEEILY bOZY AHRS
Ultrasonic Electronics

e "TIARTA—ZL" (IBEH . T ARMESR)
Sendai "Plasma Forum"

TLA Vo7 IEHES
Brainware

EMCAEE = +—)b
Sendai Seminar on EMC

B3R - 8RS

Mathatical Physics and its Application to Information Science

dvEa—2Y ATV AR
Computer Science

HIR - £ IFRRR
Biocybernetics and Bioinformatics

VAT LIRS
Systems Control

+/ - ALV TEMRR
Nanoelectronics and Spitronics

TERNAA O =7 RS

Information-biotronics

FEMFRBELFHER
Advanced Information Communication Engineering

AEZ T AMRERR
Spinics
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International Symposium organized by the Institute

B Symposiums Organized by the Institute

This Symposium is planned to exchange relevant information
on current important topics concerning Electrical Eng., Electrical
Communications, Electronic Eng., and Information Eng. Many re-
lated researchers inside and outside Tohoku University participate
in the Symposium and stimulate discussion.

1 EEBCEEEROBEY 3t 7Y MR ETHZS 75 ATIRE)

Feb. 23-25, 1997

Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

2 UDBRRBICED T LA Y7 —F7 7 F v DR - HIME

Mar. 16-18, 1998

Design and Architecture of Information Processing Systems Based on The Brain Information Principle

3 = REIRRI & T DIGA

Novel Techniques and Applications of Millimeter-Waves

Dec. 14-16, 1998

4 SITERZFY—ENTOEICET ZERERRE

The International Joint Conference on Silicon Epitaxy and Heterostructures

Sep. 13-17, 1999

5 T A b v o EREEERRE

International Workshop on Photonic and Electromagnetic Crystal Structures

Mar. 8-10, 2000

6 R E AT DERE LTS

Physics and Application Spin Related Phenomena in Semiconductors

Sep. 13-15, 2000

7 SERAE STRICHIT HE EMATE

Rewriting in Proof and Computation

Oct. 25-27, 2001

8 SRR ERSR & € DISH

Nonlinear Theory and its Applications

Oct. 28-Nov. 1, 2001

9 Za—N\SEALVSIaAY =T 4 VT
New Paradigm VLS| Computing

Dec. 12-14, 2002

10 BaBEEALZYIA N —IVRAT I
Ultra High Density Spinic Storage System

Oct. 23-24, 2003

1 B3ESIGeCEERT—0 > 3w T
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

Oct. 12-13, 2004

12 BEBEARRAVOTINAR - HRERT—7> 3y

Apr. 11-12, 2005

3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3)

13 BARISI TERF Y —ENTOBEICRET 2EERE (1CSI-4)

4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4)

May 23-26, 2005

14 BIEENIVERSEERS /TLY NI AERT -3y T

1st International WorkShop on New Group IV Semiconductor Nanoelectronics

May 27-28, 2005

15 BIERFERELHRRERS VARY DL HRAOBEREE M. 0B UHR

Sep. 26-27, 2005

GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society

16 FIEREYMOZIZAERT—5 37 Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-
17 BARSAESA 7 OBST/N\A X - MRERT—7>3v T May 8, 2006

4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4)

18 BARHEKICHIT 5 A VESERROYEB L ICHICEYT SEREH

Aug. 15-18, 2006

4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-IV)

19 BEEIVEESH /ILY FOZJAERT -3y S

Oct. 2-3, 2006

2nd International Workshop on New Group IV Semiconductor Nanoelectronics

20 BEIREYFOZVRERT—7 3w
2nd RIEC International Workshop on Spintronics

Feb. 15-16, 2007

21 HREEF 22007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007
22 7)I3AY XLHNFEERB JORRHZACET 20RERSZE Oct. 1-4, 2007

International Conference on Discovery Science / International Conference on Algorithmic Learning Theor

23 BIEACY FOZY RERT 03y T
The 3rd RIEC International Workshop on Spintronics

Oct. 31-Nov. 1, 2007

24 BIEFIVER¥EGS /ILY FOZ I RERT -V av T

3rd International Workshop on New Group IV Semiconductor Nanoelectronics

Nov. 8-9, 2007

25 B, /EERF /Iy FOAZIREBR T~ av T

International Workshop on Nanostructures & Nanoelectronics

Nov. 21-22, 2007

26 218E7 )L XL EFTBRICET 2EERE

The 18th International Symposium on

Dec. 17-19, 2007

Igorithms and Computation (ISAAC2007)

27 SME—RAET S ARICET AFEBENERY Y RT T L

Sep. 5-6, 2008

International Interdisciplinary-Symposium on Gaseous and Liquid Plasmas (ISGLP 2008)

28 BARBRIVERFEGHS /ILY FOZJRAERT -V av T

4th International Workshop on New Group IV Semiconductor Nanoelectronics

Sep. 25-27, 2008

29 BARIZEY FOZVZAERT—Vav T
The 4rth RIEC International Workshop on Spintronics

Oct. 9-10, 2008

30 SRV VIRITIL
GSMM 2009 (Global Symposium on Millimeter Waves 2009)

Apr. 20-22, 2009

31 RIVFE-RIVARICET 2@A=_—T7—r>3v 7
Mini R.I.E.C. workshop on multimodal perception

Apr. 24-25, 2009

e spingrunies device
S m..n

FI14BIRECREY FOZY AEET—V >3 v S
14th RIEC International Workshop on Spintronics
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32 BADBESRV A v Ty /OY—ICET REERY VRI UL Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 B0/ \—Y F)b. BN, BERERERES VRI VA Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 BERECONSIF/ILY hAZIZ - RAEYRAZIR 74 b2 AT BERT—0 >3y 7 (BSEACY MOZJZAERT-7Y 3y 7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

35 EEFEQREECABICETDERY VRI T L Nov. 11-13, 2009
International workshop on the principles and applications of spatial hearing 2009 (IWPASH2009)

36 BSEEIVIENEGKS /TLY MO VRT—9 T3y Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

37 BB6ERIECAEY hAZVRERT—V> 3w Feb. 5-6, 2010
6th RIEC International workshop on Spintronics

38 EE1;/MBEL S /T FOZ Y RICETRERT -3y S Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 I 71T INA XSRICET 2@BHEIES >V RI D L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

40 BOEBRBEES/EEYVRITL Nov. 15-16, 2010
9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9)

41 FI/ERECAEY FOZY XEBRT—0 >3 v T Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

42 BEERSEEHET 4 —5 L Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 FEOERECRAEY FO—VZXERT—2>av 7 Feb. 2-3,2012
8th RIEC International Workshop on Spintronics

44 BOEERS VRYTL AT D NAF - F/ILY FOZIR Mar. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 BIES/EEE S/ ILY FOZ Y RICETRERT -7V a3y Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46 FILRIECAEY FOZ YV REET—0>av T May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 BIEAR—b7 7 /OVERT—V 3y Oct. 18-19, 2012
The 1st International Workshop on Smart Technologies for Energy, Information and Communication (STEIC2012)

48 TU Dresden and Tohoku University Symposium 2012 Nov. 2, 2012
Technical University of Dresden and Tohoku University Symposium 2012

49 BEIRHAE R EEICES 9 HmREIRR S > RY D L Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50  BALAFE-N\—N\—RREI3AVIT—TT3vT Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51  BUERECREY FA—JZ2EBET—27>3v 7 Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSls

52 ATFARI - INAF - F/ITLY FOZ Y RETEERY Y RI D L Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

53 EC DSOS -520%: AVNN Apr. 21-23, 2013
6th Global Symposium on Millimeter Wave 2013

54 EE20IRtRE & BANETERICEE T H@EIR S > R Y L Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 AT A A NAF - TV bOZY ABEERS VRI T L Mar. 6-7, 2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56 SOE1;/MEELS /T SOV RICEITBERT -7 a3y T Mar. 6-7, 2014
5th International Workshop on Nanostructures and Nanoelectronics

57  S12ERECAEY FA—JRERT—V 3y Jun. 25-27, 2014
12th RIEC International Workshop on Spintronics

58  BFLYIRIRT v 2014 EY SIEEEEFSH Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59  RECEM>>RYIL MEEIS2Z5—Y3> Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 20147V 7ATFRA U ORAH Nov. 4-7, 2014
APMC 2014(2014 Asia-Pacific Microwave Conference)

61  [iEEES YT > B2 —RICEY 2B3ERIECERS VRI D L Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62  TLAYYITLSIKETBERY VRYT L Mar. 2-3, 2015
International Symposium on Brainware LS|

63 BORIXT A NNAF - F/ILY ROZY RICET BEREY VRI D L Mar. 2-4, 2015
The 9th International Symposium on Medical, Bio- and Nano-Electronics

64  FoEIF /HELTLY FOZ Y RICEHTBERT -3y Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65  RECEMY>RYIL £ 3> E585 Mar. 20, 2015
RIEC International Symposium on Vision and Cognition

66 EREEFRBEBEIVRITLA Jul. 37,2015
The 23rd Symposium of the International Colour Vision Society (ICVS 2015)

67 AVEI—BTTTAVIREAVRTIT 4 TREMOHER Sep. 26-27, 2015
RIEC International Symposium on Computer Graphics and Interactive Techniques: New Horizon

68  ZB13ERECAEY hA—JRERT—V 3wy Nov. 18-20, 2015
13th RIEC International Workshop on Spintronics

69  BuiEEL D> 1 —RICESY BEBABRIECEIES >R D L Feb. 23-24, 2016
The 4th RIEC International Symposium on Brain Functions and Brain Computer

70 TLAYII7ISICEY BERS VRI T Feb. 26-27, 2016
International Symposium on Brainware LS|

71 BIORATA AV - N\AF - F/ILY FOZJRCETZEREY >V RY T L Mar. 1-3, 2016
The 10th International Symposium on Medical, Bio- and Nano- Electronics

72 B/EF/EBEES/ILY A=Y RCETBERT -3y T Mar. 1-3, 2016
The 7 th International Workshop on Nanostructures and Nanoelectronics

73 EERSRESEELBEICETHEEY RY YL May. 20-21, 2016
RIEC International Symposium on Ultra-Realistic Interactive Acoustic Communicatrions 2016

a | BSETSANLYTIN R - BRORE  ABEIEI 507 —BA-USA—3—0v/ U RIIL Oct 31 Now 4 2016

(T IANILY T INA R - BeirDEBE - [SAREICE Y HRIECER S >~ RY D L) ' o

RJUSE TeraTech-2016: The 5th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies
(RIEC International Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies)

75 TANYETITIAVLAT—72 372016 Nov. 9-10, 2016
Dependable Wireless Workshop 2016

76 BIAERECREY POV RAERT—7> 3 v Nov. 17-19, 2016
14" RIEC International Workshop on Spintronics

77 ZLAargr7ISICEY 2EERS VRI T L Feb. 24-25, 2017
The 4th RIEC International Symposium on Brainware LS|

78 BSEIRMEEEL BT K 1 —2ICBI T ARIECER S > RY D L Feb. 27-28, 2017
The 5th RIEC International Symposium on Brain Functions and Brain Computer

79 RIECERNTIFERET—2 > 3 v 72017 Mar. 6, 2017
RIEC International Workshop on Biomedical Optics 2017

80 8Ly /MEiEL S /ILY FOZVRICEIBERT -7 3y Mar. 6-7, 2017

The 8th RIEC International Workshop on Nanostructures and Nanoelectronics
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R BRUREMERF. KFRIFEMER. BRHNEMARRE
FUEIFMARDES - BRAG EICHBIT DRERRMROFERD
BD—2THb, & HEDAEREZLHMSEEIEHLEN
D—D2ELTHY. TOBENS. HIER. B VRI VLD
ABRBN. DERERFRN. BLmXPEE EZHBEHEE LT
W5,

RFENBEHGERCIREFIEND L D ITHE DTeDIE, KIEDK
DEED S EEERMN TV RIEAFBER L EHOAEKER
IKHRL TV S, TOMBRRRR CENENLETROT) > b
HBNBWAD)V— FERTHEBOBERMEE IR RN IN. 2
TDFXICRAICRFESAMNBARZ R E LCFIAIND LS
izl REICRHBRE LTRbN2 LS I1CE o1

HEDcH—RRIT L. BRBHI2BFENSEEL. B0
TERGERERRRT L DICEote, BBHIVFED SAMEHNE
[LERD SR L CEMTITIE L CHRT 52 &icimy (B
M27E7RIC1EE—S (BlddE) Z=FiTL CLORF2~3[).
755 LI EF2RID R Z Hil S TL Do

2 FRAERFEREEHEFMAREERE

K. BROBEMEFATR6EICEELRMAMIERE LT
YR LTeT & x2S LT HBRMOBEEDEEIRAZ L ft
RICHRET B2, FR/E/BICATIENIZEDTH S,

ZORRIE, ZEFY. WBRRERGEDBS DMESRE L.
HETOY 7 MK, BREE G ESEREMROFERSE. &
OBt YR Y T L STFMRREL. BEBERG L &EE
RACBTHWE L. TNODEBREICED < BEDFHEE A EREHME
D5HEOTWE, TREFMIGEELY . TOHREBEL ATV T A MRT
& %Annual Reportd Hhl L TLN %,

W Periodicals Published by the Institute

1 The Record of Electrical and Communication Engineering
Conversazione Tohoku University

This journal aims at providing an opportunity to publish re-
search results of the Institute as well as the result of the Graduate
Schools of Engineering, Information Sciences, Biomedical Engi-
neering. Since the journal also aims at publishing general research
activities of the Institute and of the Graduate Schools such as
records of the final lectures of retiring professors, records of the
Institute Symposium, and reviews.

The name of the Journal *Conversazione’ is attributable to the
“Tuesday Conversazione” at the Department of Electrical Engineer-
ing, which had been held once a week on Tuesday since around
1920. Minutes of the meetings had been distributed to research-
ers outside of the University via various routes and therefore some
of them had been referred to as "Records of Tuesday Electrical
Engineering Conversazione Tohoku University” with the result
that they came to be treated as official publications. Though the
meeting was once interrupted by World War Two, it was restarted
in 1947. In 1952, the publication of the records was succeeded by
the Institute and the records have been published as periodicals,
two times a year recently, since No. 1 Vol. 21 was published in July,
1952.

2 The Annual Report of Research Activity at the Research
Institute of Electrical Communication, Tohoku University

Published annually since 1995. This report details the activities
of each research division and research facility. Also included are
reports on nation-wide cooperative research projects, internation-
al symposium and seminars organized by members of RIEC, and
the reports and evaluation on the RIEC advisory board members.
English version is also available since 2007.
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Educational Activities

RILAFESBEMEFE. FARESDHE S THEEEICH
WTH. AFERLIFARR BREFHERS I UCETFHRR
DES - BRAREBELAHNIBREER>THY. HEFER - 15
WERBEOFBHEL LT, KERSLUEFRREDHE IS
BILTWA, SMRSFICIE. BR - BRADAERE & FE4
EEDFE L THRZT>TW5, IREMEMICFIBLTVLAKX
FRRAEISEEARIZ40%. BUHAERAZ 1434, FEPAELEILS8ATH
)

TOfhic, SEEHIZRE. MIEFEMEE. BAZMIRER DR
AR EPAEARRIRE. BEAFOREBMEREDNHEFDE
D> T\,

D=0 3y TTORRES
Presentation scene at a workshop

RIEC is keeping close contact with the School of Engineering
Graduate School of Information Sciences, and Graduate School
of Biomedical Engineering. All faculty members of RIEC hold
positions in these schools and have courses for graduate and
undergraduate students. Students also have chances to join the
research groups in RIEC. In 2017, 58 undergraduate students, 143
master course students, and 40 doctor course students are study-
ing at RIEC

RIEC also receives many visiting professors, visiting scholars,
visiting students, and postdoc researchers from all over the world.

ARELZ
Seminar scene at a laboratory
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International Activities

FARFROH R EFMNZENEOREZSLL VU — EIF
RHERDEBEEPHNES. HHWVIEEREY v —F I DRI
L, SROEHDHF CHADTEERZDERICEIML TL
%, AERFOBEFIF. BELF. BRIFHEICHIFHER
D= FT-T7EL VX (COF) £GE2TVWBREFLEL,
BAD SR EPBFZENARAEADERCSE L TV D, T,
BADKZ- PRI & ZMORBELFEO. AERBD DRk
ICIFRREC, HEEFRE. BEMRGEEHEL TS,

Many of the staff in RIEC contribute to the development of
technology and science in the world by serving as editors of refer-
ees of international journals or by chairing or programming inter-
national conferences. In some fields in electronics, electrical com-
munications, or information engineering RIEC serves as a Center
of Excellence (COE), which attracts researchers and students from
all over the world every year. Several academic exchange pro-
grams with foreign colleges or institutes are in operation.

AT R
International academic exchange programs
ERPRIRIRE
University Level Agreements
E% W E R ERETA B
Country Institution Date of Signing
7 A7 AT FIVZTRET 2V ZIN=INT 1990.3.15
US.A. University of California, Santa Barbara
PEI3 Ep 2004.6.7
UK. The University of York
Ry FLRTFVIRKRE 2006.6.26
Germany The Technische Universitat Dresden
Ry NV ITHKRE 2009.8.26
Germany Berlin Institute of Technology
=y ERBERF 2009.12.2
Taiwan National Tsing Hua University
7 AT N—N— FKRZF 2010.7.22
U.S.A. Harvard University
KAy AAF =X 7))V ITRKRZFE 2012.2.1
Germany The University of Kaiserslautern
% ANRRAT =T INIVTKF 2012.2.6
Germany Johannes Gutenberg University
BEBEMRRIHE
Department Level Agreements
E# W E R EMEER B
Country Institution Date of Signing
K= F R—=Z2 FRIZET H7 X B2 1976.8.3
Poland Institute of Physics, Polish Academy of Sciences
Yy TATATE= 2001.1.22
Germany IHP-Innovations for High Performance Microelectronics
TR ENRERRARIV A DT/ A T AEE 2 — 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
P FRER S EHABTZSA 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
7 AR ZMA—RAKETA VLAY bT— U35 2009.12.9
U.S.A. WINLAB, Rutgers University
AXA > EOKRE 2011.2.25
Spain University of Vigo
TAIA Za—3—UINIIKF - F S/ RT—IVRER AL Y Y 2011.9.30
U.S.A. CNSE, State University of New York, College of Nanoscale Science and Engineering
=) ETRILASER 201358
Taiwan Department of Physics, National Sun Yat-Sen University
a7 NURY BRI TEUINAE 74 MZJR - FATEHREEC Y 2 —BLUEREFIE - LT - THHRA 2014.6.26
Russia Research and Educational Center *Photonics and Infrared Technology" and Institute of Radio Electronics and Laser Technology, Bauman Moscow State Technical University (BMSTU)
TAUA RYF 21—ty VIHKFZEFIEMRAS LU AT OV AT LI 2015.1.9
U.S.A. Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL), Massachusetts Institute of Technology (MIT)
a7 YO SRTIVT IV ERIRKRE 2016.11.22
Russia St. Petersburg Electrotechnical University
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International Journals in which a staff in RIEC participates as an editor

o N O Uk W N =

0

10

"
12
13

Acoustical Science & Technology

Applied Acoustics

|IEEE Magnetics Letter

IEICE Electronics Express

IEICE Transactions on Information and Systems

International Journal of Artificial Intelligence, Neural Networks, and
Complex Problem Solving Technologies

International Journal of Computer Science and Network Security
International Journal of Distributed Sensor Networks
International Journal of Energy, Information and Communications

International Journal of Information Sciences and Computer Engineering
(IJISCE)

Japanese Journal of Applied Physics
Journal of Cryptographic Engineering
Journal of information hiding and multimedia signal processing

AT B R AR R 2D & 72 50E O B &k

International Conference programmed by a staff in RIEC

12
13
14
15
16

17
18
19
20
2
22
23
24
25
26
27
2

[ec]

29

3

o

14th RIEC International Workshop on Spintronics

16th Smart Card Research and Advanced Application Conference

33rd International Conference on the Physics of Semiconductors (ICPS)
62nd Annual Conference on Magnetism and Magnetic Materials
(MMM2017)

9th International Conference on Physics and Applications of Spin-relat-
ed Phenomena in Solids (PASPS-IX)

9th International Symposium on Metallic Multilayers (MML2016)

ACM SIGCHI

ACM SIGGRAPH

ACM Symposium on Satial User Interfaces (SUI 2016)

ACM Symposium on User Interface Software and Technology

ACM Symposium on Virtual Reality Software and Technology (VRST)
ACM UIST 2016

ACSIN14 & ICSPM26

Asian-Pacific Conference on Vision 2017

Asia-Pacific Microwave Conference (APMC)

Asia-Pacific Workshop on Fundamentals and Applications of Advanced
Semiconductor Devices (AWAD)

Eurographics Workshop on Virtual Environment (EGVE)

European Conference on Optical Communication (ECOC)

European Solid-State Device Research Conference (ESSDERC)
Human-Computer Interaction (TC-13)

IEEE International Symposium on Multiple-Valued Logic

IEEE Magnetics Society Summer School

IEEE NEMS 2016

IEEE Symposium on 3D User Interfaces (3DUI 2016)

|IEEE Symposium on 3D User Interfaces (3DUI 2017)

Int. Conf. on Micro- and Nano-Electronics (ICMNE)

International Conference on Atrtificial Reality and Tele-existence (ICAT)
International Conference on Cryptographic Hardware and Embedded
Systems

International Conference on Electron Dynamics in Semiconductors,
Optoelectronics and Nanostructures (EDISON)

International Conference on Indium Phosphide and Related Materials
(IPRM)

14
15
16
17
18
19
20
2
22
23
24
25

=

3

=

32
33
34
35
36
37
38
39
40

4
42

N

43
44
45

46
47
48
49
50

5

=

52
53

Journal of Magnetics, Korean Magnetics Society
Journal of SPIN

Mobile Information Systems

Nature Communications

Neural Networks

Nonlinear Theory and Its Applications, IEICE
NPG Asia Materials

Optical Fiber Technology

Optical Review

Optics Communications

Scientific Reports

SOFT ROBOTICS

International Conference on Modern Materials & Technologies
(CIMTEC)

International Conference on Nanophotonics and Micro/Nano Optics
(NANOP)

International Conference on Recent Progress in Graphene Research
(RPGR)

International Conferences on Modern Materials & Technologies
(CIMTEQ)

International Federation for Information Processing (IFIP )

International Symposium on Adaptive Motion of Animals and Machines
International Symposium on Compound Semiconductors (ISCS)
International Symposium on Frontiers in THz Technology (FTT)
International Symposium on Infra-Red, Milli-Meter-Wave, and Terahertz
(IRMMW-THz)

International Workshop on Constructive Side-Channel Analysis and
Secure Design

International Workshop on Security Proofs for Embedded Systems
International Workshop on Synthesis And System Integration of Mixed
Information technologies

Optical Fiber Communication conference (OFC)

Optical nanofiber application (ONNA2017)

Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies (RJUSE)

Soft Magnetic Materials Conference

SPIE International Conference on Defense, Commercial, and Sensing
Technical Committee of Multiple-Valued Logic, IEEE Computer Society
The 28th Magnetic Recording Conterence (TMRC2017)

The 31st IEEE International Conference on Advanced Information
Networking and Applications (AINA-2017)

The 3rd International Symposium on Intelligent Systems Technologies
and Applications (ISTA'17)

The International Multisensory Research Forum 2017 (IMRF2017)

The Twelfth International Conference on Intelligent Information Hiding
and Multimedia Signal Processing (IIH-MSP2016)

Topical Workshop on Heterostructure Microelectronics (TWHM)

VLSI Circuits Symposium
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Publicity Activities
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http://www.riec.tohoku.ac jp/koukai/

RIEC News

BROBEWRMOLBEEND—IRE LT Z1—AL%2— [RIEC

News] ZFH{TLCLET,
[RIEC News] (&, BRUBEMEAMAINI/SAFEESER LATIEN

e DT, BRBEMERMOHAROHERMOREBNDEIICD
W RICHDHAEPIRNDEEEZBN T 2HDTY, FH
23E3B/ICAITIL. FRH28EEICIZE75. 188, 198% 7L
Flic, 85, RETOYIY M ORIHEERRSEDEERES
(. BHROZEANY MEBNTEFEY VX, AREPEL
V2 —DRBN. MERXRE. BHALREGZEDOBMIEE Y. JREIK
MRLE SO D LAPEREEN R v F I 77 R 7005
LIZEDZA L) —IEEREBN L TVET, FAR6F3RITIE.
TOHEBROATFIENE LIz, F/z. RIEC NewsDHEfT% A —)U T
PHSET BT —ERXD. TNETHEITLERIEC NewsDETFHR
Z. PEEURLICTRELTWE T,

http://www.riec.tohoku.ac.jp/riecnews/

B RIEC Open Day

Every year RIEC holds an open day to present research and
educational activities to the public, university staff, students and
alumni as well as representatives from the industry.

In 2016, the RIEC Open Day was taken place on Saturday 8th
and Sunday 9th of October. All the research laboratories, research
centers, and machine shops of RIEC exhibited various types of
demonstrations focused on their research fields.

The exhibitions included some historical devices and instru-
ments developed in RIEC, such as magnetron tubes and steel
recorders, historical milestones of RIEC activities. On the other
hand, experiments on cutting-edge research were also demon-
strated, such as computer simulation of crystal growth, ultra-high
speed optical fiber data transmission, wireless magnetic motion
capture, and cutting-edge programming. Furthermore, visitors
were able to join handicraft courses for some simple electronic
gadgets such as piezoelectric speakers, germanium radios, solar
cells using familiar pigments, go stone puzzles, and rainbow-col-
ored kaleidoscopes.

In 2016, the RIEC Open Day will be held on Saturday 7th and
Sunday 8th of October. Your participation is greatly welcomed.

In addition, please enjoy virtual RIEC Open Day on the follow-
ing Web page.

http://www.riec.tohoku.ac.jp/koukai/

NHEERR - TIEZEZ R LEGEINE

Visitors having fun during handicraft courses

B RIEC News

As a part of RIEC's publication service, “"RIEC News" is pub-
lished.

With the 75th anniversary of the establishment of RIEC, RIEC
News introduces cutting-edge’s research and the vision of the
future from RIEC's contributions to the progression of science and
technology in Japan. RIEC News was first launched in March 2011,
In fiscal year 2016, 17th, 18th and 19th issues were published.
Every issue introduces special topics such as large scale projects
and Specially-Promoted Research, etc. RIEC News also includes
current information about each laboratory and center, all kinds of
RIEC events, research exchange meetings, laboratories open to
the public (RIEC Open Day), etc. English version was also launched
in March 2014. Further, RIEC News offers a notification service by
mail whenever a new issue is released and an electronic version of
every issue published so far can be downloaded by following the
link below.

http://www.riec.tohoku.ac.jp/riecnews/
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e (Fmk29FE581H)
Staff (as of May 1, 2017)

R 6 8%

Director, Professor

Hideo Ohno

ERZEERFT

1B 7/ \ A AHAFRERPT

Research Divisions

Information Devices Division

B /T4 NI FAOZY ARRE

Nano-photoelectronics

= Professor B F — Yoichi Uehara
OB ® Professor* B o I X Hideo Fujikake
HEHE Associate Professor A 5 B Satoshi Katano
HEHEE @ Associate Professor* A BB R Takahiro Ishinabe

n EABETITEMEE Solid State Electronics
B Professor rx N B F Maki Suemitsu
OB ® Professor* 2 E B B Katsuyoshi Washio
HEHIZ Associate Professor m 8B # — Hirokazu Fukidome
EEES & Associate Professor* F B kK X Tomohiro Nozaki
A= Research Fellow Fh 5 = Goonho Park
EFEEERE Research Fellow fEAR X #F Fuminori Sasaki

m FES ) TINARAPRER Dielectric Nano-Devices
g Professor B BRI Yasuo Cho

E = )] Professor* N BE—ER Shinichiro Umemura
HOE® Professor* N E B OB Tetsuya Kodama
MBS Associate Professor ok # O Kohei Yamasue
RIS G Associate Professor* = 2 = Shin Yoshizawa

By # Assistant Professor E ox B B Yoshiomi Hiranaga
B ERIE Specially Appointed Assistant Professor |lI & # % Yuji Yamagishi

m Y ERRERRGTIITRE Materials Functionality Design
B2 ) Professor H H F X Masafumi Shirai
OB ® Professor* H B 2 Kazuyuki Tanaka

H B @® Professor* =z B 2 Akira Ando

HEHEE Assistant Professor &8 A1Zm Kazutaka Abe
HEETE #®) Associate Professor* X B B 2 Masayuki Ohzeki
HHIR 3 Associate Professor* 2 B M 8 Kazunori Takahashi
By # Assistant Professor T Il A Masahito Tsujikawa
B Y OZY ARRE Spintronics
] Professor X F = B Hideo Ohno
HOE® Professor* m A X Tl Fumihiro Matsukura
E e E ) Professor* Z B R K Yasuo Ando

EL e SE ) Professor* = B B OB Tetsuo Endo

H B @® Professor* E =2 K 1 Takehito Simatsu
OB @® Professor* = Bk {EH Shin Saito

2B OB ® Professor* MOH E Shoji Ikeda

TEHIT Assistant Professor *® R B Shunsuke Fukami
EEIR & Associate Professor* £ B = X Hideo Sato

MR G Associate Professor* A H E B Masakiyo Tsunoda
MR G Associate Professor* K & 8B 2 Mikihiko Ogane
R G Associate Professor* A O 1E M Masakazu Muraguchi
By Assistant Professor £ H 3 Shun Kanai

Bh # Assistant Professor Justin Llandro Justin Llandro

m S ERTINAR - TOVARR

Nano-Integration Devices and Processing

B’ Professor kB R I Shigeo Sato

B R ® Professor* =R L A i Shigetoshi Sugawa

E = ) Professor* E L B Masanori Hariyama

BT Assistant Professor B OE B X Masao Sakuraba

AR 3 Associate Professor* g2 B B A Rihito Kuroda

By # Assistant Professor B E Z Nobuyuki Sato

By # Assistant Professor B F Hisanao Akima

B T\ ARRE (BE) Magnetic Devices (Visiting Section)
BEHE Visiting Professor E MW & X Atsufumi Hirohata

ZEHIE Visiting Professor w K R B Motohiro Suzuki
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70— R/\> RTS8
n BEEEEREE

Broadband Engineering Division
Ultrahigh-speed Optical Communication

B Professor m SROIE B Masataka Nakazawa

5B @® Professor* (N = I = Hirohito Yamada

BB ® Professor* W™ il T Yuji Matsuura

TEHTZ Associate Professor = M 72 = Toshihiko Hirooka

TEHTZ Associate Professor F H B A Masato Yoshida

HEETE ®) Associate Professor* X F BE X Yasuo Ohtera

HEHR @ Associate Professor* A B f % Takashi Katagiri

B @ Associate Professor* it [=pES Tomohiro Kita

Bh # Assistant Professor B2 8 B N Keisuke Kasai

A= Research Fellow R F L K Kodai Harako

B SHEFEFMRE Applied Quantum Optics
B ) Professor J\ Ik ; Hiroshi Yasaka

Bh # Assistant Professor M H EFE = Nobuhide Yokota

B ST AV L BERINEE Advanced Wireless Information Technology
] Professor * 0 =B A Noriharu Suematsu

E = ) Professor* 53 58 Qiang Chen

TEHTZ Associate Professor &g H =] Suguru Kameda

By # Assistant Professor X B & & Mizuki Motoyoshi

m ERA L —IVRT LARE Information Storage Systems
O Professor N M %% B Hiroaki Muraoka

E e E ) Professor* & i3 Xiao Zhou

RIS Associate Professor Simon John Greaves Simon J. Greaves

HEHEE @ Associate Professor* R OB g F Takehiro Ito

B BT 0O0— K/ MESUEHZRE Ultra-Broadband Signal Processing
] Professor B = #& — Taiichi Otsuji

TEHTZ Associate Professor D A A 1) Tetsuya Suemitsu

Bh # Assistant Professor r B 2] Akira Sato

HERE Research Fellow Victor Ryzhii Victor Ryzhii

HEa Research Fellow E D B oz Takayuki Watanabe

B BFHIERIFMRZE Quantum-Optical Information Technology
] Professor oM E — Keiichi Edamatsu

HOE® Professor* R Kz Mitsuyuki Nakao

B Associate Professor = % B & Yasuyoshi Mitsumori

R Associate Professor Mark Paul Sadgrove Mark Paul Sadgrove

HEHER G Associate Professor* A o % o3 Norihiro Katayama

B #H ® Associate Professor* mw & B Nobuyuki Matsumoto

Ay =] Research Fellow [ = L =T Ve Naofumi Abe

ANBIEEHRS AT LBIZEERRT
A REHIEREE

Human Information Systems Division
Electromagnetic Bioinformation Engineering

) Professor

B OB ® Professor*

E =) Professor*
#H®® Professor*
H®@® Professor*

IR Associate Professor
R G Associate Professor*
R G Associate Professor*
By # Assistant Professor
EFEEENRE Research Fellow

a b M E Kazushi Ishiyama
g oE E Masahiro Yamaguchi
= | i Makoto Tsuda

E B & & Takashi Watanabe
RN g Z Kenji Nakamura

il E—ER Shuichiro Hashi

= OB P Yasushi Endo
2O K O Daisuke Miyagi

® H B Yoshiaki Hayashi
mH B Kaoru Arai
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B BRI AT LARE Advanced Acoustic Information Systems
B Professor X B — Yoiti Suzuki

BB ® Professor* H & Hiroshi Kanai

BB ® Professor* % = g Akinori Ito

TEHTZ Associate Professor x & — Shuichi Sakamoto

HEETE (#®) Associate Professor* T oy — Masakazu Kawashita

HEETE ®) Associate Professor* k=) 3 Takashi Nose

R G Associate Professor* Il T Mototaka Arakawa

By # Assistant Professor Jorge Alberto Trevifio Lépez Jorge Alberto Trevifo Lopez

By # Assistant Professor E 2 Zhenglie Cui

BTRhEL Specially Appointed Assistant Professor Cesar Daniel Salvador Castaneda Cesar Daniel Salvador Castaneda
BHERBE & Technical Staff* B o = Fumitaka Saito

B SRRBIER AT LARZE Visual Cognition and Systems
B2 ) Professor B/ A il Satoshi Shioiri

EL e SE ) Professor* = 2 E Makoto Yoshizawa

ES QN E ) Professor* n X B Masayuki Kawamata

ERS Associate Professor I K — BB Ichiro Kuriki

TEHTZ Associate Professor wE — & Kazumichi Matsumiya

TEHTZ Associate Professor = m = Chia-Huei Tseng

HER 0 Associate Professor* 2 H #H X Norihiro Sugita

FEHEE & Associate Professor* fl &8 IF & Masahide Abe

m FERIOVTVVUHIERE Information Content
] Professor it & E X Yoshifumi Kitamura

E = ) Professor* o & = Nei Kato

H T ® Professor* g A8 | *x Takuo Suganuma

HHE Associate Professor* o] = Toru Abe

AR G Associate Professor* 5 K B B Terumasa Aoki

R @ Associate Professor* i TR N 1 Hiroki Nishiyama

BT @ Associate Professor* Zubair Md Fadlullah Zubair Md Fadlullah

By Assistant Professor 5 I8 1 % Kazuki Takashima

B RHRIE TV ITHRE Real-World Computing
) Professor " E & X Akio Ishiguro

B Associate Professor m o R Takeshi Kano

Bh # Assistant Professor X B X Dai Owaki

S/ N AREDFT /A AREE Nano-Bio Hybrid Molecular Devices
] Professor r B ET 5 Ayumi Hirano

H O ® Professor* = & E X Tatsuo Yoshinobu

HOR® Professor* X T B E Kengo Kinoshita

OB @® Professor* & F & M Toshiro Kaneko

HEHR @® Associate Professor* K FK = Takeshi Obayashi

FERESE & Associate Professor* = AR E—BR Koichiro Miyamoto

FEEEE & Associate Professor* prc: I = = Makoto Kanzaki

EEEE 3 Associate Professor* m B & & Toshiaki Kato

By # Assistant Professor B K KX N Daisuke Tadaki

B #H & Assistant Professor* W A& = BH Hideki Yamamoto

B YFE—R)AVE LT 4 VIHERE (BE) Multimodal Computing (Visitor Section)
BEHR Visiting Professor m N B — Ryoichi Nishimura

REHT Visiting Professor BE K &8 % Yoshifumi Chisaki

Ed=Ee] Visiting Professor £ H = Kaoru Tamada

=Y e Visiting Associate Professor RO M — Yuichi ito

AT VT T T TG Systems & Software Division
LI AN EV D7 Software Construction
= Professor x =l Atsushi Ohori

2B OB ® Professor* =) e Ayumi Shinohara

E = E )] Professor* 1 F Z=EB Eijiro Sumii

E = )] Professor* mw B — = Kazutaka Matsuda

HEHIR Associate Professor E % M X Katsuhiro Ueno

MR @ Associate Professor* = = Ryo Yoshinaka
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B OV a—T 4 VYV ERERARE Computing Information Theory
) Professor Nl F A Yoshihito Toyama

OB ® Professor* BN K Hiroki Shizuya

BB ® Professor* A B BE—EBR Shinichiro Omachi

FERES & Associate Professor* B OH OE X Masao Sakai

TERER &) Associate Professor* e F 7 Shuji Isobe

EEES () Associate Professor* E A EE Yoshihiro Sugaya

By # Assistant Professor oM EERER Kentaro Kikuchi

m OZa2Z47—>3arvxy N T—UHEE Communication Network Systems
= Professor X T #H B Tetsuo Kinoshita

BB ® Professor* = B &5 B Hiroumi Saito

E = ) Professor* 2 B F B Hideaki Sone

H O ® Professor* 72 fEABR Kentaro Inui

EES Associate Professor i 7T Gen Kitagata

HHE G Associate Professor* M B E &8 Naoaki Okazaki

AR G Associate Professor* K K B BH Takaaki Mizuki

HEHEE @ Associate Professor* Bk M K B Daisuke loka

By Assistant Professor g5 B £ = Hideyuki Takahashi

By # Assistant Professor BT HE — A Kazuto Sasai

m RIS 1 7R AT LARE Environmentally Conscious Secure Information System
B ) Professor X B B X Naofumi Homma

B VIRV T AV TEREY AT LRE Soft Computing Integrated System
] Professor i B = = Yoshihiko Horio

m PR VLS| & X7 LR E New Paradigm VLS| System
E ] Professor P & & 5. Takahiro Hanyu

E e E ) Professor* F K £ X Takafumi Aoki

B Associate Professor 2 H M oHA Masanori Natsui

By #H & Assistant Professor* B/ R B B Naoya Onizawa

By #H ® Assistant Professor* 8 K K Daisuke Suzuki
EFEEENTE Research Fellow + #® 2 Akira Tamakoshi

n [ERUSEEHRE (B8) Information Social Structure (Visitor Section)
EEHIE Visiting Professor 5 b3 Masashi Imai

ZEHIE Visiting Professor X H kK * Tomohiro Yoneda

M3 B A ZE R Research Facilities

WES/ - AEEERMEER

Laboratory for Nanoelectronics and Spintronics

MERE ) HR Director, Professor X Ot B & Maki Suemitsu

m HEES

Hii—iEBE & Technical Staff* & (E: lori Morita
Hi—iEE & Technical Staff* N B E Rikima Ono

b i =M E) Technical Staff* Iy () Michimasa Musha

m XY NOZY ARRE Spintronics
= Professor X F I =B Hideo Ohno

B OB ® Professor* mw B 3 Fumihiro Matsukura
H " ® Professor* Z OB R X Yasuo Ando

E Q=) Professor* = B & B Tetsuo Endo
HOE® Professor* E =2 K 1 Takehito Simatsu

E e E ) Professor* 7= B L] Shin Saito
OB Professor* MR E = Shoji lkeda

HEHE Associate Professor xR ® W Shunsuke Fukami
FERES & Associate Professor* £ B &= x Hideo Sato

HERTR (&) Associate Professor* A H E B Masakiyo Tsunoda
HEETE &) Associate Professor* K T B OE Mikihiko Ogane
HER 0 Associate Professor* N O IE M Masakazu Muraguchi
Bh # Assistant Professor & H B Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro
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B/ N FTRBEDFTINAAFRE Nano-Bio Hybrid Molecular Devices
) Professor ¥ H B 5 Ayumi Hirano

EL e SE ) Professor* EF & E X Tatsuo Yoshinobu

BHOR® Professor* X T B B Kengo Kinoshita

BB ® Professor* & F £ BB Toshiro Kaneko

HERTR &) Associate Professor* KR Iy Takeshi Obayashi

HEETE &) Associate Professor* =g K E—ER Koichiro Miyamoto

HEHEE @ Associate Professor* oI =3 Makoto Kanzaki

AR G Associate Professor* m o R B Toshiaki Kato

Bh # Assistant Professor B X X N Daisuke Tadaki

B #H @ Assistant Professor® L A& Z BH Hideaki Yamamoto

B F/ERTINAR - TOCAARE Nano-Integration Devices and Processing
O Professor P B xR I Shigeo Sato

H OB ® Professor* A Il R F Shigetoshi Sugawa

BB ® Professor* Bk L B Masanori Hariyama

HEHE Associate Professor B/ OE B X Masao Sakuraba

FERES & Associate Professor* E H B A Rihito Kuroda

By # Assistant Professor £ B E 2 Nobuyuki Sato

By # Assistant Professor M E F Hisanao Akima

Mg 7 LA > T SRR s Laboratory for Brainware Systems

TEERE 6, T Director, Professor B £ & 5h Takahiro Hanyu

R FERT LRE Recognition and Learning Systems
E ] Professor ' A Bl Satoshi Shioiri

TEHIT Associate Professor R K B — Shuichi Sakamoto

BT Associate Professor w e — & Kazumichi Matsumiya

B VNIV T4 VTERY AT LIRE Soft Computing Integrated System
E ) Professor B EBE B B Yoshihiko Horio

= R VLS| & X7 LBZRE New Paradigm VLSI System
BHO® Professor P & & 5h Takahiro Hanyu

HOE® Professor* HF K =% X Takafumi Aoki

HEHEE Associate Professor 2 H M HA Masanori Natsui

B # ® Assistant Professor* B R B & Naoya Onizawa

B #H @ Assistant Professor* K XK N Daisuke Suzuki
EFEEHENEE Research Fellow £ # 2 Akira Tamakoshi

B RHRIE TV IHRE Real-World Computing
ES G Professor " E B X Akio Ishiguro

B Associate Professor mof | s Takeshi Kano

Bh # Assistant Professor X B X Dai Owaki

B2 HiCEHREEH Rz 2 —

Research Center for 21st Century Information Technology

v rR—F @ HE Director, Professor N O o#® BB Hiroaki Muraoka

= PEREREE Project Planning Division
ZEHIT Visiting Professor i) B Makoto Furunishi

u FZEREHER Technology Development Division
ENAIVDE Mobile Wireless Technology Group
H OB ® Professor* x W F A Noriharu Suematsu

REHE Visiting Professor K B E Xk Teruo Ohnishi

EsEe Associate Professor* 8 H B  SuguruKameda
A L—=IRE Storage Technology Group
ZEHIET Visiting Professor /NI st Hiroshi Matsuoka

REEEEEE Management Office for Safety and Health

E R ®BE Manager, Professor* P £ & 8 Takahiro Hanyu
HESSHE Vg ¢ Deputy Manager, Professor* B F — Yoichi Uehara
B # ® Assistant Professor* i B E 2 Nobuyuki Sato
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Common Research Facilities

POHSDWNMERY AT LR —

o a—R G0/ HE

ES Qe
ESQE e

Director, Professor*
Professor*
Professor*

E A

x
A
=

x|

Flexible Information System Center

Tetsuo Kinoshita
Yoshihito Toyama

A > I8

3
A
vl
#h Takuo Suganuma

RZEERR Tt 2 — Fundamental Technology Center

U R—F G HE Director, Professor* £ B F — Yoichi Uehara

FiEMRE ((JFiR) Technical Staff X K 1% Tamotsu Suenaga

= T{EEB Machine Shop Division
Hit—iEe (VI —7F) Technical Staff fl #8 & A Kento Abe

Bifi—HEae Technical Staff B = BH Yasuaki Maeda

T —AREE Technical Staff B A &F 5 Kana Sekiya

= ShES Evaluation Division
RMEMEE (JI)IVL—7R) Technical Staff fe] 285 & IR Maho Abe

Bif—HEE Technical Staff L = Takenori Tanno

il —EE Technical Staff m & B = Hiroyuki Yagyu

HERBE Technical Staff E F B — Koichi Shoji

= SO A5 Process Division
Hif—iEEeE (VI —7F) Technical Staff & B # & lori Morita

FEi—AREE Technical Staff N B o E Rikima Ono

HifT—AsEE Technical Staff H & f@ IE Michimasa Musha

BEABES Technical Staff L ® B Katsumi Sagae

= [ EERETH Information Technology Division
TR E Technical Staff Wl B F Yuko Maruyama

Eifi—EE (JIV—7F) Technical Staff e B E EZ Masahiko Sato

Fi—hREE Technical Staff XK H F A Kenji Ota

BREABE Technical Staff = B X F Fumitaka Saito

EREHEEE Office for the Promotion of International Relations
I Specially Appointed Professor BB 7 ' Mitsuhiro Shiozaki
EFEEEHE= Cooperative Research and Development
B EEIR 3 Specially Appointed Professor* * 3 5, & Hiroki Shoji

FHEL Administration Office
EHE General Manager & F ¥ A Masato Kaneko

EFRRMEE Deputy-General Manager F IE F — Shuichi Terashima

WHRE Chief of General Affairs Section £ 2 B L Yoshihiro Kanazawa

MR E Chief of Research Cooperation Section & B = Go Sato

NERE Chief of Library Section Rsrlg F — Yoichi Uchigasaki

ESEIES Chief of Accounting Section VNI NI Kenichi Matsumoto

BERE Chief of Purchasing Section N & B = Yoshiaki Kawamura
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Access
From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Line: About 25 minutes from Sendai
Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5minutes from JR Sendai Station
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