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Electrical Communication

pProf. Hideo Ohno

Director
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Communication is the foundation of society. It plays a vital role at all levels from our in-
teractions with the people around us to science, literature, business and the operation of
systems that keep our society safe and secure. Information and communications technol-
ogy has transformed over the years, starting with the telegraph and telephone to today’s
information communication systems such as the Internet. These systems connect people
together and provide an infrastructure for the actions of a society, making them indispens-
able in our everyday lives. Because of this, demands for the implementation of faster,
higher-capacity energy-saving communications are increasing ever. Another key attribute
of the social infrastructure is disaster tolerance; a requirement that was demonstrated only
too well by the impact of the Great East Japan Earthquake of 2011. There is also a grow-
ing expectation, based on fast, low-energy and high-capacity information processing and
communications technology, that one can realize a new paradigm of information process-
ing and communication that bridge people in a fundamentally different way.

Since its foundation in 1935, Research Institute of Electrical Communication (RIEC) has
made a succession of pioneering achievements in laying the foundations of modern in-
formation and communications technology, including antenna, magnetic recording, semi-
conductor devices and optical communication, and has continued to play a world-leading
role. To build on this tradition, we will exploit new possibilities by addressing social needs,
and we will take full advantage of our position as a university-affiliated research institute to
conduct research into the scientific principles and applications of science and technology
to enhance current communications as well as realize a new paradigm of communications
that enrich people's lives.

To achieve these targets, we are making advances in research ranging from basic materi-
als and information science to integrated systems comprising devices, circuits, architecture
and software that generate, recognize, transmit, store, process and control information,
on the basis of collaboration between researchers from RIEC and other organizations. Our
organizational structure consists of four Research Divisions (Information Devices, Broad-
band Engineering, Human Information Systems and Systems &Software), two Laboratories
(Laboratory for Nanoelectronics and Spintronics and Laboratory for Brainware Systems),
and one center (Research Center for 21st Century Information Technology). 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 communica-
tions technology, and are engaging in joint research projects with outside researchers.

We are also promoting R&D projects centered around RIEC. In March 2010, Tohoku
University established the Center for Spintronics Integrated Systems. Under the Cabinet
Office's program "Funding Program for World-Leading Innovative R&D on Science and
Technology" (the FIRST Program), RIEC members together with others are working on a
collaborative project between industry, academia and government to develop low-power
logic integrated circuits. In October 2011, in response to the Great East Japan Earthquake,
Tohoku University resolved to set up the Research Organization of Electrical Communica-
tion (ROEC) under the guidance of RIEC. As one of the eight projects under way at Tohoku
University's Institute for Disaster Reconstruction and Regeneration Research (IDRRR),
research and development for the construction of disaster-tolerant telecommunication
networks is being carried out under collaboration between industry, academia and gov-
ernment at ROEC.

RIEC will continue to respond to present-day demands, open up new worlds of commu-
nication for the future, create core technologies leading to the creation of new industries
working together with industry, and, through these efforts, promote the strengthening of
education and human resource development. As always, your suggestions and comments

are more than welcome. smmEmnm
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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 affi liated 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
included 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 produced a large number of skilled personnel through its research and
education activities. In this way, it steadily built up a tradition of combined op-
erations.

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
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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.

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. In addition, 2008 saw the establish-
ment of Japan's first Department of Biomedical Engineering, with the aim of
fusing medicine and engineering with active input from the electrical field. In
2012, the Department of Electrical and Communications Engineering of the
Graduate School of Engineering was reorganized as the Department of Elec-
trical Engineering and the Department of Communications Engineering.

ESUBEMIZEFT = RIEC 2013/2014( 6
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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.
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 defi ned its philosophy as follows: "Close and smooth commu-
nication between people is fundamental to maintaining and developing a fl
ourishing 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 center.
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Leap forward: As a world center of excellence

To realize RIEC's philosophy and goals in the coming era of next-generation
global, ubiquitous information communication, an appropriate research sys-
tem 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
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 Human 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 a central role in establishing two
university wide organizations authorized by the President of Tohoku Univer-
sity. In the fiscal year of 2009, Center for Spintronics Integrated System 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 so-
cial needs after the East Japan Great Earthquake.

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 fi elds related to telecommunications.
Building on the proud record of achievement of our distinguished predeces-
sors and colleagues, we are entering a new era in which we hope to make
further leaps forward amid the rapid development of information and commu-
nication technologies and the rising tide of globalization.
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Organization
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Organization Chart

ZiE=S

Director

EEAR B8R 7/ \ 1 AHFEERFT
Advisory Council Information Devices Division
slFTE 70— R\ FITEH5RER

Deputy Director

Broadband Engineering Division

B9EERPT

Research Divisions

NBEIEER> A7 LHZRERFT

Human Information Systems Division

IR

Faculty Council

VAT L VT b T T HZEERFT
Systems & Software Division

T/« AT EEREER

Laboratory for Nanoelectronics and Spintronics

F T hEaR

Research Facilities

TULA > 17 RN

Laboratory for Brainware Systems

21 R IERBEMRAR L 2 —

Research Center for 21st Century Information Technology

REHEEER
Management Office for Safety and Health

@ sehtas
Common Research Facilities

PHOOOVMERY AT LR 2 —

Flexible Information System Research Center

PR > 2 —

Fundamental Technology Center

EFEES
Administration Office
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T/« AEVRERER

TS ] . . ..
17/ \ A ABRIRERF s seniEtion Be e PEe Laboratory for Nanoelectronics and Spintronics
—F/ 7+ bILY bOZ T AARE LB F— Y.Uehara —F /EETINAX - TAOLAHARE fhfE FRHE S Sato
Nano-Photoelectronics —[Flfﬁ % S.Katano Nano-Integration Devices and Processing—[ BEE ISk M. Sakuraba
FEFHIERIEMRE AN ZE— K Edamatsu MERZ P O B — KB E H. Ohno
Quantum-Optical Information Technoogy—E /MR BB H. Kosaka Semiconductor Spintronics
=% BR=x& Y.Mitsumori —F/ DFTINA ZARE —[Eﬁ JEX M. Niwano
BB TSR Sk BZE M. Suemitsu Nano-Molecular Devices AN BB Y.Kimura
Solid State Electronics —[[Wga: f— H. Fukidome L/ A AE Y RFRE — M EZ S lkeda
BB/ TINA AR E —F Bt Y. Cho Nano-Spin Memory
Dielectric Nano-Devices
AR RERR S TR IT —B# IE3 M. Shirai \ - e rarin .
Materials Functionality Design TLA > T T7RERMESRX  Laboratory for Brainware Systems
BUET) A ARRE 4 — (&8 REFIAVEI—FVIFERE - BR EX A khiguo
Magnetic Devices (Visitor Section) Real-World Computing
HB 7/ &EBE Y AT LHRE —HE Ra K Nakajima
T 00— R\ R T FRZeERPY Intelligent Nano-Integration System
Broadband Engineering Division FBER VLS| & X7 NWgR=E PE &L T Hanyu

New Paradigm VLS| System

Ultrahigh-Speed Optical Communication |- =p@ #7 T Hirooka

ZH EBEA M. Yoshida

- BERLEERRE —EﬂPiR [ERE M. Nakazava

21 i BEHEEmRREE > 2 —

Research Center for 21st Century Information Technology

—ISHETAEMEE — R ¥ H Yasaka
Applied Quantum Optics PERAFED
s L OB ERTZEE SH B N. Suematsu Project Planning Division
Advanced Wireless Information Technology—[ &m & S Kameda IS REFER
e G D YN - K 4B H. Muraoka Technology Development Division:
Information Storage Systems —[Simon John Greaves —ENAILDE R FIK K Tsubouchi
BT O— K\ PSR Bi #— T Otuj Mobile Wireless Technology Group —E-,%_j( B T Takagi
Ultra-Broadband Signal Processing —E;’E% #TH T Suemitsu s BR/E A Taira
Stephane Albon Boubanga Tombet —ANL—=I5% — Bt EE T Nakamura
L J0— R\ RB(EERRITES —(z8) Storage Technology Group
Basic Technology for Broadband Communication (Visitor Section) —HIRET — A A T DEF

Intelligence Archive Group (Visitor Section)

ANBEIEERS AT LHZEERFT

Human Information Systems Division HEREEfit 2 — Fundamental Technology Center

A ARERHIE RIS Al MFE Kishiyama »

Electroma ﬁnetic ;I;)information Engineerin —I: = i AR

K K 9 17 AE—ER S Hashi Machine Shop Division

SRS R 7 LIRS BR MB— .Sumki .

Advanced Acoustic Information Systems —I:t A {E— S Sakamot P

R = - oaramoete Evaluation Division

SRR AT LT 15 %4 S Shioiri N

5 ﬂ?? rﬁﬁf_/xiﬁﬁﬁfﬁ A B S o

isual Cognition and Systems A —EB | Kuriki Process Division

—1EFZRBEY AT LHRE Mg (= S.Kato P

Ubiquitous Jgj;nmur;ation?s stem —I: J: —IRHREITE

4 v R 182 M Nekase Information Technology Division

“RIVFE-ZN AV 1T 1 VIRE— (BB)
Multimodal Computing (Visitor Section)

FFE Administration Office
TRT I+ VT b T T HZRERRT R
Systems & Software Division General Affairs Section

—Y 7 U LT IEARE —KIE  Z A Ohoi —ERZEIH IR

Software Construction Cooperative Research Section
—aYEa—T 1 VU ERERARE bl FEA Y. Toyama —BER

Computing Information Theory EE ZA T Aoto Library Section
F1Z127—YarvxRy bT—UHMRE——AKTF EH TKinoshita IR

Communication Network Systems —[ZHZHZ J¢ G.Kitagata Accounting Section
—IER YT VIR E — bR B> Y Kitamura —FER

Information Content Purchasing Section
—ERE ISR E — B85 BIBB N.Shiratori HIEIEE

Information Social Structure (Visitor Section) Support Division
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Faculty & Staff
ik 25 5 8 1 HIBTE/ as of May 1, 2013

B Professors 24
SERIZ Associate Professors 20
B Assistant Professors 24
IEBEARE Research Fellows EFEEEMNTE 7

HEMRZRES 18
SR Specially Appointed Professors 3
ERHEE Administrative Staffs 17
A& Technical Staffs 10
= Total 123
MFEEHZ ANE CFR 24 4FEE)
Researchers (FY2012)
NEAHZEE Foreign Researchers =2 EHI Visiting Professors 7

= 2B Visiting Asociate Professors 1
RESE L DOFRIZEE Cooperative Researchers of Private Company etc 4
BAFEMHRE RIS JSPS Postdoctral Fellows 4
ZEEEE Contract Researchers 6
SEEHMES Contract Trainees 1
Bt Total 23
PR
Students

¥ 255 A 1 HIRTE/ as of May 1, 2013
I EIF BATT gy
THE - TR BRI BB a8t
) . Graduate School of
School of Engineering . . RIEC Total

Information Science
FESA 4
Undergraduate Students 67 (1) 67 (1)
BETHIERTE
Master Cource Students 76(8) 4909 125(17)
BB HAERE
Doctor Cource Students 2807 e ) 38(14)
MRIRPRER R
Research Students S04 5(4)

a3t 171 (16) 59 (16) 5(4) 235 (36)
Total

* () HNEANTHE Foreigner

11 | BREEHIZEFT = RIEC 2013/2014



Wb - &
Land and Buildings

B ALETEEXRATIT B 1 #E 1 SHFETXEHtA
Site: Katahira 2-1-1, Aoba-ku, Sendai, 980-8577, Japan

24 KEEAR 12,913m’
FEREERR 28,776m’
Building: Total building area  12,913m’
Total floor area 28,776m?
Ak 25 F 5 8 1 HIR7E/ as of May 1, 2013
B ERTU BTFE EmETE
Name of Buildings Structure Year of Completion Floor Area
1 848 D DR S % S
Building No.1 Reinforced Concrete, 4 floors Building-S : 1962, 1963 !
N &
Building-N : 1959, 1960
2 588 B;EI> ) — b ABERE 2
Building No.2 Reinforced Concrete, 4 floors 1962, 1963 7,085m
/- AE U RERRER e 5 PEE 2
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 floors 2004 7,375m
i ~ -7 A= £ ~ ) — 7
JLA>ox7 igﬁﬁﬂm ﬁgﬁﬂ Vo) —bEER 1967, 1968, 1972 525m?
Laboratory for Brainware Systems Reinforced Concrete, 1 floor
2 ~ 1) — . V=Y 3
BT U— b (—ERE) 20 1086 © s53m?
Reinforced Concrete (partly steel-frame), 2 floors
=1
SETER 1996 598m?
Steel-frame, 1 floor
REWE 2 EE 2
Light-weight steel-frame, 2 floors 1999 14/m
21 R R 5 — $H>0U— b 3R - I
Research Center for 21st Century Information Technology Reinforced Concrete, 3 floors !
=1
SETER 2002 435m?
Steel-frame, 1 floor
BHE - S35 — B> 5 ) — b 2 e 1081 200m?
Evaluation and Analysis Center Reinforced Concrete, 2 floors
N 2 ~ 1] — 1] =284E) 17
) e BB oU— b (—HEBKE) TER 2
: Reinforced Concrete (partly light-weight steel- 1972 166m
Helium Sub-Center
frame), 1 floor
MTJLEIiE @iﬁ%j \//7 U - '\ (—%Bﬂ%ﬁ%ﬁ) :EEE
—7 Reinforced Concrete (partly light-weight steel- 1965, 1966, 1978 479m’
Machine Shop
frame), 1 floor
Z DAt 2
Others S08m
Bt z
Total 28,776m
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TR
Budget

BRUBEHARMICHS T 2 FEOHER B Budget Shift
Bz © B/ million yen

8,000
7,000 f----
6,000 f---- 1,306 -
5,000 —
4
4000 | 760 O . 2464
185
N e . e I e T Y. T
1l ,
1799 ,856 2,471
2000 -1 - - e
2,907
1,000 (4 , , - 4 oo -l -
1,613 17748 1,458 1,523
0
FY2008 FY2009 FY2010 FY2011 FY2012
BEEINE NEES R
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEAR W Budget Summary B{Y1 © FF/thousand yen
% I’E FY2008 FY2009 FY2010 FY2011 FY2012
Categories
. N A& Personnel Expenses 879,481 | 1,026,511 777,776 835,898 770,443
ERETAS P
Operation Grants
YIFE Non-Personnel Expenses 733,735 750,364 680,411 687,253 | 2,136,780

BEERME 5

Operation Grants Total 1,613,216 | 1,776,875| 1,458,187 | 1,523,151 | 2,907,223

HEMREFEIE
Grants-in-Aid for Scientific Research 694,883 605,100 418,680 469,840 407,629
SZETFRoT
RETHRE . 1,069,832 798,053 962,712 | 1,122,944 | 1,344,071
Funds for Commissioned Research
NS ERFRY RS
AP=s Funding Program for Next Generation 0 400,440 1,034,827 813,777 671,668

External Funds World-Leading Researchers (NEXT Program)(JSPS)

K4 Donations 34,265 51,954 55,085 54,167 40,714
(FB18) MEERE Indirect Expenses 343,248 279,667 275,547 311,801 326,869
NEES 5t

External Funds Total 1,798,980 | 1,855,547 | 2,471,304 | 2,460,728 | 2,464,082

KETEIBEE  Expenses for Reconstruction 432,607 4,993
EEREE(®E Expenses for Facilities Improvement 185,000 760,000 0 0| 1,300,530
=n, =
MEREERES 51 185000| 760,000 0| 432,607| 1305523
Expenses for Facilities Improvement etc. Total
& =t
0 a

3,597,196 | 4,392,422 | 3,929,491 | 4,416,486 | 6,676,828

Total
XIPRY 24 EEICDOWTCIE, FaY 25 £ 5 AFRIBECH D, /Budget summary for FY2012 is as of may 1, 2013.
13 | BSUB(EHAZERT = RIEC 2013/2014




NEFEELZ AIRI W External Funds

BT 1 B3/ million yen

1,600
1400 1,344
1,200
1,123
1,070 1,035
1,000 963
798 814
800
695 672
605
600 -1 | e g s
470
400 419 408
400 1 | el e
200 1 s
34 52 55 54 41
0 0 \ \ \ \
FY2008 FY2009 FY2010 FY2011 FY2012
I BFARE R E SELHERE | SeumZeBh A E EE5Hie
Grants-in-Aid for Scientific Research Funds for Commissioned Research NEXT Program Donations
NERE L RER W External Funds B{Y7 © FF/thousand yen
c $IE. FY2008 FY2009 FY2010 FY2011 FY2012
ategories
HEMREmEE
Grants-in-Aid for Scientific Research 694,883 605,100 418,680 469,840 407,629
SZETET7T
RS E . 1,069,832 798,053 962,712 | 1,122,944 1,344,071
Funds for Commissioned Research
SeimtfseB A EE
Funding Program for Next Generation World-Leading Researchers 0 400,440 1,034,827 813,777 671,668
(NEXT Program) (JSPS)
ngﬁ 34,265 51,954 55,085 54,167 40,714
onations
B
Total 1,798,980 | 1,855,547 | 2,471,304| 2,460,728 | 2,464,082

MIERL 24 FEICDOWTIE. Y 25 F 5 BRIBE ChH S, /External Funds for FY2012 is as of may 1, 2013.
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Nation-wide Cooperative Research Projects

fRATaY 7 MREOBE LB

AHZEFTIE. BHBEEPEICHF S COE (Center of Excellence) & LT, ZDMERE KVACHRICARE L. £TEABFIEARAE S
ICREBT 2leDIC2ERREFBEMERE LTAADHERE SRR TOY 7 MAREZZEIT LTV, APIDOFBOME L. Bix55
BEOHEBEFIATIEE LS. AAEFHE & OHEMEEFIRE LIERERBREMAERR TH 5 & TAIEED B 5, RAZERD [HETO
TV MR Ll ERBENTICBIT AR - Y X T LICET 2R EOMREEANDENCMREDHRIDOE LICRE I—T «
F—hL. 7OV PARE LTERELTOKED T, KREGES - HEROHEEERICERD S MEROIEEF| BRI & £
Y. BIRABREZEROHEME TH %,

HE 7OV T MK, FRRADIAEE DRAMEEDH TEEIN. ES5ICFDOEBHEBMEETEREEINDCEHNETH S,
TNE T, FAEFROHFE 7OY 17 MRARDRES LUERIE. E - 2 - FIrAF. B - AUMEEERO. RECE - HiESE0H
BRUOMEEZNRE LT, REICKYITHNTWLS,

H 5

70y =7 MIREZRR

HETOY 7 MARDEZDSHIC. HBTOY 17 MHRZFERRCHB IOV 17 bRBEER. HETOY 17 MREEZS
EPRREIN WS, HETOY 7 MREZERIE. HETOV 1Y MARICEI 2EELEEZEHRT SOICFAN 6B, FA 3
BEFN4BDEF 13BDEBICKYIBRENTVD, HATOY 17 MAREZEEROM®MIE. AR CFITEN TV DHERS
DRHEER LGNS, FIRNADERZLIKRS, AEFAOENTH S TABMENEIZ 1 27— 3 Y2 RRT HHEIRIERIN
DFBEGADME ODERBICAARNGEHETOY 17 MNRARERBNICHAET 5 LICH D, INE T REHRDAE FIRDEZE,
NENDLER. BEOBMICET 2RFICDOVHERET O CECH Y. BICEEDOBMITEAL TE, T8 FEICARMNIR (RILK
FESBEMEAHEETOY 17 FARICRIAREOZANFICET 2HE60E) ZEML. QF - RREFA & L THEBNENIG
E{IDTCECVD, GH. HETAY 7 MAROHRICR LEEZEEICT O ). NPEEZRHHERTOY 17 M EEEZER
HREENTL S,

Flee HATOY 17 NAROFBEGRREZR S cHIC. AAEREEOHSICLVEREN LS TOY 17 FRBEERNRE
TNTWS.

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, 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 communica-
tion, 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 Judging 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.

( A OKM
L Outline of the Operation Policy

>
[ HET7OY Y MARICET S
SEERIE Type A
Act as a planning center for all operations
in cooperative projects research
e N
> Type B
HHERDFE /S RE
Rating of applications / Adoption decision
. N Type S
S ————
FRES / HENRE

Budget allocation / Daily routine business
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TR 25 FEOHETOY 17 MAEIE FIRAD S REENEROERAD 72 4 (A:38#. B30 #h. S14 ) HHFIRENT, G,
ARA TNEERDRBRBICDVTITOMRTH Y. 38HD S5 30 rHNER L ) DIRZE. B2 1 S3EERBEDOHATRRE DR T,
304D5E 2 HHHEBEL Y DIREDED TH B, & e REDHARELSINL CVSHRIFAZATD7H . BEATD 14 TH 5,

ESIT. SEATIE. BREBENFICHV TRICREBVL CTAREHET NERIM « ¥ AT LLDREITDOWVT RAERH L
ETxYD DD EFNIRPETTIIRDOEARE CE S MAFNBEMRERFOMEMERE Ry b T =0 ZBER L. HREHE CHEET 2HEHH

BEETOY Y b THB,

T 24 FERE
R 714 (A37 4R B30 St

HEFH7a Y =7 MO RS, FEhEiToWT

mHZRER 9904 (A 13714, B:4984. S:214)

HETOY 17 MARDRE, REIEFEEUTITODNTN S, HIF. HAEOREEF. 1 BREICSREEDHEDNEEEDLFH.
2B 25 HEIEOHBFSDREMT LG o THEY . WEDHEIRIERTOY 17 MEZEZERICLZ2ETDELRZTL. TOHRRIF 4
ATHEICHBEDHBHEORZEB L OBMENS, HRHEI. 43208&KY 3B 1I5HETTHY. AR TERD3I B 31 BE
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Research Fields

RIEAFBERBEAEAIE. IFARBERI TRV F -V AT LEK,
FER, VAT LERHFER. SAFRMFZER . P - AEMEICSV GEVGHBRERS. HEFA -

% B KRFERE CEDEMEH EB DTV D,
COEBITODNEDLULTDRE. BB,
F—lc, YBRREFED LIS /1BRT /A ADRIRL
BT, BILFEOBEEDSHDRMN AT LRI
BT, NBERBEZFMELSBRY AT LD,
B, FHRARERA DV AT LEY T FD 7 DRI
DR EHET 2 EHEHBLELTND,

BF IFERRNUERE AR ERERRR
HEWZILR D

BEIFHER

T34 A
Information Devices Division

Tua— RNy VL4

Broadband Engineering Division

HE - 7 R

Materials Science and Device Science

~ Solid State Electronics
v__D|e|ectr|c Nano- Dewces -
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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

(
(
(

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

4) Systems & Software Division:Advanced System and Software for Information Society
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Nono-photoelectronics (Prof. Uehara)

Nano-Photoelectronics

F/RSFILbOZIR
MERE (R E3R)

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Oz, IxIVF—. KB TOEL DERS
/ EEDF DD,

OB IR DERDEERED STM FENDICEDRFE

OF /R TORAGEBEHIEZNNREZTD
TE8IEH.

OBNECTILHFEHDFN « RNRTFDORFE.

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

¢ 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.

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

EFRBERIFHMEE B Quantum-Optical Information Technology

EFHEHIY
CEZS G )

Quantum-Optical Information Technology
(Prof. Edamatsu)

OB—FTF - #FDHEhiE

OB—FDLERIS - &

OF /1B&aERTE L TRIBET 29 FIL
7 hOZo X

¢ Optical excitation of a single atom and mol-
ecule.

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

® Molecular electronics based on the nano mo-
lecular assembly

555 K

gt

Information Devices Division

EFIETE
MRS E (NMRERR)

Quantum Solid State Physics
(Assoc. Prof. Kosaka)

BFL—Y-—9KIF
HMRPEH (=FHEHR)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

OFFEZRVEBFLONNFOHREE - &RH
FHEDREEEFHEREE\DIGA

OXT 74\, JERE, FEARBFHEIEE R
WeBFREREET/ \ 1 ADFFE

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

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

OMFOEBFRAEVADBF AT 1 7 EHH,
MEREEBFIVEZVTIVAY NEEADS
A

OFEBHEF RNy b A VEVRICHBITZE
FAEY « BAE v ZRW EF PR
ki

® Quantum media conversion between a photon
and an electron spin and its entanglement-
based application.

¢ Development of quantum repeaters with an
electron spin and nuclear spins in quantum
dots and diamonds.

OFEHET Ny MBI HEERAHIEED
Fa%E
OF BB NHARIR DIV DARER

e Coherent optical control of electron in semi-
conductor quantum dot.

e Quantum optics of semiconductor microcavi-
ties.




EMABF T EMZTE 1 Solid State Electronics

EBFIY
HISRSE (Rt HR)

Solid State Electronics (Prof. Suemitsu)

EBFMIETS
HiSR S (R A S)

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

O Si Btk £ SICEREMROFRELF
O Si Btz £ SiIC-MOSFET DRE%

O MEMS £ 17 % 28 L7z Dirac BFRDHF AL
FIR S SRR T\ RBIR

OUZ7xy - -#> - YUAVEEERWE  OFRNSY FBEMDCEICLSHEEFT/ 7\

BET/INA R

e Surface chemistry during formation of SiC
films on Si substrates

¢ SiIC-MOSFET on Si substrates.

® High-speed devices based on graphene-on-
silicon structures

[ Pl

o ¥y fﬁ?ﬁ"‘l"

BES/ TINA AFZEZE W Dielectric Nano-Devices

BEF/TINMR
MESE (RHIR)

Dielectric Nano-Devices
(Prof. Cho)

OEmnfRie (RFDMEEERD) ERLFG
A BEBMHDOFRFE

ORI FBREREZ BV LB B EHEBR
SCERDBAZ

OF/ FAAMY IV I ZT ) 7 H B8
BEAIEERT DR

OHFFLFBRBEMGZ BV RFEMR - E
BATR DFHIEDRZE

O72v 21XV HOERBHFOARILKT
R—/\> 707 7 A )VsHRIDHZE

¢ Development of scanning nonlinear dielectric
microscope (SNDM) with super high (atomic-
scale) resolution.

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

¢ Development of ferroelectric functional devic-
es for electrical communications using nano-
domain engineering based on SNDM.

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

e Evaluation of flash-memory device and dopant
profile in semiconductor devices using SNDM.

A ZYpEROFE

¢ Development of integrated multi-functional
Dirac-electron devices using MEMS-based
device fabrication processes.

¢ Development of novel nano-device physics by
use of in-operando-microscopy.

YIERERERR TR R

WL LR
MR (BHHR)

Materials Functionality Design (Prof. Shirai)

OBF—REFEICE D LLWRE Vet
@}EEMD u+

OREY bPOZ IV RXETFICBIT 2BREERE
DIRFRHEMNT

ORMENCH 5T/ IBER T O ADFE
vzalb—r3v

OMH - RFHEEERFTT 52— a3y
FEDFE

¢ 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 mate-
rial/device functionality design
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Nano-Photoelectronics
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Uehara & Katano Group

Staff
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Yoichi Uehara Satoshi Katano
Professor Associate Professor
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Research Activities
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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.

W/ ALY bOZOR
DS | ERHE
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5 PHZ IcOfe BIRWANRY VR TF/ BEIicB CiAsd5n
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MEDE | FE AR

VTSR, RED SIEMDEET 5 THA LT H ATV TD
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DR END, DX SBERIMEEIrahED T LITEY #
BHEDFEN—AET BBEFT/\A ADERETT D,

= 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 broad-band optical sources and detec-
tors. mEmmnm

= 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 chemi-
cal reactions in them. The physical, chemical and electronic
properties of the species processed in such a way are inves-
tigated 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 electronic devices. -

MEE STM Z B A e A RENITEE
d Integrated Surface Analysis System with Low-temperature STM
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Research Fellow
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Research Activities
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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-
mechanical quantities, is expected to overcome the difficulty.
Our goal is to develop the quantum information devices utiliz-
ing quantum interaction between electrons and photons in
semiconductor nanostructures, to obtain further understand-
ing of their physics, and to apply them to practical quantum
information technologies.

¥ EFUERIFHENE | KHE

EFEDONGEEDADEF L EME LT IERBERIN. M
B FEREFEEEAVCETIERBE T/ \1 ADERKERZ
To2TW\W5,
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Fig. 1 Experimental generation and activation of bound entanglement.
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= Quantum-Optical Information Technology
(Prof. Edamatsu)

Development of fundamental devices of quantum info-com-
munication technology (QICT) utilizing photons, novel materi-

als and semiconductor nanostructures. R —_—

= Quantum Solid State Physics (Assoc. Prof. Kosaka)

Development of quantum interfaces essential for QICT based
on particle-wave duality of a quantum through the deep un-
derstanding of interaction between electrons and photons. , .

= Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

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

BSM

(

BSM

B2, XFH5H1VEY FROE—N ZLIAD
BT AT« TEH

Fig. 2 Quantum media conversion from a photon to
an electron/nuclear spin.
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Solid State Electronics
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Suemitsu & Fukidome Group

Maki Suemitsu
Professor
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Hirokazu Fukidome
Associate Professor
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Visiting Professor

Sergey Fillimonov
Visiting Associate Professor
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Sai Jiao
Research Fellow
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Research Activities
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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 substrate, 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.

¥ EREFIFEMRDE | FAHE

MEICHELIEERY S VICEDHRY —IADFRIC2E
< (GSMBE) #&E BV, SiER ENSRE SICEELAER (~
1000°C) R, &5 SIC/SIBEESR ——ILT 5T &
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T F- )y (GOS) HATDBFICHERICIERI; TR
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Uz THz B01E FET DRIBZ BIEL THRATT> T 5,

¥ EREFMETEMEDE | AR

SICHEKXUVTZ7x0&IFCSHET % Dirac BEFROEZEIIER
BaEROE T BT/ EHRIEA & B E L CREICEAN. GOS
OERETT T VEFEBEOEFREESMNLTVD, &<IC
B/ Si BEROEANEBW T 7 1 i - EFERIEED
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SiC
Silicon Graphene
—
+ sic
Graphene -
|
SiC GOS (Graphene on Silicon)

HEGDT ST x> - A - ) AV
The world-first graphene-on-silicon technology

J57 1y RERFOZRTRDOEHEE
Graphene: A two-dimensional network of carbon atoms

= Solid State Electronics (Prof. Suemitsu)

By using our original technology of organosilane-based gas-
source molecular beam epitaxy, we have succeeded in form-
ing qualified SiC thin films on Si substrates at low tempera-
tures (~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 re-
gime and power devices based on SiC/Si. aEmmn
= Solid State Physics for Electronics
(Assoc. Prof. Fukidome)

By use of nano-scale characterization methods centered on
synchrotron-radiation-based analyses, we are investigating
in detail the surface-physical properties of SiC as well as of
graphene (Dirac electrons). We found a method to control
the surface structural and electronic properties of graphene
in terms of the crystallographic orientation of the Si substrate,
which paves a way to industrialization of graphene. Use of
nano-fabrication is also investigated to realize further control

of graphene properties.

BREZT /Ot FHi—8EB L SIREDSIMR(BEL)
A UHV-compatible process/analyses system
and the STM image of a Si surface (inset).
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Research Activities
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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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Topugraphy
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= Dielectric Nano-Devices (Prof. Cho)

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

Our measure 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 polarization distribution
without the influence of the shielding effect 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. There-
fore, it has a great potential for realizing the ultra-high density
ferroelectric recording system. Our recent research achieved to
fabricate an ultra-small domain inversion dot, which has the di-
ameter of 2.8 nm in case of single dot fabrication, and achieved
the recording density of 4 Thit/inch” in actual information storage,
requiring an abundance of bits to be packed together. (Fig.3)
Moreover, we have started to make a measurement and an evalu-
ation of flash-memory device and dopant profile in semiconduc-
tor devices using SNDM. Because SNDM can detect very small
capacitance variation, it can be a very powerful evaluation tool for
various materials. Now SNDM evolves into a new evaluation tech-
nique for insulator material and semiconductor materials besides

ferroelectric materials. Ty
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BRDBRT )\ RTE. REDBEREZWE - (mF - BRI 5
SDITHEARDPEMATE ERRABMBOFIBEN TN, TITE
HEAFOREERIUTOESY TH2, (1) RERFBERT /N
A ADEBE EBDHRRT/BEICEVTHRIRT 22 FINIERR
EEBNICEIAT S &0 2) T/ RMEBEDA LICDGED S
LUVEEEE BT 2R/ BEZERRst I 22 & 3) AR
R 21 L—2 3 VRSl BReE U IC BRIt - e DRETF
REREIIT DT Lo

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 simulation tech-
niques.

@ PIEHRESRETIE DT | BHEER

BTDETHERMEACYOBREZHICFIABLIH LOEET
INAZADRFEBIBLIEAEY FOZ7 AMBEO—RELT. &
AU REMERZFNZE BT /A RIBEICH 1T 5 A KE
BREEDERFNE I AMET - ELTWVS, BEESE
SERICHIT A2HRESHOERGIEIC K HBIEEEEN T/ 1R
Bz BIE LIEmmARICEEF LTS,

() FEBREEATVICAVONSHES N> X IVES (MT) DHE
BEm LDz, AEXRIVEEE Fe/MgALO/Fe MTJ ICH T B 1nE
xR IBERARAT LT, Fe DMRE/N\Y FAMTY fefeEn T, D
AEVIRREICH T A EEF v XIVHHIRT 5, ZDfz& Fe/
MgALO/Fe #E D b > R JVHESIRILLIE. Fe/MgO/Fe & &t
BLTIREENELES, —7H. BTV OEFIHFHREMEL
fz MgALO, TlE. BFEHNER R VIBEDEDITEY . EE
INY RO e fe R OMNEIE NS, [Y. Miura, et al, Phys. Rev.
B 86, 024426 (2012); H. Sukegawa, et al,, Phys. Rev. B 86, 184401
(2012)1

(2) BEREMKEREEROESBZILTLEVREMEORRED
&, L1, 2 FeNi fFRAI G2 DERBRE A MHDORRE B—RIEHE
ICEDWTHBE LIz, COEE0—8#SESEILEIC Fe HhE
5LTW%, Ffe. FeNiOEAABICERT AT Lk /Y
FEENZAIN T, —HBEKESENEREINS, LIeh>T.
THICKEG—HMESEAEAFHKIRT 5 FeNiSEBREZ B 5 T28IC
IE. FeNi &V EIRSFERDNE G EESBE THBE S TS
TEDBEMTH S, [Y. Miura, et al, J. Phys.: Condens. Matter 25,
106005 (2013)]

B, (6%

= Materials Functionality Design (Prof. Shirai)

Our research interest is focused on "spintronics” to realize
new kinds of advanced information devices. The main topic is
theoretical analysis of spin-dependent transport properties in
highly spin-polarized materials. We extend our theoretical re-
search to electric-field effect on magnetic anisotropy in ferro-
magnetic films for realizing new devices with ultra-low power
consumption.

(1) We investigated the transport properties of Fe/MgAl,O,/
Fe magnetic tunnel junctions (MTJ). A new A, conductive
channel appears in the minority-spin state due to folding of
Fe conduction bands. As a result, the calculated tunnelling
magnetoresistance ratio of Fe/MgAl,O,/Fe MTJ is an order of
magnitude smaller than that of Fe/MgO/Fe MTJ. In contrast,
cation-site disorder in MgAl,O, suppresses the band folding.
[Y. Miura, et al., Phys. Rev. B 86, 024426 (2012); H. Sukegawa,
et al., Phys. Rev. B 86, 184401 (2012)]

(2) We investigated the origin of magneto-crystalline anisot-
ropy (MCA) in L1,-ordered FeNi alloy using first-principles
calculations. The uniaxial MCA of FeNi arises predominantly
from the constituent Fe atoms. The MCA energy increases as
the in-plane lattice parameter decreases. Thus, we can expect
further enhancement of the MCA energy by using a non-mag-
netic metal having smaller lattice parameter than that of FeNi
as a buffer layer. [Y. Miura, et al., J. Phys.: Condens. Matter 25,
106005 (2013)]

linerity-sqim slair
I i
i
i
i
4 ’
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Fe BEOZHAL Y ELUDHACREICE S 5/ RO Y e e 3R,
Schematics of band-folding (unfolding) effects in the majority-
and minority-spin states of Fe electrodes.
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Optical Signal Processing (Assoc. Prof. Hirooka)
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High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)
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e Terabit/s OTDM transmission using a femto-
second pulse train

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

¢ Photonic crystal fibers and optical fibers with
new functionality

OBSRMEEN 7 — ) T2HREMA LR E
FRERATICRI T B3R

ORI FE MR 2T L Te 2 E S NIRRT
LR OTDM RIEN DG

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

OFFHREL— EBBENT 71/ \EFHAl
DA

OB/ UV RAE— FREEL —H & BREUEEE -
KA DEEEANDISA

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

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

[CRAEFAFEMAEE
ST+ =0 R
HESE \IREUEE)

Highly Functional Photonics
(Prof. Yasaka)

Applied Quantum Optics

ORESITLBHFEMHIT /A AiBERGIED
{5
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OB S ETRBR DR

O SRR DR

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

e Highly functional semiconductor light sources

¢ Highly functional semiconductor optical mod-
ulators

¢ 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)
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Information Storage Systems
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Information Storage Systems Research Division
(Prof. Muraoka)
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Ultra-Broadband Signal Processing
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Ultra-Broadband Devices and Systems
(Prof. Otsuiji)

OILHET A v L BER 1 Fv TEZERD
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¢ Broadband wireless on-chip transceivers

¢ Digitally assisted RF analog circuits

* Millimeter-wave/submillimeter-wave IC's

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

e Location and short message communication
system via QZSS

ORMRBEBE/N—FT AT RS+ T
BRI
OWRA b L—IICAWVNENY BT 1 XY DO

7o

ban
OBBER M L—IDHDT 1 T2 IVESN
BICRET M3
ORBET 7 IVDPEHA M L—IICET BH
®

e High areal density hard disk drives

e Head/disk devices for high density magnetic
storage

e Digital signal processing for high density stor-
age

o Network storage for large capacity file server

OFZXEVHBR T IANIVYENLR - &H -
BT I\A ADAREALE Y AT LIGH
OBERT /7 XEVONHHIEEFB LTS
NWEAZIT )T IV AT LD
O%Mﬂ'7571>%%mt%ﬁﬁ?5&w
VEBTT/INARADEIREZDY R T LIS

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

e Terahertz metamaterial circuit systems based
on dispersion control of low-dimensional plas-
mons

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

FEET AV LARy b7 =75l
MRS EH (BHAEHR)

Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

naﬁﬂ :I/tl 7_'_:/3 v
M5 (Greaves HEHIT)

Recording Theory Computation Research Division
(Assoc. Prof. Greaves)

WEREEEBFT/\M1R
MRS E RICERR)

Ultrafast Electron Devices (Assoc. Prof. Suemitsu)

O ER/"BERKET A VL ABEFEXRY b
7 — 7 DR

OILHEETA VL BERT « V2GS IR
DHZE

e Joint terrestrial and satellite communication
network

¢ Digital signal processing for broadband wire-
less communication

OF=] gxéﬁﬁi%%@ﬂ)&l*&?il

P PAE Y

< ot

® Micromagnetic simulation for high density
read/write theory

O InGaAs 2 A BW AR 2R BRME ~ =
I AR R UF DEFRELIERISB DS

O GaN 2R ERWBME - 8AR NS>
A2 RUZ DETERIEEISA DT

OVZ7xvaBVWeER - BRARN VIR
2 DR

¢ InGaAs-based field effect transistors (FETs) for
ultimately high frequencies in millimeter- and
terahertz-wave regime and their application to
integrated circuits

® GaN-based FETs for high-power and high-
frequency regime and their application to
integrated circuits

¢ Graphene-based transistors for high-speed
and high-frequency applications
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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 in-
creasingly important to realize an ultrafast, high-capacity network to sup-
port 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 net-
work by engaging in research on ultrashort pulse generation and transmis-
sion. Our research areas include optical solitons, high-speed mode-locked
lasers, optical signal processing, and the development of fibers with new
functions.

O HREARDE | URER

BB MEREXPBERBRBEREDREDHICE. BRI %
AT LOBREANBETH D, TD—H T ARBROTHISEE TIEE <
KORVBEARDOBESNZENTWVD, T TAMENFT ClE. BE
JNIVA L= %8R L THRFDEIZE (OTDM) AIC LY BEEER T
1 Thit/s/channel I EDEESRMEDRITAE BIE L TW 5., BEEILIC
BIL Tld. HOAMEEIRIBICERICIERZEY 5 &Ik Y AREF B
LHEABICA LT ES QAM EFIENSBZEI L — L > b AREEMD
MERFAFICRVEATVN S, £l BREZE— FRBL—FIEZ0ME—
RREPBOFT A BREAEICE D fesd. ZTDOAENDBABEFERL TV,
Il AT 7AN\OHERICEAERUE D7+ v oiERT 7
AINDRFEE ZDIBENDISHEEBIE L THRAED TN S,
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= Optical Transmission (Prof. Nakazawa)

Ultrahigh-speed optical transmission is the driving force behind attempts
to realize advanced high-speed networks that support ultrahigh-precision
image transmission or ultra-realistic 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 Thit/s/channel, we
are actively engaged in realizing ultrafast optical time division multiplexed
(OTDM) transmission using ultrashort pulse lasers. To expand the spectral
density, we are working intensively on ultra-multi-level coherent QAM
transmission technology in which the spectral efficiency is greatly im-
proved 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 photonic crystal fibers. These special fibers have many
air holes in the fiber cross-section, and they have potential applications
in new optical communication systems operating in the currently unused
500-1000 nm band.

= Optical Signal Processing (Assoc. Prof. Hirooka)

We are engaged in the development of all-optical technologies using
nonlinear optical effects by taking advantage of ultrafast optical proper-
ties, where optical signals are processed without the need to convert them
into the electrical domain. Specifically, we are developing femtosecond
pulse compression, pulse shaping, optical demultiplexing, and distortion
elimination techniques, which are indispensable for realizing ultrahigh-

speed OTDM transmission exceeding terabit/s. [RE—

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

We are engaged in the development of frequency stabilized laser oper-
ated at 1.55 pm and its application to high accuracy measurements using
optical fibers. Furthermore, we are developing ultra-short pulse lasers. « «
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Experiment on ultrahigh-speed optical transmission
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Photonic crystal fiber (Left photo: cleaved end face of a PCF) (Right photo: enlarged cross section)
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ISREBFRFRRETIE. JOBIEY AT LDIIERES % REERIC
BINY 2D T /N4 AR, RUHEAKIBEREE Y b
V=0 VAT LERRYT B DEFHHEHEEF G T /N1
ADRBZBRE LTHRZED TV S . FHRRETIE. HoHE
THILY FAZI ANFAICL BIERBIE - FHAID. FEE
TINA ADBHRENEE T OREILIBADGAG L. FHLLKET
Lo bOZ I ANFORBZIEHOTVS

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 EHEET + b2 AMRDE | /\IREUE

FEAKBEREER Y N — VAT LERTT 2 LT S
(LENTICEEY AT LZERRT 2TcdDEEEEICR « 67 /31
AR, ROBERESINIRE RITT 5 DHFHREFEH
KRBT I\A AR EHEILT 5T EDBERRINCTH S,
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BEEFEAE T\ A RUFTHEE SR R BRI O %
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Photograph of the functional semiconductor
photonic device.
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Response bandwidth of the functional semiconductor
photonic device.

= 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. EmEEE

FEEATREICIVER L
HERERALT Oy 7 AT b
Optical frequency comb block spectrum
generated by semiconductor Mach-Zehnder

modulator.
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Wireless communication systems, such as cellular phones, have of-
fered mobile voice/mail services to us. Nowadays, they begin to offer
mobile internet services which handle high capacity 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 com-
munications, dependable connectivity and green wireless information
technologies (IT) will be the key issues.

W kiin T A v L AEERI
MR E | KRB
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Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

Toward the realization of a ubiquitous and broad-band wireless net-
work, we are actively engaged in the research work on dependable
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 an-
tenna technologies, we are developing RF/millimeter-wave RF CMOS
ICs, antenna integrated 3-dimensional system in package (SiP) trans-
ceiver modules, and digital/RF mixed signal ICs.

As the studies on MODEM and network technologies, we are focus-
ing on next generation mobile broadband wireless access (MBWA),
dependable broadband wireless local area network (WLAN) and ultra-
broadband wireless personal area network (WPAN).

We are also working for the next generation wireless communication
systems/devices which include a location / short message communica-
tion system via quasi-zenith satellite system (QZSS) and a fusion of var-
ious wireless communication systems "dependable wireless system."

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

We are engaged in the development of wireless access technology
for heterogeneous wireless network include satellite communica-
tions. Specifically, we are developing seamless handover technologies
among heterogeneous networks and large-capacity wireless access

method for large disaster relief. Ty

Radio wave (UHF/microwave/mm-wave)

(0]

ti

=

enna 444.:‘

HPA Tx Mixer Signal

DAC_ e

Modulator —
<~ - [ channel selector
pntrgl

Voltage controlled *

v T
H H oscillator (VCO
s o, ellE—
i i and estimation
= PLL Synthesizer
LNA o
domain De-
Filter Filter ADC equalizer ™
i Rk Higna| (FDE)
Rx Mixer @idtal)

Heterogeneous/
Channel Estimation
Signal Processing

Multi-band RF/mmWave CMOS IC ||
Beam-forming Transmitter/Receiver  —

Fig2 [KHET A v L ABER 1 Fv TEZEHROHRE
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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 has begun to be used in
broad applications from consumer electronics to mobile com-
munication. This trend accelerates the areal density increase
of magnetic recording. 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/inch? areal density), in
which the bit size corresponds to an area of 10 nm by 10 nm.
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bETEREEABTENZSITHI DA ML —2 (B2) D
BREED TN D,
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1 ERBRESHEAY FEEBET « A7 EBVREREEREOAE
Fig. 1 Read/write measurement using a single-pole head
and a perpendicular medium.

= Information Storage Systems Research Division
(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. R —_—

= Recording Theory Computation Research Division
(Assoc. Prof. Greaves)

A computer simulation utilizing micromagnetics is being car-
ried out to obtain design guidelines for ultra-high density re-

cording. R —_—

2 ZEDOUFHIHDD I K VR ENSAEEA L -V AT L
Fig. 2 A large-scale storage system with parallel HDD operation.
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Research Activities

FHAEDF Cld. WEERBEDE E%&uﬁiﬁi_(%é T INIVYIE (

TV mORIhERh. RALT 2. AEFHTEFS HHLL
BF 7 N\AABRUER AT LDRIH &, %ﬂ%@’l‘%iﬁﬁ% < FHRAIZ X
T LNDIGAICET 2MERREEZTT O T %,

Terahertz (sub-millimeter) coherent electromagnetic waves are ex-
pected to explore the potential application fields of future information
and communications technologies. We are developing novel, ultra-
broadband integrated signal-processing devices/systems operating in
the millimeter and terahertz frequency regime.

WBITO—FN\YRTNAR - VXTI
D E | %i%ﬂz?s%

BT, FEENTORSEEICRRT 5 2t /S XEVHRB LW SH
LUVEMERBICIM L ERBRED e — LY b7 SNV Y BHOEFESE - 5
SET/NA ADARFEREZED TN D, BF T/ R - HF7 /34 AR
FOBERAZRERICRRT 5T L—7 A—ELTEEL TV S, B2
o, T 7RREEICBE LIBERTT S XE Y DOORU % L EFHIICH
W2 Ll 2T BROGSNEBHEAEE RICTHIET SAILYEX
AT VTV BRY AT LORIBICERYEA TN S, B=(c. Fih:
I271r (BEIST7AN) ZRVEHEREET SALY L—F—5E5
UILBRER NS VIR 2DORREEZHELTND, 5, INSERE
FIRDBTO— FN\Y R7NA X - BRZGAL T BRREREEPE
D REDCH DI EEHARMDRREZEH TV D,

W IBREEREFT/\1 R
HAZDE | RACHEHIR

ERBEY AT LOBKELPABRELDOREBICIE. TNES/N\—FUT
DEABZRTHS b7 VI A2OMERER EHNARIRTHS. 1LEWF
EARDAT OAFEATEREINS F S VI ZA21E ABEOSVY U OV
FHZERD M SV IRZITEAN F v ) TEHERRFHEDBERICENS. KB
PHECIE. COKSGEF v 7HEEMEZ BV, BICHHEIN TR & 5
FELTFS VIR 2MEDBRSRLAIBRT 5. BEFEMICIE. S UK -
TIONIVYEFEED b S VI X 2RBAHE LT, BaVWEFBIHEHR
BTCEBAVITLEYEA Y DL (InGaAs) ZRAFED. BWVEFRFEE
DEFENDE(AY VL (GaN) ZMEHTC K BAT OESTBRHNE
SUIRA, BITE FlGRBETREEMRE L TEESTNTVWS TS
T vEFvRIVIRICEWZ S VI R 2 DRFEEHEL TS,
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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. One
example is the frequency-tunable plasmon-resonant terahertz emit-
ters, detectors, and modulators. Another example is unique elec-
tromagnetic metamaterial circuit systems based on optoelectronic
dispersion control of low-dimensional plasmons. We are also pursuing
graphene-based new materials to create new types of terahertz lasers
and ultrafast transistors, breaking through the limit on conventional
transistor/laser operation. 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 sys-

tems for safety and security. Enmmn

= Ultrafast Electron Devices (Assoc. Prof. Suemitsu)

Transistors are important building blocks for integrated circuits used in
a lot of systems for information and communication technologies. Par-
ticularly in optical fiber communication systems and (sub-) millimeter-
wave frequency systems that requires ultimately high-speed operation,
the channel materials of transistors should be chosen to realize high
mobility and saturation velocity for carrier electrons (or holes). In our
group, we are focusing on three important material systems for such
high-speed devices: the indium gallium arsenide (InGaAs) material
systems for ultimately high-frequency operation including sub-millime-
ter-wave regime, the gallium nitride (GaN) material systems for high-
power millimeter-wave applications, and the graphene-based material
systems as a new candidate for high-speed devices. Our activities
include the design, process, and characterization of these devices and

their integrated circuits. Enmmn
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Record-breaking terahertz (THz) detection sensitivity (left) and

e rsasssssareses world-first coherent, monochromatic THz emission (right) from

] the A-DGG HEMT.

Cross-sectional view and SEM images of
an InP-based asymmetric dual-grating-
gate (A-DGG) HEMT.

Superradiant THz lasing with gi-
ant gain in population-inverted
graphene-metal ribbon arrays.
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ERBRIEHRMZEE = Electromagnetic Bioinformation Engineering

FEHERIFH
MR EH (AILER)

Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

FE B
MR EF FFEHRR)

Electromagnetic Bioinformation Materials

(Assoc. Prof. Hashi)

OfEBRERR Y

OB BB RIFET
OXAVOMK 7V F1T—4
ORI B ERERKS

e Super high sensitivity magnetic field sensor

e High-frequency electromagnetic measuring
system

® Micro magnetic actuator

¢ New medical equipment using magnetic

il 1

0
rmIMJMﬁH

EIREIERY A7 LZEE 1 Advanced Acoustic Information Systems

FIHRBERIWMY AT L
MR (BRAHIR)

Advanced Acoustic Information Systems
(Prof. Suzuki)

ORIFE-LIBREDRF[UE DI 3XTHE
ZERE A1 AR DARER
OBEENEEEY (active listening) BERICEDC3
RTRET A AT VA ERREE Y AT LIE
e
ORHBRERICE D ERRESLERED
{5y
OFRHR - BEMFOERIEBERZBALEIZD
fRER

® Spatial hearing process as a multimodal per-
ception.

¢ 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

OTAVLRHR Y VTV AT I

OBeE LA

® Wireless magnetic sensing system
¢ Functional magnetic materials

ARG AT L

Wt7e b

Human Information Systems Division

BER - #SRERHR/ AT L
ROH ORAFEHIR)

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

OBBERURGREMNE ERNEBBIZDH
O3 RABEEBEROSHEMR LV VIV R T
LDEEE
OBEEREFERUEBICEDCFEBERY
DIER

® Mechanism of multisensory information pro-
cessing including hearing.

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

¢ Auditory information systems based on multi-
sensory information processing.
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Ubiquitous Communications System
(Prof. Kato)

Ubiquitous Communications System

BRIRRIGES 27 LFRE
BRREBR AT L
MRS EF BAHR)

Visual Cognition and Systems (Prof. Shioiri)

Visual Cognition and Systems

R Rtk eE
R (RAREHR)

Cognitive Brain Functions (Assoc. Prof. Kuriki)

ORBEHTR DB & 2RI IEDRIE
ORBGESHH & REEEMBDOET /L

O3 RITERHADPE, T, STERREOH
as]

B

® 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.

ORMDEEREXRICET R
OBRFFERODUAN TONEE - HEICET D%

® Representation of color information in human
brain

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

AEFRRBETINI R
MR E (PHEERR)

Ubiquitous Communications Device
(Assoc. Prof. Nakase)

O7>77+ (E—=LT7+—37) DR
OM7 =YV I RUMTHRYETE - St
HTODRAZE

OB Y X b —2 D%

OZ UKLV YV AT LOHE

O74 ¥ L ABINEEDHIZE

OEISHE (R—/I\—FIRJVK—L, BFE
BOAVLRN—%RE) O

® Beam forming antennas

e Fading resistant and interference-resistant
FEC and equalization

¢ Wide area sensor networks

* Millimeter wave sensor systems

® Wireless power transmission

® Wireless harness systems for automobiles

OBBEL—42—0DHE
O CMOS B8 1Ees - BB DA%
O IAVFYF v T 72T OHE

e High precision radar

® 60 GHz CMOS power amplifiers and phase
shifters

e Silicon-on-chip antenna
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Electromagnetic Bioinformation Engineering
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Research Activities

FEREDBWIAZ 27—y avaERIL. SHROEDBERY A
TLELTDE O EZERET Dcdicld. EFROET HESZ
BWORBTLIAT, £ERDET 2HRLGHERZLZTH TR
e LTRA %ﬂb%?A%Lﬁ%?%t®®ﬁnﬁ%ﬂﬁ
ThHb, TDIHICEMRETIFRE. ERDET L EREZIT
W2 Y URIE S UICERITBENS ZITORIMICET S
MREHEL TV D, INSDEIMBEREZELCT. £ EDRY
BAZ 27— a RO ZBEL. [FRBELUICER
BUDFITERL TR,

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 approach-
ing action to the human body. We are focusing to realize the
communication technology with human body and to contrib-
ute information and communication systems and medical-
welfare spheres.

W EAREHRIFRMEDE | AILEE

THARDH CHEIN . MO TEVHEADHEZE T 28EK
F v U7RBRC I MREEE - BRI IR - BRI
TR - MBI % C ORIMARIC LY. REZRTE
FTBHAC Y& L TR ERESDREZZR L. ERERE
RET 2P ELTESIC—BDORRENMED SN TS, T,
ERICBEDNTZITOOD—DDFEE LT TAVLRTY
F1I—% -XZE21L—2—DREZEHEL TV D, Thidt
FERTENET 50Ky FERIRT 5 cHDEEGEBEFITO—D
THY. TOEIMO—EIZTTLIBDAH A T ORENDEZE
BN T AV LARY TOREFES. BRHAATERENS AT
CIVERNERZ B LERNTREEE 2 cdDFEE LTERALH
ENESHSNTWND,

O ERBHUMBREDF | FEHER

EREPRUANFICELN L BEYERE. V/N\EUEEMELLC
IO, B b‘DiE}ﬁﬁi‘iTEﬁSP\]%@ﬁ/J TERPEIEE Y
TIVE A LICEUSPIREG R ORI R EEN TV D, K%
NEFTIE BEPEESZRE L. TOBERE IFEAR - IFEETE
DHLTEY BRRICERBFOSIEE b L —XZRJREICT 5. 7
AV LARBSR LYYV TV AT LORKEEHEL TV D, T,
INSRt >y V JICHIBRIREG. eI R DFIFE->1F
RCEICEET BRFZRIC DOV TEE VA TV S,

BREARF v ) TESERHA T
High frequency carrior-type
thin film magnetic field sensor

FTRIBDAHAFHEINA T DA
INUT AV LRRYTDTONAT
A prototype of wireless artificial
heart assist blood pump

= 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. R —_—

= 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 sys-
tems for temperature and for hardness are studied as no con-
tact sensing systems. In addition, wireless magnetic motion
capture system is studied for the medical and welfare use.

Development of functional magnetic materials and its fabri-
cation process are also studied to progress these magnetic

sensing systems. sammn

Mhation of LT markens stuck an
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Wireless magnetic motion capture system
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We are aiming at developing advanced and comfortable
acoustic communications systems exploiting digital signal
processing techniques. Moreover, to realize this, we are also
keenly studying the information processing in the human au-
ditory system and multimodal information processing includ-
ing hearing. We mainly apply psycho-acoustical approaches
to study human auditory and multimodal perception.

W RIREERY AT LD E

AR

3RABEENBEZMH L LIERE - ILFE—Z)VAREGEIED
FREBZTEMBITHESD . SONTCMRICED VL 3 RnEZ=HIER
EEEEICIRTT 5HET « AT LA RUHICTHIE TR
GEEBEEERRLLIZN-YIVEEY AT LFIEORRICE
WA TS,
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MEDEF | IRAEHIR

HWEBR ROERORBEERNES L THEETAEE N COA
FOMBBERLIBEIEZ DIBYEBFNEFEZ BV CHEBET 5L
Eblc, TOMRBEER Lic, =M 3 oraElte>r o>y
AT LPRIVFE-ZIVBEZEY AT LEOEEERY AT I
DEE - BEICRYEA TN,

157ch DAFEBRE—HY AT LA
TrEVZ vy ABRElEERBEY AT A

Accurate sound space communications system based on higher order Ambisonics
by using 157ch loudspeaker array

= Advenced Acoustic Information Systems
(Prof. Suzuki)

With good knowledge of the human auditory and other per-
ceptual systems, we are aiming at the realization of a ‘comfort-
able’ sound environment; development of three-dimensional
auditory displays is a typical example. These systems are
keenly required to realize the multimedia universal communi-

cations. [ —

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

We are studying the mechanism of human multimodal pro-
cessing including hearing because such knowledge is crucial
to develop advanced communications and information sys-
tems. Based on the knowledge, we are developing future au-

ditory information systems. memmn

Elevation [dez |

Frequency [Hz] 10

MEARDOBERREDY, MEBRMIBICK > TGRAMICELL TN,
Head-related transfer functions as a fuction of elevetion.
Poles and zeros change systematically with the rise of elevetion.
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Research Activities

RARDEF TIE. MHEBEIC OV THICRERDBEDOMEL SRR L. T
NUCEDCABIR BRIFEENDISANERZENE LTV, A
BORBRMZH 2 LD OB EFHRERZ PO RIE» 2 >~
Ea1—42cyavn770—7%28BLT REICKSZEMAE. 4R
B ORI ZBIRBBOET IVOBE, RRMEREHEICET 2R%E
LTW3,

Human brain is one of the most adaptable systems in the world. Un-
derstanding 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 functions to apply the
knowledge to human engineering and image engineering. Our ap-
proaches include psychophysics, brain activity measurements, and
computer simulations. Our research field covers visual spatial percep-
tion, 3D perception, color vision, visual attention and visual-haptic
integration.

p BRREIFRY AT L
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= 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 appropri-
ate 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 atten-
tion to realize prediction system of human perception and action in

the future. EEEEE

= Cognitive Brain Functions (Assoc. Prof. Kuriki)

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

Admptabon

Parbeohon and b rapses

KRZEF DR THBENMIBEZRZAEI(ICIE. BEANOYDOEMNUIES
2T %, RRICHRENBEHFOLRTEBE, WRETED
FIBBEDOBEFDOHZ&E LT, BHROBRUCEZAZEN
BT D ERENf TORR. WRESBV TLESHZBONR
MREENS Z EHRENT,

When people move in a real world ("3D" space) relative position
of objects in the view also changes. We investigated the effect
of implicit learning with such a view changes with actual move of
subjects and without the move. We found an implicit learning ef-
fect in environment-centered coordinates.

KA DVARFEICE NV TREBRNED K S LR TE
RENTWVWBD. EEBATNTVEL, DEYEF
WERR &L BitkaEsTAl (IMRI %) BIRZMEHEDHES
Zle k2T MHDOREBERNBEA D =X LERFHNS,
ZTORER. EDOLSBERRFHW (=AB) &
TROPTVD EVSITRBHMGSND,

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 func-
tional brain-imaging studies. This study may reveal
the "optimal coding method" of the visual informa-

¢ tion for human brain.

REBREMEBRILEDOLSITHAEEN
TWBDh\. MEBRED I > KR TR
HEHICEG LIcE ElcECRRREEZ
e BEEBHOHIBG LI EILELS
BREEHENE BT 5T LT EFHAEIC
BIFHE - MERSHBEZREDLHT
E%,

How does the perceptual system inte-
grate visual and haptic information in
motion processing? We compared the
magnitude of visual motion aftereffect in
the haptic movement condition with that

in the no haptic movement condition.
¢ This study may reveal the mechanism

underlying visual-haptic integration in
motion processing.
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ACFL2ABEOERIMECEH, ECTH, #HETLBEFREZEMT ST LEOE
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BRICABTESRA—/{- 70— R\ NBEDKRE G HRHIMEHERRE L TVET,
Ffo. KERIIHLBERY F -7 L LTHERTERLE Y TRy FT—0D
FIFZESD. [EEERELICRET & LBl BARKMOER (IEEE) RELITEX
ECHEBMLET,

To realize the communications environments in which everybody can communi-
cate without paying much attention to the tools, the laboratory has been focusing
on the core technologies and applications of 60GHz Super Broad Band Wireless
Communications in which people can communicate at the speed of multi-Gbps
freely. These includes propagation, antennas, RF devices, modems, FEC, MAC,
up to system design. One of the systems the Laboratory has been working on is a
wide area sensor network that can be also deployed for a disaster-relief applica-
tion. On top of these, the laboratory has been promoting Japanese technologies
to be standardized at IEEE802 standardization, IEEE802 15.4k (Low Energy Critical
Infrastructure Monitoring) now.

¥ I1EFRBEVAT L
MR EF | INAREE
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|ESEEE DA TR OFDM (Orthogonal Frequency Division Multiplex) 4 SC (Single
Carrier) -FDE (Frequency Domain Equalization) #@E &89, SIS0 FEC (32
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1 SRFE—LTIF—IVIT7VTF
Fig. 1 5-element beam-forming antenna

= Ubiquitous Communications System (Prof. Kato)

(i) Odd-numbered beam forming antennas have been developed successfully to
ease antenna manufacturing while keeping the required antenna performance.
The developed 5-element beam-forming antenna is shown in Fig.1 and its an-
tenna directivity in Fig.2.

(i) A new channel model has been established for the proposed 60 GHz systems
deploying reflected waves to continue communications in the case of line-of-
sight signals are interrupted.

(iii) Small diameter (less than 6.5 mm) wireless harness systems have been validat-
ed with smaller propagation loss than conventional bigger diameter harness
systems (Fig. 3).

(iv) ISWAN (Integrated Services Wide Area Wireless Networks) in 900 MHz band
has been proposed to IEEE802.15.4k. The image of ISWAN is shown in Fig.4
aiming to be used for a disaster-relief network in case of emergency as well. 5

= Ubiquitous Communications Device
(Assoc. Prof. Nakase)

High speed and low power consumption RF devices are researched and devel-
oped for new generation millimeter wave Multi-Gbps communications. The goal
of this year is to realize the high resolution sensor systems with ultra high speed
(1.5-3Gbps) modulated signals. In addition, Silicon-on-chip antennas will be stud-
ied for small and positive gain antennas.

B3 TAVLR - N—RAV X
. EEN
Brake control system  Fig.3  Wireless harness system

Pneumatic sensor Radio hose

anrm"-_??-'._lwt- 3
"/ Ir II .|
i \ | II f
i - F | T | I]I
- il B2 SEFC—LT4—3207
/ it VFFIE—Y
f | {"r | A 0:0°, 1:90° , 2:180° , 3:270° )
i PR/ Fig. 2 Antenna directivity
"""" —” T (000, 1:90°, 2:180°, 3: 270°)

B4 ISWAN (i 5= B R R RS
)

Fig.4 ISWAN (Integrated Services
Wide Area Wireless Networks) for
anti-disaster wide area wireless
networks
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V7 bz 7HEEMEE W Software Construction
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Software Construction
(Prof. Ohori)

ORMRESEEIOT S I I 55 SMLE DFE

Ed

OBEEWeb 7OV S I 0T DfcdD T L—L
7=

OOVINA IVDFRIBZ I EFE

OF =aN=RETOT S IV T EEORE
O7 WAV XLIER - (LD feHDTAT S
LZH

¢ Development of SML#, a new ML-style poly-
morphic programming language

e Reliable and practical Web programming
framework

e Logical foundation for compilation

e Integration of databases and programming
languages

e Program transformations for developing/opti-
mizing algorithms

VAT LI b7
R o |

Systems & Software Division

AVE1—T 1V JERERMAZER B Computing Information Theory
AYE1—F4VJRRER VE1-T1VTRBYATL
RPF (ML) HRERE (%F'?ﬁﬂﬁ)

Computing Information Theory (Prof. Toyama) Computing Logical Systems (Assoc. Prof. Aoto)
OFEH]A Y AT LOERER OFEH]A Y AT LR
OV 7 b0 7 OEEERZ OFEEFREY AT s

OFEEHEIEDERER

® Rewrite Systems
® Rewriting Theory o Automated Theroem Proving
e Foundations of Softwares
o Automated Deduction
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Intelligent Communication (Prof. Kinoshita)

Communication Network Systems

AVTIVIIV bRy bT7=9
R (LR AHIR)

Intelligent Network (Assoc. Prof. Kitagata)

OTAN—HEDERER (F1/\—217)
ORIVFI—VIV b ITL—LD—7 /&t H
i
OM#AIZT 1 =7 —a v —ERFIREE
BHRY T —F2 T

OI—yz v MNSB/MBAE 2y FT—2
ISR AT L

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

BRAVT VYRR

Information Content

OMBEZY bT—0Z RV T /IGAY 7
o7

OamExy h7—F>7 /HAzy b7 —F
P

OXHRIEF 2R —ERERE

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

¢ High tolerability networking / Intelligent net-
working

¢ Next generation ubiquitous service infrastruc-
ture

AVRS9747AVT70Y
ETE (AL EER)

Interactive Content Design (Prof. Kitamura)

FRAIEE (F8) MRE

Information Social Structure——————

BREEEMER

OF A ATLAEIRTAVEZ Ay
BEEDPLETHEETERBRI VT
EHREICKRTRT AT A ATLAEBE, TN
ES5EFERLCAVTVYENBT e
D3IRWTTA VRS0 3 VEATOHR (Fig1)

O 51 ORFLEHEL
ANEADAZT 2= 3 vIcHiT3 5]
EooU L. TORREEER LR
AVTFVYDRRICE ST 51 OFEMLEY
HlEEBig IR (Fig.2)

OBz avTHA>
KE@E. v FINRI, XTABREDETEE
FHERETCHENCZ DAY T Y EERD
TENTEZLSBENRIRT IV XLP
FLWA VRSO3 VvFEETHAUTS
mze (Fig.3)

OKEBEEBTVRTA VAV FAVEL—T 1
A
IVRTAVAY NIV A—T 4 VT DR
MEEN LT TELTEBEDHFOH L EWHH
LbWiEAS, WEHDASHEERIC DS
BEEBIC S HRATHDOREESHD
LNEWKEICERUTER LS. LWALAS
THREBATCWERV. EHDDHBHHRE
T9,

e Displays and 3D Interaction Technologies

We are designing original display systems
to show visual information accurately and ef-
fectively, and interaction techniques to make
better use of these display systems.

Modeling and Controlling the "Atmosphere"”
in a Conversation Space

This research aims to stimulate the "atmo-
sphere" in a conversation space by supply-
ing information content based on analyzing
changes in the space.

Designing Novel Content Visualization and
Interaction techniques

This research focuses on designing novel
visualization and interaction techniques to
efficiently use a large amount of information
content in a variety of display devices.
Entertainment Computing for Creative Rejuve-
nation

We are researching novel entertainment com-
puting technologies that empower people
and industries in disaster-stricken areas with
interdisciplinary collaborations.

OHEQAVE1—TaVY A/BREBRY
AT LOHEENAT fe TRHER
OF7)—r (BIx) avEa—Taro7&%K
E(ENR Y T =7

Of&E / JU—>aAvEa—Ta VI DA :
AR—bR=L/CIWTa T/ VT«

OHEQAVE1—T 4 VJICEDVHERE
WHESETIV

¢ Symbiotic Computing: Engineering Basis to-
wards Symbiosis between Human/Nature and
Information System

e Green (Energy Saving) Computing and Disas-
ter Resilient Network

e Applications of Symbiotic/Green Computing:
Smart Home / Building/ City

® Model of Symbiotic Information Society based
on Symbiotic Computing
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Software Construction

KIEHAZE=

Ohori Group
Staff
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Atsushi Ohori Katsuhiro Ueno  Akimasa Morihata
Professor Assistant Professor Assistant Professor
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Research Activities

RRHARTIE. ZORIEMBOPRENSIR TR ALY 7 b Uz 7EICES
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AMRETIE. VI NI PEEOERTHA OISV IEBBLU
ARG T —2DIEBOERERT T —2ZN—XZH0IT, VI I THE
HREBOMEEZIT> TV, BEARNEERES LTIE. EEETRIEROH
BEOEMH ST Z HEMEBROREE,. sV EEEEEARIIT ST
OS5V 5E0ORA, MY AT LDHD T 0TS LEHRT®
VI MO T TRESMOEYL. ZLTTOY IV IEE T ANR—R .
KIBEDBETEREAHET 5V 7 b T 7HEREBEOEE. REHES
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Nowadays, a variety of software systems manage everything in the
world. Therefore, firm foundations for developing high performance
and highly reliable software are essential for continuous advance of
our societies.

We are studying foundation of software. We mainly focus on program-
ming languages and database systems, which provide bases of soft-
ware developments and data managements, respectively. The major
research issues include fundamental theories for reliable software,
design of productive and reliable programming languages, imple-
mentation techniques for high performance software, and software
development frameworks that enable seamless integration of a variety
of resources, such as programming languages, databases and distrib-
uted computational environments.

W V7T NI TERRESE | AIEHEE

BEBRICHAZOREY. ZOERELGZHAERDOR Y bT—7DHES(IC
KU BERODEMEEEL SR EEREMEL THRT 28E%
VI ITHREBEG>TWVS, ZDfsH. (KB DEREEEZEME
HBBOIKE. BEEY 7 b 7 EMRL CHEET ZEMOREII O
BAThd, 2EE/OVZIVJEBOREIL. TOFREETERKLE
BEThHB,

ZCTAMENHT TIE. BERTOT I VI SHBEOERERPS LURE
MO, S5l ERAERRREEZENLICERAY X T LORFEZ Bl
LTW3, BERBVATLOBRREICELTE. (1) TNE TOERBER
DRREICE>TESNZBEL O— MEEY S 712G E DL
WREA G LIz tREEE 023 /558 SMU DR, (2) S35
ET—AN—AEHKET B, BERICEDCBVMEEE - ZAMZ R
A RER Web 7OV S22 I DD T L—LT—7DFRFE. K&
ITEAA TS, ERIAZRTIE. Q) a1V BRRAREREIRAS
TEICKYBETRENEIV/N\AILT7IVT) ZALOEEEBIET I\
1 IVOREBZNERDOAE. () REOERE T —2N—XELTHEL
ThAETOTSIVIEEICKY Y — L L RITRIET BI5RINEEBZOH
7. (5) BEHGBEEAKROSERL, SHEORWZ VI XL - 7O 5 A
HTOTS LBHICE Y BB T 2FADME. & EICHEA TS,
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IMegrotion with 5L _—— "'"'i""" 1 with ©

SMLE T2\ SHRFT BIeErlkae
SML#, a state of the art compiler

= Software Construction (Prof. Ohori)

Today's software systems are becoming more and more complicated
due to the need of integrating various computation resources avail-
able in the Internet. A key to control the complexity and to enhance
the reliability of such a system is to develop a high-level programming
language that can directly represent various resources and automati-
cally detect potential inconsistencies among the components.

Based on this general observation, our research aims at establishing
both firm theoretical basis and implementation method for flexible
yet reliable programming languages for advanced Internet computa-
tion. One direction toward this goal is to establish logical foundations
for compilation. We aim at establishing a proof-theoretical framework
that accounts for the entire process of compilation -- including A-nor-
malization and code generation -- as a series of proof-transformations.
Another direction is to provide systematic methods of developing ef-
ficient programs from their formal specifications by program transfor-
mations. In addition to those foundational researches, we are also de-
veloping a new practical ML-style programming language, SML#, that
embodies some of our recent results such as record polymorphism,
rank 1 polymorphism, and high-degree of interoperability with existing

languages and databases. Ty

Formal  Tra Qs_lfifi?.n» Specification Language
Specification (e.g., sequential program)
Program
Transformation
(induction (fusion)
Efficient Code

Efficient |Implementation
Algonthm -.-.-.-o-o-o>

(e.g., parallel program)

TOY 5 LB LS 7V X LEHDORHEH

A framework for deriving algorithms by program transformations
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Research Activities
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Equational reasoning is ubiquitous in many areas of computer
science such as automated theorem proving, formula manipu-
lating 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.

W IVE1—T 1 VT IERER
D EF | FhLEE

ARHFCIE. ETMI VAT LOEEEEHERNTEE, 21k
M Fr—F -OvHHi EV15UGEEOBMEEBELT. &
R RT LOEBEROEIIZBIEL TV, . EEHA
VAT LICEDBHASHEENRIC, EEMA T AT LOBEHK
WTOT S LOMENERITA D ZALEFBEFEERY AT L
DRFGRITADZALOREY. EEEFERICEDTOY
S LD BEIREEEA® BEEHHAICER Y AT 2.

W IV 1—FT A VTREY T A
MEDEF | 5P EHE

AREFTIE ETHRAT AT LOERNZME THZEIEMEP
Fy—F - Oy TEOBEERERMOBREZELC T, FESHIY
AT LORREERI O ZBIEL TV 5, &fee EEMA T AT
LICEDCBHASHEENRIC. 7075 LDORMHIEEDBEE)
REEEPHRBLERAICIVBA TN S, E5IC. BEEEHRAY
AT LANOIESRG EOBEALICER YA TV S,

EHHERICL DB -EERA T AT LICL DR
Fig. Proof by Equational Reasoning — Computation by Rewriting Systems

= 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.

= Computing Logical Systems (Assoc. Prof. Aoto)

We are developing techniques for verifying important proper-
ties of rewriting systems such as the Church-Rosser property
and the termination property. We are also interested in prov-
ing inductive properties of rewrite systems and lemma gen-
eration methods for this. We are trying to extend these tech-
niques to higher-order rewriting systems which are amenable
for modeling more practical functional programs.
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Communication Network Systems
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Kinoshita & Kitagata Group

Tetsuo Kinoshita
Professor

=ia FE mH —A Khamisi Kalegele
BhE Bh# o=

Hideyuki Takahashi

Assistant Professor

Kazuto Sasai
Assistant Professor

Khamisi Kalegele
Research Fellow

Gen Kitagata

Associate Professor
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Research Activities
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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.

$AYFUYIY ATV 3Y
RREH | KTEIR
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OWAVTIIIVhRY FT—Y
MRDE | AR
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RO —EXERICET 558 ETT D,

Network system

External Network

= 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 auto-
nomic 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
EEEER

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

AIR-based Network Management System (AIR-NMS)

BEBNBERERZEA LY hT—VBEBY X T L
Network Management System based on
Active Information Resources
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Multiagent-based Sensor Management Infrastructure
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Good media content has the power to enrich our lives. The
effectiveness of content delivery is becoming more and more
important in a wide variety of fields, such as industry, educa-
tion, culture, entertainment, and so on. Expectations of its use
in the general public are also increasing.
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= Interactive Content Design (Prof. Kitamura)

We focus on non-traditional content areas other than movies,
music, and games, conducting comprehensive research on a
variety of interactive content which creates new value through

interactions with humans. TIL

Fig.2
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Laboratory for Nanoelectronics and Spintronics

FT/EBTNAR - TOLRAMEE B Nano-Integration Devices and Processing

T/ERTINAA
PRIEEB (e ER)

Nano-Integration Devices (Prof. Sato)

EFANTORESERIL7OLR
MRIEER (IBEEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)
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OBEISTEREFMEET /\ A R ICBEY B

® New structure non-volatile memory device

® New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

e Intelligent quantum device for brain comput-
ing

OBEE VEFERI L2+ vIVEDD
DIEBEERIENB TS X< VD TH+ RI(C
EEEREINE

ONVKRH¥ERZEEETF T OBEDSERL
O XICET B

ONVBHFEREFATOS/ TI\A ADBUEL
BRI 2R

¢ 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
heterostructures
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FEEZEY FAOZY ARAEE B Semiconductor Spintronics

AEVREETIS
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Functional Spintronics (Prof. Ohno)

T/RAEVAEY
R ER G AHR)

Nano-Spin Memory (Assoc. Prof. lkeda)
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® Spintronics

® Magnetic metal functional devices and their
application

¢ Properties and application of magnetic semi-
conductors and their quantum structures

o Characterization of electrical, optical, and spin
properties of semiconductor quantum nano-
structures and their applications

OFHA b ZIVHESIENEFORR
O&BHRAEY FAZY XTI\ RADEIFH
OREVEANBML RERTDRIF

® Magnetic tunnel junctions with high output
voltage

® Metal-based spintronics devices

e Spin transfer torque memory and logic devices

F/BFTINA AWFZEE B Nano Molecular Devices

T/RFTINMR
WrgeaR (REEF#ER)

Nano Molecular Devices (Prof. Niwano)

>/ BFFIAA
HRGEER (AT E)

Nano Electronic Device (Assoc. Prof. Kimura)
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¢ Development of bio-sensing devices using
semiconductor surfaces

e Elucidation of cell dynamics using a semicon-
ductor nanofabrication technology

e Clarification of information processing by neu-
ronal networks

e Fabrication of artificial neuronal networks

OBBELERICE ST /EFT/I\A A (BB
FhIUIRE) DIEH
OB TIO, 7/ F 21— T Z AL B FRIERK
KF5EMDRFE
OBi&EAL TiO, 1/ F 1 — T RE RV MM
At Y DOREF
OBDF. BRDFEHBLIEEREFT/\A
ADRAFE

e Fabrication of nanoelectronic devices (single
electron transistor) through an anodization
process

¢ Development of dye-sensitized solar cells us-
ing anodic TiO, nanotubes

e Fabrication of micro gas sensors using anodic
TiO, nanotube films

¢ Development of organic electronic devices us-
ing supramolecules and organic molecules
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16E4 81 HICRBEEINZ, TOEMNIE. BREGEZZ ST
JILZAOZOR - AEY NOZ AEBRINERIET BT
ICH B, CNAEERRT D=, [T 7095 LICHIT D%
HEED T DBRIBER) ICK>TERBINEF/ - AEVREH
FTREZDEEFRBEBNT. AALRFS KOARRT & BEZBER
ICHHAFESR - BRADEMENTF LIS /T /0T —I(C
BEDOVETFTDER « ALV EMET 2EBBIME 7/ 1 Bl
DMEFEFEZED. E5ICRE - HEROBREEDHFOMEED
EERE LERTOY 17 NRRARET D,

WE. 7/ - AEVBEMERTIE. [/ - AV RERHEH ]
DMEET 2/ ER-7T /M X - 7Ot X, ¥%1$7\t°‘/ fo=s
A T/ DFTINA ADE BB M A AL T HHERRE & sk
OEER. ROMN S/ EFY AT LHIRE, E?J‘E%%EI?H%
E. B7O— NNV NMESUEREENARE LEE L THIZS A&
HTWB, INSOMAT, LEeEREMEaEL. S/ I
FOZOR - REV FOAZVRAICHITBHADCOE 5B &
HEZEELTWVWAS,

The Laboratory for Nanoelectronics and Spintronics of the Re-
search Institute of Electrical Communication was established
on 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 collabo-
ration between the RIEC and electro-related laboratories of
the Graduate Schools of Engineering, Information Sciences,
Biomedical Engineering, Tohoku University, R&D of nano-
technologies of materials and devices in Nanoelectronics and
Spintronics will be continued extensively. Furthermore, nation-
wide and world-wide collaboration research projects will be
conducted to build a systematic database in the electrical
communication research area.

The Laboratory for Nanoelectronics and Spintronics mainly
consists of research groups which promote following sections:
Nano-Integration Devices and Processing, Semiconductor
Spintronics and Nano-Molecular Devices; together with the
groups of Intelligent Nano-Integration System, Quantum-
Optical Information Technology, and Ultra-Broadband Signal
Processing. These groups cooperatively carry out the research
aimed at establishing a world-wide COE in the research area
of nanoelectronics and spintronics.

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nancelectronics and Spintronics

G denasor= fow Group 'V Chaartuam
BN compuang Halerriegratan

Nano-Integration
Devices and Processing

Blomalaculas
Chrganic Moo

Control of molecular funchons
ﬂrwrbhnglnhh’hﬂm h&m]mm

High density

-F'lm

CQuantum Communication

Quantum=-DOptical
me Tﬁchhdoqy
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El PRI ERA ST HEE AR DR S

COE of International Research Collaboration

F/IL7 SAZ AEBEHBEMERREIHESR (P17 FE
~21 EERNRHEEMREREES LCHIR) ZE8BL LT 21 #id
ICROSNEBERIBRBELRIET 2lcsd. [T/ ER-ILEI
DiEREER . TR HIFROMREL & FEEADISHE L (9
FH/BEICLDBERIVBEORTEIGAE] O 3 REEITEA. 7
JILTAZIRERTINARE. TNERVIBERY AT L
DIEREHET DL LBl INLERITT STcHDEFHF
TG EHBRL, 7/ T L7 FAZI ARHOHRRICEIT 2>
B—FTITI LV ADHEIZBEL T2,

International conferences
have been organized with
research groups in LNS.

COE of International
Research Collaboration

We aim at establishing a Center of Excellence in three re-
search areas, "Nano-integration technologies and their
evolution", "Spin-control physics and technologies and their
applications”, and "Realization and application of information
processing using molecular nanostructures”.

; .
N

Research collaboration
with visiting professors

imec University at
(Belgium Abany (USA)
University of | =#
. . Massachusetts
Sy Inst. Tech. (USA)
CNRS o '
(France) International-collaborative Harvard
Research System University (USA)
University of .
Stuttgart(Germany)/| Prl_ncetqn
IHP & Berlin (L:J"é‘f)fs'ty
Institute of -
Technology Polish Academy of | | Chinese Academy || National Sun UnlyerS[ty of | Argonne National
(Germany) Sciences (Poland) | | of Sciences (China) || Yat-sen(Taiwan)| | Clifornia (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/University of Mediterranean, France
Institute of Semiconductors, Chinese Academy of Sciences, China
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 at Albany, USA
National Sun Yat-sen University. Taiwan

T/« ACVRBRIESR CRELERY 2V RIY T L

INTERNATIONAL WORKSHOP ON NEW GROUP [V
SEMICONDUCTOR NANOELECTRONICS (RIEC SYMP.)

55103 : 2005458 27-28 &
#30@:2007F 11 889H
£50E 120104 1 8 29-30 &

1st: May 27-28, 2005
3rd: November 8-9, 2007
5th: January 29-30, 2010

5 2[8] 12006 F 10 8 2-3 H
24121 2008 % 9 A 25-27 H
£6[E 201342822238

2nd: October 2-3, 2006
4th: September 25-27, 2008;
6th: February 22-23, 2013

RIEC SYMPOSIUM ON SPINTRONICS

2103 :2005%42H8-9H

%3 :2007F10A31H-11A1H

25508 120094 10 B 22-23 H
E7E:2011F2834H
B9E 20124 5H831-6A2H
B1E:2013F1831-281H

1st: February 8-9, 2005

3rd: October 31-November 1, 2007

5th: October 22-23, 2009
7th: February 2-3, 2011
9th: May 31-June 2, 2012

11th: January 31- February 1, 2013

252006 % 2 B 15-16 A
24152008 F 10 8 9-10H
#6[E:2010F2856H
%8[E:2012F 28 23H
£10E:2013F 18 15-16 5

2nd: February 15-16, 2006
4th: October 9-10, 2008
6th: February 5-6, 2010
8th: February 2-3, 2012
10th: January 15-16, 2013

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

2106 :2007F 11 B21-22H
£3E 2012938 21-22 8

1st: November 21-22, 2007
3rd: March 21-22, 2012

$20@: 201038 11-12 8
4@ 201338781

2nd: March 11-12, 2010
4th: March 7-8, 2013

International Symposium held in LNS, RIEC

RIEC-CNSI WORKSHOP ON

NANO & NANOELECTRONICS,

SPINTRONICS AND PHOTONICS
%105 :20094% 108 22-23H

1st: October 22-23, 2009

RIEC INTERNATIONAL SYMPOSIUM ON

BRAIN FUNCTIONS AND BRAIN COMPUTER
F1E 201211 81516 8

1st: November 15-16, 2012

3rd Int. Workshop on New Group IV
Semiconductor Nanoelectronics

2nd RIEC Symposium on Spintronics-
MgO-based Magnetic Tunnel Junc- |
tion- Left: Albert Fert (2007 Nobel "
Prize Laureate in Physics); Right: Rus-
sel Cowburn
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j_/%*ﬁ?\/ \"fZ * 7p|:| tZEﬁ;EE Nano-Integration Devices and Processing

EEE - 1REARE

Sato & Sakuraba Group

Staff

B X HEBE BOK M FiE
B AR BhE

Shigeo Sato Masao Sakuraba  Hisanao Akima
Professor Associate Professor Assistant Professor

@ HRIEE)

Research Activities

RERDBEEPABBEITNZ. BERELRRRNES EEEBMEL
KEFTELEFT 50/ R MG ESHBERICHIS TE SR MRIBRE
EEBEMOBREICET T, 3Nt/ TOCABEMEREL 2> ) a>
REGHT N ADBHEE - BERELE. TNSE BV ARIEEREIR
DRBHNEELRECH D, 7/\1 ADBHAE - &MRELICBLTIE #
MERIFEEEEA LI N SV I ALERT - HIATVRFORE. 2
FARIE EH LWREIT K - TEWFT HTREEENFT ) N1 ADFEH.
SICHEE 3T IO ARIMOBKEEZED 2, HE T, 3 RTERLE
ERMORE. 77 « TURET « XU A T IVAREERBERORIE, I
SARYT —FT 0 F v DERFITEEE,

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 sub-
jects. We study the subjects such as new transistors and memories us-
ing 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 sig-
nal LSI, and non von Neumann architecture.

W T/ EET /N ARZEER | 1B

TEBREMUEAT CEEREZE T 5T TATINA ADORH. BhhEES
EEBY SEie— 1 — OV EIRORGT - ®F 3RRETN bRA
J—HZZ 1 —F)bxy U=V OBFE, HWOICHESERT O b2
TRBEELSEDEIRLT B, HETINSDEEICHBEEB O AR
T, ST/ \A AR OMIIZ K2,

¥ EFN\TOBESERLL Ot
BRZZER | RREAAERIR

ERGERIFINEA TS X< (VD RERGH EEBREL TFH/ A—bF—
SEEEGCHT BREENT OBEHMORFREEREZIEICT 2L
Lble, BFRREZIHLBEFOBHRRZFENIERE L. HFHREF
W ERET 2. FlFlc, VIEFEREFAT OF /BEICHBL THREL
TRLEBFREEMMEL. SIEBERNOXREEBLO TS IV RFEE
DEFATOBES LUBMET /88T /A ADERREZR S,

Towards the Realization of 8 Prodotype Brain Compular

groull design,  Bnd
. Wit sludy mainky on T
makn Drogress in the measarch ed

|| [ |
wan Meurmamn Herrarchinal Suciure and
LeghNernee Fuinctiesal Lscaliratios s Mirurahip

Humam Besin

BESHERO T O k21 TRRICAIFT

Towards the Realization of a Prototype Brain Computer

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of a synapse
device having non-volatile storage and multiplication functionalities,
the design and implementation of a high-functional neuron circuit
having self-excitation functionality, the development of a 3-D neural
network having adjustable topology functionality, and the realization
of a prototype brain computer. Also, we make efforts to realize nano-
processing and nano-devices required for the accomplishment of our
purposes. EEEEm
= 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 re-
action at low temperatures without substrate heating, (2) Systematic
investigation and control of charge transport phenomena including
quantum phenomena in the highly strained group IV semiconductor
heterostructures to find out novel electronic properties, (3) Heteroin-
tegration of the group IV semiconductor quantum heterostructures
and high-performance nanodevices into the Si large-scale integrated

circuits. [ —_
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Towards Establishment of Process for Group IV Quantum Heterointegration
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Semiconductor Spintronics

Staff
AHHARZE, HHABRMAE B
Ohno Group, lkeda Group Hideo Ohno
Professor
AHE EZ /R BE RIS BUFD il HAER
AR EUE2 HRAa HRE
Shoji lkeda Michihiko Yamanouchi  Norikazu Ohshima  Hiroyasu Nakayama

Associate Professor Assistant Professor Research Fellow Research Fellow
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@ HREE)

Research Activities

EERRDOBEBF PR OREZ G L TENITISAY 57l
HLOMEORHE, EFEEDOFREMBEOERE RUTho5D
AEY FAZVERT - EERFADIGAICET 2% Z172C
W3, E5IT. RERMICKY. BHED IEHEEB MO AR
ENBAEY FAZIAERF. RUREY FAZY ZEREIRERE
MOHZERFEZT > T2,

Our research activities cover the areas of preparation, charac-
terization, and application of new classes of solid state materi-
als as well as their quantum structures, in which electronic and
spin states can be controlled. Furthermore, we are working
on research and development of advanced technology for
spintronics-based devices and integrated circuits, which are
expected to realize high performance and low power con-
sumption owing to their nonvolatility.

¥ AEVHBETFHZEER | KBFHIR

EHRRDRAEY EBROBREZFE LA TRIVFD DS
AEY FAOZIRRZFADIGREZBENE LT, F84 BT
&, EBHMERICBIFRAE YRR, RUZTNSZFA LR
AE VMR FHRAEY PO ARFORILEICET 2
ZT2CWV5%, BENICIE. aFRIEZFI PR/ 22T
ZRAVWRAEY FAZI ZAMRPEEDER. A HEENED
S IBAR. 20 nm LITFDREY FOZ Y ARFIERE L UERF
INTHRATDOREFE. FERH L MlA > b O =7 REF ORI,
T LCAEY FEZV RAERF=FIB LB 4 DEBRIREFE &
HTW5,

‘j_/xtc)\/)(:EUEﬁ;_Dh% 5@5;'&?&%

AR DBEBREEICRO SN DB EEEENDAEY -
TINA REZNUTK O CATREL 3 28T LUV GRIBSRBRIE S K U
WEEIIBEY R T LE, ALY - B ERVWTERRT S EEE
BELT, REVAEY - Oy JRBICES e EAEEMICEET
SHRZTOTCVD, BFEMICIE. BN - EEHSES RS
xIVEE MT)) O/t AEVEARMEREREHME. AL
VAR - BY Y 7 EARRBEFEED TV D,
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= Functional Spintronics (Prof. Ohno)

We are working on spin-related phenomena in semiconduc-
tors, magnetic semiconductors, and magnetic metals as well
as novel functional spin materials and devices, in order to real-
ize low-power functional spintronic devices. In particular, we
are tackling the following challenges; development of func-
tional spin materials and structures by using molecular beam
epitaxy and sputtering, understanding and characterization of
spin-related phenomena, development of spintronic devices
with the size of less than 20 nm and their processing technol-
ogy, characterization of the fabricated spintronic devices, and
fabrication of various prototype integrated circuits employing
spintronic devices. R —_—

* Nano-Spin Memory (Assoc. Prof. lkeda)

To realize high-performance low-power consumption spin
memory and logic devices, we are developing high perfor-
mance magnetic tunnel junctions (MTJs) consisting of fer-
romagnetic metal electrodes with in-plane or perpendicular
magnetic easy axis and insulating barrier, fabricating spintron-
ic devices with small dimension, characterizing their thermal
stability, characterizing spin transfer torque switching toward
reduction of writing power, and making basic spintronics-

based circuits experimentally. TTIL

() BER b RIVERICHITEBE/UVZ (09V) HINIC KL BHL
(CRERHERD ) VAN by IVEBRESS 1oH (BEEEBEHED S 21°)
&7z, (Applied Physics Letters 2012)

() BELEN 2 B CoFeB-MgO REEERS > X /LESOME
EEBEFIBEMEER. (Applied Physics Letters 2012)

(Left) Probability of successive back-and-forth switching by
the application of voltage pulses of 0.9 V as functions of pulse
duration and magnitude of an external magnetic field along
21° from film normal. (Applied Physics Letters 2012)

(Right) Cross sectional transmission electron microscope image
of perpendicular anisotropy magnetic tunnel junction with
double interface MgO/CoFeB/Ta/CoFeB/MgO recording layer.
(Applied Physics Letters 2012)
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Nano Molecular Devices
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Niwano & Kimura Group

Staff
EE EX AN RSB
E6] pizeH

Yasuo Kimura
Associate Professor

Michio Niwano
Professor

@ HREE)

Research Activities

INE T 7/I\A AN, BRI EIE. 74 UV IS T«
BlcER NS FEEMN TR CERICZA SN TET.
e BEDOF /70 /A=A F T 0/ AT —DERIE,
RO ECIIRETH > BT, IFHGEEET 2E4D
FPHENF. BLOF/EEEDOER. FIRZXRRETEELOL
LTW2. TNSOMBROEIZ Si FBHEIiTEMada &
lC& W, BRABBRIBERILEBZFEICT 52D F VA ADT /AR
DRFEZHIET.

Development of the semiconductor nanofabrication technol-
ogy as typified by photolithography has miniaturized and
sophisticated electronic devices. On the other hand, the
progress of nanotechnology and biotechnology enables us to
synthesize and use biological molecules, supramolecules, and
nanostructures with electrically and optically unique features.
By combining these technologies, we are aiming to develop
molecular scale devices which allow advanced information
processes.

W T/ DFTINA AZEER | REEFHIR

S FEARET MM L CHERREZMT. L. TOXRE%
FATBT LT DNAPZY NI BEZIFCHET DEMERM
Bt >0 A7 LORE. BXU. TOWHERITZT .
L. EEMEOH T HEMRFOEE TV 2HiRDERE
KifrzfRET 2 Lick Y. MRBIFRmE - NEKEZ #AT
%, &bl REEMRMZHEHEDE ST LICLY FEHKRE
ENDOATERE R Y N7 — 7 DiERZEIET.

W T/ EBFT/NA AZEER | RS

7/ SR EEIE (BCEBLIRSR ) DA X0, F5E
MMM TEMOERIC L 57T/ BEDIEAL - fIEDRFEZTT 3.
7/ SRR ORBEDFIR S EEHIEZRRHCRIR T 28R 7
Ot AFMOBFEICEIY . LW/ BF 7T /1 ADERE B
T Fle. BRFEERMEIR EDOFRME L/ Biahefaa
LENAT )y B/ i8ERERE L Y DOEHEL KRS
BOBELEBIET .

1 FRNDIEEE B THRBO b BE AR

Fig.1: Cell assay using infrared spectroscopy

2 IEIBELBTRIC K > TIERT %
BEF SV IRRIEE
Fig.2: Single electron transistor (SET)
fabricated by anodization.

= Nano Molecular Devices (Prof. Niwano)

We are developing sensing devices of biological materials
such as DNA and protein through control of semiconductor
surfaces by the Si technology. In addition, we are developing
assay technologies of not only biological materials but also
living cells such as neurons. We are aiming to elucidate the
mechanisms of signaling between neurons and information
processing by them and to build up artificial neuronal net-
works by utilizing surface modification technology and a cell
culture technique.

= Nano Electronic Devices (Assoc. Prof. Kimura)

We are studying the formation mechanism of nanomaterials
(self-organization phenomenon) and are developing technolo-
gies for structure control of nanomaterials. We are aiming
to fabricate novel nanoelectronic devices through develop-
ment of a fabrication process which can control structures of
nanomaterials keeping their unique features. In addition, by
combining new materials such as organic molecules with inor-
ganic nanomaterials, we are aiming to develop sensors and to

improve the performance of solar cells. R

3IARBERVMRIN S VIRR
Fig.3: Organic field-effect transistor.
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KHRIAVE1—T 1 VJHERE 0 Real-World Computing
RERAVE1—-FTos VT
RS (R B HER)

Real-World Computing (Prof. Ishiguro)

OBAEHEY 7 FARY hOFIH
OEfFelEk. BT, H17. EfTicbF28#

bax-Galliil
OZEZFHIRDBEVORBREBOZMER
EORT 1 7 ANDISA

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, swim-
ming, flying, walking, running.

e Dynamical system approach to understand
versatility behavioral and its application to ro-
botics.

ey, ER/Y AT LHEE © Intelligent Nano-Integration System

M F /R AT L
Wgeas (R E#ER)

Intelligent Nano-Integration System
(Prof. Nakajima)

O&MLT7 7477 LbArAVE2—20D%
AEMICEY BH%

OFAF 2 v JHBBISEEY X T LOBMIC
Y 5HE

OEBIBEEHRETT —2 7Oty YD
FRICEE Y BH%

OBBBEE8FEY MY 2%

O#mIEF 7)) LIRSS B

e Basic architecture for integrated active Brain
computers

e Dynamic intelligent associative memory sys-
tem

¢ Superconducting single flux-quantum data-
processor

¢ High-Tc Superconductor Qubit

® Adiabatic Quantum Computation Algorithm Laboratory for Bl‘ainwal‘e SystemS

LR VLS 2 X7 LBZRE 11 New Paradigm VLS| System

L2 VLSI 2 R 7 Ls
PRIEER (REHR)

New Paradigm VLS| System (Prof. Hanyu)

OAIYIAVATRYVSI 7—FF7 7 F v (B
ERGYE

OFBEMOY Y I EZDBIESA VLS 7O
v YISRICEY 2%

OPVTIEEDETU—=VSIER/7—F77
F v |CEIT BH5E

OFNARETIAR=2FFZI 2 —T 1
VOT—FTUF vICEBY B

OZEIERKIR - FFEHARFIEICED (3 MHEE
NoC |ZBE 9 2%

e Logic-in-memory VLS| architecture and its ap-
plications

* Nonvolatile logic and its application to ultra-
low-power VLS| processors

e PVT-variation-aware VLS| architecture and its
applications

¢ 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

TS
N ENFUSTN,




Bt B AR i
TJLA V7 LR

Staff
PE &ih Takahiro Hanyu
MR (Bu) Director, Professor

Laboratory for Brainware Systems

[TLA > 7REMER] (&, ANAZEPTBMERERE L TF
% 16 £ 4 A OMRMB/OBIE - BiR & RRICHR SNz, £0D
B8, SRR AL A EMICENT ARMRES —LL R
ICRE T A2RMNIBR A7 L%, HRITKESFTERIET 2EK
RifixpIsld 35 Lich s, ZDHIT. AHEFIRUARFTEE
BEBERICHHAFER « BRADEMEDEOMERR L 2E
DT A7 L7 RBEOMTEDEMNEFEE L THEEIT D,
CORERIE. EHRI V1 —T ¢V IHEER. FHLR VLS| &
A7 LHIZEER, A0/ £ AT LHIZRERD 3 BIZSERIE AN
AT BAN—0ORY MRS, Lt 1—< > AV 274X
BZeER. RIVFE—LIVAVE1—T 4V ITHEBOREEHTE
TNTHY. BEEEMELBFOBIDTIC, HERUHHRDES
11D,

Physical and Adaptive Hardware Environment

= Virtual Space Construction

(Cyber Robotics)

* Real-World Dynamical ; N
Intelligence =

(Real-World Computing)

The Laboratory for Brainware Systems of the Research Insti-
tute of Electrical Communication was established in 2004. Its
purpose is to contribute to the research and development of
advanced information science and technology 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 for Real-World Computing (section), New Paradigm
VLSI System (section), Intelligent Nano-Integration System
(section), Cyber Robotics (planned section), Next-Generation
Human Interface (planned section), and Multi-Modal Comput-
ing (planned section). The Laboratory for Brainware Systems
consists of the above six sections 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.

The technology developed in the Laboratory is expected to
enhance the research carried out in the four Divisions of the
Institute, and the research conducted in the Divisions, in turn,
is expected to provide scientific basis for the information
technology developed in the Laboratory.

Seamless Fusion of Real World

and Multi-Modal Computing

* Human-Machine Cohabitation
Architecture
(Next-Generation Human Interface)

* Higher-Order Multimodal Perception
and Information Generation

M (Multi-Modal Computing)

Hardware Environment with Massively Parallel Brain LSI

* Massively Parallel Neural LSI

(Intelligent Nano-Integration System)

* Nonvolatile Logic and Its Applications
(New Paradigm VLSI System)
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Real-World Computing

AEMARE

Ishiguro Group

Staff

a2 BX PN N oA B2 A —B

g Bh# Bh# Bh#

Akio Ishiguro  Dai Owaki Takeshi Kano Kazuhiro Sakamoto
Professor Assistant Professor Assistant Professor Assistant Professor

wEHRIOVE21—FTa T
HRIZER | A RHR

RV —T 4 VITHRETIE. EMOLSICLEPHD
DR IJICRMFIRBICHEIGIReE [EEEEE LV ATLI D
RETRIEDOEEE Bis LR ZED TV D, TDHREG DI
2O TEESHEE TH5H, BRGNS HENElL
A0 - HET - BT ROER (BRE) HEHEFEL. TN
SHMEEMERT 5 LICK 2T BRDEROERMIEDL 5ISIEE
HTCEBVIFERLTRERNFE (K zBaREEANSAIFES
BBHLEWVD, [ZAFNREXHEOME] ZEEICHTONC LS
HEHSRCTH D, AARETIE. ART 1 7 ALEERZE, £
FPEFRLV O EFEE AR EMHERRICTERLE
Do TN=RTRSA] GYRT LEERLET ZEGFRMCIE
ARLTHELEEVWENDESGETLREE R ILhE LHT
FerBRE ) 2EZFE] LVt EB T 5. VI ToTY
b AT Z a7 L] BHWAINY X7 LORIRZBIEY.

= 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 spa-
tiotemporal coordination of a significantly large number of
bodily degrees of freedom. Clarifying these remarkable abili-
ties enable us to understand life-like complex adaptive sys-
tems as well as to construct truly intelligent artificial systems.
A prominent concept for addressing this issue is "autono-
mous decentralized control", in which non-trivial macroscopic
functionalities 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 view-
points of robotics, biology, mathematics, nonlinear science,

and physics.

BEDBEEOMRTENET IVENMEGSEENRE  EEMRZRAZEF —7 L LTRIELIET2BRDHE BN RBRE EMEEEEE T2 80Ky fO8
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True slime mold as a good living organism for study- : Soft-bodied amoeboid robot driven by a fully decentral- : Ophiuroid robot that enables omnidirectional locomo-

ing autonomous decentralized control

ized control scheme extracted from true slime mold. tion

BEPSHZICE U T ESERNICSHITE D ZEL
THEMORY b

TEMFRORY b
Quadruped robot driven by a fully decentralized
control

FiE BRNICREIDIEL T2ARBHAIEGE Y

Autonomous decentralized control of a
snake-like robot that exhibits highly adaptive
and resilient properties.

55 | EXUB{EHAZEFT = RIEC 2013/2014



M F/ &R/ AT LHRE

Intelligent Nano-Integration System

FEMRRE

Nakajima Group

Staff

RE BA NFE B
Big B

Takeshi Onomi

Assistant Professor

Koji Nakajima

Professor

W HAZEIEE

Research Activities
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Our research activities cover the fields of architectures of Brain
computing systems, characterization and application of artifi-
cial neural networks, and fabrications of intelligent integrated
circuits, and exploitation of new devices for neural circuits.
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Microchip of a neural network

= Intelligent Nano-Integration System
(Prof. Nakajima)

We have constructed a stochastic artificial neural network with
one million synaptic units, analyzed the dynamic behaviour
of neural networks aiming at a time-dependent data process-
ing, succeeded to propose a system where we are able to
get off successfully from any local minima fallen into on the
way of data processing in neural networks, and fabricated
its prototype hardware system on the silicon microchip for
brain computing systems. We have also presented an FFT
and a neural system operated by using a flux quantum logic
in superconducting integrated circuits. Meanwhile, we have
studied on implementation of high-Tc superconductor multi
qubits using intrinsic Josephson junctions and neuromorphic
adiabatic quantum computation algorithms for practical solid-
state quantum computer and its application to brain comput-

ing systems. sammn

B RE TR

Microchip of a single flux-quantum circuit
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New Paradigm VLSI System
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Hanyu Group
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Professor
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Research Activities

HBAIRIEEE(RERDIE (Very Large Scale Integration; VLSI) Fv 7. &
KUOTNZIGA LI VLS Y X7 Ll EFHRD 3] & LTHREL T

SN iﬁﬁ*ir@%b@%%%%uu%&%gﬁd)g%&m LTWa, VLSI
YRATLDOBEN - @t - BEELIE. SBEICEDET. EITHH -
TINA ADEPRMMANI THRATIC K W HE SN TE . LH L. ZOMifltL
Bi—LEIC LB MR LE. WITNBRAIGET 2 EFRENTVS, &
HIZEERClE. ERETD/1) 3> CMOS BIBEA DI T <« #H LWL
7\ At A TEEIER L THEER) ORISR - REARS £
UYARTLT—FT 7 FvICDWTHZE L., (EREMDOERICES VLS| &~
AT LORFAZFTET 5 & &AEENET S,

Very Large-Scaled Integrated (VLSI) processors and their applications
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, while the
demands for improving power-efficiency and system-reliability with
maintaining their higher performances are still getting increased in the
recent nano-scaled era. In this research division, we design and imple-
ment a low-power and highly reliable VLSI processor using novel de-
vice technologies and new-paradigm circuit architecture such as logic-
in-memory architecture.

W FELR VLS| & X7 LAZEER | PEHIR

WEOVLSI AV E1—T 4 VI TlE. MV IR 25 EDEEIRTBED
BIBRAYFUIEEICEN RTEOEREES KUZ NIRRT %
AR EBEBBDT —ZERXAR MLy I DN VLS| F v TOMEEE SR
TEREGBEREE DTS, TSI, VLS| F v TOHHEDERITHE.
BITEEOELWEN. 7/\1 ZBEDIES DEEKRGE, VLSV AT A
St - SEEICARE T 2F L EBRNEAEMEEL > TV S,
CDESEREEERENNCHRT DFER VLS A Ea—FT 1 754
A LEEBERT B0, WRETBT TV r— avIds Cledtiny A7
—FT70F v N—ROxT7TIVT)ALEERT BHEEEIC, X
KMy VREEPHEEIES DERMEAAREE T AR —F 7V F v &
ERTDHIENEETCH B,
AFERETCIE IR VLS| AV Ea—T 4 V98584 LOEREBIE L.
TERDIER EITIFEWVFH LWEZAICEDN—RI 277 —F 70 F v
DHREET> TS, BFEMICE, IERVLSI OV Ea1—F 1 > JIEHBT
SHEiREREA AR T 2ERE— h%ﬁ/%ﬂ@Nd —*70F v, 2
HEEA BBLBRICOBIL S B TRARAT Y/ RIBERIBT 20T v Y
AVARIVSI T —F 70 F v, BBBKRT /AR BK~VRIVES
(MT)) FINA R, FBEAL T/ NA A5 E DFEE - ZHaE T%%rh%l
EEALIETNA RETIAN=ZHER VLS AV E1—FT 0 > 07—
TFNEE. RIVF AT TINEBEMEE - 2E#E VLS o+ /'H'U)E\xﬁ'/f
BRURRAICET AT > T3,

NoC Platform for Car Control

High speed

High performance LSI

B Asynchronous router

for mobile applications
(Nonvolatile TCAM chip

= New Paradigm VLSI System (Prof. Hanyu)

Rapid progress in recent deep submicron regime has led to the capa-
bility to realize giga-scaled embedded systems on a chip, while the
communication bottleneck between memory and logic modules has
increasingly become a serious problem. In addition, power dissipa-
tion and device-characteristic variation have been also the emerging
problems in the recent VLSI chip. In order to solve such the recent VLSI
problems causing performance and reliability degradation, we focus
on a "new-paradigm VLS| computing” concept that investigates the
optimal design through all the VLSI design layers such as a device/ma-
terial design level, a circuit-architecture level, a logic-synthesis level,
a system-architecture level, and an application-oriented algorithm
level. The use of "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 multi-functional and nonvolatile devices such as ferroelectric
devices, magnetic tunnel junction (MTJ) devices and phase-change
devices. We are also focusing on other challenging research subjects
concerning with a new-paradigm VLS| computing system, such as
asynchronous network-on-chip (NoC) and process-voltage-tempera-
ture (PVT) variation-aware VLSI architecture. Preliminary research sub-

jects in our laboratory are listed below: ssmmn

Low Power Video Coding LSI

Motion vector
prediction unit

Reconfigurable LSI
(Nonvolatile FPGA)
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O Dependable Air Dfe& D7 0O— K/ FER )
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O DWS (Dependable Wireless System) D7z &

DBEIR - BER Si ¥ AT LF v THEER
¢ Broadband wireless communication technolo-

gies for Dependable Air
¢ High-speed and high frequency mixed signal % )
Si system chip for Dependable Wireless Sys-
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v
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Storage Technology Group
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e Development of high-availability storage sys-
tems

¢ Development of application for storage sys-
tems
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REF. 277 MMRBIE L. ENAILRF - AbL—TI9
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PO SEG IT-21 42—

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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Kazuo Tsubouchi  Tadashi Takagi ~ Akinori Taira

Visiting Professor Visiting Professor Associate Professor

dA—YRZy NI—JITEET 57 7 L RABEEREM & LTOE/N
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b5, HROBENBED —4> v THEES OHAEDEENEEH
finld. BAREEZSZZBERENE LTETEITRRET 2LENLNDH
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IT-21 €22 — -« BN ILREHTIE. BRBEREEHKEA—H—
RUE—BRESEXELOEFEE OV T Y Mok, TR
A2 —%y T ADHDBEREFBETMOBERER
BMEREG « ZRwy AT LAF v TREFNICK 28/ EiER
DRBICEMBAREHEL TE, TNETIT. (1) 324Mbit/s
5GHz BERR LAN ISR DFF. (2) /\1 EY 3 VIFEMmEE)
B3DSIP ERTVRATL AV - INwir—) I RERIER
DEFEAETV, Efee Q) REENILTO—-RN\Y ROV L
A7 71X (MBWA) SEiEERERICK Y. BHEBEIFTOD—LL
2N RA— /SR LAN & MBWA S DEfER Y D — 7/ —
LLRNY RA—=IN\ERINEETER,

TR 19 EELSIE. TaRVAEY T DEWVLE - BEER T
1YL A% kT =% T&H % Dependable Air DEIFAE BT L.
ISTCRESTIF A R B TIVIT ANV LAY AT L7 )\A ZADBIF
7OV bETTOTWS, AMZFEETIE 700MHz ~ 60GHz
HBENBT HEBOEGEEY AT LERE L. XE - &5
RE - HESE/] - QoS DR#HIEHZEITV. ¥—LLRAZRY AT L
A—= 7% ageds T 5EGBRERARTH S DWS (Dependable
Wireless System) DOERZBET, EHIC. DHEDOBENBER
MOFELBZMEAND L EEIT, BREEAEEMICLZLEHX
TONYF v — (¥R EHIGIRENSI T 5,

Fig.1 5GHz # 324Mbit/s #E#R LAN iR
Fig.1 5GHz-band 324Mbit/s wireless LAN termi-
nal

Fig.3 MBWA REEEER (BHE5%1H)
Fig.3 MBWA field test (Base sta-
Fig.2 Ultra-small-size 3D SiP millime- : tion)

ter wave wireless terminal for uncom- ;

pressed HDTV

Fig.2 /\A €2 3 > JEFERE xR/ E 3D
SiP = 1 IRRARIRAR

Mobile wireless communication technology is one of the sig-
nificant communication technologies that support the IT soci-
ety, 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
manufacturers and Japanese Type | carrier, the mobile wire-
less technology group of IT-21 center has been developing
ultra-high-speed wireless communication technology and
an ultra-small wireless terminal by using three-dementional
(3D) system-chip and using high density packaging for next
generation mobile wireless communication. As a result, so
far, (1) 5GHz-band 324Mbit/s wireless LAN terminal, (2) ultra-
small size 3D system-in-package (SiP) millimeter wave wireless
terminal for uncompressed high definition television (HDTV)
transmission have been successfully developed, and (3) seam-
less handover technology for wide area mobile broadband
wireless access (MBWA) and seamless handover technology
between MBWA and wireless LAN have been successfully
demonstrated by field tests.

From 2007, the mobile wireless technology group will make
progress toward development of advanced practical technolo-
gies for a new concept, "Dependable Air" which integrates all
wireless systems.

In addition, our group has a will for contributing to the indus-
try in Sendai area such as build up venture companies based
on the developed practical technologies.

Dependable Airsroadcast ]( Physical

Distribution
TDMA Network
Distance
w Dependable
i Wireless System
1 ooom Multi-Mode on One-Chip

Wide-area
(Cellular)

100m

10m

Short-rang Bluetooth
communicatidf>¥ \ 802151

Standard 100k ™ 10M 100M 16 10G

<> Non [EEE )
<O [EEE (P friendly) |Narrowband Broadband Data rate [bit/s]

Fig.4 Dependable Air
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HERE Research Fellow
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Research Fellow
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TIEFzlT, R T BRBREROIZHDOMEHE [Eiemn]
HIERA ML —VEBEMOBERE] ZXREDETEEL L/_(\
TR 24 FELY 5 FRDFTECTHET 5,
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BETBHIET. M Ey2—D2 vy 3 THBAMEMRED 5
FLAOERLZBEIET,

BAIAANL—YYRTL
Highly-Available Storage System

One of the key components in information services is storage.
Electronic information, such as images taken by digital cam-
eras and huge databases must be stored in a fast and efficient
manner. The importance of storage will remain high in the
future, viewed from the perspective of a channel to pass valu-
able information to the next generation.

The Storage Technology Group continue to be engaged in
the research and development of storage technology in a col-
laboration between industry, academia, and government. Our
group successfully completed two national projects commis-
sioned by the Ministry of Education, Culture, Sports, Science
and Technology from FY2002 to FY2011.

Recently, as social and information systems become more
complicated, one of the urgent research areas in storage, in
addition to "devices" and "drives", is the "system". Because
of this our group started a new national project "Research
and Development on Highly-functional and Highly-available
Information Storage Techonology" in FY2012. The project will
continue until FY2016. Our group is working on the project in
collaboration with the Muraoka, Ohori, and Suganuma labs.
Furthermore, in collaboration with the storage system indus-
try, we will focus on bringing the results of our research into
practical use within five years, which is the prime mission of
the IT-21 center. R

FRPDR L —V YR T LB T TV r—> 3>
Application under development for Storage System
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Flexible Information System Research Center
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e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment.

e Advanced maintenance, management and
operation of network.

e Relation between technology and ethics.

e Perceptual information processing of living
bodies and intelligent Ul and OA.

7&

REMEETER

Management Office for Safety and Health

OMEFAADLZ2HEEEGR. FERREG L
DR, BLUHEDIE,
O eHEBROERDBES L ULREFHEE
H|TEY B IERDUEE,
OBHEOLZEEIELEANDT K/ AP
ROEM,
OBBESLUFEENRE LESBLZEHED
SN
OFADMEFEPEE BT & DERFE,

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

¢ 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.

Flexible Information System Research Center

’?’bf‘o?ﬂl‘h@%ﬁ VAT A

9—-

MREREM > 2—

Fundamental Technology Center

OMmMT. BFEA. MHEIMT. BREE
DIcDHDIRAR TR DR

O7 ) =2b=LPa—Albzy FT—=70D&K
D IEERRRBDRT

OMZEFRDR 2§ SE Tz &

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

* Maintaining of research facilities such as clean
rooms and the in-house network of the insti-
tute.

e Technical supports for safety and security of
the institute.
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Fundamental Technology Center

Management Office for Safety and Health

MRS
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Flexible Information System Research Center

BEDIVE1—2ICRRENDBERI AT LIE 5IEH 2 TRD
SNTEVE CEEN T OHEEDHZIRMHT 5005 TH
e\ VAT LTH B, FREDENE. INETD TH L]
BRULEFREZBEZ C. ABOBERPRIBICEDOE CRUEBER
WEBETV. ESICRBER EDSZTHBIERE 7)UCEDNT T
LIEE SO TCERIBEANBDREICHETED LS TPDE5HLN
BRIVBORBICOWCERBLURBREZEL CHLONIIL, £
DY AT LBHREZMWIIT 52 ETH B,
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v hT—UHERE

Network 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 adopted to
the human intention and situation of its environment, and this
can correspond to the flexible human thinking using multi-
dimension perceptional information such as the visual and
auditory senses fully, beyond the limitations of the principles
of the inflexible information processing. The aims of this re-
search are the exploration of principles of the flexible informa-
tion processing through the theories and experiments, and
the establishment of their system construction methodology.
Moreover, we also study the flexible information systems for
advanced organization, utilization, administration, operation
and dispatching of science information, and are aiming at the
establishment of construction methodology of them confirm-
ing the effectiveness of the system with practical applications
to the scientific information of RIEC on the network.
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Flexible Global Network
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VG RM A EFRICRE L TOCRICEEG, HINYEICET S
BRONE L EERIREEL TV D,

17Uy FRBCEBRCERRE
Figure 1 Remote controllable multi-
electrode manipulator

2 X fREHTEE
Figure 2 X-ray diffraction
(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
division also provides machining instructions to the students
and faculty members who pursue machining independently.
The evaluation division offers various evaluation and mea-
surement techniques such as X-ray diffraction (see Fig. 2) and
electron probe X-ray micro analysis (see Fig. 3). Glass process-
ing techniques can also be provided. In addition, this division
is responsible for operating a common usage clean room
and 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 accu-
mulating and testing optical multilayered thin films are also
available in this division. Finally, the information technology
division operates the in-house network of the institute and
manages commonly used information equipment in coopera-
tion with the Flexible Information Research Center. In addi-
tion, this division engages in the collection and management

of intellectual property-related information.

K3 BFE—L
HEXRTERD
Ei

Figure 3 Electron

Probe X-ray Micro
Analyzer (EPMA)
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TEFHEEER

Staff

BEEF 18X  Michio Niwano

ER &R Manager, Professor

LEE F—  Yoichi Uehara

BIER Fu) Deputy Manager, Professor
£ {52  Nobuyuki Sato

Bh# Assistant Professor

Management Office for Safety and Health

LZeFEEREITAAFCHCHELPFEDRE SRR T
BT EEENE LIEBTTH D, MIFEFRICHIT DHMFESEICH L
T ERe BEARA SRR EMEDNTEY . BRIEEH
STEENDIE LBV, ReBHEEEE CIIFMN TOMRTE L&
ENDOHBICITONS L DIC. RIETEZE L THRELERE
xR ISEOReFEEBEDOYR—FZT2TW 5%,
EeFrOffild. BIERER CHHMRE LUHER. HE %=
TO TV BRHARE. TOXEER CHL2ERBRPNBIES
KUEBHED S5, RS SUBERONAREEOEEE
BEIV BL2OMRES LUOBREDELERITBRIELET
HLHE. EEZERBTENTO LS,
ZEFEERICBL T Fik. PISFOBE. EXED SHER
ENEReHEZERNFTRNOR2HEERAH DERPREE
EICBT2EEEEREEEZTA L. IRBIUHERICHSZE
715, MRS LUOBERITHEDONRIC LIcD > THEHZRE L.
EMRE. HREEHDREBEEBRDRBFDIEEEZTO I LITKE
2o
REFEEBEIF INSEBE OEEDOTICREEEICET 22X
BEEL L, AR CORTEDD LN DRBICTONS LS
EHLTW D,

LZRFEHEER

Safety and health seminar

The Management Office for Safety and Health is an organiza-
tion with the objective of maintaining the health and safety of
staff and students working at the institute. The use of chemi-
cals, 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, experi-
mental facilities, and machine shops through various activities
to ensure that research activities within the institute are con-
ducted 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 various matters
related to safety and health and the maintenance of the safety
and health management system at the institute, and submits
recommendations to the Director and Faculty Council. The Di-
rector and Faculty Council then finalize guidelines as advised
by the contents of these recommendations. The guidelines
are then implemented into actual safety and health manage-
ment operations at each of the facilities such as research labo-
ratories.

Under collaboration with these organizations, the Manage-
ment Office for Safety and Health takes charge of practices
related to safety and health, and operates to ensure safety
and convenience in research activities at the institute.

BEAAREZHEER

High-pressure gas seminar
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RALRFBXUBEMEFT. KFRELEHER. BREFMZERL
BLUEIFHRHOBRIER « LBRDLFZFANDHARE.
BEiTEDNMEEIOER L. HBHLED T Llck > TEBI. £l
FEEEEARAL. MERREZHEET 2L 2BNE LTIEHR
ORI ENTWVD, TDedH. FFADRFISCTRDEL D%
AREERITC ARRURNNGEEBRICOVTHER, SHnz
ToTV%. ERENCHARD—EBIRICKF BEAFERFCIRIC
wIRENTWV S,

MRRICIE. 2ENSKFEOMERERFELEESA. BRAFTETD
e, EERGEEOBRENDFEL. ARRRLAHREER
K72 TV %, IERA. TOMIC DOV TREOZERTNDH DR
REBDLTVS, BULELEI>IEKRD T EIC DV TIFFEFE,
AREDBEICOVWTEFZTNENDDRZIETBICTFE SN
(A

MRS
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.

EETFMRR
Electromagnetic and Optical Waves Engineering

2N\ EALAVEI—T 4 VITRRR
New Paradigm Computing

FEIFHRR
Acoustic Engineering

TWI LY Oy AFRE

Ultrasonic Electronics

e "TSRART =S L (B TS5 AHER)

Sendai "Plasma Forum"

TLA V7 ITEHER
Brainware

EMCHLBEE=ZF—Ib
Sendai Seminar on EMC

154 - 2R

Mathatical Physics and its Application to Information Sciences

AV 1—2Y 4T AMER

Computer Science

R - A TEWER
Biocybernetics and Bioinformatics

VAT LHEAR S

Systems Control

F/ - AEVIEMRRR

Nanoelectronics and Spitronics

BHR/NAF Oy RS

Information-biotronics

FENBREETFMAR
Advanced Information Communication Engineering

AEZ Y ARRR
Spinics
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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.

RO LEREZEE LT

BRUBEMRMERY Y RI UL

International Symposium organized by the Institute

1 SRBECEREREOEBEY 3TV IUMRE THZ & TS ARE Feb. 23-25, 1997
Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

2 BOBRRBICEDSTLA YT —F 70 F v DRET - HMF Mar.16-18, 1998
Design and Architecture of Information Processing Systems Based on The Brain Information Principle

3 UMMM E T DI Dec.14-16, 1998
Novel Techniques and Applications of Millimeter-Waves

4  SIiTERFY—EATOEGICET ZERERRE Sep.13-17, 1999
The International Joint Conference on Silicon Epitaxy and Heterostructures

5 T# bZvoERIEEERRE Mear. 8-10, 2000
International Workshop on Photonic and Electromagnetic Crystal Structures

6 FEEICVYHEOERREISH Sep.13-15, 2000
Physics and Application Spin Related Phenomena in Semiconductors

7 EERRLEBICHIIREESHEAE Oct. 25-27, 2001
Rewriting in Proof and Computation

8  IHRTESRE T DIGA Oct. 28-Now. 1, 2001
Nonlinear Theory and its Applications

9  Za—N\IEALVSIOAVEI—TFT1 Y Dec.12-14, 2002
New Paradigm VLS| Computing

10 HEEBEEACZYIRAM—YVYRTLA Oct. 23-24, 2003
Ultra High Density Spinic Storage System

11 HE3ESiIGeCEBRT—V¥avT Oct.12-13, 2004
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

12 BIESEARKA7OTNAA - HREERT -0 3v T Apr.11-12, 2005
3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3)

13 BA4ESI TEAFY—EANTOBEICET 2EERE (ICSI4) May 23-26, 2005
4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4)

14 B1EEIVEREERS / ILY b O RERT—02 3y May 27-28, 2005
1st International WorkShop on New Group IV Semiconductor Nanoelectronics

15 HCAFERBFARRER VRI VL FREROBEHRNE | M. 0B&UHE Sep. 26-27, 2005
GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society

16 BIERAEY NOZVREBRT—V Y3y Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-

17 BARSEAKESAVOWMRT/INAR - MREERT -7 3 v May 8, 2006
4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4)

18 BALEFEKICHITHACVEERROYPIELCAICET ERRZE Aug.15-18, 2006
4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-IV)

19 W2EEIVEXSES /ILY FOZVRERT -V 3w Oct. 2-3, 2006

2nd International Workshop on New Group IV Semiconductor Nanoelectronics

BRUBEMEMER> VR T LAORSE
The 7th International Symposium

67

EXUEENIZEFT » RIEC 2013/2014



20 F2RREY MOZVRERT -0 3w Feb. 15-16, 2007
2nd RIEC International Workshop on Spintronics

21 HHRBEFRE 2007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007

22 7))V XLHENFBERS LOERRFICET 26RAEERE Oct. 1-4, 2007
International Conference on Discovery Science / International Conference on Algorithmic Learning Theory

23 FIRAEYMOZIRERT—V¥3vT Oct. 31-Nov. 1, 2007
The 3rd RIEC International Workshop on Spintronics

24 BIEFIVIERFEGS /ILY FOZ I AEBRT -0 2w Nov. 8-9, 2007
3rd International Workshop on New Group IV Semiconductor Nanoelectronics

25 BRI/ HET /I FOAZVRERT -3y Nov. 21-22, 2007
International Workshop on Nanostructures & Nanoelectronics

26 FE18E7ILVT) XLEHEICET 2ERAH Dec. 17-19, 2007
The 18th International Symposium on Algorithms and Computation (ISAAC2007)

27 SHE-BETSARICET BEEHERY Y RY T Sep. 5-6, 2008
International Interdisciplinary-Symposium on Gaseous and Liquid Plasmas (ISGLP 2008)

28 BARBINVEFSGES / TLY O XERT -7 3 v Sep. 25-27, 2008
4th International Workshop on New Group [V Semiconductor Nanoelectronics

29 BAQREY FOZIXERT—UavS Oct. 9-10, 2008
The 4rth RIEC International Workshop on Spintronics

30 ZURVVRITLA Apr. 20-22, 2009
GSMM 2009 (Global Symposium on Millimeter Waves 2009)

31 RIVFE—ZIVANEICET 2B _T7—v>3v S Apr. 24-25, 2009
Mini R.I.E.C. workshop on multimodal perception

32 BALEERIA v UT0/OYV—ICETREEY VRIT L Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 F20E/I—=VHIL. BN BBREGEEY VRV TA Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 B2ERECCNS +/ILY bOZYRREY MOZI R T4 b ZY AICET BEBT -7 3y T (HESEAEY MOZ/ AEBT—7Y3v7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics,Spintronics and Photonics (5th RIEC Symposium on Spintronics)

35 ZEEFEOREEISAHICET 2ERY VRI Y LA Nov. 11-13, 2009
International workshop on the principles and applications of spatial hearing 2009 (IWPASH2009)

36 BSEETIVEEFEGAS /LY MO RT3y Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

37 HBOEIRECREY MOZVRERT—0> 3y Feb. 5-6, 2010
6th RIEC International workshop on Spintronics

38 BRI/ EEEST/TLY FAZVRICET2EBT VY3 v Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 IST7vOTINA ASBICEYT 2BMERS 2RI T L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (IS5GD2010)

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

41 HIEBIRECREY FOZYREERT—V >3y Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

42 BROEESEREMRT+ -4 Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 HB8EIRECREV MNAZVAEET—o>a3v S Feb. 2-3, 2012
8th RIEC International Workshop on Spintronics

44 FORIEMRYVRITIL ATAHIV - NAF - F/TLYAZIR Mar. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 FEIES/IEEEST /T bOZVRICETREBRT -V 3y T Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46  BHBIERECREVMNAZIAEERT -2 a3v S May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 FIBAR— b7V /OVERT—V 3w 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

49 251 [OhitERE S AU ERICEE T S@ER Y 2V RD D L Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Computer and Brain Functions

50 HALKF-/N—N—FRFEVaA T avT Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51 B/UNMEIRECAEY FOZVRERT—V 3y Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSls

52 AT ARV INAF - F/ILY MOAZYRET BERY VRY T Mar. 7, 2013

7th International Symposium on Medical, Bio- and Nano-Electronics
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FUEIFHMRBOESR - BRAG EICHIT HMEHURDERD

BD—D2THB, Ffc. MBOMREHZLASEDIELE
WO—DELTHY. COBEL L. REER. B VKID
LORBRBN. NTFRERTH. BLHRXDEG EZMIFEH
LT3,
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BNBWADIV— FERTHEBOBERMAREICKL4REEIN. &
T DFRICHRIREBRARAFRLHELE LCEIAEINS LS
IG5 REICRABRME LTIRONS LD ICE o,

HEOH—BRET LIch BREM 23 FErs’EL. B

OVEHEGFRERET £ OICE oz, BB 27 FEDH SARZF
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2 RIEKRFERBIEHEAMRESRE
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HRICRET S0, FR7ET7 BICAIRIENEEDTH S,

TOABIE. ZEPI. WERRERZEDESOMTUEER S
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21 X MRRTdH % Annual Report & AR L T 5,

B 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.

9 | BXUE(EHIZEFT = RIEC 2013/2014
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Educational Activities

RIAFBUBEREFIE. HAREBDHES THEEIICS
WTH, AFRTEAERL BHREEFMARE LOCEIFMAER
DER - FRRACEECHNIBREROTEY. HEITEX - B
BARBEORBHEL L KERRUFHFLEDHBICEH
LTL2, BARDFICIE. BX - BRADODAFHELTE 4 F
EDFE L THEZT 2TV %, RIEMAEMICHEL TV HKAFE
FeiE |3t HAERAZ 38 . AIRARRIZ 125 . FEB4FEIF 678 T
H%.

Zflc, ZEERE. MEFIEMERE. BARFMIRES DR
BFZEEPCAENFRZEE. REEOHBMIEEHNHEFDE
FHAH>TWB,

J—0Y 3y JTORRAS

Presentation scene at a workshop

Presentation scene at a workshop Seminar scene at a labora-
tory 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 2012, 67 undergraduate students, 125
master course students, and 38 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.

MREL=

Seminar scene at a laboratory
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TARFDOHEIF. EENFMEOREZELL V7 — ER
REDEBEEPHRYEE. H2VEERY v —FILADHXER
WL, SROEHDE CHADIEEREDERICEIRL TV
%o AARFHBEFLFE. BELE. BRLFELEICHIS DM
DEvB—-FT - TR (COB) £G2TV2NHLE
< BADSHREPEZEDNAMEFOERICSEL TWD,
K. BADKZPHZHEEE & FMIRBEEAEC. BN D
MBIV IBIRECH:. MESM. HEMRGE EZHEEL TV D,

PRSI AE
International academic exchange programs

RERFMMGE
University Level Agreements

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.

E % W E R ERmSFERS R
Country Institution Date of Signing
TANA AT HIVZTKEG 2 ZIN—=INTR 1990.3.15
U.S.A University of California, Santa Barbara
24 FUTEVY Y PIRKESHNVR 2004.4.15
Thailand King Mongkut's Institute of Technology Ladkrabang
AFVR F—IKF 2004.6.7
UK. The University of York
K1 FLZ7 > ITRKSE 2006.6.26
Germany The Dresden University of Technology
K1 NV v IRKF 2009.8.26
Germany Berlin Institute of Technology
=¥ ERTEERF 2009.12.2
Taiwan National Tsing Hua University
T7o7VA OAVETIVXTRKRE 2010.3.15
France Université de Technologie de Compiégne
T7AUA N—)N— FRF 2010.7.22
U.S.A. Harvard University
Ky HAF=ASTTIV ITRARE 2012.2.1
Germany Technische Universitat Kaiserslautern
K1y ANRRT =7 NIV T KE 2012.2.6
Germany Johannes Gutenberg University
BEEZEMRRE
Department Level Agreements
E % W E R ERmEFERS R
Country Institution Date of Signing
R—Z2F R—Z 2 FRIZET 7 = — 8RR 1976.8.3
Poland The Institute of Physics, Polish Academy of Sciences
N 74 TAFE— (IHP-Innovations for High Performance Microelectronics) 2000.1.22
Germany IHP-Innovations for High Performance microelectronics
TIVA EUMFRRRARIV A2/ TA IV RER LY 2 — 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
FE RER B SRR 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
TAUA T MA—RAKRETA YL AZ Y T =758 (WINLAB) 2009.12.9
U.S.A. WINLAB, Rutgers University
ARA Y EaxE 2011.2.25
Spain University of Vigo
7 AT Za—3A—UMNIIKRETIWNZ—RF S AT —IVRER AL v Y 2011.9.30
U.S.A. The College of Nanoscale Science and Engineering, State University of New York at Albany
= EShvilalRip e 2y b BN 2013.5.8
Taiwan Department of Physics, National Sun Yat-Sen University
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International Journals in which a staff in RIEC participates as an editor

1 Advanced Robotics 12
2 Applied Acoustics 13
3 Higher-order and symbolic computation 14
4 |EICE Electronics Express 15
5  |EICE Transaction On Electronics 16
6 Interdisciplinary Information Science 17
7 International Journal of Artificial Intelligence, Neural Networks, 18
and Complex Problem Solving Technologies 19
8 International Journal of Energy, Information and Communications 20
9 International Journal of Information Sciences and Computer Engi- 21
neering (IJISCE)
10 International Journal of Wireless Information Networks 22

11 Journal of Ambient Intelligence and Humanized Computing

AWFZERT R AR R %2 D L D7zl O FEE &6k

International Conference programmed by a staft in RIEC

1 2012 Spintronics Workshop on LSI 36
2 2013 Conference on Lasers and Electro-Optics (CLEO2013) 37
3 2014 Asia-Pacific Microwave Conference (APMC2014) 38
4 2014 Topical meeting on Microwave Photonics Conference (MWP2014)
5 3DUl: IEEE Symposium on 3D User Interfaces 39
6 3rd CSIS International Symposium on Spintronics-based VLSIs and 40
11th RIEC International Workshop on Spintronics 41
7 4th International Workshop on Spin Caloritronics 42
8  5th Int. Symp. of SiGe & Ge: Materials, Processing, and Device Symp.
9 5th International Conference on Recent Progress in Graphene Re- 43
search (RPGR2013) 44
10 6th Int. Workshop on New Group |V Semiconductor Nanoelectronics 45
11 7th International Conference on the Physics and Applications of Spin 46
Related Phenomena in Semiconductors (PASPS-VII) 47
12 7th Terahertz Days/GDR-I Workshop
13 8th Int. Conf. on Silicon Epitaxy and Heterostructures 48

14 17th International Conference on Molecular Beam Epitaxy (MBE2012) 49

15 26th International Microprocesses and Nanotechnology Conference
(MNC2013) 50

16 ACM SIGGRAPH Asia

17 ACM SIGGRAPH Asia 2013: The 6th SIGGRAPH Conference and Exhi- 51
bition on Computer Graphics and Interactive Techniques in Asia 2013

18  ACSIN: 12th International Conference on Atomically Controlled Sur- 52
faces, Interfaces and Nanostructures

19 APCHI 2012: 10th Asia Pacific Conference on Computer Human Inter- 53

action
20 APMC: Asia-Pacific Microwave Conference 54
21 Asia-Pacific Conference on Vision (APCV) 2012
22 Asia-Pacific Conference on Vision (APCV) 2014 55
23 AWAD: Asia-Pacific Workshop on Fundamentals and Applications of
Advanced Semiconductor Devices 56
24 CIMTEC2014: 13th International Ceramics Congress, 6th Forum on
New Materials, and 5th International Conference Novel Functional 57

Carbon Nanomaterials
25 EDISON: 18th International Conference on Electron Dynamics in 58

Semiconductors, Optoelectronics and Nanostructures 59
26 EGVE: Eurographics Workshop on Virtual Environment
27 ESSDERC: European Solid-State Device Research Conference 60
28 European Conference on Optical Communication (ECOC) 61

29  GSMM (Global Symposium on Millimeter wave) 2013
30 GSMM: 6th Global Symposium on Milli-Meter Waves

31  Haskell Symposium 62
32 ICAT 2013: International Conference on Artificial Reality and Tele- 63
existence

33 ICAT: International Conference on Artificial Reality and Tele-existence

34 ICOOPMA: International Conference on Optical, Optoelectronic and
Photonic Materials and Applications

35 [EDM: International Electron Device Meeting

Journal of Magnetics, Korean Magnetics Society
Journal of SPIN

JSAP-MRS Joint Symposia 2013 JJAP Special Issues
Nature Communications

Neural Networks

Nonlinear Theory and Its Applications, IEICE

NPG Asia Materials

Optical Fiber Technology

Optics Communications

Proceedings Special Issue on Emerging Graphene-Based Electronic
and Photonic Devices, Circuits and Systems

The Journal of Computer Animation and Virtual Worlds

IEEE International Symposium on Asynchronous Circuits and Systems
IEEE International Symposium on Multiple-Valued Logic

IFIP (International Federation for Information Processing) TC-13 (Hu-
man-Computer Interaction)

International Colour Vision Society (ICVS) 2015

International Conference of Magnetism (ICM)

International Multisensory Research Forum (IMRF) 2013

International Quantum Electronics Conference (IQEC), Program Sub-
committee Member for Quantum Information

International Symposium on Nonlinear Theory and Its Applications
ISCS: International Symposium on Compound Semiconductors
MMM/Intermag 2013, Chicago

OTST: Int. Conf. on Optical Terahertz Science and Technology

PIMRC (Personal, Indoor and Mobile Radio Communications) Sympo-
sium

SPIE International Conference on Defense, Security, and Sensing

SPIE Photonics West, Physics and Simulation of Optoelectronic De-
vices, Program Committee Member

The 10th International Conference on Distributed Computing and
Internet Technologies (ICDCIT-2014)

The 16th International Conference on Network-Based Information
Systems (NBiS-2013)

The 1st IEEE International Workshop on Consumer Devices and Sys-
tems held in conjunction with COMPSAC 2013

The 2013 IEEE/WIC/ACM Intern. Joint Conference on Web Intelli-
gence and Intelligent Agent Technology (WI-IAT 2013)

The 20th International Conference on Neural Information Processing
(ICONIP2013)

The 23th Intern. Conf. Industrial & Engineering Applications of Artif.
Intell. & Exp. Systems (IEA/AIE-2013)

The 25th International Conference on Indium Phosphide and Related
Materials (IPRM2013)

The 2nd International Workshop on Smart Technologies for Energy,
Information and Communication (STEIC2013)

The 9th RIEC International Workshop on Spintronics

The International Symposium on Multi-Agent Systems and Practical
Applications (IMSPA2013)

The Magnetic Recording Conference 2013 (TMRC 2013)
Tohoku-Harvard Joint Workshop, New Directions in Materials for Na-
noelectronics, Spintronics and Photonics (The 10th RIEC International
Workshop on Spintronics)

TWHM: Topical Workshop on Heterostructure Microelectronics

VRST: ACM Symposium on Virtual Reality Software and Technology
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B RIEC Open Day

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

In 2012, the RIEC Open Day was taken place on Saturday 6th
and Sunday 7th 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 researches were also demon-
strated, such as ultra-high speed optical fiber data transmission,
wireless artificial heart assist blood pump, scanning probe micro-
scope, high-definition sound space with CG videos, and interac-
tive contents. Furthermore, visitors were able to join handicraft
courses for some simple electronic gadgets such as kaleidoscope,
wireless devices with solar cells, germanium radios, and electronic
music box.

In 2013, the RIEC Open Day will be held on Saturday 12th and
Sunday 13th 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/

- ﬁ-ﬂ NBARE - TIEAEAEZ GBS

s 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 2012, it was published from the 5th issue to the
7th issue. 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. Further, RIEC News of-
fers 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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BE (Er25E5818)
Staff (as of May 1, 2013)

FrE b #Hii% Director, Professor K F = B Hideo Ohno

HRZEERPS Research Divisions

15FR T/ \ 1 ABFZSERE Information Devices Division
B /T4 NILY MO AHEE Nano-photoelectronics
O Professor R F — Yoichi Uehara
HOE @@ Professor* [ N Hideo Fujikake
HEHEE Associate Professor F Bl Satoshi Katano
B ETHERIFARRE Quantum-Optical Information Technology
#H B Professor ®om E — Keiichi Edamatsu
H OB ® Professor* h B Y 2 Mitsuyuki Nakao
TERIR Associate Professor N g = OB Hideo Kosaka
RIS Associate Professor = %5 B = Yasuyoshi Mitsumori
HEHR ® Associate Professor* Aol % B Norihiro Katayama
e Research Fellow B, E ® Masahiro Yabuno
B EFETIFEEE Solid State Electronics
] Professor * B F Maki Suemitsu
=T Visiting Professor £ 2 5, = Hiroyuki Nagasawa
5 OE@® Professor* 2 E B A Katsuyoshi Washio
HEHIE Associate Professor B — Hirokazu Fukidome
ERESR 3B Associate Professor* NR®] T Koji Kotani
HEIE @ Associate Professor* T 2 = Shin Yoshizawa
IiRAg =] Research Fellow Sai Jiao Sai Jiao
B FBES TN APRE Dielectric Nano-Devices
= Professor = B Yasuo Cho
£\ = E ) Professor* BN BB Shinichiro Umemura
By # Assistant Professor F ok B B Yoshiomi Hiranaga
B # Assistant Professor Lk #H OF Kohei Yamasue
BEEABE Technical Staff H E E X Yasuo Wagatsuma
B S ANVEFIEHERE Plasma Electronics
HOE@® Professor* o 2 Akira Ando
HEIT @ Associate Professor* B = & Satoru lizuka
HEIE @ Associate Professor* = B M &8 Kazunori Takahashi
m R EERETRRRE Materials Functionality Design
2] Professor H # F X Masafumi Shirai
@ Professor* H & 1 = Kazuyuki Tanaka
HHEE G Associate Professor* MR B A Yuji Waizumi
Bh # Assistant Professor = B B # Yoshio Miura
Bh # Assistant Professor (I I Kazutaka Abe
B BT INA ARE (52 Magnetic Devices (Visitor Section)
REHE Visiting Professor 5 B — Ef Ichiro Takahashi
Broadband Engineering Division
e CBEEE Ultrahigh-speed Optical Communication
] Professor m R E & Masataka Nakazawa
£SO =N E ) Professor* [N == I == Hirohito Yamada
O @ Professor* W B % B Yuji Matsuura
TERIR Associate Professor E M &' = Toshihiko Hirooka
TERIR Associate Professor T H E A Masato Yoshida
HEHIE @) Associate Professor* X F E X Yasuo Ohtera
HHR Associate Professor* A B £ % Takashi Katagiri
B # (Fovziv e Assistant Professor B2 A E N Keisuke Kasai
=1 Research Fellow R T IE HA Masaaki Inutake
IisA =] Research Fellow 53 = Lei Chen
e Research Fellow N R B Kengo Koizumi
HEE Research Fellow K = &= 7 Tatsunori Omiya
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Applied Quantum Optics

=] Professor A S Hiroshi Yasaka

B iR T A L B ERITRE Advanced Wireless Information Technology
5 Professor X W E A Noriharu Suematsu

JERS Associate Professor & H =) Suguru Kameda
EFEEENEE Research Fellow a B FE — Shoichi Tanifuji

B ERA LYV R T LHRE Information Storage Systems
B Professor N M o®w BE Hiroaki Muraoka

B E ) Professor* & 3 Xiao Zhou

HEHE Associate Professor Simon John Greaves Simon J. Greaves

JERESR (3B Associate Professor* F O ¥ Takehiro Ito

m BT O0— R\ FMEBSIEWEE Ultra-Broadband Signal Processing
] Professor B &t & — Taiichi Otsuji

REHE Visiting Professor Victor Ryzhii Victor Ryzhii

HOR® Professor* 7 E X F Fumiyuki Adachi

A Associate Professor R S o) Tetsuya Suemitsu

By # Assistant Professor £ B BB Akira Sato

By #% (Fovzs e Assistant Professor B % piva Susumu Takabayashi

e Research Fellow Adrian Catalin Dobroiu Adrian Catalin Dobroiu

B J0O— RNV FEEESBRITHEE &8

Basic Technology for Broadband Communication (Visiting Section)

EEHR
= EEHE

Visiting Professor

Visiting Associate Professor

X ¥ = Yuzo Ohno
E MW & X Atsufumi Hirohata

I o5

\r

A \‘*%EDX?AEH;%%BF‘?
m EREHLIERAE

Human Information Systems Division
Electromagnetic Bioinformation Engineering

= Professor A WM oE Kazushi Ishiyama

B OE® Professor* X I R S = Masahiro Yamaguchi

®H o ® Professor* = H 1= Makoto Tsuda

OB Professor* E B 5 & Takashi Watanabe

HEHE Associate Professor = 1E—ER Shuichiro Hashi

JEREE (3B Associate Professor* = OBE oS Yasushi Endo

EHIR 3 Associate Professor* ST Daisuke Miyagi

By # Assistant Professor & 4 B Sung Hoon Kim

m SRR EIEER Y AT LARE Advanced Acoustic Information Systems
B Professor B K B — Yoiti Suzuki

#H OB @® Professor* & H = Hiroshi Kanai

% @® Professor* # B = i Akinori lto

TERIR Associate Professor R & E — Shuichi Sakamoto

EHE @) Associate Professor* A/ &' 2 Hideyuki Hasegawa

HHEE G Associate Professor* M T ¥ — Masakazu Kawashita

Bh # Assistant Professor X & 8 F Tomoko Ohtani

BERBE Technical Staff m B X = Fumitaka Saito

i =| Research Fellow = E 7 Zhenglie Cui

JiRA=] Research Fellow 5= ER D Cheolsu Han

B SXRREBIERY AT LHRE Visual Cognition and Systems
G Professor B A Bl Satoshi Shioiri

2y = E ) Professor* = Bl Makoto Yoshizawa

HEHE Associate Professor E K — BB Ichiro Kuriki

HEHFZ G Associate Professor* 2 B #7 X Norihiro Sugita

By # Assistant Professor 0w =5 — & Kazumichi Matsumiya
EFEEETE Research Fellow h B = — Ryoichi Nakashima

B OEFEBEY AT LHIRE Ubiquitous Communications System
. Professor m g B = Shuzo Kato

B BE® Professor* fR 58 Qiang Chen

JERS Associate Professor ol B oz Hiroyuki Nakase

IoiEa=| Research Fellow Tuncer Baykas Tuncer Baykas

B YFE—RIVAVE LT VIHRERE (58) Multimodal Computing (Visitor Section)
EEHF Visiting Professor w | E & Nobuyoshi Koshida
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Ed=Ee] Visiting Professor = 7 1E A Masato Miyoshi

= EEHIG Visiting Associate Professor m N &8 — Ryuichi Nishimura

AT VT N T HREERF Systems & Software Division
m T T T BRI E Software Construction
] Professor X ifE = Atsushi Ohori

O @ Professor* T’ = 4= Ayumi Shinohara

VERIS () Associate Professor* 1 H Z=TER Eijiro Sumii

By # Assistant Professor + B H X Katsuhiro Ueno

By # Assistant Professor X @ BB B Akimasa Morihata

B OYVEa—T 4 VYV ERERARE Computing Information Theory
B Professor ool F A Yoshihito Toyama

@ Professor* = Hiroki Shizuya

% @® Professor* X B E—E} Shinichiro Omachi

TEHIR Associate Professor 5 F & A Takahito Aoto

VEES () Associate Professor* B OH OIE X Masao Sakai

HHR Associate Professor* W a8 F 7 Shuji Isobe

Bh # Assistant Professor %M fEAES Kentaro Kikuchi

B OS2 — 303y NT—UHRE Communication Network Systems
] Professor X T & Tetsuo Kinoshita

HOE@® Professor* = B L B Hiroumi Saito

HOE@® Professor* 2 R F B Hideaki Sone

2\ =N E ) Professor* =2 EARBR Kentaro Inui

AR Associate Professor i 7T Gen Kitagata

HEHEE @ Associate Professor* O = == Naoaki Okazaki

JERESE (3B Associate Professor* Ko By BB Takaaki Mizuki

By # Assistant Professor a8 B F = Hideyuki Takahashi

By # Assistant Professor ' H — A Kazuto Sasai

EFEEEs Research Fellow Khamisi Kalegele Khamisi Kalegele

m BRI T VUHIRE Information Content
] Professor It & 8 X Yoshifumi Kitamura

O @® Professor* 0 & &= Nei Kato

H O Professor* = 4 | *x Takuo Suganuma

EHIE @) Associate Professor* [ =1 = Toru Abe

EREE @) Associate Professor* F K B OB Terumasa Aoki

HHR 3 Associate Professor® iR N N Hiroki Nishiyama

Bh # Assistant Professor B B M %8 Kazuki Takashima
EFEEEMEE Research Fellow B Usd Hitomi Yokoyama

B ERUSEENRE &8 Information Social Structure (Visitor Section)
B EHE Visiting Professor B B 8] Bp Norio Shiratori

REEHE Visiting Associate Professor w T B 2 Yasuyuki Matsushita
EFEEENZTE Research Fellow MR Bl Satoru lzumi

Mg/ - A ERER Laboratory for Nanoelectronics and Spintronics

Michio Niwano

5
b
I
o

MERE o), BIE Director, Professor

m HIEES
MBS 2— FMBE Technical Staff

o
Rt
e
IH

Yurika lwami

=
S EREM 2 — MRS Technical Staff * B #F & lori Morita
Ra Research Fellow N BKRER Yotaro Nishimura
S /ERT/IN AR - TOCRAHARE Nano-Integration Devices and Processing
B Professor H OB ORI Shigeo Sato
B OBE® Professor* 8 L T B Michitaka Kameyama
O Professor* A Il R # Shigetoshi Sugawa
HEEIT Associate Professor B OE B X Masao Sakuraba
ERIE @) Associate Professor* E W B @® Masanori Hariyama
By # Assistant Professor O = Hisanao Akima
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B EEHRIEY FOZ T ARE

Semiconductor Spintronics

] Professor K B = B Hideo Ohno

OB ® Professor* B B & Masashi Sahashi

2/ E ) Professor* wm B X a Fumihiro Matsukura
HHR G Associate Professor* A HE B Masakiyo Tsunoda
HEHEE @ Associate Professor® 5 % 23] Shin Saito

By # Assistant Professor /| B E Michihiko Yamanouchi
m o/ DFTINAZAARE Nano-Molecular Devices
B Professor E T o&E Xx Michio Niwano

B E ) Professor* 5 E &E X Tatsuo Yoshinobu
HORG® Professor* X T B E Kengo Kinoshita

#H OB Professor* & F & B Toshiro Kaneko
JERES Associate Professor N N B B Yasuo Kimura

ERIR ) Associate Professor* Ir % &5 35 Ayumi Hirano

EHIE @) Associate Professor* K K = Takeshi Obayashi
R ® Associate Professor* 2 K EBS Koichiro Miyamoto
HEHIEE G Associate Professor* pe = Makoto Kanzaki

By # Assistant Professor 1 B E 2 Nobuyuki Sato

B ;A AT UZRE Nano-Spin Memory
H OB Professor* B & &’ Tetsu Tanaka
HOE@® Professor* Z B E XK Yasuo Ando

OB ® Professor* = OB OB O Tetsuo Endoh

Y= E ) Professor* B 2= ® = Takehito Shimatsu
AR Associate Professor b = = I S — Shoji lkeda

HEHFZ G Associate Professor* X F 8 B Mikihiko Oogane

MiE T LA > T 77 EERTES

Laboratory for Brainware Systems

TEsRE Bh B Director, Professor PN £ & sh Takahiro Hanyu

B BRI —T 0 VIREE Real-World Computing
e Professor " EBE 5 % Akio Ishiguro

#H OB Professor* L /NI N Hidetoshi Matsuki

JEREE (3B Associate Professor* 1 B X 18 Fumihiro Sato

By # Assistant Professor R X — & Kazuhiro Sakamoto

By # Assistant Professor X % K Dai Owaki

By #H Assistant Professor o B s Takeshi Kano

m NS /SR AT LHEE Intelligent Nano-Integration System
B Professor BB R A Koji Nakajima

OB @ Professor* I X B {E Masayuki Kawamata

VEES () Associate Professor* ff B IE = Masahide Abe

By # Assistant Professor INEFE = Takeshi Onomi

=1 Research Fellow X B M X Masafumi Yano

B ETEERX VLS| 2 X7 LBFERE New Paradigm VLS| System
B Professor B & & 5h Takahiro Hanyu

% @® Professor* — /B8 b Osamu Ichinokura

HOE@® Professor* 5 K Z X Takafumi Aoki

EHIE @) Associate Professor* == Sy R - — Kenji Nakamura

HEEEE @@ Associate Professor* X B EH X Naofumi Homma

Bh # Assistant Professor 2 H M M Masanori Natsui
EZEEIENTE Research Fellow B & 35\ B Hirokatsu Shirahama

M/ 21 tHicIEsRBEMERE > 2 —

Research Center for 21st Century Information Technology

v r—F B HIE Director, Professor N M o#® BB Hiroaki Muraoka

= {PEFIFEES Project Planning Division
ZEHE Visiting Professor =] =} Makoto Furunishi

= PTTRAFEER Technology Development Division
ENAIVDE Mobile Wireless Technology Group
BEHE Visiting Professor R M ok Kazuo Tsubouchi

BEHR Visiting Professor [= N B Tadashi Takagi

AT Associate Professor o B & Akinori Taira
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Associate Professor
Research Fellow

Storage Technology Group
Takaki Nakamura
Masachika Harada

REFEEER Management Office for Safety and Health

Manager, Professor
Deputy Manager, Professor
Assistant Professor

7 b
% 3 1

B Ok Michio Niwano
= Yoichi Uehara
g =z Nobuyuki Sato

Common Research Facilities

Flexible Information System Research Center

tva—F GO/ HIE Director, Professor X T B B Tetsuo Kinoshita

H O ® Professor* Sl B A Yoshihito Toyama

B E® Professor* g B th X Takuo Suganuma

DA Research Fellow Johan Leif Arne Sveholm  Johan Leif Arne Svehorm
HEERE Mt 2 — Fundamental Technology Center

tvUR—F & BE Director, Professor B F — Yoichi Uehara

BifEFE (EiE) Technical Staff FE F B — Koichi Shoji

" TRER Machine Shop Division
HirErge (VI —7E) Technical Staff xR K 1R Tamotsu Suenaga

HiT—RE S Technical Staff £ B = Keisuke Sato

i —hAREsE Technical Staff f B A Kento Abe

= AR Evaluation Division
Fii—paEge (JIL—7E) Technical Staff Pl B8 B M Maho Abe

HiT—iREE Technical Staff A Takenori Tanno

BEABE Technical Staff K = m A Shigeto Agatsuma

= O ZER Process Division
RiEPEE (VIV—7R) & Technical Staff * K xR Tamotsu Suenaga
Fi—iEa Technical Staff = B KEBESF Yurika lwami

HiT—iREE Technical Staff &* H F & lori Morita

BEABAE Technical Staff x Z B X Yasuo Wagatuma

BEABE Technical Staff T ® B Katsumi Sagae

m (EEREATER Information Technology Division
®HiEMg (JIVb—7R) @ Technical Staff E F B — Koichi Shoji

Fi—EBa Technical Staff 1k B E E Masahiko Sato

Hitr—AREE Technical Staff f b B F Yuko Maruyama

BERBE Technical Staff = B X = Fumitaka Saito

EREHEEE Office for the Promotion of International Relations
BESR Specially Appointed Professor A OB E B Naomichi Numata
EFEEEHER Cooperative Research and Development
BFESE Specially Appointed Professor * B 8L Hiroki Shoji

HiB

FHEEUR Specially Appointed Professor =z B F — Junichi Murota

B Administration Office
EHE General Manager R R & Yasuharu lto

EHREE Deputy-General Manager H O BE % Mutsuo Taguchi

WHRE Chief of General Affairs Section X & = Takashi Onuma

HERIMGRE Chief of Research Cooperation Section || I %= 3% Hiromi Yamazaki

NEHRE Chief of Library Section B OB B Yoshinao Kikuchi

RIBERE Chief of Accounting Section 7K B = Hiroaki Nagayama

BEFE Chief of Purchasing Section w8 B A Akihiro Matsuya

HESEER General Manager of Support Division /N # IE 17 Masayuki Kobayashi
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