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Staff:

Takahiro Hanyu, Professor

Masanori Natsui, Assistant Professor I |
Atsushi Matsumoto, ~ Assistant Professor s )BoZV . JBUTVI " .BUTVNP

Research activities:

Very Large-scaled Integrated (VLSI) processors and their applications to electronics systems, where
VLSI 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-
efbciency 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 implement a low-power and highly
reliable VLSI processor using novel device technologies and new-paradigm circuit architecture such as
logic-in-memory architecture.

Rapid progress in recent deep submicron regime has led to the capability 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 dissipation 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 VLSI computing” concept that investigates the optimal design through all the VLSI design layers such as a device/
material 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 VLSI 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-temperature (PVT) variation-aware VLSI
architecture. Preliminary research subjects in our laboratory are listed below:

Research topics:

1. Logic-in-memory VLSI architecture and its applications

2. Nonvolatile logic and its application to ultra-low-power VLSI processors

3. PVT-variation-aware VLSI architecture and its applications

4. Device-model-based new-paradigm VLSI computing architecture

5. Asynchronous-control/multiple-valued data representation-based circuit for a high-performance Network-on-Chip
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Research Center for 21st Century
Information Technology (IT-21 Center)

Director: Hiroaki Muraoka, Professor

Project Planning Division
Makoto Furunishi, Visiting Professor

H.Muraoka

Technology Development Division

Development of Dependable Wireless System and Device
Project Leader : Kazuo Tsubouchi, Visiting Professor

Tadashi Takagi, Visiting Professor

IT-21 Center

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 Industry makes practical
technologies with availability for the commercial products. The center actively accelerates to obtain the intellectual
properties generated from the development of practical technology to the Industry.

Organization for development of advanced technology
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Technology Development
Division
Mobile Wireless Technology Group

Staff:
Kazuo Tsubouchi, Visiting Professor

Tadashi Takagi, Visiting Professor

Kazuo Tsubouchi Tadashi Takagi

Research activities:

Mobile wireless communication technology is one of the significant communication technologies that support the IT
society, 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 wireless
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) seamless handover technology for wide area broadband mobile wireless access
(MBWA) and seamless roaming 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
technologies for a new concept, "Dependable Air" which integrates all wireless systems. In addition, our group has a
will for contributing to the industry in Sendai area such as build up venture companies based on the developed practical
technologies.

Research topics:

1. Broadband wireless communication technologies for Dependable Air
2. High-speed and high frequency mixed signal Si system chip for Dependable Wireless System
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Flexible Information System S
Research Center

Staff:

Tetsuo Kinoshita, Professor
Yoshihito Toyama, Professor* e -
Takuo Suganuma, Professor* T.Kinoshita G.Kitagata K.Sasai
Gen Kitagata, Associate Professor J-Sveholm - M.Sato
Kazuto Sasai, Assistant Professor*

Masahiko Sato, Technical Official

Johan Sveholm, Research Fellow

*

Research activities:

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 flexible 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 research are the
exploration of principles of the flexible information 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 confirming
the effectiveness of the system with practical applications to the scientific information of RIEC on the network.

Research topics:

1. Information collection, organization, dispatching, utilization and research support environment.
2. Advanced maintenance, management and operation of network.

3. Relation between technology and ethics.

4. Perceptual information processing of living bodies and intelligent Ul and OA.
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Fundamental Technology
Center

Staff:
Director: Yoichi Uehara, Professor

Nobuyuki Sato, Assistant Professor F Saito

Fumitaka Saito, Technical Official K.Sato K.Abe T.Suenaga K.Sagae N.Sato K.Shoji
. . .. M.Abe S.Agatsuma Y.Uehara Y.Maruyama C.Takyu

Katsumi Sagae, Technical Official

Koichi Shoji, Technical Official

Tamotsu Suenaga, Technical Official

Yuko Maruyama, Technical Official Maho Abe, Technical Official
Keisuke Sato, Technical Official Kento Abe, Technical Official
Choichi Takyu, Technical Official Shigeto Agatsuma, Technical Official

Pioneering researches and developments (R&D) in the wide range of disciplines spreading from basic sciences to applied
communication technologies have been carried out in the institute. Technical officials have traditionally contributed these
though their well established skills and experienced knowledge. In order to maintain and develop such contributions towards
the future, the institute established the fundamental technology center in 2007. The technical supports required commonly
in the institute were rearranged in four technical divisions, i.e., machine, evaluation, processing, and software technical
divisions. These divisions take charge of the following services.

The machine shop division develops advanced machining techniques, and offers them for developing and manufacturing
experimental apparatuses (e.g., see Fig. 1). This division also provides machining instructions to the students and faculty
members who carry out machining by themselves. The evaluation division offers various evaluation and measurement
techniques such as focused ion beam system (see Fig. 2) and electron probe X-ray micro analyzer (see Fig. 3). The glass
machining and the supply of liquid helium and nitrogen are also covered by this division. The processing division is, in
cooperation with the evaluation division, responsible for operating and maintaining the project clean room (PCR), one of
the common-use clean rooms in the institute. Nanometer-scale electron beam lithographic techniques and customized
optical filters in the visible and infrared spectral range can be provided by this division. The information technology division
operates and maintains the computer networks in the institute. In addition, this division gathers and provides the information
for researchers.

Figure 1 Offset parabola reflector and feedhorn  Figure 2 Focused ion beam system (FIB)  Figure 3 Electron Probe X-ray Micro Analyzer (EPMA)
for a Ku-band synthetic aperture radar(SAR)
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Management Office for
Safety and Health

Staff:

Manager: Michio Niwano, Professor
Deputy Manager: Yoichi Uehara, Professor
Nobuyuki Sato, Assistant Professor

The Management Office for Safety and Health is an organization with the objective of maintaining the health and safety
of staff and students working at the institute. The use of chemicals, 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, experimental facilities, and machine shops through various activities
to ensure that research activities within the institute are conducted safely and smoothly.

With respect to safety and health management, the Safety and Health Committee, comprising the Director, staff at the
institute and industrial physicians, discusses 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
Director and Faculty Council then finalize guidelines as advised by the contents of these recommendations. The guidelines
are then implemented into actual safety and health management operations at each of the facilities such as research
laboratories.

Under collaboration with these organizations, the Management 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.

Activity contents:

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

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

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

4. Implementation of various types of safety education targeted at staff and students.

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

Safety and health seminar High-pressure gas seminar
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Research Activities
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 University. 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 Communication 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 request. Please contact the General Chairman or each Sub-Group Chairman for general
information or more specific questions.

Title of Sub-Group

Electromagnetic and Optical Waves Engineering New Paradigm Computing

Acoustic Engineering Ultrasonic Electronics

Sendai "Plasma Forum" Brainware

Sendai Seminar on EMC Mathematical Physics and its Application
Computer Science to Information Sciences

Systems Control Biocybernetics and Bioinformatics
Information-biotronics Nanoelectronics and Spintronics

Spinics Advanced Information Communication Engineering

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 related researchers inside and outside
Tohoku University participate the Symposium and stimulate discussion.

The 7th International Symposium
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International Symposium organized by the Institute

Title Date
1 Intrinsic Josephson Effect and THz Plasma Oscillation in High T. Superconductors Feb.23-25, 1997
2 Design and Architecture of Information Processing Systems Based on The Brain Information Principle| Mar.16-18, 1998
3 Novel Techniques and Applications of Millimeter-Waves Dec.14-16, 1998
4 The International Joint Conference on Silicon Epitaxy and Heterostructures Sep.13-17, 1999
) International Workshop on Photonic and Electromagnetic Crystal Structures Mar.8-10, 2000
6 Physics and Application Spin Related Phenomena in Semiconductors Sep.13-15, 2000
7 Rewriting in Proof and Computation Oct.25-27, 2001
8 Nonlinear Theory and its Applications Oct.28-Nov.1, 2001
9 New Paradigm VLSI Computing Dec.12-14, 2002
10 | Ultra High Density Spinic Storage System Oct.23-24, 2003
11 3rd International Workshop on New Group [V (Si-Ge-C) Semiconductors Oct.12-13, 2004
12 | 3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3) | Apr.11-12, 2005
13 | 4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4) May.23-26, 2005
14 1st International WorkShop on New Group IV Semiconductor Nanoelectronics May.27-28, 2005
15 GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society | Sep.26-27, 2005
16 | The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena- Feb.8-9, 2006
17 | 4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4) | May 8,2006
18 | 4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-IV) | Aug.15-18,2006
19 | 2nd International Workshop on New Group IV Semiconductor Nanoelectronics Oct.2-3,2006
20 | 2nd RIEC International Workshop on Spintronics Feb.15-16,2007
21 Japan-China Joint Conference on acoustics, JCA2007 Jun.4-6,2007
22 International Conference on Discovery Science / International Conference on Algorithmic Learning Theory | Oct.1-4,2007
23 | The 3rd RIEC International Workshop on Spintronics Oct. 31-Nov.1,2007
24 | 3rd International Workshop on New Group IV Semiconductor Nanoelectronics Nov.8-9,2007
25 International Workshop on Nanostructures & Nanoelectronics Nov.21-22,2007
26 | The 18th International Symposium on Algorithms and Computation (ISAAC2007) Dec.17-19,2007
27 International Interdisciplinary-Symposium on Gaseous and Liquid Plasmas (ISGLP 2008) Sep.5-6,2008
28 | 4th International Workshop on New Group IV Semiconductor Nanoelectronics Sep.25-27,2008
29 | The 4rth RIEC International Workshop on Spintronics Oct.9-10,2008
30 | GSMM 2009 (Global Symposium on Millimeter Waves 2009) Apr.20-22,2009
31 Mini R.I.E.C. workshop on multimodal perception Apr.24-25,2009
32 | The 4th International Symposium on Ultrafast Photonic Technologies Aug.4-5,2009
B8 PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009) Sep.13-16,2009
2nd RIEC-CNSI Workshop on Nanoelectronics,Spintronics and Photonics
34 . . . Oct.22-23,2009
(5th RIEC Symposium on Spintronics)
B85 International workshop on the principles and applications of spatial hearing 2009 (IWPASH2009) | Nov.11-13,2009
36 | 5th International Workshop on New Group IV Semiconductor Nanoelectronics Jan.29-30,2010
37 | 6th RIEC International workshop on Spintronics Feb.5-6,2010
38 | 2nd International Workshop on Nanostructure & Nanoelectronics Mar.11-12,2010
39 | 2nd RIEC International Symposium on Graphene Devices (ISGD2010) Oct.27-29,2010
40 | 9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9) Nov.15-16,2010
41 The 7th RIEC International Workshop on Spintronics Feb.3-4,2011
42 12th International Multisensory Research Forum (IMRF 2011) Oct.17-20,2011
43 8th RIEC International Workshop on Spintronics Feb.2-3,2012
44 | 6th International Symposium on Medical, Bio-and Nano-Electronics Mar.8,2012
45 | 3rd International Workshop on Nanostructures and Nanoelectronics Mar.21-22,2012
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Periodicals Published by the Institute

The Institute publishes the following two periodicals to inform readers on recent research results of the
Institute.

1. The Record of Electrical and Communication Engineering Conversazione Tohoku University
This journal aims at providing an opportunity to publish research results of the Institute as well as the
result of the Graduate Schools of Engineering, Information Sciences, Biomedical Engineering. 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 Engineering, which had been held once
a week on Tuesday since around 1920. Minutes of the meetings
had been distributed to researchers 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 co-operative research projects, e - e
. . . . . bt ki
international symposium and seminars organized by members of o Annual Report 291

RIEC, and the reports and evaluation on the RIEC advisory board
members. English version is also avairable since 2007.
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Educational Activities

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, 50 undergraduate
students, 135 master couse students, and 41 doctor course students are
studying at RIEC.

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

Seminar scene at a laboratory

International Activities

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

International academic exchange programs: International Journals in which a staff in
The Institute of Physics, Polish Academy of Sciences (Poland) RIEC participates as an editor
The Interdisciplinary Center on Nanoscience of Marseille, 1. Acoustical Science and Technology

National Center of Scientific Research (France) 2. Applied Acoustics
IHP-Innovations for High Performance microelectronics 3. Higher-order and symbolic computation
(Germany) 4. |EICE Electronics Express
Institute of Semiconductors Chinese Academy of Sciences 5. IEICE Trans On Electronics
(China) 6. Interdiscipliary Information Science
7.

International Journal of Artificial Intelligence, Neural

Networks, and Complex Problem Solving technologies

8. International Journal of Computer Science and Network
Security

9. International Journal of Energy, Information and
Communications

10. International Journal of Information Sciences and
Computer Engineering (IJISCE)

11. Journal of Ambient intelligence and Humanized

Computing

WINLAB, Rutgers University (U.S.A)

University of California, Santa Barbara (U.S.A.)

King Mongkut's Institute of Technology Ladkrabang (Thailand)
The University of York (U.K.)

The Dresden University of Technology (Germany)

Berlin Institute of Technology (Germany)

National Tsing Hua University (Taiwan)

Universite de Technologie de Compiegne (France)

Harvard University (U.S.A.)

Universit.y of Yigo (Spain) 12. Journal of Communications and Networks
State University of New York at Albany (U.S.A) 13. Journal of Magnetics Korean Magnetics Society
Technische Universitat Kaiserslautern (Germany) 14. Journal of SPIN

Johannes Gutenberg University (Germany)
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15.
16.
17.
18.
19.
20.

Nature Communications

Nonlinear Theory and Its Applications, IEICE

NPG Asia Materials

Optical Fiber Technology

The Journal of Computer Animation and Virtual Worlds
Virtual Journal of Nanoscale Science and Technology

International Conference programmed by a
staff in RIEC

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10th Asia Pacific Conference on Computer Human
Interaction(APCHI2012)

12th Joint MMM/Intermag Conference

15th International symposium on the Physics of
Semiconductors and Applications(ISPSA)

16th Opto-Electronics and Communications
Conference(OECC2011)

2011 Conference on Lasers and Electro-
Optics(CLEO2011)

2011 Spintronics Workshop on LSI

2012 Conference on Lasers and Electro-
Optics(CLEO2012)/Technical Program Committee
member

2nd CSIS International Symposium on Spintronics-
based VLSIs and 8th RIEC International Workshop on
Spintronics

5th International Workshop on Spin Currents

6th Advances in Computer Entertainment Technology
Conference(ACE2010)

6th Annual ACM Conference on Interactive Tabletops
and Surfaces(ITS2011)

6th International School and Conferece on Spintronics
and Quantom Information Technology(SPINTECH®6)
ACM Symposium on Virtual Reality Software and
Technology(VRST)

ACSIN:11th International Conferrence on Atomically
Controlled Surfaces,Interfaces and Nanostures

Asia Pacific Microwave Conference(APMC)

Asia Pacific Vision Conference 2013
AWAD:Asia-pacific Workshop on Fundamentals and
Applications of Advanced Semiconductor Devices
CIMTC:4th International Conferrence on Smart
Materials,Structures and Systems
ESSDERC:European Solid-State Device Research
Conference

European conference on Optical
Communication(ECOC)

ICSFS:16th International Conferrence on Solid Films
and Surfaces

IEEE International Symposium on Asynchronous
Circuits and Systems

IEEE International Symposium on Multiple-Valued
Logic

IEEE Symposium on 3D User Interfaces (3DUI)
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

International Multisensory Research Forum(IMRF)2011
International Multisensory Research Forum(IMRF)2012
International Quantum Electronics(IQEC),Program
Subcommittee Member for Quantum Information
International Symposium on Nonlinear Theory and its
Applications

ISCS:International Symposium on Compound
Semiconductors

Joint Polish-Japanese Workshop,Spintronics-from
NewMaterials to Applications

OTST:Int.Conf on Optical Terahertz Science and
Technology

SPIE International Conference on Defense,Security,and
Sensing

SPIE Photonics West,Physics and Simulation of
Optoelectronic Devices

The 11Th IEEE International Conference on Cognitive
Informatics and Cognitive Computing(ICCI*CC 2012)
The 15th International Conference on Network-Based
Information Systems (NBiS-2012)

The 1st International Workshop on Smart Technologies
for Energy,Information and Communication
(STEIC2012)

The 2012 IEEE/WIC/ACM Intern. Joint Conference on
Web Interlligence and Intelligent Agent Technology (WI-
IAT2012)

The 22th Intern. Conf. Industrial & Engineering
Applications of Artif. Intell. & Exp. Systems (IEA/AIE-
2012)

The 5th International Symposium on Adaptive Motion of
Animals and Machines

TWHM:Topical Workshop on heterostructure
Microelectronics



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 2011, the RIEC Open Day was taken place on Saturday 8th
and Sunday 9th of October. All the research laboratories, research
centers, and machine shops of RIEC exhibited various types of
demonstrations focused on their research fields.

The exhibitions included some historical devices and instruments
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 demonstrated,
such as ultra-high speed optical fiber data transmission, scanning
probe microscope, remote sound space listening, and interactive
contents. Furthermore, visitors were able to join handicraft courses
for some simple electronic gadgets such asfuel batteries, germanium
radios, wireless devices with solar cells, and go stone puzzles.

In 2012, the RIEC Open Day will be held on Saturday 6th and
Sunday 7th of October. Your participation is greatly welcomed.

RIEC News

As a part of RIEC's publication service, "RIEC News" was launched.

Visitors having fun during handicraft courses.

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. Since the

launch in March 2011 to March 2012, four issues have been published.
Every issue introduces special topics such as large scale projects and the
establishment of the Research Organization of Electrical Communication
(ROEC), 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 offers a notification service by mail whenever a new issue is
released and an electronic version of every issue published so far can be

downloaded by following the link below.

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