Materials Science of Bulk Metallic Glasses
Akihisa Inoue, Institute for Materials Research, Tohoku University, Japan

Importance of “Materials Science of Bulk Metallic Glasses” Research Organization

Ordinary Metals

Critical cooling rate _ An ultimate goal of this project will be establishment of a new disciplinary
T LPoiNt becomes 1/100,000,000 times ! of ‘Materials Science of Bulk Metallic Glasses' which will bring us new
"""""""" Hiis future metallic materials.

AD1 Development of Optimized Fabrication Processes for Bulk Metallic Glasses
Principal Researchers -14 (3 groups), Supporting Researchers-26 (8 groups)
AD2 Structures and Physical Properties of Metallic Glasses
Principal Researchers -15 (4 groups), Supporting Researchers-12 (6
groups}

Conventional
amorphous metal AD3 Computational Modeling and Prediction of Material Properties of Metallic Glasses
Giass transition UpE Principal Researchers -16 (5 groups), Supporting Researcher-1 (1 group)
T q) = AD4 Deformation and Fracture Mechanics in metallic Glasses
B rincipal Researchers -18 (4 groups), Supporting Researchers-7 (3 groups)
g P R 8(4g s ing R 3g
ADS Nanocrystallization and Nanocomposite Microstructure Control of Metallic Glasses
Principal Researchers -10 (4 groups), Supporting R her-8 (4 groups)
Total Principal Researchers 73 Supporting Researchers 54
Joints Programs
1. Mechanism for ultimate phase stability
1 2. Deformation and fracture mechanics of bulk metallic glasses
10* 107 10° 102 10* 10° 10® 10 10" 3. Finding of extreme high functional capabilities establishment of
nanofabrication techniques
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Nanocrystal-bulk glassy alloys:Cu-Zr
and Zr-Al-Cu-Ni-Nb systems
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Micron-sized crystal-bulk glassy alloy : Cu-Hf-Ti-Ta system (dendrite)

A BMG composite containing micron-sizeddendrite phase with a largest plastic strain
CugyHf5Tiy5 glassy single phase:1.6% — (CuggHfy 35Tip 15)esTag BMG composite with a micron-
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Future Studies in Materials Science of Bulk Metallic Glasses

FIB is used for the fabrication of glassy

(1) Based upon systematic understanding of structural stability mechanism of
metal nano-molds o

thousands BMGs by the group in IMR of Tohoku University, we will develop a new

= ; guiding principle for preparation of new BMGs in corporation of A01, AD2, AO3 and
Creation — mass production of ADS.

surface structures (20/3D)

(2) By accumulating high reliable experimental data for deformation and fracture
mechanics and atomic structures, we will level up the technique of deformation and
fracture simulation in BMGs and establish a method to predict their mechanical

1% (025) propertiesin corporation of A01, A02, A03 and ADS.

SEM microphotographs of die forged periodically nano-
structured surface of P-based BMG
Periodic intervals of : (b.c.d); 800 nm, (2);400 nm

Reflectance
ratio 5% (1)
Optical micrographs of micro

forged surface of Pi-based BMG
= Reflectance at ) = 53nm

o] i gt b e e e gl (3) We will search for new preparation and fabrication processes of BMGs to precisely

control their composition, structure, texture and surface morphology in atomic and
nano-scale levels and search their superb mechanical and functional properties in
corporation of all groups.
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Fig. SEM photograph of super-plastically formed paiterns on Pi-based
metallic glass using a nanc-die made by FIB deposition, and RIE
of Siy

ia} Track distance 140 nm, data bat pattern widih 60 nm

by Track distance 50 nm, data bit pattern width 22 nm




Stabilization of Supercooled Liquid and Development of Bulk Metallic Glasses
Akihisa Inoue, Institute for Materials Research, Tohoku University, Japan

Transition of Bulk Metallic Materials Typical bulk glassy alloy systems reported up to date

After Recorded History together with the calendar years when the first paper
—— or patent of each alloy system was published.
B.C. Bronze Age 1. Nonferrous alloy systems Year
]rorr;;\ge Mg-Li-M (Lo=Lanthanide Metal, M=Ni,.Cu.Zn) 1988
Li-A-TM (TMe=Fe,Co,Ni,Cu) 1989
Ln-Ga-TM 1989
Zr-AlLTM 1990
0 Ti-Zr-T™ 1993
Zr-Ti-TM-Be 1993
500 Zr-{Ti,NbPA-ALTM 1995
Pd-Cu-Ni-P 19496
Bulk Metallic Pd-Ni-Fe-P 1996
] 000 Crystals : Pd-Cu-B-Si 1997
Ti-Ni-CueSin 1998
Grain  Grain Boundary Cu(ZeHIN-Ti 2001
Cu{Ze,HI-Ti-Y, Be) 2001
1500 Schematic Illustration of Cu{Zr, - Ti-(Fe,CoNi) 2002
Structure of Ordinary Metals 2. Ferrous allay systems Year
(Crystalline Metals) Fe-(ALGa)-(F,C,18.51,Ge) 1995
1900 Fe(NbMoHALGa)P,B,51) 1995
Co-{AlLGap-(P,B,5E) 1996
Fe{Zr,HI.Nb)-B 1996
Co-{Zr HINb)-B 1996
Ni-{Zr,HI.Nb)-B 1996
Fe-Co-Lo-B 1998
1990 - Foundation of Bulk Metallic Glasses =— Fe-Ga+(CEMoP,C.B) 1999
Fe-(Nb,Cr,MoH(C,B) 1999
Ni-(Nb,Cr, Mol 1) 1999
Co-Ta-B 1999
Bulk Metallic Fe-Ga-(P, 1) 2000
Ni-Zr-Ti-Sn-5i 2001
Glasses Ni-(Nb,Ta)-2r-Ti 2002
Fe-5i-B-Nb 2002
2000 Co-Fe-5i-B-Nb 2002

Schematic Iustration of L:Il: 4 ('[I.I'Jh in red were found by
endai Froup
Structure of Metallic Glasses
of Alloy C for Stabilization of
-‘ E E Supercooled Liquid and High Glass-Foerming Ability

Copper mold Water quenching
casting method oGy method

W N
Arc melt
casting method E
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atomic size
mismatch

Multicomponent
consisting of
more than three elements

Significant . \

Negative
)\ heats of mixing

¢. Long-range homog

- a. High degree of dense packed atomic configurations
| Arc melt b. New local atomic mﬁgurahons
—1| forging method with ive i i

Stabilization of Supercooled Liquid
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New Supercooled Liquid Structure

High Dense Random Packing
( New Local Configuration )
Long-Range Homogeneity

New Atomic Conﬁguraﬁon Materials

“polyhecron

W

Metal-Metal Type  Pd-Metalloid Type Metal-Metalloid Type

Mg-, Lanthanide-, Zr-, Ti-,
H-, Be-Zr-based

=

( New Material Science and Technological Fields

* Only one exception has been observed in Pd-based metalic glasses

The Characteristics and Their Application of Nonequilibrium Mefallic Materials Group Containing
Bulk Metallic Glasses Developed by the Use of the lablllzatlon Phenomena of Supercooled qumd

& Achieved by Stabilization of Supercooled Metallic Liquid
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Future Medical Engineering
based on Bio-nanotechnology |

Future Medical Engineering
based on Bio-nanotechnology
215t Century COE Program

I n t ro d u Ctl 0 n Advanced Contribution to Human Resource

Researches in Health and Welfare Development in
Biomedical Eng in Aging Society Biomedical Eng

Advanced research at Tohoku University has led the way in
the fields of cell function and biomolecular technology,
nanomedicine, imaging and structure of biomolecules, and
medical informatics. This program aims to unite various
technologies in order to develop the ultimate in prophylactic
measures for age-dependent diseases, using tailor-made
diagnostic and therapeutic procedures. The overall objective
of this program is to form a global center of excellence in
biomedical engineering.

Future Medical Eng.
for

Tallor-made Heallh Care

Dr. Yamaguchi

Group Leader
Dr. Esashi

Education System

. Faculty meetings: Educational policy, self-assessment,
and an advisory system for students.

. New curriculum: A new curriculum for students enables
students to acquire the necessary experience and
knowledge.

. Education center: An administration office where faculty

Future Medical and students can conduct research and further their

Engineering based on educatipn. _ :
Bio-nanotechnology . Nomadic education system: students will be selected to

(21st Century COE Program) participate in cooperative research at universities abroad.
Global Center . Itinerant education system: self-reliant students will be
selected and trained individually under a special

2002~2007 ) :
apprenticeship program.

A flow chamber was designed to expose
fluid shear stress to cultured endothelial
cells to simulate human body conditions.

e
When an endothelial cell s laid in shear

Pax6 expression in relation to postnatal (v GG IRE (B2 37085 = 2 (E)

- Expression patterns of Pax6 : - :
es e a rc | n e ro u transcriptional factor during brain  neurogenesis typically observed in changes in actin filaments and focal
development. the hippocampal dentate gyrus. gdheslonallprotein=farelseen
(a) At embryonic day (E) 11, -
(b) AtE13,
(c) Section of E16 neocortex.

(d) A neuroepithelial cell visualized
with fluorescent dye, Dil.

N . OS um | Micro-tensile testing process for the stress
. Direct method transferring exogenous fiber isolated from cultured smooth muscle
Department of Developmental Neurobiology, % <5 g;zﬁ;ogﬂgfeﬁgce(:’;%ggnmamma"a" - e cells is shown. Stress fibers have very
Far A - | important roles to keep cell shape from
Graduate School of Medicine L (a) Strategy. - the view points of biomechanics.
(b) Expression of the gene(s) starts after
a few hours.

M.Sato . (c) A section of the sample shown i (b).

. . " ) (d) A neighboring sectionof (c), showing
Department of Bioengineering and Robotics, a focal introduction of the gene.
Graduate School of Engineering = Results of tensile testing for stress fibers

(A) A typical example of force - strain curve
of an isolated stress fiber from smooth

H Wada .vwada A | muscle cells
. (B) Mechanical model of stress fiber and

q A . 5 The outer hair cell (OHC) in the organ of Corti { the Young's modulus
Department of Bioengineering and Robotics, produces force by its motility in response to : Stress fibers had characteristic properties
Graduate School of Engineering its membrane potential change for the fine . | such as high extensibilty, nonlinear elasticity,

tuning and the wide dynamic range of hearing f residual strains and hysteresis.

Block diagram of the measurement  Active force generated by the motility Fig. 5.

system for the OHC response to  of OHCs versus their membrane An AFM image of the cytoskeleton

electrical stimulation. The active  potentials. in the OHC lateral wall.

force was obtained from this (a) The position of the scanning area.

deflaction, The structure of the cortical lattice O A e G

plays an important role in the motility R O M ()

of the 0 (c) A schematic of the domains and
- filaments in panel (b).

Fig. 2.

Photograph of the OHC attached Y fo-6

0 the force probe and patch Gl A scheme of the cortical lattice.

pipette at the apical and basal 1 p

ends, respectively.

Fig. 4.
A 'schematic of the lateral wall.
There are protein motors termed prestin.

Future Medical Engineering
based on Bio-nanotechnology Program

URL http://www.fmbe.coe.tohoku.ac.jp E-Mail: secretary@fmbe.coe.tohoku.ac.jp

Department of Bioengineering and Robotics, Tohoku University
01 Aoba, Aoba-ku, Sendai 980-8579, Japan Tel/Fax +81-22-217-7005
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Development of Micro-PIXE Camera,
Micron CT and Ultra high resolution PET
Keizo Ishii Ph.D.

Department of Quantum Science and Energy Engineering, Accelerator Science and Engineering

Electronic-Based staining using Ultrasound

Hiroshi Kanai Ph.D.
Dept. of Electronic Engineering, Electronic Control System

Imaging Group

K.Ishii

) Common carotid arteries of two healthy male subjects ((a) and (b)) and

| two male patients with hyperlipidemia ((c) and (d)). (Top) Conventional
J echo system, (middle) the in vivo measured spatial distribution of elasticity,
and (bottom) the categorized results, of lipid (yellow) and of the mixture of
smooth muscle and collagen fiber (blue).

Department of Quantum Science and Energy Engineering,
Graduate School of Engineering

The distribution of elements
in the cell can be observed
by the Micro-PIXE Camera.

B (bromine)

Xeray CT in which the interior
structure of living cells can be
imaged by using characteristic
Xeray.

Br:9.51x10~13(g]

Figures show elemental
w distributions of S, P and Br

M.Ito Division of Nuclear Medicine,
Cyclotron Radioisotope Center, Tohoku University

in bovine aortic endothelial
cells.

— P (phosphorus)

Micro-beatitSyStefi of P:1.91x10-11g)

H.Kanai

H.Fukuda Department of Nuclear Medicine and Radiology, Institute of Development,
Aging and Cancer

Department of Electronic Engineering, Graduate School of Engineering

A high resolution PET for animal PET

4 study. The spatial resolution of PET
can be improved to ~ 0.75mm FWHM
for FOV at a distance of 20cm.

A New Tumor Marker for PET K.Yanai Department of Pharmacology, Graduate School of Medicine
Masatoshi Itoh M.D., Ph.D.

Division of Nuclear Medicine, Cyclotron Radioisotope Center

A newly made 18F-fluoro-methyl-
tyrosin (left column) unlike deoxy-
glucose (right column) is expected to
differentiate tumor and inflammation
using positron tomography.

L] -
Medical Informatics
T.Yamag uchi Department of Bioengineering and Robotics, Graduate School of Engineering

A.Takahashi Department of Neuroendovascular Therapy, Graduate School of Medicine

Development of Molecular Imaging
and its Application to Medical Science
Kazuhiko Yanai M.D., Ph.D.,

Department of Pharmacology, School of Medicine

T. Hayase Super Real-Time Medical Engineering Laboratory, Targeted Research Division,

Structural and Functional Imaging of the Brain Real-T : t ch Div
Transdisciplinary Fluid Integration Research Center, Institute of Fluid Science

Hiroshi Fukuda M.D., Ph.D.
Dept. of Nuclear Medicine and Radiology, Institute of Development, Aging and Cancer .
M _Yos h IZawa Advanced Information Technology Research Division,
Information Synergy Center, Tohoku University

e
DT ot

(Ishii’s group)

wy R

~PET

= o

Data acquisiton of brain images

statistical data analysis 1. PET Imaging of Specific Neurotransmission in the human brain
Figures illustrate the PET visualization of specific dopamine and histamine H1 receptors

in the living human brain.

7R/
Vel @ _

Development of specific C-11
and F-18 receptor igands

rain image anaysis

Database for brain images
J Dopamine D2 Histamine H1

receptors receptors

2. PET Imaging of “Subjective Feelings” by 3D-PET and O-15 Water

| Condition
Boundary Cond

Using 3D-PET and 0-15 water,

- Ty o
29 RO - - : a subjective feeling of sleepiness.
: can be imaged.
aparesesandarrsncasase i e
ke o Ush Hman oo ran e 2 o

LV-Artery Integrated
Model

MR Image Skeletonize Basic Model Patient Specific Model

Fiber optic pressure and active catheter
for Minimal invasive medicine
Transcutanious power transmission

Real-Time Tumor Tracking
System with the dynamic multi-
leaf collimator (dMLC) using
Dual X-ray Fluoroscopy and
Amorphous Silicon Flat Panel
(DFFP system) on the Gantry of
Linear Accelerator

without HDD
Network Boot

Energy sources
(Graduate School of Eng.,
Hidetoshi Matsuki)

X ray radiography Interactive User Interface for Center Line Based Modeling Scalable PC Cluster Computer

(Graduate School of Medicine,
Shogo Yamada)

Vascular trees are represented using their centerlines and their normal planes defined by a combination of normal and binormal vectors.
Each branch is modeled separately and connected using an overset (or a chimera) mesh technique when fluid mechanical computations
are made. To model each vessel geometrically, we devised an interactive clinical interface for MR images using a graphical user
interface window. Finally the image data, its structure, computational model based on the structure, and the precomputed results are
stored in a comprehensive database.

Minimal invasive medicine
(New Industry CreationHatchery
Center, Masayoshi Esashi)

Implantable prosthesis
(Graduate School of Eng.,
Hiroyuki Kurino)

Nanosensing capsule
(Graduate School of Medicine,
Noriaki Ohuchi)

Nanomedicine Group

M.Esashi
N.Ohuchi

H.Matsuki Department of Electrical and Communication Engineering,
Graduate School of Engineering

S.Yamada Dbivision of Therapeutic Radiology, Graduate School of Medicine

Atrtificial myocardium (Actuators)
(Inst. of Development, Aging and
Cancer, Tomoyuki Yambe)

New Industry Creation Hatchery Center

Division of Surgical Oncology, Graduate School of Medicine

CdSe3qCluster Nano sensing cupsle
Electro-hydraulic artificial myocardium
with aventricular cup for implantation in D Al

animal experiments its clinical application

H.Kurino Department of Bioengineering and Robotics, Graduate School of Engineering

3D-stacked retinal prosthesis using 3D-
integrated circuit that has optical sensor
on the surface and stimulus electrodes
onits rear.

d sensing

T.Yambe Department of Medical Engineering and Cardiology, Institute of Development,
Aging and Cancer

Future Medical Engineering
based on Bio-nanotechnology Program

URL http://www.fmbe.coe.tohoku.ac.jp E-Mail: secretary@fmbe.coe.tohoku.ac.jp

Department of Bioengineering and Robotics, Tohoku University
01 Aoba, Aoba-ku, Sendai 980-8579, Japan Tel/Fax +81-22-217-7005




Tohoku University Electro-Related Departments

21st Century
“System Constructio

COE Program
n of Global-Network-

Oriented Information Electronics™
Awarded by Ministry of Education, Culture, Sports,

Science and Technology, Japan

! Objective

The industries of semiconductor, magnetic recording and liquid crystal are strategically very important in Japan for constructing an advanced
information communications society of our country. They are keenly competing with both sides of the Europe/America and Asia. It is highly desirable
to use the wisdom of universities for keeping a long-term competitive edge in these fields. The Tohoku University has long been conducting the world-
class original researches in the fields of the information communication technology (IT) and the nano-technology (NT) for material and device

developments. The Department of Electronic Engineering was selected by

engineering. Department of Electrical and Communication Engineering,

\ the international competitive power of the country.

Ministry of Education, Culture, Sports, Science and Technology, Japan as a

educational and research COE due to its great research achievements. With the Department of Electronic Engineering as a core, an NT-IT research and
educational center has been founded to form the world-strongest interdisciplinary COE in the fields of electrical communication and electronic

Research Institute of Electrical Communication (RIEC) and New Industry

Creation Hatchery Center (NICHe) join this program to expect a strong synergistic effect. Basic research achievements of material process evaluation
etc. will be widely utilized for applied research of the advanced devices and systems. The original technologies created by this program will strengthen

p

NT-IT Research and

Educational Center

System Construction of Global-Network

Oriented Information Electronics

Global network

PCs Internet
1 B Information
o .._-. Communication
5 e
P i spos procassing Super widoband and ow powes 0SS
‘wireless and aptical transport gystems e
Computing and T
Super high speed, large capacty franepart systeme
and low power consumption computing
Super low power
oneumpten B
5 4 Key devices
New physical property/Material/Process/Evaluation and Analysis —@ 1
" Basic research
NT=IT Research and Educational Center Support research

&

For managing the NT-IT research and educational center, a steering
committee has been established. The steering committee consists of a COE
leader, 3 research leaders, a QI school leader and a few external intellectuals.
The committee determines all the important matters for managing the COE
program. The NT-IT research is promoted in a top-down manner under the
strong leadership of the COE leader. Following three research groups have
been set up and are closely cooperating one another for acquiring the
international leadership in the fields of next generation electronics devices,
communications networks, etc.

A: Fundamental Research and Analysis/Evaluation Technology
B: Semiconductor, Magnetic, Optical and Display Devices
C: Computing and Transport Technology

System Construction of Global-Network Oriented
Information Electronics

its of Tohoku U

ion communi

World' s best historical Y
in nano logy and infe technology

Basic research for material,
process and evaluation

Errantry education

Systems research for

Shart term elite doctoral course
high performance devices and

internshi

‘World-highest level research
and development centar

J
~

e

" Education Plan

regular courses. They are given 3-ranked research grant.

conference to give interdisciplinary tutorial lectures. The students will

training and super internship program of the QI school. The QI school

in cooperation with the first-class researchers. This program is considered

technologies.

In the COE program, the QI school has been established. Practical
lecture and seminars by the first-class foreign researchers are introduced into
the curriculum for the second half of the doctoral course. Worldwide excellent
students will be solicited as elite doctoral candidate students in the short term
course of the QI school. Also the best students will be selected from the

The QI school will hold annually a international mini-conference
organized by students. The first-class researchers will be invited to this

trained to improve their ability to present and debate in English. Elite doctor
students in the short term course will be dispatched for an errantry education
to the industries overseas research institutes etc. under the young researcher

employing postdoctoral researchers to conduct international joint researches

the gateway to become worldwide-class researchers with cutting-edge

{ Interchanges \

Interdisciplinary Industry-academic

be

is

Short term

Regular
elite doctoral course 1-E E—P doctoral course
as (2 years) (3 years)




Research Activities

niversal Visual Communicatio

Ultra-High Quality Picture
= | Universal Data Server
|
=5 - B

Backbone Network

Motion Picture
Encoding Processor

Ultra-High Speed/ Motion
Low Power LSI Send me A Navi-Data Picture
for New York Area / Decoding
Processor

180° degree Display

Group() 4 Key devices

@ Structure of vapor separated
wiring metal base SOI - Vapor separatedcopper

Super large scale integrated and
low power consumption MOS device R i gp—
semiconductor devices - Metal base SOI

Developrmunt of super large scale integrated,
loW PoWEr CONILMPLON &Na high perarmance
system LS|

Up 1o 20 GHz
100--1000 TOPSW

For leading the 21st century network information society, the materials, processes, devices, circuits, and
system technologies are necessary to develop for reducing power consumption as well as improving the
integration density and speed performance of system LSI's. To be concrete, we develop the i%h
precision device technolog?/ which improves the current drivability by 10 times or more, the high-
density interconnect technology which enables high-speed signal propagation of above 10GHz, the high
precision process technology for realizing fluctuation-free highly-reliable/low-power devices.
Furthermore, we integrate these technologies to realize highly integrated system LSI's.

@Nano distributed thin film medium for tera bit
magnetic record

Super high density and large Heat assist type
capacity storage devices writing head
MFM type reading
head

Development of nano size distributed particle type
thin film medium for tera bit magnetic record Nano distributed
magnetic fine

particle

Average size : 7nm
Variance of size :0.4nm

Super high surface recording density
1 Thitfinch2

To realize ubiquitous networks, where all information is transferred instantaneously to all directions on a
global scale, mass storage devices are necessary. For recording density of more than 300 Gbit/inch?,
establishment of new media fabrication technology, which realizes average ferromagnetic crystal particle
diameter 7 nm and its distribution width of 0.4 nm, is indispensable. In this research, to break the limit of
the conventional nano structure control technique of thin films based on the conventional sputtering
method, we develop the new type of chemical synthesis method for the nano particle fabrication and also
self-organization technology to attain an ultra uniform nano-scaled magnetic particle arrays, aiming the
ultra high recording thin film medium higher than 1 Thit/inch?, consisting the nano-scale distributed
ferromagnetic particle array.
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For exploitation of the frequency resources for the advancement of information communications, it is
necessary to develop devices using tera-hertz (THz) bands between optical wave and microwave. Our
research aims at ultra high-speed optical-communications technology of the next generation, making
full use of the super-wideband characteristic of optical-wave. In this research, we develop a highlﬁ
efficient and compact optical source based on high efficient wideband non-linear wavelengt

conversion, and ultra high-speed light control techniques. Inter-conversion technique between optical
wave and millimeter/THz wave as well as an optical fiber network diagnosis technique are also studied.
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Establishment of basic technology of liquid crystal
and realization of super low power consumption and
high performance display

High speed response: less than 1 msec
Super low power consumption : 1/10~1/100
Large area/wide-angle: diagonal length
6~10m, 180" Paper like display

Demand for a high performance electronic display is increasing as a man machine interface of an
information system. It is strongly required to reduce the power consumption and to improve the quality.
We have analyzed and developed control technology of liquid crystal surface alignment, theory and
technology of polarization control, etc. Based on these achievements, we develop a super-low power
consumption/large size display based on a new principle.
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The nanometer-scale technology will become important as a technical infra-structure for the realization
of the next generation of information/communication society. To develop this technology, it is inevitable,
at first, to establish the method of material structure-control in the nanometer scale. In this research, we
develop a method for the realization of very small-sized and high-speed electronic circuits by usini
plasma-nano technology. To be more concrete, a novel different-polarity-ion plasma, which consists o
an alkaline metal positive-ion (A*) as an electronic donor, and the halogen (Ha’) or fullerene molecule
(Cq) negative-ion as an electronic acceptor, is generated and utilized to create the brand-new structure
inside carbon nanotubes which include the hollow inner space with a diameter of several nanometers.
Finally, our ultimate goal of this research is the development of the nano-scaled nonlinear electronic
devices using our novel-structured carbon nanotubes, which enable ultra high-speed computing.
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Semiconductor devices have so far advanced using the electron charge. We expect new functionalities
and new paradigms can be realized by using not only charge but also spin of electrons. The
semiconductor electronics realized by using both charge and spin of an electron is called semiconductor
spintronics. Our goal is to establish the foundation of semiconductor spintronics and to realize novel
schemes such as integrated nonvolatile memory - logic, spin switches, high sensitivity magnetic sensors,
ultra high-speed photonic switches, and devices for quantum computing and quantum communications.
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Ultrasonic micro-spectroscopy (UMS) has been developed as a new technology for characterizing and
evaluating isotropic/anisotropic solid” materials. This is an original technology developed at Tohoku
University. The characterization/evaluation can be conducted by measuring with superior accuracy the
propagation characteristics (phase velocity and attenuation) of the leaky surface acoustic waves (LSAWS),
propagating on the water-loaded specimen surface, and the bulk longitudinal and shear waves. This
technology is applied for the development of the higher quality single crystals (LiNbO3, MgO:LiNbOs,
LiTaOs, etc.) and the device fabrication processes for future highly functional SAW devices and optical
devices. This technology is expected to become a next generation basic technology to develop new

\materials and to resolve various materials problems in science and industry. )
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For a new generation telecommunication systems, it is necessary to develop advanced digital signal
processing algorithms and VLSI's. Especially, adaptive digital signal processing is widely used in
processing the voice, data, pictures, images, etc. In this research, we develop intelligent signal processing
algorithms based on genetic and evolutionary algorithm, unlike the conventional signal processing based
on the classic linear system theory, aiming at the realizations of high-speed high parallel VLSI's and their
applications to information communications.
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A lot of experiments on optical transmission using wavelength division multiplexing (WDM) which
exceeds several hundreds of channels have been successfully reported. These experiments demonstrate
that the Eerformance of WDM systems is almost approaching its ultimate capacity. However, increasing
the number of WDM channels makes the wavelength control more enormous and complicated. In the
networks of the 21st century, it is important to exchange an increasing amount of information at a very
high sFeed and with a large capacity. In addition, ultrahigh-speed optical signal processing will also be
stron%‘y required. This research aims at establishing fundamental technologies that enable us to handle
ultrashort optical pulses in the femtosecond regime as an information bit in optical transmission. Indeed,
such an ultrahigh-speed ﬁerformance and flexibilities are crucial in the next generation optical networks.
These technologies will have a great industrial and academic impact and contribute as a driving force of
the next generation optical communication research.
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Realization of super high speed wireless
communication network systems

Over 100Mb/s transmission

Virtual cellular concept Distributed

wireless port

Ultimate goal of our desire is to communicate with anyone, anytime, from anywhere to exchange any type
of information. To realize this, wireless technology plays an important role. Since information transferred
over the Internet is becoming increasingly rich, there will be a strong demand for broadband data
transmissions of over 100Mbps and close to 1Gbps even in mobile communications systems. To realize
such a high-speed mobile communications network, we develop a giga-bit wireless technology (broadband
adaptive wireless signal transmission technique and multiple access technique). As the transmission rate
becomes higher, the cell size should be smaller due to limitation in transmit powers. Virtual cellular
system (VCN), in which self—or%(anized distributed small wireless ports are deployed, is under the study to
Qealize pico-cell wireless networks.




21st Century Center Of Excellence Program (Oct. 2003-Mar. 2008)

The Exploration of the Frontiers of
Mechanical Science
Based on Nanotechnology

Advanced research in the field of new Mechanical Sciences will be undertaken in the following
four areas: Nano-mechanochemistry, Nano-materials and processing, strength and reliability of
Nano-materials, and Nano-machines and systems. Through a double-spiral research and
education program that is a blend of interdisciplinary and international research and education,
we intend to establish a world-class research & education center of mechanical science based
on nanotechnology.

The objectives are to foster training of talented persons to participate internationally by including
advanced levels of research in their education; to establish a new field of mechanical science to
meet the needs of functional and structural designs for next-century machines through the
scientific rationale of nano-scale from the broad point of mechanical engineering or continuum
body; to establish an advanced center that blends mechanical, electrical, materials and chemistry
fields based on the phenomenological approach and on the findings of essential principles in the
nano-field. In order to satisfy the above objectives, international research and education satellite
centers that will enable doctoral students to undertake international research internships through
the double-spiral research and education programs will be established in America, Europe and
Asia.

World-class Research & Education Center of
Mechanical Science Based on Nanotechnology

International seminars ﬂ

Program Leader
Nano- . Strength and
Mechano- Prof. Tetsuo Shoji Reliability of

‘ = S
Chemistry Nano-Materials Nano- Nano-materials
and Processing Machines
, l _ - and Systems
e -
Prof. M. Saka

WAUENISSUEE Prof. T, Kuriyagawa = with 4 professors
with 4 profesgmgs Prof. M. Koyanagi p

with 3 professors
Frontiers of Mechanical Science

Nanotechnology, Mechanical Engineering, Computer Science




Due to the rapid development of nanotechnology, there is a strong need to approach mechanical
engineering at the nano- and atomic-scale level. This program will satisfy the above requirements
by constructing a new and advanced academic foundation, which is named “The Exploration of
the Frontiers of Mechanical Science Based on Nanotechnology”, by including physical chemistry,
guantum mechanics and computer science in traditional mechanical engineering.

High Quality Safety Design and Evaluation of Power Plants
Based on Nano-scale Mechanical Science
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| . Improvement of surface
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and chemistry Accuracy 1 5nm

High Quality System for Designing and Evaluating
Example research project . .
Safety and Lifetime of Power Plants and Equipment

A special and international research & education program will be well blended. The special
research & education program will enhance special ability of talented persons by carrying out
interdisciplinary research and education in a spiral state. The international research & education
program, i.e., the double-spiral research and education program, will increase the special ability
and the international view in a spiral state by exchanging visitors at the international research
satellite centers. Active researchers will be invited to undertake cooperative research at Tohoku
University, as well as to discuss subjects of mutual interest and to lecture students through

conference presentations and discussions.

<Research and education coordinator> Interdisciplinary education program
ol s through project research

Nano-machines and systems - N International research internship

Europe satellite center 5 Strength and reliability of nano - materials

< Thesis advisor>

USA satellite center
Nano-mechanochemistry - Thesis advisor

Asia satellite center . Nano-materials and processing

<Thesis advisor >
Nanotechnology, Computer science

Physical chemistry, Mechanical engineering, Quantum mechanics




clstCentury ~rogram
tional COE of FLOW DYNAMICS

About the COE
Q& COE conducts the research of scientific principle of nano-mega spatiotemporal flow
dynamics and creation of flow function, then expands beyond practical application. In the

process of the research, we are establishing the COE of Flow Dynamics through the use of
international research network.

\ » For the purpose of cultivating highly practical and talented researchers who have a good

' sense of internationality, Graduate School of Environmental Study and Department of
. Aerospace Engineering cooperate with Institute of Fluid Science that are currently
s expanding internationally in flow dynamic research field, and form an international

research educational group.

Program Leader, Professor, > The COE will perform personnel training to the talents who may serve as a leader of
Institute of Fluid Science, international leading project research in the future through the various educational
Tohoku University programs such as "International Internship“ by the active use of Academic Liaison

Shigenao Maruyama Offices, ""Double Degree System", "'Leading Researcher Hatchery Program®, and through
international summer school inviting a number of top researchers as invited lecturers.

» The COE aims to cultivate human resources who have the high practical application capability and international outlook
to contribute to the continuous development of human society and flow dynamics study.

» We plan to raise world-class leaders for the next generation by )
. International COE
way of concentrated investment to graduate students and Dept. of J Dept. of

young researchers by COE programs through the active use of [Environmental Studies of Flow Dynamics - | xgrospace Engineering
the research facilities such as Transdisciplinary Fluid
Integration Research Center and Fluid COE of Institute of
Fluid Science, that we have established by practicing the policy
of Tohoku University ""Research has the priority"'.

‘ Research and Educational Plans

Global View Points ‘ Advanced Technology

Institute of Fluid Science

International Office TFI Research Center

Research COE (Shock Wave)

» We aim at cultivating the leading human resources with a
global view and advanced expertise who can achieve world's
most advanced research results by systematically developing ) 4
and utilizing the overseas bases such as Academic Liaison

Offices, sister universities, and joint-research universities International |,:"-.'
Networks | i]l “

which we constructed in order to fulfill one of the principle of

Tohoku University, ""Open University to the World and g , : /

Community"".

International Liaison Office & Project Base Foundation Plan
In addition to 6 existing Liaison Offices (Moscow State University, The University of New South Wales, Royal Academ
Science, INSA-Lyon, Korea Advanced Institute of Science and Technology, and Syracuse University), we are establishing
Liaison Offices at Tsinghua University within the current fiscal year.

g Royal Institute of Technology p o= S——— In gollaboratlon Wlt.h Graduate School of
f — T . . = - Environmental Studies and Department of
e Aerospace Engineering, a ""Flow Dynamics

) 3 International Research Educational Project
Base™ is established in fiscal 2003 with the

following  institutions as a  core:
Transdisciplinary Fluid Integration
Research Center newly established in
Institute of Fluid Science, the Ministry of
Education, Culture, Sports, Science and
: - = - s Technology, and Miyazaki brunch of
Academic Liaison Office @ 6 Present @ 1 To be established Institute of Fluid Science. (The COE

The Universit of South Wales |

N oo secretarial building is scheduled to be

O Agreement on academic Agreement on academic @ International - : i P

exchange (Departments) exchange (Universities) collaboration research c_otm)pleted in an Institute of Fluid Science
Site.
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{ Program Leader: S.Maruyama }
Highly- I

ﬁ Project Organization
COE conducts three major programs:

3 1 | 1
Coupled Flow Systems, Shock-wave-Driven Flow International Highly-Coupled Shock-Wave-Driven Energy and
i i Association Flow Systems H Flow Functions H Material Flows ‘
Functions, and Energy and Material Flows. To (T Takag) (Y Kohama) (A Sasoh) (K. Tohi)
complete these programs, three (3) steps are taken in I T

the research of flow dynamics: (1) the understanding ‘ Scientific principle ‘

of flow dynamics on the nano-mega spatiotemporal

; . Nano-mega . .
scales, (2) creation of flow functions such as |spatiotemporal Creation of flow function
momentum, heat and mass transportation/ |flow dynamics
circulation of materials, and (3) practical application [ Practical application J
is produced through three steps, namely, (a) ~—g —_—

scientific principle, (b) creation of flow functions,

\\and (c) practical application.

Scientific technoelogy: contributing o the 24st century,

- 4

» The international human resource development program aims

Educational-Programs

Dept. Environmental Studies

Graduate School of Environmental Studies,

Graduate School of Engineering,

Dept. Aerospace Engineering

at training of the researchers who can plan and promote
an international joint project:

Institute of Fluid Science

N ‘ Executive Committee ‘ ‘ International Association Promotion Office ‘ )

= Implementation of International Mutual Internship
Program (compulsory)
= Intensive course by top educators from the United

States and Europe (compulsory)
* Double Degree System
= Assistance for international symposium organized
by students and commending system
> Leading Research and Practical Education Program Based
on Practicalism. Fostering a Self-Determining and
v Persistent Researcher:
* DERUKUINOBASU (Leading Researcher Hatchery)
program Encouraging Self-Motivated Research by Students
= Doctors in Business Field Who Support Research
Infrastructure - Toward The Innovation of New Industry

-Practical research education
by domestic visiting professors

Leadmg researcher
hatchery program

= International internship
= Double degree system

Research Activities

A new theory to reduce shock waves significantly for supersonic transport aircraft was established by
Prof. Kusunose of COE program and his group

Invited visiting professor of COE program, Prof. Kusunose,
and his group has successfully established a new biplane
configuration which can eliminate shock waves of
supersonic transport significantly. The theory introduce a

second wing nearly parallel to the conventional wing and -_——
proved that the interaction between the two wings will

cancel the shock wave effects felt at the ground by 859%,

using the super computer at the Institute of Fluid Dynamics

to calculate. Because one of the fundamental problems .

preventing commercial transport aircraft from supersonic
flight is the generation of the strong sonic booms, new
theory is a highly promising candidate in the achievement

of nearly boomless supersonic flight in the near future. PLIEE e G B

Scramjet engine Aero-train




