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Innovative Center of Nanomaterials Science for Environment and Energy and Its

Computational Science Approach

KEF BER Takahisa Ohno
Ohno.Takahisa@nims.go.jp

Abstract

NIMS established the “Innovative Center of Nanomaterials Science for Environment and Energy” in 2009 to
carry out “development of environmental technologies utilizing nanotechnology”, which is a national project
sponsored by MEXT. The Center is engaged in basic and generic research concerning materials that are relevant

to environmental and energy problems, with focus on energy conversion systems that include photovoltaics,
photocatalysts, rechargeable batteries and fuel cells. The Center’s computational science-based approach will
make a great contribution toward elucidating surface and interface phenomena that are the bases of the exotic

functions of energy conversion systems.
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Figure 1. Outline of Innovative Center of Nanomaterials
Science for Environment and Energy.
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Figure 2. Fundamental mechanisms of energy conversion
system.
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Figure 3. Computational materials science approach in the
Center.
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Highly Efficient Dye-Sensitized Solar Cells

8 L7t Liyuan Han
apvc@nims.go.jp

Abstract

Improved efficiency of dye-sensitized solar cells was reported based on an equivalent circuit model that was,

first, proposed through an investigation of electrochemical impedance spectroscopy. It was found that the haze of

Ti0, films is a useful index when fabricating light-confined TiO. electrodes to improve short circuit current

density. In addition, fill factor was improved through reduction of internal series resistance. The highest

efficiency scores of 11.2% were achieved.
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Figure 1. Structure and mechanism of dye-sensitized solar
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Figure 2. Equivalent circuit of dye-sensitized solar cells.
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Toward high-performance rechargeable batteries

=M 18 Kazunori Takada
takada.kazunori@nims.go.jp

Abstract

Lithium-ion batteries are already used as power sources in portable electronics, and they are now expected to

play an important role in helping realize a low-carbon society. It is anticipated that lithium-ion batteries will
power electric vehicles, and further that smart grids equipped with high-performance batteries to stabilize
interconnected power systems will be essential if introduction of renewable energies is to proceed. However, a

drawback of lithium-ion batteries is a safety issue arising from their combustible organic electrolytes, which
limits their energy densities and battery sizes. The most effective and fundamental solution to this problem will
be the use of inorganic or ceramic electrolytes, which will pave the way to next-generation batteries.
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Solid-state lithium battery
10009 with novel interfacial design
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Figure 1. Performance of solid-state battery.
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Development of Materials for Hydrogen Production and Fuel Cells

7G4 BE Chikashi Nishimura
NISHIMURA.Chikashi@nims.go.jp

Abstract

Fuel cell technology will be the key to solving environmental and energy problems in the 21st century. There

is, however, a host of technical problems that must be solved. If fuel cells are to see wide-spread application, it

will be essential to develop cells that demonstrate high power and stability in an operational temperature range of

200 C to 500 C. Here, we have been striving to develop key materials for such fuel cells, including solid

electrolytes and separators. We have also been developing materials for efficient and inexpensive hydrogen

production, including fuel reforming catalysts and hydrogen purification membranes.
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Figure 1. Proton Conductivity of organic - inorganic hybrid
membranes.
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Progress of Bi-HTS (High temp. superconducting) wires and future applications

b0 1= Hitoshi Kitaguchi
KITAGUCHI.Hitoshi@nims.go.jp

Abstract

More than twenty years have passed since the first discovery of high-Tc superconductors (HTS). Today, HTS
are showing potential that is truly expected to revolutionize energy conservation. The most important
development toward realizing innovation using HTS will be to improve the current carrying capacity of HTS
wires. We are continuing efforts in both fundamental HTS materials science and wire processing aimed at
doubling the current carrying capacity of (Bi,Pb),Sr,Ca,Cu;0, wires from 200 A/mm’ to 400 A/mm” in the coming 5
years. Such a development should enhance the potential and significance of HTS applications.
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Figure 1. Relationship between current carrying capacity
and Bi-2223 particle alignment.
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Ultrafast Permeation of Organic Molecules Realized Using Porous Nanosheet

—/# R IzumiIchinose
Ichinose.lzumi@nims.go.jp

Abstract

In water treatment membranes, the treatment speed increases in inverse proportion to the thickness of the
membrane. Therefore, the development of ultrathin water treatment membranes has been pursued worldwide. In
this study, we succeeded in forming ultrathin protein-based membranes with a thickness of 30 to 100 nm.
Because countless water flow paths with diameters of approximately 2 nm are formed in the membrane, water
can pass through the membrane at an extremely high speed, while organic molecules larger than 1.5 nm are
completely rejected. It is therefore possible to concentrate an organic dye (protoporphyrin) at a rate of 6,000 L/h-
m”-bar using a film of 60 nm. This filtration rate is approximately 1000 times faster than that of commercial

ultrafiltration membranes with similar separation properties.
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Figure 1. Cross-sectional SEM image of ultrathin protein-
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Figure 2. Schematic illustration of protein-based membrane (a, b) and the top-view TEM image (c).
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Nano Photocatalytic Materials — Possibilities and Challenges —

¥ $£IE JinhuaYe
Jinhua.YE@nims.go.jp

Abstract

It has long been hoped that nano photocatalysis—which is an ideal “green” technology for decomposition of
hazardous chemicals and generation of hydrogen from water using semiconductors and solar light—will play a
strong role in sustainable human development. The photocatalyst TiO,, which was long looked to with
anticipation, is practically limited in application to outdoor environmental remediation due to its large band gap.
Consequently, in order to construct an efficient photocatalysis system for both indoor environmental remediation
and solar energy conversion, it will be essential to utilize photocatalysts with high visible-light sensitivity in order
to effectively utilize the largest component of the solar spectrum and indoor illuminations. In NIMS, we have
been striving to develop new visible-light-responsive photocatalysts with tailored properties through energy band

engineering. We will introduce and discuss our approaches and recent achievements.
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Figure 1. Photocatalytic decomposition of CH;,CHO over
(AgNbO3)75(SrTi0;),.5 photocatalyst under visible light
irradiation.
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Figure 2. SEM image of nano-structured WOs.
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Atom-by-atom nanostructuring with atomic force microscopy

DAZE « AN Oscar Custance
CUSTANCE.Oscar@nims.go.jp

Abstract

During the last 20 years, the manipulation of atoms and molecules at surfaces has allowed the construction and
characterization of model systems that could act as building blocks for future nanoscale devices. The majority of
these works have been performed with scanning tunneling microscopy (STM) at cryogenic temperatures.
Recently, we have shown that another scanning probe technique, the atomic force microscope (AFM), is also
capable of positioning single atoms even at room temperature. Here, we present two approaches to create atomic

patterns, one atom at a time, on semiconductor surfaces with the AFM.
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Figure 1. (a), Atomic design created at room temperature by producing the concerted lateral interchange between
substitutional tin atoms (higher protrusions) and germanium atoms populating the Ge(111) c(2 x 8) surface using an AFM*”,
(b) and (c), Process of “writing with atoms” using AFM at room temperature. By producing controlled vertical interchange
manipulations between the outermost atoms of the AFM tip and the atoms at a semiconductor surface it is possible to write
atomic patterns at surfaces (b), as well as to erase motives by removing atomic impurities*”.
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Novel optical functions originating from plasmon nanocavities

=I5 48 Hideki T. Miyazaki
MIYAZAKI.Hideki@nims.go.jp

Abstract

Engineered metallic surfaces on which rectangular nanotrenches are engraved exhibit novel optical functions
that do not stem from the original materials. In this discussion, we demonstrate drastic enhancement of various
optical properties originating from plasmon resonances in gold nanocavities. We have observed enhancement

effects of Raman scattering and photoluminescence in an array of few-nm-wide and several-tens-nm-deep

cavities. Controlled enhancement of Raman scattering is promising for sensitive detection of biomolecules

without fluorescent markers. As the reverse process of absorption enhancement, heated nanocavities exhibit
enhanced thermal emission. Infrared emitters based on this principle can be applied to environmental analysis

such as CO, concentration measurement.
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Figure 1. Structure of the nanocavities arrayed on a gold
surface and their fundamental mode (E : electric field) .
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Figure 2. Plasmon nanocavity array for enhanced Raman
scattering (W = 7nm, D = 39nm, P = 157nm, 10 periods) .
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Figure 3. Infrared emitter based on plasmon nanocavities
(W = 221nm, D = 769nm, P = 2.07um).
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Figure 4. Infrared emission from the fabricated emitter.
Emission from a reference black body is also shown.
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Abstract

The crystalline structure of high-Tc superconductors can be considered a stack of Josephson-coupled
superconducting CuO, layers oriented perpendicularly to the c-axis. The density of such junctions reaches as high
as 10*/cm’. The array of junctions is applied to a terahertz generator and a potential candidate of three
dimensional integrated devices with extremely high-speed and low-energy consumption. A novel device
operation that employs two fluxon states in the crystals, one parallel and the other not parallel, to the layers is
presented. The difference in response to the bias-current of the fluxon states can be applied to a digital device

having flash memory effect.
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Figure 1. Crystal structure of the Y-123 high-Tc
superconductors. A pair of CuO, planes show
superconductivity which is interleaved by the insulating
layers.
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Figure 2. (Left) Current —voltage characteristics of the Bi-
2212 high-Tc superconductors. (Right) We verify the
appearance of cavity modes at low bias and in the high input-
power regime we find that standing-wave patterns are
created through interactions with a hot spot, possibly
pointing to a new mode of generating synchronized radiation
in intrinsic Josephson junction stacks
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Figure 4. Observed response of junctions to the bias
current for Josephson vortex (middle) and the
crossing lattice states (top and bottom) .
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Development of nanoprobe sensor to detect/identify single molecule
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Abstract

We have developed a nanoprobe sensor that can detect/identify single molecules. The key material is tungsten
suboxide nanorod. It shows extremely large enhancement effect of Raman scattering at the apex of the nanorod.
Raman scattering from even a single molecule is observable. The tungsten suboxide nanorod can be used as a

nanoprobe for three-dimensional scanning in liquid. The newly developed nanoprobe sensor can be applied to

extremely sensitive sensors for molecular detection in the field of bio-nanotechnology.
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Figure 1. Optical microscope image of WO, nanoprobe
sensor.
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Figure 2. Blinking phenomena of Raman scattering
obserbed with WO, nanorod probe in 1nM Rhodamine 6G
solution.
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Figure 3. Application of WO, nanoprobe sensor to bio-
nanotechnology.
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High-Magnetic-Field NMR Providing Innovative Solutions in Materials Science

i&7K $8 Tadashi Shimizu
SHIMIZU.Tadashi@nims.go.jp

Abstract

We have been developing high-magnetic-field NMR spectrometers designed for materials that will make

innovations possible in a magnetic field higher than 20 T. Thus far, available NMR elements have been restricted
to a few that include protons. A high field magnet will push back limitations in solid-state NMR analysis, and will
allow remarkable developments for quadrupolar nuclei. We present an example of Mg-NMR (one form of

quadrupolar nuclei) experiments performed with a 21 T magnet. The result has resolved a long-standing problem

in the supramolecular structure of bacteriochlorophyll.
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Table The elements in blue and red are dipolar and
quadrupolar nuclei, respectively, which are defined by
nuclear spin quantum numbers equal to or larger than 1/2,
respectively. NMR resolutions of the dipolar nuclei will be
improved in proportional to applied magnetic field. The
quadrupolar nuclei have the resolutions improved in the
order of 2"-5" power of the magnetic field. (Ref. 1))
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Figure 1. 930MHz-MAS-NMR spectrometer installed in
NIMS, Tsukuba. The magnetic field is 21.8 T, which is the
world highest field among the MAS-NMR magnets.
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Figure 2. Mg-MAS-NMR spectral in BChl-c supramolecule.
The red and blue line is, respectively, a simulation for 5-
coordinated and 6-coordinated Mg. A single molecule of
BChl-c shown in the inset has a 4-coordinated Mg only. The
NMR experiment shown by the black line in the spectrum
gives an evidence for 6-coordinated Mg sites which has
resolved the long-pending problem in the supramolecule
structure. (Ref. 2))
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3D nano-structure analysis by laser assisted atom probe tomography

AR BB EE NE
Tadakatsu Ohkubo, Kazuhiro Hono
OHKUBO.Tadakatsu@nims.go.jp, Kazuhiro. HONO@nims.go.jp

Abstract

The three-dimensional atom probe (3DAP) technique has been widely used to obtain atomic tomography of
metals. Recent implementation of pulsed laser to assist field evaporation has expanded application of the atom
probe technique to a wide variety of materials, including semiconductors and oxides. In addition, the development
of site-specific specimen preparation methods using the focused ion beam technique has made device analyses
possible. The substantially reduced frequency of specimen ruptures in the pulsed laser-assisted mode has also
made the analysis of these specimens practical. This presentation will cover recent progress in laser-assisted

3DAP and its application to semiconductor devices and oxide insulators.
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Figure 1. Appearance and schematic of laser assisted atom
probe.
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Figure 2. Mass spectrum obtained from W specimen by UV
laser assisted atom probe.
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Figure 3. 3D atom map and the composition profile
obtained from GalnN specimen by UV laser assisted atom
probe.
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Figure 4. 3D atom maps and the composition profile
obtained from Zr0O,-MgAl,O, nanocomposite ceramics
specimen by UV laser assisted atom probe.
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Attempt to visualize various semiconductor interfaces

BEC] BES  Takashi Sekiguchi
Sekiguchi.takashi@nims.go.jp

Abstract

We are attempting to visualize various semiconductor interfaces by using scanning electron microscopy (SEM).

In the case of multicrystalline Si in photovoltaic application, certain types of grain boundaries degrade the solar
cell efficiency. The electron beam induced current (EBIC) method is a powerful tool for visualizing such electrical
active grain boundaries. EBIC is also very powerful in identifying the imperfections of high-k gate dielectrics in
advanced MOSFETs. We demonstrate the advanced characterization method by using secondary electron images

of low-energy SEM.
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Figure 1. Photograph of multicrystalline (mc-) Si solar
cell (from Web site.)

SE EBSD EBIC
| |
25
Yo
ol
1
R
. [ >20 % |

Figure 2. SE, EBSD, and EBIC images of mc-Si.
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Figure 3. Structure of high-k MOSFET.
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Figure 4. SE and EBIC images of high-k MOSFET.
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Development of Novel Drug-eluting Stent by Hybridization of Bio-friendly Polymeric
Matrix with Biometal

O #\&E Tetsushi Taguchi
TAGUCHI.Tetsushi@nims.go.jp

Abstract

Drug-eluting stent (DES) prevents in-stent restenosis through the elution of drugs from matrices. DES
effectively reduces restenosis by suppressing smooth muscle cell growth; however, the residual matrices of DES
after drug elution lead to complications, such as inflammatory response, thrombus formation and prevention of
endothelialization on the stent surface. Also, anti-cancer drugs or immunosuppressants have been used as drugs;
however, they are known to show toxicity and side effects. Therefore, it is necessary to develop a novel DES that
has a biodegradable matrix with anti-thrombogenic and endothelial cell adhesive properties for releasing bio-
friendly drugs. Here, we report on citric acid-cross-linked biodegradable matrices with anti-thrombogenic and
endothelial cell adhesive properties. We also describe how we fabricated a novel DES by impregnating Am80, a
synthetic retinoic acid receptor a-specific agonist, in the resulting matrices and evaluated its efficiency in

reducing restenosis i vivo.
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Figure 1. Anti-thrombogenic property of polymeric
matrices after immersion in rat whole blood.
((a) AlGelatin-GA, (b) AlGelatin-TSC)

Figure 2. HUVEC adhesion on polymeric matrices.
((a) AlGelatin-GA, (b) AlGelatin-TSC)

— 31— NIMS

Figure 3. Endothelialization on (a) commercial DES and
(b) developed DES after implantation in pig coronary
arteries for 2 weeks.
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Hydroxyapatite Bone Filler with Unidirectional Pores

KRR E Hth Efc
Yasushi Suetsugu, Masanori Kikuchi
Suetsugu.Yasushi@nims.go.jp

Abstract

Porous ceramics of hydroxyapatite are promising scaffold materials for bone regeneration due to their high
biocompatibility and osteoconductive activity. To date, numerous fabrication methods have been successfully
applied to hydroxyapatite porous ceramics for bone regeneration, and most of these materials have an intricate
and macroscopically isotropic pore structure. However, an anisotropic microstructure, for example, comprised of
unidirectionally ordered channels, could provide higher osteoconductive activity and preferable mechanical
properties. In this project, we fabricated hydroxyapatite porous ceramics with unidirectionally ordered
continuous pores utilizing anisotropically grown thin ice columns as the template, and found them favorable as

the scaffold materials for bone regeneration.
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Figure 1. Preparation of porous apatite ceramics utilizing
thin ice columns as template.
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Figure 2. Change in compressive strength of porous apatite
implanted in rabbit femur.

B : Unidirectional porous apatite (loading direction is
parallel to pore direction)

@ : Porous apatite with random structure
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Detection of bio-molecular recognition using bio-transistor

=E 8=  Yuji Miyahara
MIYAHARA.Yuji@nims.go.jp

Abstract

We have been investigating a new method to detect molecular recognition events by means of electrostatic

interaction between charged biomolecules and electrons in silicon. We have reported several types of biologically
coupled field effect transistors (FET) that are based on direct transduction of surface density change of charged
biomolecules into electrical signal by the field effect. In the case of genetic FET, oligonucleotide probes are

immobilized on the surface of the gate insulator. When complementary DNA molecules are contained in a sample
solution, hybridization occurs at the gate surface. Since DNA molecules are negatively charged in an aqueous
solution, electrons are expelled from the surface of silicon by electrostatic interaction. Thus, a specific binding of

charged biomolecules at the gate surface can be detected as a shift of the threshold voltage V.
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Figure 1. Concept of genetic FET.
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Figure 2. FET-based DNA sequencing.
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Figure 3. Transporter analysis using cell-FET.
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Figure 4. Future perspective for bio-transistors.
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Introduction of “Tsukuba Innovation Arena for Nanotechnology”

FRft fIX  Kazuo Nakamura
NAKAMURA.Kazuo@nims.go.jp

Abstract

The Tsukuba Innovation Arena for Nanotechnology was formed to create a research hub in which researchers
from Tsukuba University, AIST, NIMS, and private industries can have cooperative and cohesive interactions.
The hub focuses on research that ranges from basic science to practical applications. We want to create an

environment in which practical applications and basic research seeds form a reciprocal relationship. We also seek

to nurture the human resources that will serve as the driving force in Japanese industry and science of the future.
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Figure 1. NIMS, AIST, Tsukuba Univ. and Committee on
Industrial Technology of Nippon Keidanren agreed to form
“Tsukuba Innovation Arena nano”.
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Figure 2. Symbol mark for TIA nano
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Development of high quality solid electrolytes and electrodes
for fuel cell application

Keywords: solid electrolyte, electrode, ceria
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To minimize CO, emission, an improvement of performance, reliability and durability of fuel cell
materials (i.e. electrolyte and electrode) is required.

Introduction
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Challenges Our challenge is a design of solid electrolyte and electrode to make a significant breakthrough in the
field of fuel cell technology.

W'Eﬁzﬁ%‘z%-l- Design of solid electrolytes Eﬁ%ﬁ%‘l‘ Design of anodes and cathodes
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Development of fuel cell materials using combination of microanalysis, Residential scale application of fuel cell device
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o BHE it sER £ Design of breakthrough fuel cell materials by combination of

Improvement of fuel cell materials performance theoretical analysis and experiment
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Development of Ni;Al foil catalysts for hydrogen production

Keywords: hydrogen production catalysts, Ni;Al foil, intermetallics
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Hydrogen is attracting much attention as a clean and efficient energy source. It is necessary to
develop efficient, low-cost foil catalysts for hydrogen production for fuel cell.

Introduction
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Challenges Ni;Al intermetallic compound shows excellent high temperature strength. We for the first time have developed
thin foil of Ni;Al by cold rolling. We have been developing Ni;Al foil as a catalyst for hydrogen production, in
order to use NizAl foil as both catalyst and structural material of microreactors for hydrogen production.
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Elemental mapping by EDS-STEM
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Advanced Metal-Based Mesoporous Materials

Keywords: Mesoporous Materials, Metals
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Noble metals such as platinum are known to possess high activity as a catalyst, and are widely used as an industrial catalysts and
an electrodes in batteries. When the surface area of metals can be increased, dramatic improvement in catalytic performance can be
expected, as the exposed area also is increased. Here we will present our recent research on synthesis of new mesoporous metals.

Introduction
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Challenges Ordered mesoporous metals can be easily created by using supermolecular assemblies of surfactants. The obtained materials shows

high thermal stability, being able to withstand up to 300 degree. Their surface area is more than 60 m2/g, thus achieving the
highest area among all existing metal-based nanomaterials.
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We can finely control the mesopore size by changing the size of
the used surfactants. Also, various morphologies such as films,

fibers, and nanoparticles can be prepared under the optimized
electrochemical conditions.
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Electron microscopical images of mesoporous metal nanoparticles
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Electron microscopical images of mesoporous metals with giant mesopores Electron microscopical images of mesoporous metal fibers
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o REEMFOBECHEABILTOEREZFAL. EERERIC o BEE MR LfhiE
FI/ERERBIZT YA TES, © PRI th (D B AR A 4

® A DKRES T/ ERDIEE. B FOEFH AT RE,
® RETRIFO0M?/gbl L, BMIBLRER T /HFo

HYUER: BT /7—FTIOOAERIA (MANA) LA #&E

E-mail: Yamauchi.Yusuke@nims.go.jp

nims? Nano tech 2010 HHE (2010.2.17 ~ 2.19) — 42 —



EREIEEMICEEBEH R FiFIE -9

Intermetallic nanoparticles for exhaust purification

Keywords: exhaust purification, catalysts, intermetallic nanoparticles
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" High-performance exhaust catalysts can achieve a good balance between the combustion system and a
sustainable society.

Introduction
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LIS A research strategy for catalytic intermetallics & synthetic methods for intermetallic nanoparticles are to
be developed to realize cheap, high-performance exhaust catalysts.
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Development of a 1800 MPa-Class Ultrahigh Strength Bolt

Keywords: Steel, Ultrafine grain structure, Bolt
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I[ntroduction _ A _ A
Stronger and tougher steels are always needed to reduce weight and improve safety in transportation,

enhance architectural flexibility in construction, and improve performance in heavy industry.
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L HTHESHM RN R 2 XIEIC A LS SR S T ORHERRT B,

Challenges To realize ultrahigh strength, high toughness structural material and its parts by microstructure

control through a simple thermomechanical treatment for low-alloy steel
S BARLHEERERILFDEB Development of ultrahigh strength steel and the bolt
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strength steel with enhanced toughness at low é 150 . : ! f
temperatures through a microstructure control in nano- z | - '. Breakthrough
micrometer scale for a low-alloy steel and realized an ki 100 * " |
ultrahigh strength bolt by developing a forging O § LY i
technology of the developed material. oo e
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The State-of-Art in strengthening and toughening
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Appearances of Charpy impact test Micros-tructures of the Developed ultrahigh strength bolt has a fail safe function;
samples and absorbed energies developed material cracks dose not propagate easily.
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Development of Novel Coatings by Warm Spray Deposition

Keywords: Surface & Interface Science, Warm Spray Deposition, Solid Particle Impact Bonding
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Research and Development of Thermoelectric Materials
for Power Generation

Keywords: thermoelectric materials, power generation, exhausted heat
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Pb-free Piezoelectric Material Outperforming PZT

Keywords: Pb-free piezoelectric, environmental-friendly piezoelectric
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Piezoelectric materials have become an indispensable part of our modern life.
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Chiallenges Recent environmental legislation against the use of toxic Pb has called for an urgent need for
developing high-performance Pb-free piezoelectric materials.
PZTZ#B A 5IEsETBMH EEEEEGIER
New Pb-free Piezoelectric Material with d33>600pC/N New Theory for High Piezoelectricity
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} Optical Mesoporous Sensors for Ultra-

Purification from Industrial \Wastes

urrent Issue

Keywords: Ultra-purification, Nanomaterials, Optical sensors

To date, the technologies of the adsorbents & sensors for purification water from toxic
metals were normally associated with certain limitations such as, tedious synthesis &
analysis, low sensitivity and delayed signal response. Here, we used mesoporous
monoliths to design of optical sensor for simple, high-speed, and detection of pollutants.

New technology based nanomaterials membrane from improving environment and
water sources from the industrial wastes:
® Development of optical nanosensors
Challenges ® simple removal and detection of pollutants
® Nanosensor in real treatment from Industrial wastes

Design of optical nanosensors for toxic metals lon-Sensing detection in environments

To Fabricate optical nanosensor, we control two stages in Laboratory: To achieve the sensing assays, key ¢ nts should be considered:
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Table 1. Commercial applications of nanosensors to determine of Hg(II) traget from waste samples
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FE®H Summary FHEDZE Future Development & Outcome
® Development of optical nanosensors ® Portable nanosensor for all stages of analyses
® Selective and sensitive removal of hazardous ® Monitoring up to part-per-trillion (ppt)
® Simple Analysis and detection in environments ® Easy-handle-use in household
® Rapid response visualization ® Commercial nanosensor market
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Fe-based superconductor FeSe * FeTe

Keywords: Iron, Superconductivity, Energy
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FeSe system has the simplest crystal structure among the Fe-based superconductors, which are the
recently discovered new-type high-7,, superconductors.

Introduction
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Challenges FeSe system has advantages for application due to its simple composition and low toxicity. Here we
introduce the trial for the fabrication of Fe(Se,Te) superconducting wire.

ﬁgf_&ﬂﬁﬁﬁﬁﬁﬂﬁ Superconducting Properties ﬁﬂ' ‘".’.Ef% Wire fabrication
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FeTe, S #BIZEHEFHER  The wire was fabricated from only Fe tube & SeTe powder.

Discovery of new superconductor FeTe,_S,. 100
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The transition temperature T, of FeSe dramatically This is the first report of the observation of zero-resistivity
increases from 13 to 37 K under high pressure. current among the Fe-based superconducting wire.
FLEH Summary #?ﬂEG)% Future Development & Outcome
®FeTe. S BIEEHERR, ® HREBIZEAN=XLDARH
O FeSeDEXRLGTENPMREHR(7: 13 — 37K), o FBIEEADRER
® FeSeRBIZEBMICH VL TRIGEEROH AL, OFeSeRBIEEBMDBEREREEDNO LR
We discovered new superconductor FeTe,,S, and dramatic Elucidation of the mechanism of Fe-based superconductivity,
pressure effect on T for FeSe. We succeeded in the search for new superconductors, and enhancement of the
observation of zero-resistivity current in the Fe(Se, Te) wire. critical current density for the Fe(Se,Te) wire.

HLE4L: BEEEEV4— F/o00T7HHIN—T BEF RE

E-mail: TAKANO.Yoshihiko@nims.go.jp

—49 — amsY Nano tech 2010 HE (2010.2.17 ~ 2.19)



Introduction TAEatCL: B2

urrent Issue

&
Challenges

BEE &R OB High-pressure synthesis

BET(~10BRE) BV THRMEZER

Exploration of new materials under high pressure (up to ~ 100,000 atm)

BRECEAGEREMECER)CHRBEERO SR TR AT RIE
It is effective for synthesis of high temperature superconductors and iron-based
superconductors

tREFOSE - EREMEORBET LML,

Completely shatter-resistant system available for toxic materials such as arsenic.
"BETTRVEARTERWRIZEAN S BEE

Many compounds can be prepared only under high pressure.

HBIEE AR DER

Exploration of New Superconductors

Keywords: New Superconductors, High-pressure synthesis, Soft-chemical synthesis

BEEMEEZHIREOREGRFEE. T)UTISHHTHE. EREANTLICHE
REDLTVEE., FEICHVBIBERETIVI RV BAOBEET /NS RBE, TRILF—

*In a superconductor, electric resistance completely disappears below a certain temperature, T, :critical temperature.
* Superconductivity will contribute to solve energy and environmental issues thorough realization of power
transmission without loss, very strong magnets, various superconducting devices, efc.

SBEENLEICHAShDOICE, BFEMHOEMHRRbELLIC. JYBIFEERED
FLOBEZEEMHORRELMAESEREDRE

*For practical applications of superconductivity, it is the urgent issue to discover new superconductors with
better superconducting properties, in addition to the improvement of the conventional materials.

YIMER A RBDBEA Soft-chemical synthesis

ERMHGETOVIMMERERIEGERRICE)EER

Utilization of soft chemical reaction near room temperature.

FEEMEORE. MEORE. &

Effective for obtaining of metastable compounds, reformulation and chemical
modification of materials, efc.

-KF3/ L MR MBI B (T, =5K)DFER

Discovery of the cobalt oxyhydrate superconductor (T, =5K).

-HRBEER~OERYEN

Possible application for the iron-based superconductors.
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improvement of Tc with year. high Tc superconductors
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Soft-chemical synthesis and structure refinement of

X-ray patterns and electric resistivities of iron oxyarsenide
the cobalt oxyhydrate superconductor.

superconductor TbFeAsO,_4 prepared under high pressure..

FEEH Summary FHEDEF Future Development & Outcome

o SEAM. VIMEEERBHRBEERORRICEHTHEN o ERIEVLIBEWNT 2H T HBEEHDER. BHTENIE

Both high pressure-synthesis and soft-chemical synthesis are very effective for exploration of new ﬁﬂ'éﬂﬁa{*@%ﬁ
superconductors. Exploration of new superconductors with T, near room temperature or with very high J..

® SRBEERK. /LM RBEEADERTETHNERE o EEAR. BEAMK. VIMLEAREARNITHAEHEHILT.
These methods displayed great performances in synthesis of high T, superconductors %ﬂq’:%@%ﬁﬂ:
and cobalt oxide superconductor. L . .
Sophisticated process by combining normal-pressure, high-pressure and soft-

® SHREEREDHR(HKMRR)BEERITEVTLREARISEBH THA chemical synthesis methods.
They are contributing to the synthesis of iron-based superconductors discovered recently. ° Egﬁ > as D—:/Eyt@ﬁﬁl_cﬁé AEM)EQ#
A\ ~ el ~ A L]
Design of the synthesis by collaboration with theory and simulation fields.
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Progress of Bi-HTS (High temp. superconducting) wires
and future applications

Keywords: High-T, Superconductor, Bi-2223, Power Cable
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Introduction
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Challenges ® Bi-2223IF £ B RT1ZF TLOTLRTHY .. AR RIGERRIXIEFEICHMETHRARH

® HHEEE-EHEEOREICT LR RS BEHIRICET

WM R L OEE B EERIEAR(ERBEER A
Bi-2223 4 B4 F & M < SEE R EARKIE L1 £ ] e

Process optimization / >
| (SEFNIMS-Tokyo U.) &

100
[ High pressure smterlng

(SEl)

Current carrying capacity (A/mm2)
©
8
S

Grain Alignment

1 MlsallgnmentAngle(deg

Impurity phase particles
degrade grain alignment

Critical Current Density (kA/cm?

10

0 ] 1 I I
90 1995 2000 2005 2010 2015 2020
Discovery of Bi-HTS Year
(Mae da M 1998) SEI: Sumitomo Electric Industries
y ,

bl
H [F]
{ G
§
G,
S
-

Storage Nuc. Fi NMR
Electric Power Life Sci. & Medical
Appllcatlons of Superconductors

Suppression of impurity Ti
@ phase formation
= Higher performance o - _

4 RGRRE DOBERHPIRANRT IR Wag-Lev Train Processing Device RFD ice

FEH Summary #?ﬂEG)% Future Development & Outcome
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Molecular Electric Cords NIMS

Keywords: Conducting Polymers, Molecular Wires, Molecular Electronics
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ﬁ?%ﬁ:—ls@ﬁiﬁtﬁﬁ Structure and Properties of Molecular Electric Cord

BERSFCF L0 BEEM S F (B2 dko :
CEONBEEET AN TEAR. ChEEas j 3 ”’rj) j
1=yhELTEAL. —R5Ea—FIE(EEA), ‘ﬂ 5%
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K1 FFEII—FOERI=VIOEIERXERHEE H2 HFERI—FOBE(EREHTnm BERXI—FD1/10007 D)

Fig. 1 X-ray structure of a repeating unit of the molecular electric cord Fig. 2 Structure of the molecular electric cord: Diameter is c.a. 1 nm
HgES D ERERL 714
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Absorbance

1.5 2 25 3 3.5 4 EleV
H3 AFERI—FOBFROTE(EIMRES . a—FORIHELD) H4 BRFB (RR) ETAIVLIKE (RIR) 2B 1T HBIRARI ML
Fig. 3 Solution of the molecular electric cords under UV light Fig. 4 Absorption spectra in solution (====) and solid state (s=s1)
FEH Summary 1@%0)% Future Development & Outcome
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Binary molecular assembly for molecular superlattice

Keywords: organic crystal, hetero-molecules, superlattice
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Development of organic materials for opto-electronic devices

7
ER
>

Keywords: organic semiconductor, thin-film-transistor, solar cell

L VAT o

NEN

SEIBRUARIER T TN OEENENE DT NI R(FHIS O S, HHEL,
FRXEEROHRHIS)DBRIRETL. TOEREFHEEITOTLS,

Opto-electronic devices such as OLEDs, OTFTs and OPVs using various organic semiconductors are
fabricated and characterized.

Introduction

AHRFERE, D)V FOFBERLERLT, EaRFTHEREESFI RAHIN. &
L i EE OB REAEL BRBENSY, ChoE R LA SR EHTT 3,
Challenges Improvements of air-stability and reliability of the organic devices with high carrier mobility are
needed.

ﬁﬁﬁﬁkﬁ%iﬂ Organic photovoltaic cell ;ﬁﬁﬁﬁ F?P’)X@ Organic thin-film-transistor

KERISEATREXEBEERA7EILI7ZA EREIC L SEm &R T —DOBEER L
TI':U'?—(DEﬁﬁ Increasing carrier mobility along a stretch-oriented nt-
Development of amorphous polymer for large-area solar cells conjugation polymer
Typical p-type polymer and device structure for organic solar cells !
i > E
; -
n-type Y )
semiconductor! .« “ WAL 3 -~
: Average -
thickness
p-type x| 5 200nm
polymer L pedoteS JS f - - . 8%5 03 Bé é
SIRHAITL d:\:i::e(p'z:[f,f:ag'é;m seo"m) Highly oriented polymer parallel to the

stretching direction
New p-type amorphous polymer for organic solar cells

Schematic cross section of OTFTs
based on stretch-oriented P3HT

Gate Au electrode
Polymer insulator

Current densty (mAlcm’)

z— : ,_Au source-drain
= - = =7 electrodes
Surface murph;ogy of the device v 20 == Stretched rr-P3HT
(peak to valley of 4nm ) Stretched PP substrate %uo L 460 L 52’0 L 660 L =
Wavelength (nm)
New
polymer:PCBM  1:1 1:2 1:3 1:4
Jsc (mA/cm?) 049 113 152 215 Current flow parallel to the 27%10%
Voc (V) 0.72 0.70 0.74 0.73 stretching direction .
S 0.29 0.34 0.34 0.38 Current flow perpendicular to 8.0% 104
Eff. (%) 0.10 0.27 0.39 0.60 the stretching direction '
FEH Summary *3%0)% Future Development & Outcome
o RAMMANSKKARILTRLGABERAPEARIT—0 o kEHE. EHEFREEASE OB
BASICRTh Developments of large-area and high-efficiency organic
New p-type polymer film with small roughness for large-area thin-film solar cells
solar cells was successfully developed. OEREE. AERTHESTIEMBEINSLSRIEAD

o FEMEEFREAVEARINS O ORAOBEER LIZHY BASE
Increasing carrier mobility along a stretch-oriented P3HT was Developments of air-stable organic thin-film transistors with
observed. high mobility

HUER : RERAXBERES—RE-TRLX—MESEFSR BEEERRTL—T ZHRA
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All-solution-processed self-assembled plastic electronics
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FEDZE Future Development & Outcome
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Fabrication of Polymer Nanowires by Pulsed Laser Irradiation

SIS
« UAGNINS ro

Keywords: Polymer Nanowires, Pulsed Laser Irradiation
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Fabrication of nanostructured materials is quite important for realization of advanced electronic and
optical devises. Polymer nanowire is one of the candidates for the application.

Introduction_

YISHVOVABDR—F RTINS FETUTL— T HEEDT /714 v—8ETIE.
e IyFUUICKB VAN —AD T A—DEFBEHE T/ A—MLUTOOA v —EDESR
HEH, NNILAL—Y—Z2RAVE-HELEZIRELRREES,

CLEUEEEF  Current fabrication method of polymer nanowires = Porous alumina template
Damage of the polymer materials (chemical etching) ( X )Size control of the wire.
BAFT/ 74— DR RERR ERFFT/ AV —OEFEMERR
Time-resolved observation of polymer nanowires TEM observation of polymer nanowires
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FEH Summary FHHDEF Future Development & Outcome
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Development of nanoprobe sensor to detect/identify single molecule

Keywords: nanoprobe, tungsten oxide nanorod, Raman scattering
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Detailed information about molecule is needed to understand functionality of biosystem in nanoscale that
is constructed with highly organized molecular assembly. New sensor is needed for obtaining detailed
information about molecule with high spatiotemporal resolution.

Introduction

IYUBEDEEHREZAV-ES FRHIIBMES FOBRE. BAZRIEICT 2HFNEFH
THAIN, WHEHROBHRME., REMICHELH S,

OLEICIE  Enhanced Raman scattering makes it possible to detect/identify single molecule. The problem to solve is
reproducibility and stability of large enhancement effect.

Current Issue

== Raman scattering from $ Application to
ﬁﬁ?@??/ﬂﬁ single molecule / \'rj-l;sm bio-nanotechnology
Bt AT+ /0vRERN: EERTIILFIO—T BEMEERITE
F/7a—J e Y—E R A EHE T, HRAEEERR
Nanoprobe sensor with tungsten suboxide nanorod was developed Cell odyssey project by combining with scanning

multiple-probe microscope

Optical microscope image

Scanning probe

Fig.1 Optical microscope image Living cell
of WO, nanoprobe sensor

BEoFhoD5T U EERBMEEL THRETHE

Stable single molecule Raman scattering was observed for long term

'Lr%?\lecule .
j\g“ p "m

3D scanning

£ |

e (sacanay

Fig.2 Blinking phenomena of Raman scattering obserbed with Fig.3 Application of WO, nanoprobe sensor

WO, nanorod probe in 1nM Rhodamine 6G solution. to bio-nanotechnology
FLEH Summary #?ﬂEG)% Future Development & Outcome
O MLAV T RATUF/AYRERNT. RELTHS F% ® LUSHEDHFICET HRBEBS FLANILT. HhD
‘i, BATES S/ TO—T oY —E{EEL, ERESRETRAHDOIYT N EEHRDOER,
Nanoprobe sensor with tungsten suboxide nanorod was developed Further larger enhancement to detect various kinds of molecules
that make it possible to detect/identify single molecule stably with single molecule level and high time resolution
0} /70—Jt Y —[FERTEMEEHICEETE. o EEX I FIO—JTEMBERMEMAEHE. EiF
AFICHATIEREEEM O RETRI LN TES, IS RHRADEER TR AH = X LEEH,
Nanoprobe sensor can be used as scanning probe, detailed Applying the nanoprobe to investigation of living cell by

combining with scanning multiprobe microscope technique

information about molecule is obtainable with high spatial resolution

BLEL: BERFT/T—FTIF=ORAHRRR(MANA) F/H#RERET L—T Sl AiE
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Room-temperature Solution Synthesis of Lumlnescent Nanoparticles

Keywords: Si, Size-dependent light emission, Solution synthesis
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An optical technology requires the nontoxic nanomaterials emitting the high-intensity light in the

1) EEN—AROEVERERICHT IR A ZE—TRETH/A— ]

Nanoparticles emit the light at the predefined wavelength in UV-visible region.

EELCEREZESIRFENODEIEER IR |

Highly luminescent NPs: nontoxic, environmental-friendly, and rich in resource.
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Future Development & Outcome
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Safe handheld Far-Ultraviolet light emitting device

Keywords: Far-Ultraviolet light emitting device, hexagonal boron nitride, RoHS compliant

EEN BB CRE 28055198 nm) DXRIE. RIFFXME DS RLE L, BNERE

[ BEIZIELFEHLN TS, LHL., REERBES L TRRIFEYELIL LHEHKEBLRED
T BEEPEZEALTEY. RETHEVLPOTUOFHLLLRESROSN TS,

" Objective: Obtain a handy RoHS compliant Far-Ultraviolet LED (Wavelength:198-280 nm)

KERBEDEENEEEDOEVR LR BERT OB,
unen SN ESIR G TR SRS P E R S F AR

Challenges Development of Safe FUV Light Emitting Device without using Hazardous Materials
Try to make a Handheld FUV Light Emitting Device

FTFEELEENRAEME pevice structure Tz EMEREIATBEZ FE LR F1ERE Output Spec

ARFOERKRE =FEB
FED(Z4—ILR"IIVATARTLA)DE
HEEFERENEAMBARARBEERDR
BRI F TR

”-:-* il
?ﬂ_‘ll _-‘f 1o Fi=rER
o | I we 5 | :
22 ] = P |
# | _II_ —_— 1 \ K;EII:EIjjOZ mW s
_-...‘-._.'_éﬂ." lﬂlll i . ‘

Boron

oo 8 B HERE)
Device structure . 22 FUVILIR

*Similar to FED (Field Nitrogen — *oT-—— ——
emitter Device) ;
*Hexagonal boron

nitride (right figure)
emits FUV radiation

*|_ ow consumption !
*Dry battery driven device
il -High stability

ol -~ 220 nm output

FLEH Summary #?ﬂEG)% Future Development & Outcome

o RABEBIARIREHERICAV-ERENRELET O SHITEMELRENRELRTFORRE. REFGTEENY
Safe FUV light emitting device based on hBN DEVWHRF(Fm1 HEFELL)

® FEH 102 mWCGRE220nmik A D H k5 ) More efficient and More reliable device !
Stable output power (0.2 mW @ 220 nm) O FFNHHAEEMNLI-HLWLIGEBRAEDORH

* REBEB T AE(EHREN) Developing new applications for this new FUV device

Dry batteries capable device

BHYuER: XMBtE 59— ABEREI LT BB KA

F/R—VHREFSR 20E. NEWFIR(GE) 240 2R, FHL AE. = #&X, b& @
E-mail: WATANABE. Kenji.AML@nims.go.jp
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Colloid Photonic Materials
with structure color sensitive to environment or external stimuli

Keywords: photonic crystals, hydrogels, artificial opal

YITT/O MR FOIRTRAMEIEENSEDHAENT-. BH—EOE S FHH.
HHEENBEETREL. B -IE-ERICIYRBRENEILLT S,

Polymer materials embedded with submicron particle arrays whose structure color dependent on their
swelling volume or shape.

Introduction

, EH, RE.pH. FELEMELGEZRBDOELICE S TRETS. LUV THHELT
e OFIANRE,

Challenges Expected to be used as sensing materials which detect change in strain, temperature, pH or
concentration of specific chemicals by their color change.

FaRE sot:E]é?u?étéﬁor NAFOS)ILFR Hydrogel ISAMY—F Elastomer

WHLF D B EIEE DN T Y DBraga R 571
FURBT D, RETERITEREMICKY
TSR R RS DEE THETES,

Hydrogel film.

y 3 Color change by SEM image
Bragg ' stretching. .
reflection

< 100 LI B B R |
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g | .“ ‘ .
E 60 - -l
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&= 20 ol % 0% T —
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g 0 500 600 700 800 900

Wavelength  (nm)

0% 90% L ——————

Color change as a function of EtOH conc.

2
g

FL& Summary FHEDEF Future Development & Outcome
o KEFECHE MMEDH KBIFICHI, 0TS - AR A RN DEVEREE D S EE
HFHEG RYRFL or LA, itk :100~300nm WN—FBEIRMBRESROEEEMH,
HSIL R FHOYLTIRGFELK, ISANR—RYSAFLIYa—r o ERTkERALE-7IUr—avh, BE4E
SX&tTI Bt Braggii & B8 : 350~ 1500nm BICILA B EFHATE,

BFROEE:100~200u(HA L) . <10u (TS AR —RR)

HYER: AMEtEVS— XEBWHBEIT LT FH M. FRF &

E-mail: SAWADA.Tsutomu@nims.go.jp, FUDOUZI.Hiroshi@nims.go.jp
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Color Electronic Paper

HIMSl

Keywords: Electrochromic Properties, Electronic Paper, Smart Window

Current Issue

ISHL TR -REREFRT S

&
Challenges

BEHEDA—IEEREAA D DERETHDS

AWED1—ILEERBAAVEMYBRA D ETRABREEYHT S EATHE,
RROFHILIIOYOIVOYHEERGY. AR OBWEZLZHFDOEDT, YR LEES

The polymers can develop various colors with different combinations of the organic ligands and the metal ions. They
have higher stability for repeated electrochromic changes than conventional organic electrochromic materials, because

the structural changes in the organic modules are not accompanied during the redox in the hybrid polymers.

BEEZEETILFAT—RRTEIHMHERN =T /1 RBH,
BFAR—/\—ORRART A DIEAEREFIZ,

B/ SB/\A 7YYy RRUIT—ZAWNWT, 101VFHAX
DRRTINA R RUOBEZZEASIET, 52DNF—UH
RRTEDT/INA ZDEEICAEIN UTco AINA T U w RIRY
=Tl RUY—BERIC2BEOEEA A VEEEAT S
T BBTAIALTHD NS, BEEXZEZDIETIED
RIANTEZZEZRBHLTRED, S TN\A ADEFEIZE
BURLEER VILFAT—DNRRTEDZBEFRN—/\—DFED
ERENEFTES,
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I.I\-II!' & Meinl iom

929 — 92y

J
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Bl NATYYRRYR—ZAW=ILIrAIaSv T R(R
Electrochromic device using the organic-metallic hybrid polymer.

* ERMICHBEANETEIAW/ ER/N(TUVF
RUT—DBR%K,

O HWEDA—ILEEBAA DA EHETERLEE
METRE,

® ZURLEREICH T S BN -REH,

Chgaas- L gt podp e

~3 &
=
Orpanio meadks {j’ --‘ )

HYUER: BRI/ T—IFTION=HOAWARR A (MANA)

We succeeded in fabricating display devices 10 inches in size
and devices which can display 5 patterns by changing voltage
by using these polymers (Figures). We have found that this
hybrid polymer can display 3 colors within a single layer film by
introducing two kinds of metallic ions into polymer chains and
by changing voltage. It is, therefore, expected that research on
electronic paper which can display multi-colors within a thin film
as the device will be developed.

=]
'."': .'.'1' - lﬂ-— ibi— 'ie

-12%

A 13

E2 TIFhS—ILYbA/azyyIT (R
Multi-color electrochromic devices.

’H;E@% Future Development & Outcome

O INFHS—BFR—N—LBEORMBRTA AT LA

o FAFEMDHESSIZEHhE TENAEEZEZILNDE
(RR—F942E)

wo &%

E-mail: HIGUCHI.Masayoshi@nims.go.jp
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We have fabricated organic-metallic hybrid polymers via complexation of organic ligands with metal ions. We discovered
their excellent electrochromic properties and succeeded in applying it to solid state displays. A series of results suggest a
possibility of applying the hybrid polymers to energy-saving devices such as color electronic paper or smart windows.
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Development of Diamond Deep-Ultraviolet Sensor

Keywords: Diamond, Deep-ultraviolet sensor

ERORE-RUGEFREFZHRTI-OIC. HEMEOHAEZERE QEITRH
THME-BELE Y —ERFET S,

In order to keep a safe and secure human society, a portable photo-sensor with high sensitivity and
fast response should be developed for sensing fluorescence of toxic materials.

Introduction

KERRICEENLER190~280nmOFEEIMRERMT 5T+ Y ORR
WOREE, ESREORMEF v 7RERERASIUE L T FBOEE

Development of photo-sensor for selectively sensing deep-UV lights with wavelength of 190-280 nm
not including in solar radiation.

Understanding of photo-carrier transport mechanisms and sensing physics

&
Challenges

FAPEUFREMRE Y LR SR KIS~ D
Diamond deep-UV sensor and flame sensing Application for observing solar radiation

- BEG-FR-BHRESEcELD s RVF—KBS1IERALYLA) TAD I+

. {Eiﬁ?a‘l:] c A4V EVFRENBEOYERAERATE
(=
. XA s 5 LI R
e
-
*ﬁ%a

---... )

ABRRMER Satellite for

observing solar radiation

FAEVLRENBEY

Diamond deep-UV sensor

HAVEVFREN@ELY  Diamond deep-UV sensor

HALREBEIRRKRI VT ORT A

Diamond Flame Sensing System

o XA NEY FREABEUVYEAVERRELYLRTLDO O EARAOXMEF ) 7HREARKRAL SV TFH

FEDZE Future Development & Outcome

RIS DWE
Success for development of flame sensing system using diamond Understanding of photo-carrier transport mechanisms and
deep-UV sensor sensing physics

* SAPEFRRNABL Y ERAMBRMATEDITE LIFICRT) © FAVELRILIMAZIR & TH =) ADBRRIEE~DER
Success for launching satellite equipped with diamond deep-UV Contribution of low-CO, emission society establishment by
sensor for observing solar radiation diamond electronics & photonics

BH4EL: oY HRtES— PR VTHRIN—T D BER DR BT B2 F B3

E-mail: koide.yasuo@nims.go.jp
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Transparent & High-strength Oxide Ceramics

Introduction,

urrent Issue

&
Challenges

FEASHEETILSFT  Transparent Alumina

NIMS INIME v NI
Heating rate, Porosity, Grain size
; SAE, M ———

FIRRE.

BHHERERIEYMESSY IR

HIMSl

Keywords: Alumina, Magnesium aluminate spinel, Transmission

FIMRE. FEt B LY AR EANCRARRLEASHRERIEYESIVI ADRE,

Development of transparent & high-strength oxide ceramics applicable for IR window, watch window
and highly refractive lens.

FREEGE RETSXAIPEEICLDERATIITELCEHRERILOES,

Fabrication of transparent alumina and spinel ceramics by controlling heating rate during spark
plasma sintering.

BRASHEERAERIL

Transparent Spinel

Heating rate, Porosity <

FRRE., =AE

Transparency _ Strength, Transparency
BEE ME. EHE

50

40

30

20

In-line transmission (IE##:&1@&) / %

Fine microstructure and high transparency at low heating rates\ Dense microstructure and high strength at low heating rates
06 600 15
g B
L,
S 500 R
05 @ = L] g
£ 0 18
o = <
N = =
04 @ 5 300 . onal <oinel K
*ﬁ % nonven clona spinei ﬁ
HERZERIL 3=
3 % 200 I 0s £
03 = 2 §
3 2 100
[
Sintering at 1150°C m Sintering at 1300'C
10 1;0 02 o1 10 100 ®
Heating rate (FR#EE) / °C/min Heating rate (5:8:& ) / “C/min

ESRETILEFOESE 450 MPa 2 850 MPa
High strength alumina

® SRR HIHIC R HBEAL B U R AN

Densification and grain-growth suppression by controlling

heating rate

o SEH-BHMETIIFTHLIUVRERILOER
Fabrication of alumina and spinel of both high transparency
and high strength

WHB#REE fine grain sizes (#i1%:0.4um)
BRESEHERDEI0%

#?ﬂEG)% Future Development & Outcome
® BiE G EBRNDIO% U EDBHT LIS R

Transparent alumina with a 290% transmission of single
crystal

® HZ100nmEL T DFEBHF/7ILEF DIER
Transparent alumina with nano-sized grains

HYER: F/E53v9RtU8— RERRERIN—T & W3

E-mail: KIM.Byung-Nam@nims.go.jp
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How to produce high-quality films? “Nanosheet™The solution

Keywords: Nanosheet, Micro-epitaxial growth

RRUAREXADERRLBEFT /M AOEREEL - Hitagb-/pEE-BEIEICE.
ERECHEEEISV I ABRSROBESAVDERAR,

Ceramic devices (Semiconductor, Electrical, Optical, Magnetic device etc.) support today’s
information-intensive society. » High-quality film deposition is demanded.

Introduction

—REHER(FT/O—NES—FIZAV=. FERE#EEORR

L B EiRICHESLL A R ORI - S, ERAEA DK

O LIIREE  Development of a novel way to realize precisely controlled film deposition of various crystals
using nanosheets as a seed layer.

Concept of “Nanosheet Seed Layer” | Innovative crystal growth on nanosheetsl

High-quality | JUe = o) . single Crystal

B Single-crystal E Anatase (Ti0;)
Nanosheet |
- STi0;.

I|ke surface
g1

Room-temperature ! Drastic
. improvement

B Applicable to flexible
substrates ! (Plastics)

Micro- emtaxnal
growth !

4
>+
77
P
INE
€&
Z .

Single crystal substrate , Plastic substrates

WaKious Nano-scale interface modification
by 2D-crystals

q@ ¥ Wide variety of

nanosheet structures !
2D-square
(Ca,Nb,0,,) D

-_

QZD-hexagonal (Mno,)

Various functional

. 2D-rectangular
films

(Tiy 50,)

FEDZE Future Development & Outcome

e HFRERICEIERHEGCRKRARRERR o TEHDERIEIEAHDFEMIIT RS E S LEREICT
Nanosheet seed layer can promote high-quality crystal growth AEMTORFEE. ThZFALEH-LEEEE ORISR

¢ ZRTHORBIOERICKY, SEEFLEM LICHEBTEE  Development of simple & versatile seed layer technique
Simple inexpensive wet-process deposition at room-temperature ~Any place, any crystal as you want~

® BRI HEIE DI REIE RS R EIRI B A T Ak

Seed structure can be easily modified by selecting nanosheets

HEEE: EFERWRBM(CYS-MANA) HH Hil

BT /73T AR (MANA) YO MERITN—T tho X Wk
E-mail: Shibata.Tatsuo@nims.go.jp
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Large scale synthesis of highly pure BN nanomaterials for highly
thermo-conductive insulation composite materials

Keywords: BUL\RMZEME, BBESHHE. BNT/#H

BEUIBFT /A ADFaEEEECHI ST ELRERUVRERFTH D, £DT=6H.
=iMeE. EFERERCTERUVESRMERIEEE I HRUT—EEMENERESh TLS,

Heat releasing has became a key limiting factor for lifetime and reliability of electronic devices. In recent years, the
development of polymeric composite materials with high thermal conductivity, low coefficient of thermal expansion
(CTE), and high electrical resistance has attracted a great deal of attention.

Introduction

T BN /HEEEV MR SRS HRERERT B ORBNET /745
& —I22Y1T 5. BN/ HBEOXBRIREH. EEHHOEEZBEL TS,

@ISR BN nanomaterials can be ultimate nanofillers for development of highly thermo-conductive insulation composite
materials. Challenges include large scale synthesis of BN nanomaterials, fabrication of composites materials etc.

BN /%3 BN nanomaterials BN F+/#&#%¥ BN nanocomposites
ERCEHERESHHAS /045 — BN+/Fa—J/RY7—avRIyb 4
Potential fillers for highly thermo-conductive insulation BN nanotubes/polymer composites + 5
composite materials r JJ
Potential Thermal Band  Price Remark }TE
Fillers conductivity (W/mK) gap (eV) (¥/kg) {r\ &
ALO; 36 ~7 450  ForlC 2.
Si3N, 45 =5 1000  For power
AIN 60-200(exper) ) 15000 For power
320 (theo.)
h-BN 60 5.5 25000 Not applied
— 3000
(Single-walled, theo.) 5
nanotubes  200-300 > - |[fNovapplied
(multi-walled, exper.) —_
BNF/Fa—TJI & 58 EM DORINGHE
BNF/Fa—TJ/F/HF Dramatically improved thermal conductlwty by BN nanotubes
BN nanotubes/nanospheres 4

- Pure paolymer
M Coomposiles

1.1

bubes PRMAGES nanalusus

F &8 Summary b 5|EG)-§- Future Development & Outcome

2

1

Theresd oty (WAed]

a

© J S5 LB TBNS /Fa—T/F/WEFEHLE: o XIS LEMTBNF /HBEERHTS
Grams level BN nanotubes/nanospheres synthesized. Synthesizing kilograms level BN nanomaterials

® J45—LLTOBNF/Fa—J TRV IMEEREFT © BZEH3I0 W/mK UL EDMIFEEHH DOBAFK
AiigE e ERREL: Fabricating composites with thermal conductivity more than
Highly thermo-conductive insulation materials fabricated 30 W/mK

using BN nanotubes as fillers.

HYER: EERT/7-37IM:IZBRBR(MANA) i /EEMEI V-7 X B, IKE R

E-mail: Zhi.chunyi@nims.go.jp , Bando.yoshio@nims.go.jp
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Development of Nano-lonics-Based Switch Devices

NIMSl

Keywords: Nano-ionics, Atomic Switch, Nano-electrochemical devices

Introduction

urrent Issue

HESHERBIEOMRZEDHTLVS,

&
Challenges

scale (nano-ionics phenomena).

[RFRAvFDERF
Development of Atomic Switch
21EHEOEFRI+F Two types of Atomic Switches

Fow 28! Gap-type

—r - iy REGEEEK

&
- Mixed ion-electron conductor
OO /

=

microfabrication processes

S8 Junction-type

Au/PHTI
cu,s
T Cu:§

4X 490 N—24 Y FEH
4 x4 crossbar switch circuit

(EEMRIEHY)

El#&5r Xld1/30IC, ONIEHIZ1/40ICiHES
The circuit size and ON resistance reduce to 1/30 and 1/40.

F&® Summary
o NATHMALBEDEEEENBER(YFDREIL

Demonstration of switch devices with high scalability,
simple structures, and low-power consumption

® RFMHELTHILMMSEIEY, R)T—~

From sulfides to oxides, polymers as the matrix material

o J/HEbIckBERER L

Improvement of the performance by nanostructuralization

EVFEFPRENSLENRT A AR MORREITHT 5101, FILLVEZTEES
SEHBEAN OBMEELT/T/NAADRAEAKRHLN TV,

To overcome the limitation of current semiconductor device technologies, developments of

nanometer-scale devices based on new principles are required.

F/RT—ILVOBEKRBRICERE (F /1A= AR EF AL [RFRMYF OB

We are investigating ‘atomic switches’ based on solid-state electrochemical reactions in nanometer-

RFRAYFDLZHEEL

Multifunctionalization of Atomic Switch

FFMEIOIET Search for Matrix Materials

BLMERVERFRIVF

FIT—2RAVERFAIVF
Oxide-based atomic switch

'_':“T.. T "°"m”'bﬂsed;omicswuch_
i LS.

]

: i r— B g
" i 0 ot - BEEEMEA
.? ........ ™ it :'ﬂs:m.:; " . #gﬁt‘f‘; ;gi‘_j‘:u Increase of the operation voltages TLESTNRLYFFINAAANDIGH
nitially realized with a scanning - <l Vi 3] . . o . N
—-l_” funrcling mictoseopt. (ST Atomic switches prepared by ANAVFINLAEDRE Application for flexible switch devices

Hybrid with silicon devices

+/#&#54t Nanostructuralization

SABEPNIFRICERLLE
Ag,S/AgF/71YTLA
Ag,S/Ag nanowires fabricated
in a porous alumina template

SHRLEBETF /ATy FADIGH
Application for integrated high-density nanoswitches

FEDZE Future Development & Outcome

® RS /AAZORTINAR(AEY, Bithh, Fv/304
RE)DERF
Development of new nano-ionics devices such as memories,
batteries, and capacitors

o FEMEETL OMEEBE~ DA

Application for artificial neural circuits with learning abilities

HuEA: E'J‘ﬂ—%‘-fﬂlﬂﬁf?%ﬂﬁ(MANA) RFILIMZIRY -7

M #. 5B —. B8N R.75H EM
E-mail: TSURUOKA.Tohru

nims.go.jp

nims”  Nano tech 2010 HE (2010.2.17 ~ 2.19)



Development of Functional Oxide Ceramics through Designing
Grain Boundary Nanostructures

F/RRBHIS SRR s R 08N, JPUS
NIMS

Keywords: oxide ceramics, grain boundary, high-temperature matter transport

B SBEEN SMEE-BEESIVIRITE VT, TORBEFERMRDOEE -1

FHAREICEURTET Ho TD-HRE. HF T /BEICEBL-MHBRENEELL S,

Physical and chemical properties in functional/structural oxides strongly depend on nano structure of
the grain boundaries.

Introduction

HREHAOT /BELYERERRLOBBERR, F/HRRF B SHEERS
L SO HOHT- GRS RS ORI E B EL TV S,

@IS This research aims at obtaining an essential guide for designing multi-functional ceramic materials
based on nano-scale structure of the grain boundaries.

s grain boundary nano-struc- grain boundary nano-structure
F/RRETORI VYT ture and processing T/ ERRERR and properties
n .+ * + -geg Relative density of 1mol% " .1 | Stress-strain curves of -
o o S cation-doped Y,0; as a § e : tetragonal ZrO, polycrys- >
e a _ .« function of sintering tem- x| | tal (TZP) and Ti-Ge co- 4/
i1 o 2 perature. i | doped TZP. T?E
= 2 e 1 1%
i g - = Z .
|
5 ™ W eEd me Em  EEm
I RAL §TEamy
| | i Elongation to failure
) Fom b gieamttis W versus testing tempera-
I i
SEW Images of undoped g o [N ture in TZP and Ti-Ge co-
and Zn-doped Y,0;s. | 1 | i \ doped TZP.
% ‘”] ‘ :r"”’;fr
C "J_‘__'__,__;r" Schematic of chemical
| bonding state in Ti-Ge

i . T TN LA e I I
High-resolution trans- LR e co-doped TZP.

mission electron micro- :i E i B
.. scopy image and nano- -
probe EDS profiles for ﬂ F |
N grain boundaries in Zn- 8 " -.‘ 5 " ——
s doped Y;0ss. STEM-EDS element mapping D
= image in Ti-Ge co-doped TZP. # ® & ® .

#?ﬂEG)% Future Development & Outcome
® S /HIRDILFEMEEHEH MK SISV IR D BEEEE X ® /R EELYERERREOBEEICDLNTHERA,

&=k, Sinterability of oxide is highly improved by Elucidation of the relationship between GB nano-
the controlling of grain boundary chemistry. structure and matter transport through GB.

o S /RIRDBEHEICEDE S REMAEZT DA O tSIYIRADERFE (SHE. MEM) ITHEM- L%
IHIZA DN, Tensile ductility can be highly |mpr0ved M EESSE-MEORIE, Designing multi-func-
and superplastic temperature can be reduced through tional ceramics where excellent mechanical properties
designing of grain boundary nano-structure. are integrated with optimized properties.

HUER: F/€5399REV49— BRARERIV—T HH Hih

E-mail: YOSHIDA.Hidehiro@nims.go.jp
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Semiconductor Nanowires for Next-generation MOSFETs

Keywords: nanowire, doping, Raman scattering

Q@1 RFTABEMNSRDFBRT /04 V(I MBELNABEEETHIXRMERINSOOR420D
Introduction 4 RLENEHH

V @zoitibisETHmE—CL TN EE

F—/\U MR OREZNFEICLCEHE S 50N EELERE

Current Issue

Chalfgnves Ramans3 JeEIZ &Y. /04 VDT MY DS - EFIREBLZERICHL,IC
4 TEBFHRERL
SiF/ 74 DR Rl T —E> S L5
RETHMEEHTOIRMRISOOREDET STV REERALE-EEEEERT
- BN SEEICSITT/TAVELR YA X%EH B FTHMRFORSEBBIVESRNES
AL TH RSB HBMBE (Fig. 1), BE% IR - e C R B (< AT T B
TEHE EEiod 3t

Si (Ge)yF/24%
sF—rRm L

@ "'B: 618 cm™ i

’ elylﬁ\a

Intensity
Intensity

"8: 643 cm”

LGSi

500 520 540, 560 600 620 640, 660
Raman shift (cm ) Raman shift (cm ™)

Fig. 3 Raman spectra observed for B-doped Si nanowires and bulk Si.

DEFREINTA—R=2Y: F/74 v DEZEOFH
F/T7 1 OEHEDOBVIHMEK - T4/ VEALRAH IR

QEBRBHI~NDIO—F=24F: BOESRELE O
ERNISERGBREDEREEITIER-- I7/HR

@618 & 643cm?! E—%: BOFHEERIEDFER
BI&Si#RPIHFHE BREREE—Y

Fig. 2 SEM and TEM images of Si nanowires.

FLH Summary H;IE(D% Future Development & Outcome
o ST/ AV DEER R M EREL o RIS T R DORH

fili¥ X IECVDiE RISk ERIT TE—F/ 71 OREFEDEIR
S ——— . i:;é%gr/vﬂ'é&emmu:ﬁiziumaw
© IV ARITL ST FYPRAEET il 5% FEL o Rt RABE B L ULiA 4> B EBAME~L R

BERBE—Y - 77/ £BOBAIHH THY
BL4EE: BRI/ T—FTI/M=IIHARRKR(MANA) ZRE BH

E-mail: FUKATA.Naoki@nims.go.jp
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Nanoporous Materials ’,
NIMS

and their Multiple Functions

Keywords: Nanoporous, Fuel Cells, Adsorption

Nanoporous silica materials are quite interesting as they exhibit high surface area,
IRt large pore volume and tunable pore diameters which are critical for various
applications including adsorption, separation, fuel cells and catalysis.

Nanoporous silica materials are not stable in water and possess poor thermal and

% mechanical stability which limit their commercial usage. The challenge is to create
Challenges nanoporosity in carbon and nitrides which are quite mechanically stable and can offer
different functions including adsorption, separation and catalysis.

urrent Issue

Nanoporous Carbons and their Applications Nanoporous CN and their Applications

Novel nanoporous carbon materials with different 4
structure and their superior adsorption capabilities 7/_ j/_
Surface area: 1500 to 1600 ml/g Sux S H lib() to 1600 m’ /g 5- *%
Porevolume: 2.5 to 2.9 cm®/g etert4 (09 nm, } \“ ME
» =
A -
Nanoporous carbon nitride with Nanoporous carbon nitride with
linear arrays of nanopores hexagonal pores

Nanoporous with CN
framework: high surface arca;
large pore volume, controllable
structure and pore size .

Carbon nanocoops p(CNP) prepared from  Nanoporous carbons with rod like morphology from the
3D nanoporous silica template nanoporous silica template prepared under static mode

Highly basic surface sites which
may be used for capturing CO,
molecules and positively
charged toxic molceules or toxic
cations.

CNC showed excellent selectivity
in the separation of green tea
components

carbons P carbon with curved
from AISBAC1S shaped morphology from NbSBA-15

|5 B ahmi s e

Emprden Tien jTin

e

“Carbon Nanocage™ (CNC) with o howed d Synthesis of caprophenone using nanoporous Tranesterification of beta-ketoesters using
nanoporous and cage type 3D structure: NP ghowed superior adsorption carbon nitride by alkylation of benzene: 100% nanoporous CN nanoparticles with different
capability for proteins . : .
High surface area and large pore volume selectivity and high conversion alcohols

35 &  Summary

FEDZE Future Development & Outcome

® Carbon Nanocage and Carbon Nanocoops with ® Nanoporous carbon nitride materials will be applied
nanoporous 3D structure have been developed as an adsorbent for capturing CO, molecules

® The above materials showed excellent adsorption ® Nanoporous carbon materials will be utilized for
capability for proteins and dye molecules capturing toxic organic molecules and elements

® Carbon nitride with nanoporous structure and high ® Nanoporous CO, eliminator will be developed.

surface area has been discovered

BEER: BERT/7-37/0=0ABFR R (MANA)  Ajayan Vinu

E-mail: VINU.Ajayan@nims.go.jp

— 69 — amsY Nano tech 2010 HE (2010.2.17 ~ 2.19)



4
>+
77
P
INE
€&
1 .

Theoretical Analysis of Electron Transport through
Nano-Structure Materials

T/ BERDEFEERFIED SR ERT 2%

Keywords: Theoretical Analysis, Electron Transport, Nano Structure

MEOKESHT /YA RITEFTINEKBEHEEFHRICE-TIIALYF LT KRECR
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BHBABELZTTEBET A RARFITRSEHFEATLS,

T EF-ERORIEVCESEMEOMECHEETAYT SERHEE. REOFAL
MEEERL. FHISEES ST O EEARBERET, FABSFHREDES
BB ER ONEREEDH T,

&
Challenges

SFHAE2HP— Molecular Gas Sensor SFRARAYF Molecular Switch
WEHADEEIZIGCTERODRESNEILT S5 DFADOBEELIZKY., EFREN100fELIEE
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H—ELTHBET A ENHIF SIS, ELTHEBET BT EN SN D,
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TERD-BE (V) BRI EILT SHTF BERT OO IHRELTRIET ST
F & Summary FHEDEF Future Development & Outcome
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Detection of Biomolecular Recognition Using Bio-transistors NIMS

Keywords: Field Effect Transistors, DNA Sequencing, Cell Functional Analysis

E i

F /A AA B ERIET SHEO—BELT, FBEME T/ REEES oML
A EDREFHLN LA T AL ROFREEDH T B, EHEOBORENLH TR
NIy K62 BRIESEL TR TS 516, INE - BELR RS FRITY T LIETH 5.

We have been investigating new biodevices combining semiconductor materials/devices and bio-
molecules/cells, which would be suitable for a miniaturized analytical system.

s —FERMDENS> T X 4(Field Effect Transistor, FET)D4 —k £ TH 2 4K
““e‘glssue AFREREET AU THLEY, ERSFOBREZEERHTHHLLAXD
Challenges —IBE SRR DNAS—7 2200 RUMN D RAR—4—@irE ML=

A new methods for genetic analysis and transporter analysis have been developed by designing
biomolecular recognition reaction on the gate surface of field effect transistors.

BIEFREIT Genetic analysis FS2RR—B—RIT Transporter analysis

Gate area

I L]
Sample solution el w0 e
II hasphate butter sauton Transporter

Genetic FET Reference FET

Cell membrane
Nt \caimo
i, - IR

pHe.85
0.025m

& lon pump
o Charged species
o] l I® ‘ Gate insulator |
E.Iecursurm '"t:ralct'm bet.wese." * Fig. 4 Cell-based field effect transistor
iomolecules and electronsiin Si. A transporter, hOATP2 is expressed in the cell membrane of oocyte.
Increase of negative P2

rone-3-Sulfate

charges as a result of ¢ oocyte  (ummnor ptide 2) Est
substrate (E3s CWH“OﬁSNa)

1 DNA sequence extension reaction

[to be analyzed o [R——.
dATP dGTP Transporter-expressed oocyte /\\l ‘/ ’\
= =

Xenopus oocyte

cell
| RNA no expression
njection

Control Oocyte
Transporter-expressed control

Wild t
No Oocyte ild type Mutant type Control

Fig. 2 Single base extension on the gate of the FET

s, N Sy

S0 600 0 000 ©0000 i i il
DNA probe 5-AGATATACGTGCCAGGTGGAG sl sl s s S0
Targgt DNA 3-TCTATATGCACGGTCCACCTC-5'

5-CCACTACCGGGGCACGT

3-GGTGATGGCCCCGTGCA-5 R 10
A

I

E3S concenlratlon @ Wild type (OATP-C*1a)

Threshold oltage shift (mV)
o (4]
[}
(7]
a
Q
o
>
Q
o
Threshold oltage shift (mV)
Interface voltage (mV)
o B
. T
e
Interface voltage (mV)

wW|CAGTCAGTGCAGT : ? ? T’ ? "\ f 'f' <l> A f T 51 E3S 100mM s {injection © Mutant type (OATP-C*15)
L T e e e ) ' ® Control
GGG
T c A c o
c
I -Im Bowll
(a) Hereditary hemochromatosis C282Y (b) Factor VII R353Q OF"‘ o © © @ 1
Fig. 3 Example of DNA sequencing based on molecular charges s 2 @ 60 &
2 Time (min)
DNA sequencing is realized using single enzyme with no need for fluorescent labeling. (a) Kinetics of E3S-uptake (b) Discrimination of genotype

Read length is about 10 bases, which have to be improved. Fig. 5 Noninvasive monitoring of transporter-substrate interaction

FLEH Summary #?ﬂEG)% Future Development & Outcome

® DNA sequencing can be realized using iterative single ® Development of DNA sequencer based on biotransistor

base extension on the gate of bio-transistor. ® Miniaturized and sensitive analytical system for

® Kinetics of transporter-substrate interaction at cell biomarkers in clinical diagnostics
membrane can be monitored using cell-based field
effect transistor.

® New information processing system combining
biomolecular recognition and integrated circuits.

HuER: L@EHEEVS— ER #-.5E M5, 68 EER,

* A FIIE, * o T, *WH KL (x FRXEXERILATERHR)
E-mail: MIYAHARA.Yuji@nims.go.jp
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Live cells-based cytotoxic sensorchip fabricated in
a microfluidic system

NIMSl

Keywords: fifaEtE /&£ H /7 /i TH i

ERMBOFENN -T2 EFTMIBYREBRTITHOIED, ARAMCEHNEE O SREL
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Introduction

HMRSHICHET SREFARAIVF(TOE—S)ICHKIVN\VEDRGFEEELA
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urrent Issue

&
Challenges

-Izy'ﬂ'{ﬁlﬂﬂﬂd)ﬂsﬁlz Construction of sensor cells t)ﬂﬂﬂﬂ&?'f 05 ﬁ,?c"rf,?,[,ﬁﬁﬂss';sfem

{ |FIuorescence proteins|

Promoter (Switch)

ection
Animal ceiln >

Sensor Cells

9 ug/mL CdCl,

4 pg/mL cdcCl,

e N
SEe T

R
.

for 1hrs

0 pg/mL CdCl,

o1

Luminescence
| Fluorescence

Figure 1 How to construct censor cells.

~
—

Figure 2 Live cells-based cytotoxic sensorchip fabricated
in a microfluidic system.
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FL& & Summary
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FH3EDZFE Future Development & Outcome
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Photo-responsive materials for cell patterning and
controlled drug release

MR/ E—=2 5 LEEFIRH D= DI 2t 5 ',
NIMS

Keywords: #ifa/\2—=2%, DDS. 34 f#(Cell patterning, DDS, Photocleavage)
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DICCUIVY o 3 8 (DB HIZE H T8 IC B A IR 53 2L, BRIORERDER
FONRBEOERICEE,

umlg;ssﬁe o NBHIZHLTHIOEENEILT SEEEH LMK
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ﬁmﬂﬂl \09—:J9‘s Cell Patterning %Eﬁ%‘%ﬁ“mﬂj Photo-responsive drug release
T, ¢4 B b Eh -2 T 3
#fah :ﬁb A il bathy - i) CERAL) GEMEE)
ce 2 Dru
B t " N [l o’y iy ' b
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C LENEY o / \ @
EEEmm V) ®g @ ®
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° Before UV
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Cell adhesion -
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o
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Iiradiated time (s) After UV
TEH Summary FEDZFE Future Development & Outcome
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Learning from Nature

Keywords: Biomimetics, nano-technology, nature technology
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urrent Issue

“ E %h\t‘:—*ﬁ&-}-/ 7_'9 /A 9—” Research Topics of “Nanotechnology learning from Nature”
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Study on the social acceptance of nanomaterials in NIMS

Keywords: nanomaterials, standardization, biological impact
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FOMEMR

=8 /# B BIRS )L—F  Standard Nanomaterials Fabrication Group
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F/# 5 RS W —F Nanomaterials Characterization Group

FT/IFUTIILOZRTEERRTME B
LT, REFREBBERVICAFMBIEE%E
BRLIZZ—L2F/TPAN—CBAL k.
We have developed quantitative 3-D

morphology characterization for standard
nanomaterials such as fullerene nanofibers
using actual probe shape functions.

H{KEZEETH Y )L—F Biological Assessment Group
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BILFALLULBETORREHRGE 3 ":;:
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A mRNA expression analysis showed
that some biomarkers related to
stress (HSP70B’) and inflammation
(IL-6) were induced by titania
nanoparticles. Large size particles

&L D REDHI©1=CoeF /T 1 A
N—OERICKIL I@@)o T, Co®
710t FEEEOE RIS L
Coo T/ VA AN—(CIDERICRIHL o
Short Cg, nanowhiskers with similar
lengths have been successfully
fabricated (a). C5o nanowhiskers with
uniformly dispersed ferrocene derivatives
of Cq, (b) also have been synthesized (c).
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(500 nm) exerted a large effect on the
gene expressions.
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BREBFBE,
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&
Challenges

BRHEBOFRELEF Developed spectrometer
@ BIZEZEBRIHtUUEI//OAO)A—20EERE

Working principle of the Transition Edge Sensor type
microcalorimeter detector.

i [ g -
'-'“-". g F=TAAPLT _"'f l,'lll:
| - '.:". -l | ll.lll:
SEEEEEE U TR E R, o 1
100MKTEMES € 3, ~1mk,
" ¥ XX & B2 D3RR
EZ b % BImE TR

® HRICFHRLI=2 4 ETFEMER

Newly developed Analytical Electron Microscope

o EHERETFHEMBAD. vryohnYi—2Z2H =
BIRLF—SREXRRESERR TOHTHREL.

® 7.6eVDIRILF—5REEEZER, HEEE(130eV)AAD—
#HilEmE,

o JUSHRE-BEER T /RIBOMBB AT REICE S,

vl 78 20 B B 5
EIRLE—SREXEDTEBOMSE P
NIMS

Development of high energy resolution X-ray spectrometer
for Transmission Electron Microscope

Keywords: Energy dispersive X-ray spectroscopy, Micro-calorimeter, High sensitivity analysis

O EBFHMERICLDT /AT —ILOMASHTIE. MHEAED SEimst 4 O
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OE L\ REZF OHECEER R YR Tr/OhO) A— 2R HBEEERALLT 5
@HERD130eVEY—HILL EB LM 0eVEIFOIRILF—5fREEE BIRET B

TR BIZEDAIFELREER Results of measurements

@ HBICHARELEEET. IRILX—2REE(E—
OIR)—Him L ZE/. SmBEELTS AR,
()F 52 B4/3)r) L (BaTiO) D 5347
EDS spectra from BaTiO;. Conventional(left) and present(right) detector.

Energy (eV)

| FavenynonstcEs |

(2) $REAAH P DWMEITFEDIRE  Detection of trace elements in

steel obtained with a conventional(left) and present(right) detectors.

| TU AU (Mn)ET/SILR(Co) SR TES

FEDZE Future Development & Outcome
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Advanced Electron Microscopy

FHAIA DRI ENIMS O 3 47 BR 5

Observation procedure and NIMS developments
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HEFE EESBEFEMRLEFIRILE—BRNLE
Schematic of the electron microscopy; scanning transmission electron
microscopy (STEM) and electron energy-loss spectroscopy (EELS)
‘NIMSIZEWTIE, BFEE Y IaL—av B VRTFLOREL -
EZBITEORMRAEICLY. S0 @i SRELEER,
-Various developments for electron microscopy; STEM simulation, hardware

stabilization, custom software. [J. Electron Microsc. 56 (2007) 17]
[Micron 39 (2008) 257] [J. Electron Microsc. 58(2009) 131] [Ultramicroscopy (2009) in print]

o EFBWMERICLY. RFEEIZXTREITHNDHTRAMRIE,

o F—/\UME MHYNEERERTIMEARERE,

Observation of dopants in phosphor materials.

BLEER: F/EHMEVS— ERBFERMBINL—T KX &

E-mail: kimoto.koji@nims.go.jp
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Material characterization using advanced electron microscopy

Keywords: ;8 & FIR##%. #435F (i

FHEBARIZE. BRUVNMEEOEES. MEFNTHRZRU T HEREFRBEREN
WERRTHS, NIMSIZHIT5RIEDE 57 Rk SR EE FRBER AHBRERT,
Material characterization with high-resolution and high-sensitivity based on advanced electron
microscopy is indispensable for developing recent advanced materials.

B8 E FHMERIT S 57 AREE(<0.1nm) THAHH. TTRATEEEF+5THS, €= TR
FEIIAERBERTE. TLAMTFHYERFERE TESEFREMRERITERRELT=.

The spatial resolution of transmission electron microscopy reaches sub-nm order; however,
detectability and analytical performance are not sufficient for recent advanced materials.

Element selective imaging of atomic columns with high-resolution.

HIMSl

AN B fREE TR YEL T EF—/NU eI
Example of observation: Element-selective atomic-column
imaging and dopant observation

Freve so;

in] Trysinf riecies EiADF rmmga (20 e

-SRMBREE F R A HH(La,Sr);Mn, 0, = D RRETT R T VE U B
(EHITRE: +AEE KFtxE)
High-spatial resolution elemental mapping by STEM-EELS
(specimen courtesy of Profs. Tokura & Kimura) [Nature 450(2007) 702]

.

B e
.
"" I__ Crystal structure

i Mr ramp

Experimental results (ADF image)
+ . - s & .
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Dopant observation using STEM-ADF imaging. [annl Phys. Lett. 94(2009) 041908]
(specimen courtesy of Drs. Hirosaki and Xie of NIMS).

FEDZE Future Development & Outcome
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The application of the advanced electron microscopy for
practical materials, such as the characterization of the
materials for Li-battery, phosphors of LED, etc.
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Materials Reliability Evaluation for Advanced Technology

Keywords: High reliability, Life evaluation, Safety
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Evaluation of materials properties at practical environments is important to improve reliability of
materials and applications.
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Creep properties over 103 h, fatigue properties over 10? cycles, corrosion properties over 100 years,
and material properties under high-pressure hydrogen are required.

&
Challenges
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Nano-material Analyses using Quantum Beams

Keywords: Synchrotron, Neutron, Quantum beam

SPring-8(H41 ) *°J-PARCE L U JRR-M(HP - FHR) LB -T-HAR THRLE NG E
E—LREZFALT. MEDF¥378514X&fToTVET,

To analyze materials, we are using the strongest quantum beam facilities in the world;

SPring-8 (Synchrotron x-ray) and J-PARC and JRR-3M (Neutron).

Introduction

ERICHNLRBFE—LERAT SHI LT RRETRRLLVYHRROER
S ORBIEEELTUET

Challenges These very powerful and strong quantum beams help us to understand origin of the physical
properties of the materials.
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. SRESROAEEDD
ESSURAMEFO
EAARLRE

L '
g

BHLEBRN : ARPPEBROS)OEFDKEE

SPring-8 in Hyogo prefecture NIMS beamline (BL15XU)
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E) Hard X-ray photoemission Ibaraki prefecture
(TMR device)
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Structural and electronic details are detectable!
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In the quantum-beam facilities, we have total systems using We aim at the more establishment of fundamental

the strong quantum beams to analyze and clarify the researches base tissue supporting future technology and
characteristic properties of the material. society.
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E-mail: Kobayashi.Keisuke@nims.go.jp, Kitazawa.Hideaki@nims.go.jp
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High Temperature Materials for Advanced High Efficiency Jet Engines
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CO, emission from airplane may rise depending on the future increase in demand. Development of

Introduction
high temperature materials is needed to improve the efficiency of jet engines.
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Challenges Development of next generation Nickel-base superalloys, and promote the practical use of these
achievements in order to realize higher efficiency jet engines.
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Development of next generation Ni-base superalloys
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High Temperature Materials for High Efficiency Power Generation Gas Turbines
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One-third of CO, emission in Japan is generated by thermal power plants. To reduce CO, emission, shifting
from coal fired power generation to natural gas fired combined cycle power generation is a realistic approach,
and probably the most effective one.

Introduction
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Challenges Development of next generation Nickel-base superalloys, and promote the practical use of these
achievements in order to realize higher efficiency power generation gas turbines.
. " iv
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Improvement of thermal efficiency of power generation gas turbines
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Nano-Particles

Keywords: metal nano-particles, nano-particle production equipment
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ﬁEﬂ'/ *ﬁ?tﬂiﬂﬁfiﬁ Physics and fabrication of the metal nano-particles

Introduction
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Model of metal nano-particle system
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= i Utility equipment for nano-particle production
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Metal content 30%
Raw materials yield 80~95%
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Vacuum deposition on reactive
surface of liquid substrate
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Nano-particles of silver
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FEDZE Future Development & Outcome

® H—HAXDF/HMF (Uniform size) OFIRITLYFA=4H R  Printable electronics
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OBIELBWS /HTF  (Free from oxidation) o /HFIE#  Nano-particle standards

o SRENHR (High density system)
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Sialon Phosphor

Keywords: LED, Phosphor, Backlight
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Introduction

urrent Issue

&
Challenges

HAF7O KK  sialon phosphor
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Sialon phosphors with various emission colors have been

developed by introducing the luminescent ions such as Eu
into the crystal of Sialons . These phosphors are blue LED
excitable ones, and are thus suitable for white LEDs.
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Crystal structure of a-sialon and
developed phosphors
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LEDs are expected to find applications in lighting and Liquid Crystal Display (LCD) backlighting
due to low power consumption and long lifetime and mercury-free.

YA 70ROFREREEZREL. BELEDOEEEEMAEORM LZBET.

Sialon-based novel phosphors have been developed at NIMS, with aims to improve the
chromaticity and durability of white LEDs.
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BELEDADIGA  Application for white LEDs
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We have developed wide color gamut backlights with RGB
color components by combining a blue LED with red and
green phosphors, and also discovered an LED lighting.
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Blue Green Red
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RE/ NS RALED(NTSCE91%)
White LEDs for LCD backlight (91% of NTSC)

White Light Emitting

Blue LED

HELEDDEIE LR AL EDLEDRHA
The schematic structure of white LEDs, and developed
LEDs with varying color temperatures
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