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knowledge. When this term is defined in this manner, many

Introduction

of you may notice its similarity with the following text

AIST is conducting research in six areas ranging from

extracted from the Fourth Science and Technology Basic

the environment and energy fields to the fields of geological

Plan, which was approved by the Cabinet last year. The

survey and applied geoscience. The methodology promoted

text I am referring to in the Basic Plan is where “science,

by AIST that characterizes this wide range of research

technology, and innovation” are defined as the “creation

and development is “Full Research.” When we look back

of intellectual/cultural values based on new knowledge

over the years, the very first time this term appeared in

obtained from scientific discovery, invention, etc., and the

AIST TODAY International Ed. was in the New Year’s

innovation to develop such knowledge into economic value

Greetings for 2002. Thus, it can be said to be a term that

and social and public value.”

has accompanied AIST throughout its history as well as a

To summarize, Full Research is a research methodology
that is oriented toward science, technology, and innovation,

term that represents the essence of AIST itself.
In this article, I will examine this concept in further

and is a methodology that can be said to promote “science
in society and science for society,” the goal of 21st-century

detail.

research and development affirmed during the 1999 World

What is Full Research?

Conference on Science in Budapest.

As regards the exact definition of the term “Full
Research,” although I would like to defer to the definition
given in the “Message from the Editorial Board” that
appear in Synthesiology, the academic journal published
by AIST, as well as to a book on the subject,
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Challenges at AIST
– Direction of Full Research –

my

What is important for AIST next is the direction

understanding of the term is as follows: A research method

of development of Full Research in terms of research

used to create social value through the development of new

resources. In my opinion, the answer to this question is to
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focus our research resources on technology development

(2) To overcome the bottleneck of social acceptance: Given

that aims to overcome bottlenecks, based on scenarios

the underlying concerns over new industrial nanomaterials

to create bridges between technological seeds and social

including single-walled CNTs, objectively evaluate

needs.

biological safety and (workplace) environmental safety

Certainly, the ways in which social needs are defined

based on scientific methods.

will greatly affect the scenarios to be created and the

As regards point (1), we discovered and established

focus of research resources. For example, to respond to

a synthesis method that makes it possible to manufacture

the ongoing social need for sustainable development,

large quantities of high-quality single-walled CNTs and

focusing research resources on highly innovative elemental

were able to pave the way to overcoming the bottleneck.

technologies might be considered a matter of higher

Presently, we have established a facility, which has the

priority. On the other hand, to respond to the pressing social

capacity to produce 600 g of single-walled CNTs on a

need for recovery and rehabilitation from the earthquake

daily basis, and are distributing the produced samples.

and tsunami disaster which occurred in 2011, it is also

Additionally, with this facility at the core, we are exploring

likely that a research and development scenario that aims

new applications by joining hands with the members of the

to combine various existing technology components and to

industrial sector who have come together at AIST. This,

improve their connectivity can provide the speed needed to

I believe, is a true manifestation of AIST’s function as an

achieve such a goal.

open innovation hub.

In any case, along with the creativity to visualize what

As for point (2), we were given the opportunity to

may lie ahead in the future, the ability to analyze, integrate

lead the worldwide discussion on the risk of industrial

(synthesize), and combine necessary components contained

nanomaterials at the Organisation for Economic Co-

in aggregated information on cutting-edge technology is

operation and Development for three materials: single-

indispensable for creating and implementing the scenario.

walled CNTs, multi-walled CNTs, and fullerenes. The

AIST cannot achieve this alone, however. The goal of AIST

research was pursued in collaboration with members of

is thus to function to its fullest as an open innovation hub

academia and the industrial sector and in 2011, detailed

that serves as a venue for Full Research where members

risk assessment reports for the above three materials

both within Japan and overseas strive to accumulate

were published. I believe it is true to say that widespread

knowledge.

attention and high evaluations were given to these activities

– Actual example –
AIST has been the leader in Japan’s research and
development of carbon-based materials, and carbon fiber

throughout the world, and this is something that is still fresh
in our memory.

– The next bottleneck –

materials developed in Japan are used in the Boeing

In pursuing Full Research, a certain dynamism that

Company’s latest jet. This can be cited as an example of the

allows the reconstruction of scenarios in accordance with

outcome of research that was carried out in one of AIST’s

the advancing stages of technology development aimed

predecessors, the Osaka National Research Institute, and

at overcoming bottlenecks is also necessary. There are a

was further developed and brought to fruition through the

wide variety of issues that may become the next bottleneck

efforts of private companies. In line with this tradition,

for single-walled CNTs. One such issue that should be

AIST is focusing its efforts especially on the research and

taken into consideration is a new movement centering

development of single-walled carbon nanotubes (CNTs).

around European nations that emphasizes the precautionary

The main issues that were selected to become the focus

principle. In France, for example, in order to handle more

of prioritized research investment for the Full Research of

than a fixed quantity of nanomaterials, one will soon

single-walled CNTs were as follows: (1) To overcome the

be required to submit a report providing details of their

bottleneck of limited supply: Break through the present

quantity and usage (enforcement will begin in January

situation where there is stagnation in utilization technology

2013). Single-walled CNTs are also within the scope of this

development due to high material prices by developing

regulation.

large-scale synthesis technology of single-walled CNTs.

Moreover, the European Commission has directed
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its affiliated standardization organizations (the European

The concurrent promotion of research and development

Committee for Standardization [CEN], etc.) to

and standardization is also strongly emphasized as a

formulate international standards for physico-chemical

component of the intellectual property strategy in the

characterization of nanomaterials with the cooperation

Fourth Science and Technology Basic Plan. AIST has been

of international standardization organizations such as

engaging in the formulation of international standards

the International Organization for Standardization (ISO).

based on scientific knowledge alongside our efforts to

AIST has been showing leadership, both nationally and

nurture personnel who can act as international leaders

internationally, from the moment the technical committee

such as convenors and secretaries (of ISO technical

for nanotechnologies (TC 229) was established in ISO,

committees). Based on our emphasis on Full Research, we

but we believe that we must work much faster. We intend

are determined to continue making our best efforts.

to move forward in unison with the industrial sector to
accomplish our function as an innovation hub.
Incidentally, in order to report the quantity of
nanomaterials, the acquisition of considerable detailed
information such as their size distribution is indispensable.
In addition, when physico-chemical characterization is
taken into consideration, the development of new measuring
and analytical techniques is an absolute necessity. The
feature articles in this issue of AIST TODAY Internatinal
Ed. are an introduction to some of the efforts being made at
AIST based on this background.

– Standardization and certification strategy –
According to the directive of the European Commission
mentioned above, the formulation of international standards
for physico-chemical characterization of nanomaterials
is expected to be completed in about three years. There
are concerns that when this is completed, much stricter
regulations might be enforced. As illustrated in this
example, we are gradually moving away from the time
when one needed not to worry about making sales as long
as a product had high performance, to a time in which if
one does not provide safety assessments along with the
product, the product cannot even be placed on the market.
Overseas certification organizations have recently been
actively expanding their operations, including in Asia, and
are greatly increasing their sales. When we consider the
point that one objective of the certification business is to
promote social acceptance of new technologies, it might
well be assumed that behind this movement is the issue
of safety. There is a greatly increasing need for public
research organizations such as AIST to pioneer risk (safety)
assessments and to conduct pilot certifications that the
present certification organizations in Japan are not yet well
prepared to handle.
4
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Research and Development of Lithium-Ion Batteries at AIST
From the nickel-metal hydride
battery to the lithium-ion battery

Sustainable mobility

Renewable energy
and smart grids

A lithium-ion battery is a rechargeable

battery used as a power source for the

cordless operation of portable information
and communication equipment such as

Charge

mobile phones, laptops, and portable audio

Discharge

Rechargeable
batteries

players. In addition, the practical application
of large lithium-ion batteries is becoming

increasingly common as a power source for

hybrid, plug-in hybrid, and electric vehicles,

which are expected to greatly reduce energy
use compared with gasoline vehicles.

Japan was the first country in the world

to develop a lithium-ion battery and began
its commercial production in 1991. When

mobile phones and laptops began to become
popular in the 1990s, they were initially

equipped with nickel-cadmium or nickel-

metal hydride batteries as a power source.
However, these batteries were replaced by

the lithium-ion battery in the late 1990s and
it has been used to the present day. This is

because the lithium-ion battery is able to

store much more electricity compared with

other types of batteries of the same weight

and volume and has thus been able to best
meet the need for long-term operation. The

rapid expansion of portable information and

communication equipment has largely been
made possible by the miniaturization of
power sources through the development of
the lithium-ion battery.

Information and
communication equipment

The expanding use of rechargeable batteries in society

and Technology of the former Ministry

The future of the lithium-ion battery

initiated a large-scale lithium-ion battery

strategy pursued by the industrial sector and

the New Sunshine Program in 1992. The

earlier in Japan than in the rest of the world,

of International Trade and Industry,
research and development project under

objective of this project was to develop

As a result of the technology development

the government, which was decided much
Japanese-made lithium-ion batteries have

a large-scale lithium-ion battery that

long held the largest share in the global

stationary rechargeable batteries for home

up efforts of East Asian countries over

participation of private companies, not

threat to Japan’s leading share in the market

could be used for electric vehicles and
use. The project was carried out with the

only those within the battery industry but
also those involved in chemical materials

market. However, the aggressive catchingthe past several years have been posing a

of general-purpose lithium-ion batteries.
Technological advancements of rechargeable

and in the use of these batteries, as well as

batteries are characterized by so-called

lithium-ion batteries have a high energy

on new materials and new methods. Due

research institutions and universities. Since

sporadic technological innovations based

density, the development of a large-scale

to the demand for not only increases in the

battery that was both highly efficient and

safe was a challenging goal, but the project
The lithium-ion battery development
project

was launched based on the judgment that

Focused on the high potential of the

the battery industry as well as for the

lithium-ion battery, the predecessor of

Robotics, welfare, space development, etc.

it was a vital challenge for the future of
automotive and energy industries.

AIST, the Agency of Industrial Science

For inquiries about this article : Research Institute for Ubiquitous Energy Devices

cruising range of electric vehicles but also
for diversification of the vehicles themselves,

and to the anticipated diversification of the

use of rechargeable batteries, including their
use in conjunction with electricity generated
from renewable energy sources such as

photovoltaic and wind power generation,

http://unit.aist.go.jp/ubiqen/index_e.html
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the development of new technologies is

Moreover, to provide fundamental industrial

to contribute to enhanced international

conducting research and development of

performance evaluation and safety evaluation

material, and other Japanese industries.

becoming increasingly important. AIST is

new materials and new methods that can
offer solutions to various issues surrounding
rechargeable batteries so as to be able to

propose pioneering industrial technologies.

technologies, AIST is striving to develop
technologies with the aim of establishing

competitiveness of the battery, automotive,

global standards and to elucidate the causes

Director,
Research Institute for
Ubiquitous Energy Devices

of deterioration of lithium-ion batteries.

Through these efforts, AIST is hoping

Tetsuhiko KOBAYASHI

Challenges for Elucidation of the Degradation Mechanisms
of Lithium-Ion Secondary Batteries for Vehicles
Requirements of rechargeable
batteries for vehicles
In recent years, both hybrid and electric

vehicles have become widely accepted in
society as environment-friendly vehicles.

Unlike conventional gasoline-powered
vehicles, these vehicles are equipped
with a high-capacity rechargeable battery

and the adoption of high-energy-density
lithium-ion secondary batteries has already
begun. Since vehicles are required to have

an operating life of more than 10 years,

the rechargeable batteries used in them
are also required to have a similar life and

It was confirmed that most power
degradation after the accelerated life
testing occurred on the positive
electrode side.

Before accelerated
life testing

LiNi0.8Co0.2O2

The battery was disassembled and the state
of the positive electrode was analyzed.

LiF?

NiO-like cubic phase

Lithium
carbonate
Li2CO3

It was confirmed that the bulk structure of the
positive electrode active material had not
degraded.

After accelerated
life testing

However, the surface of the positive
electrode was found to have precipitations
of lithium carbonate and NiO-like cubic phase.

Lithium nickel
oxide
LiNi0.8Co0.2O2

Comparison of a positive electrode material before and after an accelerated life test showing changes
on the surface

this is one of the various developmental

of standardization is also intensifying.

from the material perspective with the

that remain to be solved. In addition,

conducting international standardization

Industry (CRIEPI), the Japan Automobile

for automotive rechargeable batteries,

technology development framework of a

University to develop a life evaluation

example, the International Organization

and Industrial Technology Development

by accelerated life testing, as well as to

Electrotechnical Commission (IEC), and

Excellent Advanced Batteries Development

develop methods to control degradation.

issues of automotive rechargeable batteries

Responding to this situation, Japan is

Central Research Institute of Electric Power

along with the expansion of the market

activities within the fundamental

Research Institute (JARI), and Tohoku

global standardization activities at, for

project commissioned by the New Energy

method applicable to rechargeable batteries

for Standardization (ISO), the International

Organization (NEDO) called the Li-ion and

elucidate the degradation mechanisms and

the Society of Automotive Engineers

(Li-EAD) Project.

Since rechargeable batteries for vehicles

evaluation and safety evaluation methods

Elucidation of degradation mechanisms

10 years, life estimation is vital in

the competition for leadership in the field

began in FY 2007, AIST has been working

as well as in shortening the product

(SAE) that aim to establish performance
for batteries are becoming widespread and

6

Lithium nickel
oxide

AIST TODAY 2012-4

In the five-year Li-EAD Project, which

are required to be usable for more than
guaranteeing the quality of a product

For inquiries about this article : Research Institute for Ubiquitous Energy Devices
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development time, and accelerated life

model cells developed by AIST were used

Because of the characteristics of a

plug-in hybrid vehicles, the results showed

testing needs to be conducted.

in tests simulating the use in hybrid and

Aiming to establish international
standards and national validation
system

lithium-ion secondary battery such as its

a general tendency whereby a decrease in

AIST is also currently participating

capacity and power degrade sharply under
high temperature and high state of charge
(SOC) conditions, the testing conditions
such as the temperature and the range of

SOC conditions, under which common
degradation mechanisms are applicable,

must first be defined. To meet this

objective, CRIEPI has been performing
analyses without disassembling cells and

AIST has been analyzing the interiors of
batteries in detail by disassembling them

and both institutes have been comparing
the results before and after various tests

to clarify the degradation mechanisms of
battery characteristics.

The indexes that define the life of a

rechargeable battery for vehicles are

capacity and power. When developed cells
provided by battery manufacturers and

the power level of the battery determined
the life of the battery.

Analysis methods such as those

employing quantum beams are being

used to examine the surface structure and
bulk structure of electrodes. The results

are beginning to reveal that changes

in the surface structure of the positive
electrode cause a decrease in the power
level. The changes observed on the
surface of a positive electrode material

after an accelerated life test are shown in

the figure. Changes were observed in the
crystal structure and the growth of coating

materials near the surface of the positive

in projects for the development of
performance evaluation methods for

automotive rechargeable batteries and the
development of safety evaluation methods

for stationary lithium-ion secondary
batteries. By applying the knowledge

accumulated so far on analysis techniques

and on lithium-ion secondary batteries
in the development of these evaluation
methods, AIST is pursuing research and

development to contribute to projects for
the establishment of international standards

and a national validation system from the
standpoint of technology development.

electrode material after the test, leading to
the finding that the change in the crystal

Advanced Battery Research Group,
Research Institute for
Ubiquitous Energy Devices

structure in particular was related to the
decrease in power.

Hironori KOBAYASHI

Development of a Lithium-Ion Battery with a High-Capacity
Silicon-Based Negative Electrode
Problems of lithium-ion batteries
for electric vehicles

full-scale production of electric vehicles,

performance enhancement is required that

Significant progress has been made

electric vehicles are expected to hold a 1 %

thinking by means of innovations in

their commercialization in Japan in 1992.

sales of automobiles. To make this a reality,

Development of Dispersed-Type Battery

durability, further safety enhancements,

in 1992 and continued for 10 years with the

indispensable. Approximately 20 years have

resistance and safety of batteries

that could be used in electric vehicles and

of the current type of lithium-ion

mAh/g) with five times the capacity of

outcome of the project was the world’s first

in its characteristics, a quantum leap in

electrode was developed as a new high-

which began in 2009. By around 2020,

breaks through the barriers of conventional
materials technology.

in the field of lithium-ion batteries since

share (about 700,000 vehicles) in global

A national project entitled Research and

increased cruising range, improved battery

Development of a high-capacity

Energy Storage Technology was launched

reduced battery cost, and other advances are

silicon-based negative electrode
and enhancement of the thermal

aim of developing large lithium-ion batteries

already passed since the commercialization

A silicon-based negative electrode (1,500

as household rechargeable batteries. The

battery. To attain further improvements

For inquiries about this article : Research Institute for Ubiquitous Energy Devices

a conventional graphite-based negative

http://unit.aist.go.jp/ubiqen/index_e.html
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capacity negative electrode. Although the

3000

volume of a silicon-based material normally
the charge and discharge of a lithiumion battery, by developing polyimide-

based binders and stainless steel foil
substrates with high strength and superior

2500

Capacity (mAh/g)

changes by more than double accompanying

heat resistance, its life has been prolonged

negative electrodes.

As for the positive electrode, an iron

500

verification showed that the newly developed
battery can operate at temperatures from

as low as -30 ℃ to as high as 120 ℃,
which was a huge improvement from the
operational temperature range of between
-5 ℃ and 45 ℃ of conventional batteries.

Polyvinylidene fluoride-based binder
(conventional binder)
0

and discharge cycle (Fig. 2). As the next

step, we made a 1 Ah-class laminated trial

60

80

100

80 ℃

30 ℃

ー30 ℃

4.0
3.5

120 ℃

3.0
ー30 ℃, 0.1C
30 ℃, 1C
80 ℃, 10C
120 ℃, 1C

2.5
2.0
1.5
0

50

ー30 ℃
30 ℃

100

80 ℃

150

200

Battery capacity (mAh/g)
Fig. 2 Temperature characteristics of the new lithium-ion battery
(with a silicon-based negative electrode and an iron phosphate
positive electrode)

battery and conducted a nail penetration

electrode has a function whereby the

only in battery characteristics and safety, but

battery with a graphite-based negative

a short-circuit area discharges electricity

does not require the use of rare resources.

safety test. In the case of a conventional

electrode, the voltage dropped and the

battery temperature rose to more than 90 ℃

due to a dead short circuit. However, the trial
battery experienced only a momentary short

circuit and the voltage immediately returned

to its normal level, with a rise in temperature
of less than 10 ℃. This is because in the
case of a graphite-based negative electrode,

resistance is dramatically increased when
completely (lithium is released), and shuts

down the electric current so as to control

the rise in temperature. Hence, through the
development of new materials, we were able
to develop a new lithium-ion battery that has

high capacity, superior heat resistance, and a
higher level of safety.

due to its high electrical conductivity, the

Future development

the short-circuit area and begins to generate

expand their use to vehicles and industrial

electrical current becomes concentrated in
heat. In contrast, a silicon-based negative
8

40

4.5

Even at 80 ℃, it showed stable operation

during a 6-minute alternating rapid charge

20

Fig. 1 Electric capacity of silicon-based negative electrodes and improvement
in the cycle life

Battery voltage (V)

was developed. The results of performance

Pl-3

Number of cycles (number of times)

phosphate positive electrode with enhanced
heat-resistance and output characteristics

Pl-1
Pl-2

1000

separator was also developed as the
separator used to separate the positive and

Pl-X

1500

0

(Fig. 1). A heat-resistant nonwoven fabric

Newly developed polyimide-based (PI) binders

2000
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also in terms of a material composition that
Through collaborative research with the
industrial sector, we are planning to further
promote the development of new battery

materials and to propose new designs for
batteries that best suit their anticipated
applications.

To create large batteries so as to

equipment, improvements are essential not

For inquiries about this article : Research Institute for Ubiquitous Energy Devices

Battery System Collaborative
Research Group and
Research Group for Standards of
Energy-Related Material,
Research Institute for
Ubiquitous Energy Devices

Tetsuo SAKAI
http://unit.aist.go.jp/ubiqen/index_e.html

Using Computational Science to Investigate the Interface
between the Electrolyte and Electrode in a Lithium-Ion
Secondary Battery
– First-principles calculations of the interface between
an ionic liquid and metallic lithium –
Application of an ionic liquid as the
electrolyte of a lithium battery

3

4

Ionic liquids are composed of positively

and negatively charged molecules and

have excellent properties such as high ionic

1

2

conductivity, non-volatility, flame resistance,
etc., and their application as an electrolyte

for lithium-ion secondary batteries is

desired. Ionic liquids are expected to be
safer than flammable organic solvents,
and the development of batteries with a

higher energy density can be anticipated

because they can prevent dendritic growth

Atomic arrangement and electron transfer at the interface between an ionic liquid ([C2mim][BF4])
and metallic lithium
Pairs composed of an C2mim+ cation (1-Ethyl-3-methylimidazolium) and a BF4− anion are circled by dotted
lines. The areas in red are those where electron density decreased due to interface formation and the
areas in blue are those where electron density increased.

on metallic lithium negative electrodes,

which are likely to be the next-generation

density functional theory were performed

high-capacity negative electrodes. The

on a large supercell containing an interface

strong attraction of BF4−, nearby electrons

between metallic lithium and an ionic liquid

orbitals of C2mim+ close to the interface

positively and negatively charged molecules

the main reaction between metallic lithium

properties of bulk ionic liquids are
beginning to be understood at the atomic

level through studies using molecular
dynamics simulations.

[1]

However, battery

performance depends not only on the bulk

electrolyte properties but also on the charge
transfer properties at the interface between

the electrode and the electrolyte, and it is
[2]

therefore essential to understand what takes

to understand the interactions between the

and the metal surface, the ionization and
reduction of lithium, and the molecular

species dependence. The figure shows an
example of a calculated interfacial atomic

arrangement between an ionic liquid
composed of a cation, C2mim (1-Ethyl-3+

methylimidazolium), and an anion, BF4 ,
−

place at the interface.

and the metallic lithium, with interfacial

First-principles calculations based
on the density functional theory

of computations would be required for a

First-principles calculations can be

structure, the ionic liquid was represented by

electron transfer. Since an enormous amount

effective in grasping the behavior of atoms
and electrons at the interface between
an ionic liquid and a lithium electrode.

[3]

High-accuracy computations based on the

first-principles calculation of a real liquid
an [C2mim][BF4] crystal and constructed as

were transferred to C2mim+, and unoccupied

were partially occupied. This represents

and an ionic liquid that progresses when

they come into contact with each other and,

reflecting the strong ionization tendency
of lithium, the lithium atoms were ionized

to the halfway level. When the same

calculations were made for precious metals,

a similar phenomenon did not occur. The
reduction tendency of cationic molecules
was also observed in experiments, and

the stability of cationic molecules can

be examined through the present kind of
calculations.

a layered structure on the surface of lithium

Designing the optimized ionic liquid

lithium atoms were displaced due to the

rather simple first-principles calculations

in this calculation. In the figure, the interface

For inquiries about this article : Research Institute for Ubiquitous Energy Devices

On the other hand, we have found that

http://unit.aist.go.jp/ubiqen/index_e.html
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of the adsorption of only anion-cation

perfomed systematic calculations by varying

for ionic liquids by making detailed

provide the results of electron transfer,

FSA ([(FSO2)2N]−), FTA ([(FSO2)(CF3SO2)

experiments for a larger variety of cationic

molecular pair on the lithium surface also
atomic displacement, and adsorption energy,
similar to the large-supercell calculation

the anionic molecule among amide-based
N] ), and TFSA ([(CF3SO2)2N] ) and borate−

−

based CF3BF3 and C2F5BF3 . The results
−

showed a tendency that an ion pair with

adsorption, and performed systematic

experimental value of interfacial charge-

investigations of the adsorption energy and
the atomic and electronic structures for

various pairs of molecular species placed on
metallic lithium. This should be effective to

and anionic molecules.

−

mentioned above. Thus we adopted such

simple calculations of molecular-pair

comparisons between calculations and

Materials Science Research Group,
Research Institute for
Ubiquitous Energy Devices

larger adsorption energy exhibited a lower

Masanori KOHYAMA

transfer resistance between an ionic liquid

Battery System Collaborative
Research Group,
Research Institute for
Ubiquitous Energy Devices

extend and improve the design guideline

Hajime MATSUMOTO

and a lithium electrode. Our next plan is to

[4]

develop a design guideline for ionic liquids

that express superior interfacial properties.
In order to optimize the anionic molecular
species for the fixed cation as C2mim+, we

References
[1] S. Tsuzuki et al.: J. Phys. Chem., B 114, 11390 (2010).
[2] H. Matsumoto et al.: ECS Transactions, 33 (28), 37 (2011).
[3] H. Valencia et al.: Phys. Rev., B 78, 205402 (2008); J. Chem. Phys., 131, 244705 (2009).
[4] H. Valencia et al.: J. Phys. Chem., C 116, 8493 (2012).

Development of Rechargeable Batteries with Organic Substances
– Aiming for a rare-metal-free battery by replacing inorganic
electrode materials with organic materials –
The need to reduce the use of rare
metals in lithium-ion batteries

their replacement with other elements, we

we have succeeded in making use of its

Presently, oxides of rare metals,

focusing on reduction-oxidation (redox)-

For example, in the cases of a benzoquinone

represented by lithium cobalt oxide (LiCoO2),
are generally used for the positive electrode
material in lithium-ion batteries, but reduction

of their use and replacement with other

materials are considered to be necessary
in view of the restrictions on resources.
In addition, since countries that produce

lithium are also limited, replacement of
lithium with other elements such as sodium

and magnesium that are more universally
distributed is also demanded.

have been taking a different approach by
active organic materials as candidate

derivative with a polycyclic structure,[2]

1). If the multielectron transfer reaction

weight has been attained compared with the

used as positive electrode materials (Fig.

characteristic of organic materials can be
employed in batteries, such materials will

current positive electrode material, LiCoO2.

Meanwhile, we have discovered that

indigo derivatives used in indigo dyeing etc.

Specifically, our research is centered on

While the capacity itself is insufficient, of

the present inorganic positive electrodes.

quinones and indigo derivatives. A quinone

The possibility of realizing an organic
rechargeable battery

to its high sublimability its application as

While there have been many attempts

However, by introducing the peripheral

AIST TODAY 2012-4

more than double the discharge capacity per

have a capacity density exceeding that of

has a large theoretical capacity, but due

10

with methoxy groups[1] and a pentacene

materials to replace the rare-metal oxides

of the simplest structure, 1,4-benzoquinone,

to reduce the use of rare metals through

function as an electrode material (Fig. 2).

an electrode material has been difficult.

substituents into the benzoquinone structure,

can also function as a positive electrode.
particular note is a derivative with sulfo
groups (indigo carmine) that has shown a
life of more than 1,000 cycles of charge and
discharge,[3] indicating that even organic
substances that are believed to have inferior
durability can reach a level comparable to
that of inorganic materials presently in use.

For inquiries about this article : Research Institute for Ubiquitous Energy Devices
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We are also investigating the possibility

Redox-active
organic substances

Oxides of
rare metals

of using these organic materials in a
sodium secondary battery and a magnesium
secondary battery, which are regarded as

promising candidates for a post-lithium

secondary battery. So far, several organic

substances were found to function in

Fig. 1 Concept of this research to replace oxides of rare metals with organic substances

sodium- and magnesium-based batteries as

4

well. This high adaptability irrespective of
seen in typical inorganic active materials,
and is an indication of the usefulness of
organic electrode materials as materials for
post-lithium secondary batteries.

Dimethoxybenzoquinone
Voltage (VVS. Li+/Li)

cationic species is a feature that is not often

materials that can function as positive

promising as materials for post-lithium

1
0

We have discovered many organic

Several organic materials appear to be

Anthraquinone

2

Indigo carmine

Expected future developments

electrode materials for lithium-ion batteries.

3

0

100

Indigo
200

Pentacenetetrone
300

400

Discharge capacity (mAh/g)
Fig. 2 Discharge curves of various organic positive electrode materials (dotted line:
capacity of presently used LiCoO2)

secondary batteries using sodium or
magnesium. These organic materials show

New Energy Carrier Research Group,
Research Institute for
Ubiquitous Energy Devices

great possibilities as next-generation battery

materials because they are free from resource
restrictions, and their electrochemical
properties can be controlled through
molecular design.

Masaru YAO
References
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Lithium Redox Flow Batteries
Utilization of renewable energy and
electricity storage technology

and the redox flow battery are necessary

potentials. Given these circumstances,

The utilization of clean and safe natural

batteries has disadvantages. The operating

development of a new electricity storage

energy such as solar and wind power is
currently the focus of much attention.

However, because large fluctuations exist
in these natural energy sources, large-

capacity electricity storage devices such

as the sodium-sulfur battery (NaS battery)

for their use. However, each of these
temperature of a NaS battery is as high as
300 ℃, while in the case of a redox flow

expectations are being placed on the
device.

battery, since it uses aqueous solutions on

the negative and positive electrode sides,

Newly developed lithium redox flow
secondary battery/fuel cell

the generated voltage is low, restricted
by the hydrogen and oxygen evolution

We have developed a new type of

lithium redox flow battery by applying a

For inquiries about this article : Research Institute for Ubiquitous Energy Devices
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hybrid electrolyte solution to the already

Time-consuming charging process
Li+ + Fe2+ → Li + Fe3+

developed new-type lithium-air battery,

e-

using metallic lithium as the negative

eRapid chemical charging process

electrode and an aqueous electrolyte

e-

solution containing a conventional redox

2Fe2+ + S2O82- → 2Fe3+ + 2SO42-

e-

Li+

Fe2+

Li+

Oxidant

(NH4)2S2O8

Valve 2

Ti

Tank

increases the voltage by approximately

Fe3+
Fe2+

no liquid active material is used on the
negative electrode side, there is no need

for an electrolyte solution storage tank on

that side. As a result, space savings and
improved energy density can be expected.

リチウム・レドックスフロー電池の電圧 (V)

redox flow battery. Moreover, because

Voltage of new-type battery (V)

threefold compared with a conventional
Two hours each of charge and discharge at
an electric current
of 0.2 mA/cm2 counted
電流0.2 mA/cm2で、２時間ずつ充・放電で２０サイクル
as one cycle was repeated 20 times.

developed battery. When charging and

discharging are repeated, the following
reaction occurs: Li + Fe 3+ <=> Li + +

Fe 2+. During this process, the aqueous
electrolyte solution that contains the Fe3+/

Fe ion pair used on the positive electrode
2+

side is stored in a tank and then pumped
back to the positive electrode side.

When the battery is completely

discharged, Fe

3+

is reduced to Fe . A
2+

conventional redox flow battery cannot
continue discharging unless the Fe is

5.5

B

Charging
voltage
充電電圧
(V)(V)

Discharging
voltage
放電電圧
(V) (V)

Chemically charged by addition of
an oxidizing agent

5.0
4.5

(NH4)2S2O8

4.0

Fe2+

(C)
C

(NH4)2S2O8

Fe3+

Fe2+

Fe3+

3.5
3.0
2.5

Discharge current density： 0.5 mA/cm2

2.0

The figure (B) shows the charge and

discharge cycle characteristics of the

A

Voltage of new-type battery (V)

metallic lithium as the negative electrode

Fe3+

Positive electrode
current collector

inside the green dotted frame. The use of

Pump

Aqueous electrolyte
solution

of this battery is shown in the figure (A),

Solid electrolyte membrane

Metallic lithium
(negative electrode)

positive electrode. [1] The configuration

Organic electrolyte
solution

Valve 1

ion pair (for example, Fe 3+/Fe 2+) as the

1.5

Operation time of charge and

リチウム・レドックスフロー電池充放電サイクル作動時間
discharge cycle of new-type battery (hr) （hr）

0

50

100

150

200
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300

Operation time of new-type battery with fuel addition

A:Schematic drawing of an electrically charging lithium redox flow secondary battery and a
chemically charging lithium redox flow fuel cell
B:Characteristics of the charge and discharge cycles of a lithium redox flow secondary battery
C:Characteristics of the recovery cycle of a lithium redox flow fuel cell

is more, since the chemical oxidation

as a fuel cell requiring the addition of an

electrode each occur in a separate space,

distances. We are planning to promote

reaction and the electrical response of the
the product of oxidation (in this case,
Li2SO4) can be easily collected, and quick

and easy recycling of lithium resources is
expected.

oxidizing agent when travelling for long

further research and development so that a

stable and optimized new-type battery can
be brought into practical use.

2+

converted back to Fe3+ through long hours

Future developments

new-type battery, Fe

can be rapidly

battery is expected to be used not only

process by simply adding an oxidizing

devices, but also as a mobile energy

of charging. However, in the case of this
2+

oxidized to Fe without a long charging
3+

agent (NH4)2S2O8 (= fuel), allowing it to
be used continuously (figure (C)). The

added (NH 4) 2S 2O 8 seems to oxidize all

Fe2+ to Fe3+ in a short period of time. What
12
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The new-type lithium redox flow

in large-capacity stationary storage

source in applications such as vehicles,
for example. In this latter case, the battery
would be used as a secondary battery

when travelling for short distances and

Energy Interface Technology Group,
Energy Technology Research Institute

Haoshen ZHOU
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Development of a New Titanium Oxide Negative Electrode
Material for Next-Generation Lithium-Ion Batteries
Present state of oxide-based
negative electrode materials

2.5

The ne xt - ge ne r a ti on l i t hi um -i on

more widely used as large rechargeable
batteries for stationary, automotive,

and other applications, are assumed to

be in use for longer than 10 years, so
improvement of their life characteristics

is vital. The most commonly used

1.5

Charge

1.0
2.5

Discharge

LTO

2.0
1.5

Charge

1.0

negative electrode materials for lithium-

0
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100

150

200

250

300

Charge-discharge capacity (mAh/g)

ion batteries at present are graphite-based
carbon materials. However, batteries with

Discharge

2.0

Voltage (V)

batteries, which are expected to be

HTO

a carbon material as the negative electrode

Charge and discharge curves of the newly developed titanium oxide HTO and the conventional
material, LTO (LT-017, Ishihara Sangyo Kaisha, Ltd.) (counter electrode: metallic lithium; current
density: 50 mA/g)

a dramatic decrease in capacity when

a drawback in terms of cost. Given this

exceeding 60 ℃. The cause of this is

the development of high-capacity, next-

have experienced problems, such as
used in high-temperature environments

considered to be a side reaction on the

electrode surface and in other areas that is
triggered due to the low electric potential

H 2Ti 12O 25 (HTO), [1] can be synthesized

situation, there are strong expectations for

by first subjecting Na 2Ti 3O 7 to an acid

generation oxide-based negative electrode

precursor substance, hydrogen titanium

materials with high electric potential

tr eatmen t in o r d er to s y nthesize a

oxide (H2Ti3O7), and then applying heat

comparable to that of LTO.

to dehydrate the precursor substance. The

electrode needs to be replaced by oxide-

Development of a new highcapacity titanium oxide, HTO

of voltage as the presently used LTO

Among possible oxides, due to the

At AIST, we have been using a soft

chemical synthesis method, one of low-

capacity of 225 mAh/g, which is higher

(LTO) has an electric potential plateau at

inorganic materials, in the search for high-

of the negative electrode. To improve the
life of lithium-ion batteries, the negative
based materials with high potential.

fact that lithium titanium oxide Li4Ti5O12

around 1.55 V against a lithium electrode
and also has good charge-discharge cycle
reversibility, it is now entering practical
use as a negative electrode material
in rechargeable batteries for vehicles.

However, because of the characteristics of
its crystal structure, the charge-discharge
capacity of LTO has been limited to
175 mAh/g. Moreover, since it contains
lithium as a constituent element, it has

developed HTO has about the same level
and can provide a high charge-discharge
than that of LTO (see figure).[2] Moreover,

temperature synthesis processes of

since hydrogen contained in HTO forms

capacity titanium oxide materials. The

it has a stable structure that is unaffected

advantage of this synthesis method is that
the structural design of new materials

can be easily performed by altering
the chemical composition while the

a skeletal structure by hydrogen bonding,

by the lithium insertion and extraction
reactions occurring when the battery is
charged and discharged.

characteristics of the skeletal structure of

Future developments

Using sodium titanium oxide (Na2Ti3O7)

Ltd., AIST is making efforts to develop

that a new hydrogen titanium oxide,

HTO and is searching for ways to further

the starting material remain unchanged.

as the starting material, we discovered
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improve its capacity and output. HTO
has the advantage of being inexpensive

because it does not contain lithium as
a constituent element. It is therefore
expected to contribute to increased

capacity, longer life, and lowering of the

cost of large rechargeable batteries for

Crystal and Materials Processing Group,
Advanced Manufacturing Research Institute

various applications, including vehicles.

Junji AKIMOTO
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[1] J. Akimoto et al.: J. Electrochem. Soc., 158, A546-A549 (2011).
[2] AIST TODAY, 11 (4), 12 (2011) (in Japanese).

Challenging the Development of an All-Solid-State ThinFilm Lithium-Ion Battery by the Aerosol Deposition Method
Social background of the
development

(Cross-sectional structure of the battery)
Metal electrode
Cathode :Positive electrode layer

The all-solid-state lithium-ion battery,

Solid-state oxide electrolyte layer
Anode :Negative electrode layer
Metal substrate

a type of next-generation rechargeable
battery, uses a solid electrolyte that has

neither combustibility nor fluidity. For

(Appearance of
the prototype battery)

(Cross-sectional scanning
electron microscopy image
of the prototype battery)

this reason, many single batteries can

Cathode: Positive electrode layer（LiCoO2）

be connected in series and stored in

Solid electrolyte layer

one container, simplifying the control

Anode: Negative electrode layer（Li4Ti5O12）

system. This is expected to lead to
density battery pack, which is the key

to improving the performance of plugin hybrid vehicles and electric vehicles.

However, because the electrolyte is solid,

the ionic conductivity is much lower than

that of a liquid electrolyte, the internal

resistance is high, and the performance
required for practical applications
has not been achieved yet. The key to
the development of an all-solid-state

battery lies in the development of a solid

electrolyte material with sufficiently high
ionic conductivity, and in the development
of a thin electrolyte layer while preserving
the electric insulation to improve the ion
transferability inside the battery. To make
certain that ions are efficiently conducted
to active materials inside the positive

and negative electrode layers, it is also
14
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S4800 x9.00k SE（U）

5.00µm

(Charge-discharge characteristics of the prototype battery)

Relative generated potential

the development of a high-energy-

6 µm

1.25

Charge

1.00

0.75

0.50

Discharge
Newly developed prototype battery
(all-room-temperature process)

0.25

0.00
0.00

0.25

0.50

0.75

1.00

Relative capacity density

1.25

The all-solid-state thin-film lithium-ion battery fabricated by the AD
method and its charge and discharge characteristics

important to combine that the electrode
layers and the solid electrolyte.

deposition (AD) method, AIST original
method, to fabricate a thin-film solid
electrolyte and combine the electrolyte

Fabrication of an all-solid-state thinfilm lithium-ion battery by the aerosol
deposition method

with electrode materials. In the AD

To i m p r o v e t h e p e r f o r m a n c e o f

principle, makes it possible to form a high-

the battery, AIST is using the aerosol

method, fine particles are spray-coated

under reduced pressure, which, in

density solid-state thin-film electrolyte
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at room temperature and laminate it with

structure, even though it was fabricated in

is still far from practical applicability. Yet,

(negative electrode) layers. In our recent

since only a very limited surface area

thin-film lithium-ion battery fabricated

cathode (positive electrode) and anode

research, we have investigated various
lithium oxides as materials for solidstate electrolytes and formed a solid-state

electrolyte layer of between 3 × 10 and
−6

5 × 10

−6

S/cm ionic conductivity. Using

common electrode materials such as
LiCoO2 or LiMn2O4 as a material for the
cathode and Li 4Ti 5O 12 as a material for

the anode, the electrolyte and cathode and
anode were laminated into three layers by
the AD method.

In the AD method, particles of the raw

material are smashed onto a substrate at

a very high pressure of more than 3 GPa.

This is similar to powder compaction
of raw material powder with a high

pressing pressure. Due to this effect,
each layer formed a very dense film

a room-temperature process. In addition,
of the substrate and the underlying

layer is subjected to high pressure,
collision damage on the substrate and

on the interfaces between the layers is

minimized, and mutual diffusion due to
heat was not observed. The thickness of
each of the cathode layers, anode layers,

and electrolyte layers was optimized and a
prototype all-solid-state thin-film lithiumion battery based on oxides was produced.
The charge and discharge characteristics

of this type of battery were confirmed for

the fact that an oxide-based all-solid-state
by the AD method, a room-temperature
process, actually functions shows that

the AD method is a highly promising

fabrication method for the realization
of such a battery. We will persist in our

search for a higher performing solid-state

electrolyte material while continuing with

the optimization of the fine structure of the
thin film, so that a battery that exceeds the
performance of the conventional lithiumion battery can be brought into reality.

the first time in the world.
Future developments

The prototype all-solid-state thin-film

Integration Process Technology Group,
Advanced Manufacturing
Research Institute

lithium-ion battery is only at the initial

stage of development and its performance

Jun AKEDO

Ceramic Electrolyte Sheet
for Next-Generation Rechargeable Batteries
Using an all-solid battery as a
power source

technologies applicable to large equipment

With increasing demand for large-

focus on ion-conductive ceramics, and is

batteries, the securing of additional safety

for various components necessary for

lithium secondary batteries that do not

batteries, etc.

of increased voltage endurance and heat
stability, and are therefore receiving

Ceramic electrolyte sheet for large
batteries

battery, which is referred to as the ultimate

considerable attention as a potential means

We are focusing on Li1+xTi2−xAlxP3O12

of improving the safety of high-capacity

( LTA P ) c e r a m i c s w i t h a s o d i u m

physical property of high lithium-ion

Research Institute is pursuing research

as candidate electrolyte materials that can

such as next-generation vehicles with a

scale and high-capacity rechargeable

developing manufacturing technologies

is becoming a critical issue. All-solid-state

improving the performance of all-solid

and are suitable for not only the all solidstate batteries but also for the lithiumair batteries. Generally, a lithium-ion

conductive ceramic electrolyte is unstable
when in contact with water, but LTAP is

an exception to this with its high water
resistance. It is therefore expected as

a possible material for the lithium-air

use liquid electrolytes offer the possibility

batteries. The Advanced Manufacturing

superionic conductor type crystal structure

and development of power supply

be used over wide temperature ranges

For inquiries about this article : Advanced
Research Institute
Manufacturing
for Ubiquitous
Research
Energy
Institute
Devices

battery. LTAP is known to possess the
conductivity (about 10−3 S/cm) inside the

bulk even at room temperature. However,
there has been a problem in that the

resistance at the grain boundary is high

http://unit.aist.go.jp/ubiqen/index_e.html
http://unit.aist.go.jp/amri/en/index.html

AIST TODAY 2012-4

15

in the materials with a polycrystalline
structure such as ceramics. When such

materials were made into a polycrystalline
sheet for a battery, the overall ionic

conductivity decreased (about 10 −4 S/

cm at room temperature). In addition, the

manufacture of a large and thin electrolyte
sheet has been difficult.

We have developed a new manufacturing

process in which the ceramic electrolyte

Approx. 10 cm

sheets can be manufactured through the
application of, for example, ceramic tape

casting technology. With this, we achieved
to fabricate large-sized thin ceramic

The developed ceramic electrolyte sheet and a photograph showing that the sheet can be flexibly bent

electrolyte sheets that until now have

5 cm, indicating the potential for further

investigations in various areas including

by optimizing the composition of starting

vibration and other external forces.

higher electrolyte-electrode interface

been difficult to produce. Additionally,

materials and the sintering condition,

improvements in durability against

the resistivity of grain boundary was

Future developments

manufacturing a ceramic electrolyte sheet

and high-capacity ceramic battery, we

temperature (10−3 S/cm, 27 ℃, transport

that can be used to easily manufacture

drastically reduced and we succeeded in

with a high overall conductivity at room

number: approx. 1). The developed
ceramic electrolyte sheet has sufficient

flexibility against bending stress and in the

case of a sheet with a thickness of 80 µm,
it demonstrated tolerance against bending
with a curvature radius of approximately

With the goal of developing a new safe

are determined to establish a technique

studies on technologies for achieving
performance and on the evaluation of

material stability, to promote research and
development aiming at a large all-solid
lithium-ion battery module.

thinner and larger-sized sheets. At the
same time, we are planning to develop
microstructural design technology for
the surface of the electrolyte to realize

Functional Integration Group,
Advanced Manufacturing
Research Institute

rapid charge and discharge performance.
We a r e a l s o p l a n n i n g t o c o n d u c t

Koichi HAMAMOTO

Establishment of Evaluation Technologies Applicable to
Lithium-Ion Battery Materials
Introduction
The light and compact-sized lithium-ion

battery developed in Japan is a focus of
widespread attention not only for its use

in mobile information and communication
devices such as cell phones, but also as a

power source for electric vehicles and as a
16
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means for promoting the use of renewable

Lithium-ion battery material

energy. Japan has long held a dominant

manufacturers in Japan have superior

batteries, but in recent years, companies

been developing a wide range of high-

share of the global market for such

throughout the world have been
actively engaged in fierce international
competition.

technologies, and each manufacturer has

quality battery materials by applying its
unique fundamental technologies. On

the other hand, the manufacturers have
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encountered the problem that the practical
characteristics of these materials when

used in batteries were not being evaluated
smoothly. Given this circumstance and
from the perspective of strengthening

international competitiveness, a

framework that includes the development
of evaluation technology and enables fast
and accurate evaluation of new battery

materials and the means to feed back these

results into the development of battery

Member

組合員
corporations

Materials
材料メーカー A社
manufacturer “A”

試料提出
Samples

Materials
材料メーカー B社
manufacturer “B”

Materials
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manufacturer “C”

材料メーカー

Providing reports, returning
報告書提出・試料返却
コンサルティング
samples, and offering

LIBTEC

consultations

Planning meetings
Pilot
Evaluation of
Stored in
at research
manufacturing
Judgment
判断
データバンク保管
battery
a database
department
of battery
・Numbering
of samples
・Data
analysis
・ 試料ナンバリング
・
データ解析
・
知的財産検討
・Examine
possibility of
・Specifications
for trial
・Report
writing
・ 試作仕様書
・
報告書作成
intellectual property
・manufacture
電池評価項目
rights
・Evaluation items for batteries

Advisory
committee
アドバイザリー委員会

materials has become indispensable.

Therefore, on April 2, 2010, the

Battery
X社
manufacturer “X”

電池メーカー

Lithium Ion Battery Technology and

Battery
Y社
manufacturer “Y”

電池メーカー

Evaluation Center (LIBTEC) was

Materials evaluation process and flow of information at LIBTEC

Ministry of Economy, Trade and Industry

evaluation methods as well as research

research that will make possible the

materials manufacturers, and began to

and processes that are fundamental

of the conduction paths of electrons

established under the auspices of the

to evaluate materials developed by battery
conduct research and development at
AIST Kansai.

Activities at LIBTEC
LIBTEC currently has a total of 19

corporate members, composed of 18

materials manufacturers and AIST. The
goal of LIBTEC is to properly evaluate
materials created by manufacturers for

use in batteries, to develop coordination
techniques and evaluation methods to
reduce development times that will

and analysis of electrode structures
technologies for these evaluation methods.

In FY2010, LIBTEC selected standard

model materials and the process of
creating batteries using the materials

and established an evaluation method
based on them. Using this method,
we evaluated materials created by the

member corporations. We also formulated
manufacturing and evaluation methods

applicable to button type batteries and

a timely manner. At the present time,

for laminated type batteries. We also

research method with 43 personnel,

comprising researchers sent from member

corporations at the core as well as retirees

from battery manufacturers providing
directions in evaluation technologies. At

LIBTEC, we are pursuing research on

have also begun to investigate methods
for evaluating single particles so that

information on the characteristics of

active materials can be obtained without
the actual construction of a battery.
Web site of LIBTEC:

http://www.libtec.or.jp/_en/

In FY2011, we further advanced these

technologies and methods and examined

LIBTEC has adopted a concentrated

and ions by altering the material. We

evaluated 35 types of battery materials.

facilitate the provision of promising

materials to battery manufacturers in

numerical evaluation of the structure

a standard battery manufacturing method
examined appropriate evaluation methods
according to the battery application, such

as for hybrid vehicles, electric vehicles,

stationary use, etc. In addition, we are
promoting research on the process of
formulating electrode structures, which

will be a fundamental technology, and

http://unit.aist.go.jp/ubiqen/index_e.html
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UPDATE FROM
THE CUTTING EDGE
Jul.-Sep. 2012
The abstracts of the recent research information
appearing in Vol.12 No.7-9 of "AIST TODAY" are
introduced here, classified by research areas.
For inquiry about the full articles, please contact
the authors via e-mail.

Life Science and Biotechnology

Novel function of elongation factors of protein synthesis
Translational elongation factors as replication factors

Qβ virus infects Escherichia coli and replicates its genomic RNA using Qβ replicase, which comprises the virusencoded RNA-dependent RNA polymerase (β-subunit) and the host translational elongation factors EF-Tu and -Ts. We
determined structures of complex representing RNA polymerization by Qβ replicase. At the elongation stage, where a
ten nucleotide (nt) RNA is synthesized, the C-terminal region of β-subunit and EF-Tu together direct the over-hanging
3’-adenosine of the template RNA in a double-stranded complex with the growing RNA into an exit channel. At the
following RNA elongation stage, the double-stranded RNA is split apart by a wedge formed by the C-terminal region
of the β-subunit. The 3’-part of the single-stranded template RNA translocates into the exit channel with assistance
from EF-Tu, and the 5’-part of the single-stranded growing RNA is released from Qβ replicase. EF-Tu in Qβ replicase
modulates RNA elongation processes, beyond its established function in protein synthesis.
Template RNA
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Wedge
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G
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A factor that maintains the resting phase of hair growth
cycles

Suppression of the factor shortens resting phases, causing rapid succession of
hair cycles.
Hair follicles repeatedly cycle through growth (anagen), regression (catagen), and resting (telogen) phases. Although the
signaling molecules involved in the anagen and anagen–catagen transition have been studied extensively, the signaling
that controls telogen has been only partly understood. Recently we showed that fibroblast growth factor 18 (FGF18) is
expressed in a hair stem cell niche throughout telogen, and that it regulates the hair cycle through the non-growth phases.
When the FGF18 gene is conditionally knocked out in keratin 5-positive epithelial cells in mice, telogen becomes very
short, giving rise to a strikingly rapid succession of hair cycles. In wild-type mice, hair follicle growth during anagen is
strongly suppressed by local delivery of FGF18 protein. Our results demonstrate that epithelial FGF18 signaling and its
reduction in the milieu of hair stem cells are crucial for the maintenance of telogen and anagen phases, respectively.

Toru IMAMURA
Biomedical Research Institute
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Telogen phase of the first physiological hair cycle was shorter in skinspecific FGF18-knockout mice (top) than in their littermates (bottom).
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Finding the primary factor causing variability of scaled
transistors
Contribution to yield improvement of integrated circuits such as SRAM

The primary factor causing on-state current variability in 14-nm-generation FinFETs (fin field-effect transistors)
has been specified. The factors that cause variability of on-state currents in transistors are variability of threshold
voltage, parasitic resistance, and trans-conductance. By analyzing the contribution of each of these factors in detail, it
has been discovered that the primary factor causing variability of on-state current in the 14-nm-generation FinFETs is
variability of trans-conductance. In addition, it was revealed that highly precise processing of fin channels, “nano-wet
etching” developed in AIST, would reduce on-state current variability. The biggest problem in regard to the integrated
circuits beyond the 14-nm generation, such as SRAM (static random access memory), has been the reduced yield of
the circuits. Since on-state current of transistors varying from the design level causes malfunction of the circuit, larger
variability of on-state current reduces the yield. However, it is anticipated that the introduction of the highly precise
processing of the present research will help to solve this challenge.

Takashi MATSUKAWA
Nanoelectronics Research Institute
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Suppression of trans-conductance variability by
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Novel ferroelectric resistive switching memory

A solution to the issues of data retention and endurance for ReRAM

Akihito SAWA
Atsushi TSURUMAKI-FUKUCHI
Hiroyuki YAMADA
Electronics and Photonics Research Institute
AIST TODAY Vol.12 No.7 p.15 (2012)

Resistance (Ω)

We have developed a ferroelectric resistive switching device consisting of a Pt/Bi1-δFeO3/SrRuO3 layered structure.
The device showed rectifying and hysteretic current–voltage (I–V) characteristics, i.e., resistive switching phenomena.
In the I–V characteristics measured at the voltage-sweep frequency of 1 kHz, positive and negative current peaks
originating from ferroelectric displacement current were observed under forward and reverse bias prior to set and reset
switching processes, respectively, suggesting that polarization reversal is involved in the resistive switching effect.
Moreover, the device showed promising characteristics for use as nonvolatile memories, including stable resistive
switching without the need for any forming process, data retention of >105 s at room temperature, and endurance of
>105 cycles. These results demonstrate promising prospects for application of the Pt/Bi1-δFeO3/SrRuO3 ferroelectric
resistive switching device to nonvolatile memory.
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Schematic of a ferroelectric resistive switching memory cell (left) and a typical resistive
switching behavior measured in pulse-voltage mode (right)
Arrows denote the directions of polarization in BiFeO3.
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Fabrication of a UHF-RFID antenna on a flexible substrate
by printing
Inexpensive RFID tags can be supplied in large quantities.

We have developed aluminum and copper printed UHF-RFID antennas by the pressure annealing technique,
which showed excellent communication properties in the UHF band. The copper and aluminum pastes are specially
designed for the pressure annealing technique. A thermosetting resin was used as the organic component of the
pastes to improve the adhesion between the metal particles and the substrate. As a result, the adhesion to the substrate
was stronger with the developed paste than with the conventional one. By setting the hardening temperature of the
thermosetting resin below 150 ℃ , an antenna can be formed on a thermoplastic film such as a PET film, which has
been difficult with conventional pastes. By applying the pressure annealing technique in the air to the metal pattern
printed using the developed metal pastes, the surface of the pattern has become electroconductive. This technique can
be easily incorporated into the conventional printing process and is expected to contribute to the widespread use of
printed electronic devices.

Manabu YOSHIDA
Flexible Electronics Research Center
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Fabrication process of printed UHF-RFID antennas
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A technique for direct optical coupling of an optical
integrated circuit to optical fibers
Development of a high-performance micro-optical converter to scale
transmitted signal light

We have developed a technique for direct optical coupling of a silicon-photonics-based optical integrated circuit
(optical IC) to standard 10-µm-diameter optical fibers. Conventional direct coupling techniques suffer a significant
optical loss due to the optical waveguide of the optical IC being much narrower than the optical fiber, and to the
difference in the refractive index between the waveguide and the fiber. The new optical coupling technique can reduce
the optical loss to less than 1 dB per end face using a new optical converter that can change both the diameter of the
signal light and the refractive index of the optical waveguide to those of the optical fiber. This technique allows lowloss optical coupling of an optical IC to the standard optical fibers by an easy assembly process of butt-coupling. Thus,
it is expected to contribute to a reduction in the cost of a multi-channel optical IC.

Masatoshi TOKUSHIMA
Nanoelectronics Research Institute
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diameter of optical signal between
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A system to integrate radiation data from various regions
Creating big data by easy normalization of data in many formats

Since the accident of TEPCO Fukushima Daiichi Nuclear Power Plant in March 2011, efforts have been made to
gather and integrate radiation data, but this task has required manual work of IT experts and thus has been too costly to
sustain or extend. We have developed a software system and made publicly available an associated Web-based service
to allow ordinary people to register and integrate radiation data from various sources and visualize them on maps, to
deal with the spreading radioactive contamination. This service helps the general public collaboratively construct and
maintain big data. Based on this infrastructure, we are planning to further provide technologies to support various
services to assist individuals to manage radiation-exposure risks.
Radiation map system
Registration of data source from PC
(Easy for non-IT-experts to input)

high

Composition of translation script

Koiti HASIDA
Intelligent Systems Research Institute

(Normalization of various data formats)

Mapping of normalized data

low

(Realization of spatiotemporally broad
map by integrating diverse data)
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Mechanism and screenshot of radiation map system
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New evaluation method for grain boundaries of organic
transistors
Promoting the researches of flexible electronic devices

We have developed a method to evaluate the grain boundaries in organic thin-film transistors (OTFTs) based
on electron spin resonance (ESR) analysis. Recently, OTFTs are attracting world-wide interest because of their
applications in flexible, light-weight and large-area electronic devices. So far, grain boundary is regarded as one of the
bottlenecks for the device performance, but it was difficult to evaluate by conventional electric measurements. Our
method utilizes electron spins as a probe to the movement of carriers (electrons or holes). We evaluate the potential
barrier height of the grain boundaries by analyzing the anisotropy and the motional narrowing effect of ESR spectra.

Flexible Electronics Research Center

Magnetic
ﬁeld

Magnetic
ﬁeld

220 K

285 K

200 K

270 K

180 K
160 K
140 K
120 K

ESR signal

Crystal axis

(b) Magnetic ﬁeld‖substrate

Motional narrowing

Substrate

Motional narrowing

Hiroyuki MATSUI

Organic
semiconductor
microcrystals

ESR signal

(a) Magnetic ﬁeld ⊥ substrate

Schemat ics of the magnet ic f ield
perpendicular (left) and parallel (right)
to the substrate

235 K
220 K
200 K
180 K
160 K

105 K

320.4

320.6

320.6

Magnetic ﬁeld (mT)

AIST TODAY Vol.12 No.9 p.15 (2012)

255 K

320.8

321

Magnetic ﬁeld (mT)

ESR spectra at the magnetic f ield
perpendicular (left) and parallel (right) to the
substrate

Nanotechnology, Materials and Manufacturing

Cesium adsorption by Prussian blue nanoparticles
Utilized for decontamination of radioactive Cs contaminated ash

We have developed a cesium (Cs) adsorbent with high adsorption efficiency based on our technology of Prussian blue
nanoparticles synthesis. Prussian blue is known as a good Cs adsorbent with its high adsorption efficiency and selectivity
for Cs cations. By decreasing the size of the particles of Prussian blue, the Cs adsorption property is further improved. We
have also developed the decontamination method of Cs contaminated ash with the combination of Cs extraction by ash
washing and the use of the Prussian blue nanoparticle adsorbent. For the Cs adsorption from the extraction solution, the
efficiency of the new adsorbent is 67-1400 times better than zeolite. We conduct the R&D for the Cs decontamination plant
for various contaminated wastes such as water, ash, and soil in collaboration with various companies.
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Materials able to be repeatedly liquefied and solidified
at room temperature by light irradiation
Reusable by fluidizing and hardening without the application of heat

We have developed new photoresponsive materials. Each of the new photo responsive materials is a liquid
crystalline substance produced by the combination of a skeleton of sugar alcohol and azobenzene groups, and is able
to be repeatedly liquefied and solidified by irradiation of wavelength-controlled light without heating or cooling. This
phenomenon is the first example of a selective and reversible transition between solid and liquid states of a single
substance through the action of light alone at room temperature. The use of these materials is expected to contribute to
the development of entirely new highly functional materials such as reusable and reworkable light-controlled adhesives.

Visible light

UV light

UV light

Haruhisa AKIYAMA
Nanosystem Research Institute
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Upon UV light irradiation, the solid powder liquefies and forms droplets;
visible light irradiation induces resolidification of the material.
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Development of small radiation dosimeter

Long battery life of more than 1 year on a button cell battery
We have developed a personal radiation dosimeter in order to measure radiation dose from the radioactive materials
released by the Fukushima Daiichi nuclear disaster. The dosimeter is small, lightweight (less than 20 g), and can
be used for more than one year on a 3 V lithium button cell battery. The detection device is a silicon diode that is
sensitive to gamma-rays. The dose time course is recorded in a non volatile memory. To prevent noise counts induced
by mechanical shocks, a shock sensor is installed. The dosimeter can notify users of high radiation doses through a
buzzer and a LED light signal. Users can check the recorded radiation dose data by connecting to a computer via a
specialized adapter.
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In Brief
AIST Concludes MOU with Fraunhofer-Gesellschaft and Participates in
High Level Forum in Grenoble
Dr. Tamotsu Nomakuchi, AIST President, visited Germany last July 6, 2012 to
conclude a memorandum of understanding (MOU) on comprehensive research
cooperation with Fraunhofer-Gesellschaft (FhG), and to participate in a round table
discussion in Stuttgart. This was followed by a visit to Grenoble, France to participate
in the High Level Forum held on July 9-10 along with Mr. Kenichi Ichihara, mayor of
Tsukuba City, and other prominent dignitaries.
Dr. Nomakuchi signed the MOU with Dr. Hans-Jörg Bullinger, FhG President. Prior
to the conclusion of the MOU with FhG, AIST has already concluded comprehensive
MOUs with 34 research institutions from 18 countries. FhG becomes the fourth FhG President Bullinger (left) and
AIST President Nomakuchi (right)
institution in Germany which has concluded a comprehensive MOU with AIST (the
other three institutions being Helmholtz Association of German Research Centres,
Forschungszentrum Jülich and Karlsruhe Institute of Technology), and thereby brings the
total number of institutions having comprehensive MOUs with AIST to 35.
AIST has been strengthening its relationship with FhG through personnel exchange,
holding of cooperative workshops and conducting collaborative research. The conclusion
of the MOU is expected to further accelerate research cooperation between the two
institutes in the future. There were also meaningful exchanges of opinion during the
round table discussion on topics such as risk assessment of nano carbon materials.
On the other hand, the High Level Forum in Grenoble was sponsored by
At the High Level Forum
Commissariat à l'énergie atomique et aux énergies alternatives (CEA) and Grenoble
From left: Mr. Iljic of the French
Embassy, AIST Vice-President
Innovation for Advanced New Technologies (GIANT). The purpose of the forum was
Seto, AIST President Nomakuchi
to gather representatives of industry-academia-government collaboration from all over
and a forum clerk
the world to exchange opinions concerning the promotion of innovation. Out of the
eleven countries represented, in addition to Dr. Nomakuchi and Mr. Ichihara, Dr. Sukekatsu Ushioda, president of the National
Institute for Materials Science, Dr. Minoru Yonekura, Vice President of the University of Tsukuba, and Dr. Masahiro Seto,
Vice-President of AIST, participated in the forum as representatives from Japan. Four round table discussions were held on
topics concerning the circumstances for establishing innovation bases, present activities and future developments, and the
status of industry-academia-government collaboration bases in each region.

Conclusion of a Memorandum of Understanding on Research Cooperation
among the World's Three Leading Institutes for Solar Energy Research
The Research Center for Photovoltaic Technologies of AIST, the National
Renewable Energy Laboratory of USA, and the Fraunhofer Institute for Solar Energy
Systems of Fraunhofer-Gesellschaft of Germany have signed an MOU on research
cooperation among the three institutes on July 10, 2012 (PDT), in San Francisco,
USA. The concluded MOU is aimed at reinforcing the scientific cooperation among
the three leading institutes for solar energy technologies, including mutual exchanges
of researchers, and at accelerating the research activities responding to the recent
rapid global dissemination and cost reduction of photovoltaic power generation.

Image from the signing ceremony
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