
Dear NIMS NOW readers,

Japan is one of the countries I dream to visit 

when I was a kid due to the impressions and 

influence of anime, 

high tech gadgets, and 

robots on me. It came 

true when I was given 

the chance to pursue 

my doctorate degree 

here in Japan. In 2005, I 

came here in Japan as a 

PhD student in the 

Department of Materials Engineering at the 

University of Tokyo. My research work was 

about fuel cells where I graduated in 2008, 

after that, I did a post doctorate job on the 

same laboratory. It was an enjoyable and very 

memorable experience for me being a 

student since you will really understand and 

really live the Japanese culture. In those days, I 

enjoyed travelling and sightseeing with 

friends in the different places in Japan. In 2010, 

I came here in NIMS to further my knowledge 

and enhance my research experience in the 

field of lithium ion batteries. Since most of the 

Japanese research topics  are  on the 

cutting-edge or on the forefront area, it has 

  On December 1, 2011, NIMS concluded a 

Comprehensive Collaborative Agreement 

(CCA) with the Institute of Materials Science, 

V i e t n a m  A c a d e m y  o f  S c i e n c e  a n d  

Technology (IMS-VAST). 

  IMS-VAST was established in 1993 by the 

Government of Vietnam to conduct research 

in connection with materials science and 

technology, and international exchanges and 

graduate school education in the same field. 

As Vietnam’s core research institute in 

materials science, it is engaged in a wide 

range of research and development, from 

nanomaterials to refining of ores. Although 

NIMS and IMS-VAST have already carried out 

a large number of joint research projects and 

personnel exchanges, this cooperation 

agreement is expected to further expand 

and deepen the cooperation between the 

two institutes.

NIMS Signed a Comprehensive Collaborative Agreement with the Institute of 
Materials Science, Vietnam Academy of Science and Technology 1

also been a challenging and enjoyable to do 

research work here. Although, I will be leaving 

out of Japan to go back and work at my own 

country soon, after staying here for several 

years, I already considered Japan as my 

second home. Indeed, it is a very nice and 

b ea u t i f u l  

home.

NIMS Signed a Comprehensive Collaborative Agreement with the Laboratory 
for Research on the Structure of Matter, University of Pennsylvania2

  On December 21, 2011, NIMS concluded a 

Comprehensive Collaborative Agreement 

(CCA) with the Laboratory for Research on the 

Structure of Matter, University of Pennsylvania 

(LRSM-UPenn) in the United States. 

  LRSM-UPenn was established in 1960 by the 

US Defense Advanced Research Projects 

Agency (DARPA) as one of five pioneering 

materials science laboratories. During its long 

histor y,  it  has made many impor tant 

contributes to establishing the foundations of 

materials science at the world level. The 

University of Pennsylvania is also among the 

world’s leading universities, having produced 

no fewer than 26 Nobel Prize Laureates. 

Following the signing ceremony, the 1st 

LRSM-NIMS Materials Workshop was held. In 

addition to mutual presentations of recent 

research results, a group discussion focused 

on the possibilities for future research 

collaboration. As NIMS and LRSM share an 

extremely large number of common research 

fields, the signing of this agreement is 

expected to result in active research and 

exchanges of human resources in the future.

Results of the 11th Asian BioCeramics Symposium 
(ABC2011)3

Me and the “kid’s dream”. 

(Gundam robot exhibition)

Our farewell party 

in Yamaguchi ’s lab 

(2010) with present 

and past students.

Rinlee Butch Cervera (Philippines)

from April 2010– present

Rechargeable Battery Materials Group,

Environment and Energy Materials Division

The Institute of Materials 

S c i e n c e ,  V i e t n a m  

Academy of Science and 

Technology (IMS-VAST).

P r o f .  U s h i o d a  ( l e f t ) ,  

President of NIMS and 

P r o f .  Y o d h  ( r i g h t ) ,  

Director of LRSM-UPenn, 

at the signing ceremony.
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  The 11th Asian BioCeramics Symposium 

(ABC2011), in conjunction with the 15th 

Symposium on Ceramics in Medicine, 

Biology, and Biomimetic and the 22nd 

Symposium on Apatite, was held at the NIMS 

Sengen Site over a 3-day period from 

November 30 to December 2, 2011. The event 

was organized by the Bioceramics Group of 

the NIMS Biomaterials Unit and co-organized 

by the National Institute of Advanced 

Industrial Science and Technology (AIST). 

  ABC is an annual symposium, which was 

originally proposed by Japan, and has been 

held alternately in Japan and other Asian 

nations since 2001 as a gathering of 

bioceramics researchers in the Asian Pacific 

Rim region. More than 100 researchers from 

Japan, India, Indonesia, Australia, Korea, 

Taiwan, China, and Malaysia participated in 

the event, which featured outstanding 

presentations and discussions. 

  ABC2011 was held in conjunction with the 

Symposium on Ceramics in Medicine, Biology 

and Biomimetics (symposium on bio-related 

ceramics organized by the Division of 

Cer amic s  in  M e dic in e,  B io lo g y  an d 

Biomimetics, The Ceramic Society of Japan) 

and the Symposium on Apatite (symposium 

on apatite research organized by the 

Japanese Association of Apatite Science).

  The ABC Award to Young Scientists was 

presented at the end of the Symposium. 

Postdoctoral researchers and students who 

are engaged in research at NIMS and AIST 

also received awards, giving further evidence 

of the high level of research at Tsukuba.
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  First of all, I would like to wish a good New Year to all our 
colleagues and friends.
  And as we begin 2012, I wish to take this opportunity to express 
my heartfelt sympathies to all those who suffered as a result of 
the Great East Japan Earthquake and Tsunami. 2011 will be 
remembered by future generations as the year of this terrible 
disaster.

  Even without mentioning the disaster, 2011 was a year of 
dramatic changes in both the nature and the economic world in 
Japan and on the global scale, and the mission of research 
institutions is also changing every second. NIMS has launched a 
variety of efforts that respond to those changes, beginning with 
the start of our 3rd Five-year Plan and the reorganization of our 
projects and research organization.

  To cite an example, NIMS joined with the University of Tsukuba 
and the National Institute of Advanced Industrial Science and 
Technology (AIST) to create TIA-NANO (Tsukuba Innovation 
Arena). This is a new type of framework which is virtually 
unprecedented in Japan. As an open innovation platform for 
industry, universities, and government-affiliated research 
organizations, we are confident that it can serve as a role model 
for similar initiatives in this country.

  This year also marks the 6th year of an ambitious project called 
M A NA ,  or  t he  I n t e r na t iona l  Ce nt e r  fo r  Mat e r ia l s  
Nanoarchitectonics. Beginning in this period, MANA will be 
positioned as one of the research divisions in NIMS. Thus, we 
feel that the research activities at MANA are being integrated 
into NIMS in a good way.

  In recent years, the NIMS brand has risen remarkably 
worldwide. We not only receive foreign researchers, but also have 
an increasingly large number of collaborative relationships with 

research institutions in other countries. Last year, we signed 
many MOUs with foreign institutions, beginning with the 
establishment of a new joint research center with Tianjin 
University in China and the establishment of the NIMS 
Saint-Gobain Center of Excellence for Advanced Materials, 
among others.

  Domestically, in the wake of the Great East Japan Earthquake in 
March, there are new calls for safety and security measures. As a 
problem related to structural materials, this is a critical issue for 
NIMS. Another important issue from the viewpoint of supporting 
research institution in Japan and other countries is strengthening 
our “user facilities,” which are made available to outside 
researchers. Moreover, as element strategy and environmental 
and energy problems are not limited to Japan, but are urgent 
issues at the global level, greater results are also demanded in 
these areas.

  Human resources, beginning with researchers, are of the first 
importance in responding quickly to the demand of our nation 
and the needs of international society. NIMS has a large number 
of outstanding researchers, and we are committed to responding 
to our mission in Japan and international society by drawing out 
the capabilities of those human resources to the fullest possible 
extent.

  We look forward to your continuing encouragement and 
support.

First of all I would like to wish a good New Year to

Prof. Sukekatsu Ushioda
President, National Institute for Materials Science

For example, silicon and carbon . . . . In the nano world, both of these materials 

possess completely new properties. Nanotechnology has proved that materials 

display new functions at the nano size. Quantum dots, nanotubes, and graphene 

are only a few of the almost unlimited possibilities.

By mutually combining nanomaterials that possess those new functions and utilizing their interactions, it becomes 

possible to create even more innovative functions.  The novel technological system which makes this possible is our 

“nanoarchitectonics.”

The MANA Nano-system Field is creating next-generation electronic devices using nanoarchitectonics. Atomic switches, 

atom transistors, graphene devices, single-atomic-layer “monolayer” devices, superconducting nanodevices, molecular 

devices, devices with a synapse function for realizing a “brain-type” computer . . . care expanding to ever wider realms!

Creation of innovative new materials Contribution to technological innovation

5 Key Tools

4 Research Fields

Nano-materials:
 Nanotubes, nanosheets,

 supermolecules, nanoparticles

Nano-systems:
 Nano-brain, quantum information,

nano-superconductivity,
modeling

Nano-green: 
Fuel cells, solar cells,

catalysts, biomass

Nano-bio:
Biochips, biomaterials,

bio-interfaces

A new paradigm for creating novel materials

Nanoarchitectonics 

Controlled
self-organization

Atom/molecule
novel manipulation 

Chemical
nanomanipulation

Field-induced
material control

Theoretical modeling
and designing
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  Various nanostructures which display unique, 

useful properties are expected to manifest 

more interesting and innovative functions as a 

whole  when those nanos t ruc tures  are  

assembled into nano-systems. In order to 

realize and utilize those nano-systems, we are 

engaged in research with three aspects, 

namely, which nanostructures should be used, 

h o w  t h o s e  n a n o s t r u c t u re s  s h o u l d  b e  

combined, and what innovative functions the 

resulting nano-systems will manifest.

Plasmonics: Nano-system for 

controlling and utilizing the light

  Light can be confined in atomic-scale narrow 

spaces, and its properties can be changed 

flexibly by controlling the nanometric shape of 

metallic objects. We are engaged in research 

to elucidate optical  phenomena at  the 

nano-scale and create new functions. For this 

purpose, we are developing the fabrication 

techniques for novel materials/architectures 

and characterization methods, and aiming at 

creating innovative nanomaterial devices 

which will contribute to the utilization of 

infrared/sunlight spectral resources and 

energy. For example, topics include designing 

of antenna resonance frequency and field 

enhancement by structure control of metallic 

n a n o - o b j e c t s ;  w h i c h  a re  us e d  f o r  t h e  

detection of trace amounts of proteins, as well 

as development of materials and devices for 

h igh efficienc y energy convers ion and 

promotion of chemical reactions by light.

Photon-detection STM: 

Search for nano-system functions and 

new characterization techniques

  We are fabricating unique nanowires and 

nanostructures, combining these structures to 

search for new functions produced by mutual 

interaction of each unit, and investigating its 

mechanism. We are using a photon-detection 

scanning tunneling microscope (STM) to study 

local response of the nano-system. The 

technique makes it possible to detect optical 

a n d  e l e c t r o n i c  p r o p e r t i e s  a n d  s p i n  

polarization of nanoscale area.

  We are also investigating the process of 

propagation and amplification of the light, 

which is formed by inelastic scattering of 

tunneling electrons, through nanoscale 

antenna formed by the nano-system, and 

developing light manipulation techniques. 

Based on this knowledge, we will achieve 

nano-system architectonics.

Single-molecule wiring by single 

polymer chain: Interconnects for 

nano-systems

  Since silicon technology is now reaching the 

limits of miniaturization, we intend to realize 

single-molecule devices, which are expected 

to overcome those limits. In particular, we are 

engaged in development from the viewpoint 

of fabricating molecular nano-systems using 

single-molecule wiring.

  Recently, we developed a novel method for 

s ingle - mole cule  wi r ing ,  which we ca l l  

“chemical soldering.” In this method, a single 

conductive polymer chain is fabricated by 

i n i t i a t i n g  a  c h a i n  p o l y m e r i z a t i o n  b y  

stimulation with an STM tip. Since the front 

edge of chain polymerization necessarily has a 

reactive chemical species, when the chain 

propagation encounters an adsorbed single 

functional molecule, a covalent bond will be 

f o r m e d  s p o n t a n e o u s l y .  W e  a r e  a l s o  

investigating the microscopic characteristics 

of the connec tion using first-principles 

calculations. This research would be a key 

s te p  in advancing the development of  

single-molecule electronic circuits.

Group Leader, 
Nano-system Organization Group, 
Unit Director, 
Nano-system Organization Unit,
Coordinator, Nano-system Field,
Director-General, MANA

Masakazu Aono

Nano-system 
Organization Group, 
Nano-system 
Organization Unit, 
Nano-system Field, MANA

Yuji Okawa

Nano-system 
Organization Group, 
Nano-system 
Organization Unit, 
Nano-system Field, MANA

Makoto Sakurai

Group Leader, 
Nano-system 
Computational Science Group, 
Nano-system 
Organization Unit, 
Nano-system Field, MANA

Yoshitaka Tateyama

Group Leader, 
Nano-system 
Photonics Group, 
Nano-system 
Organization Unit, 
Nano-system Field, MANA

Tadaaki Nagao

Masakazu Aono  Profile can be found on p. 10. / Yuji Okawa  Ph.D. (Science). Completed the doctoral course at the University of Tokyo School of Science in 1992. Appointed to his present 

position in 2008. / Makoto Sakurai  Ph.D. (Science). Completed the doctoral course at the Keio University Graduate School of Science and Technology. Appointed to his present position in 2008. / 

Yoshitaka Tateyama  Ph.D. (Science). Completed the doctoral course at the University of Tokyo School of Science in 1998. Appointed to his present position in 2011. / Tadaaki Nagao  Obtained a 

doctorate in science at Waseda University Graduate School of Science and Engineering in 1995 after withdrawing from the Ph.D. course in 1994. Appointed to his present position in 2011. 

Tomonobu Nakayama  MANA Principal Investigator in the Nano-system Field and Associate Professor of the University of Tsukuba Joint Graduate School Program. He is engaged in 

research on nano-systems using scanning probe microscope (SPM) techniques. / Osamu Kubo  MANA Scientist in the Nano-system Field, Nano Functionality Integration Unit. Engaged in 

research on nano-systems using the multi-probe SPM. / Yoshitaka Shingaya  MANA Scientist in the Nano-system Field, Nano Functionality Integration Unit. Engaged in development of 

the multi-probe SPM and research on molecular sensing. / Genki Yoshikawa  MANA Independent Scientist. Engaged in development and applied research on membrane-type surface 

stress sensors. / Masakazu Aono  Profile can be found on p. 10.

Organizing Nano Structures into Nano-systems and Creating New Functions

A nano-characterization tool for 

verifying the element functions and 

total functions of nano-systems

  Nano-systems which are constructed by 

combining nanomaterials and nanostructures 

with interesting properties and functions are 

expected to exhibit interesting and novel 

f unc t ions ,  for  example,  in  informat ion 

processing. A simple example of this would be 

brain-type information processing systems 

which learn and develop the way of handling 

information in the similar way as the human 

brain. We are developing various types of 

nano-characterization tools for verification of 

the element functions and total functions of 

nano-systems with the aim of constructing 

nano-systems of this type.

  The nano-characterization tool which we 

developed previously is the quadruple-probe 

scanning tunneling microscope (QPSTM). With 

this device, it is possible to measure the physical 

properties and functions of an object such as 

nanomaterials or nano-systems directly by 

arranging four probes on the object with 

atomic/molecular positional precision. To do 

this, each probe first observes nano-system 

independently with high spatial resolution. 

Next, the probes are placed in contact with 

different positions on the same object, and 

these probes are used as signal input/output 

probes, enabling measurement of the functions 

of the object.

Development of quadruple-probe 

atomic force microscope with 

atomic level spatial resolution

  By further development from a device of a type 

that drives the probes of this microscope as 

scanning tunneling microscope probes, we 

realized a quadruple-probe atomic force 

microscope (QPAFM) where all the four probes 

function as probes of atomic force microscope 

(AFM). This new device achieves atomic-level 

spatial resolution. Use of the QPAFM eliminates 

the need to construct nano-systems only on 

conductive materials. We also realized the 

function of automatic measurement of the 

interprobe distance, which is quite important in 

measurements using four probes in a nanoscale 

region. As a result of these developments, the 

range of materials which can be used in 

nano-systems are no longer limited to metals 

and semiconductors but are now expanded to 

include insulators, organic molecules and even 

biomaterials.

A membrane-type surface stress 

sensor for high-sensitivity 

identification and detection of 

molecular signal inputs and outputs

  The functions of nano-systems are not limited 

to electrical signal processing. Nano-systems 

which use the movement of atoms and 

molecules, shape of molecules, etc. as signals 

may manifest functions similar to the signal 

processing functions of the brain, which nature 

created for parallel processing of complex 

information. In order to drive/verify nano- 

systems of that type, the development of  sensors 

which are capable of identifying and detecting 

inputs and outputs of molecular signals with 

high sensitivity is definitely reguired.

  A typical example of such a sensor is the 

membrane-type surface stress (MSS) sensor 

which has attracted attention recently. In this 

new sensor, the sensor part is covered with a 

thin film that adsorbs molecules to be detected, 

and the extremely small strain induced by 

adsorption of the target molecules is detected 

with ultrahigh sensitivity. This proposed structure 

and its function have already been verified. By 

fabricating an array of these sensors using 

lithographic techniques, it is possible to create a 

high-order sensor system which can accurately 

distinguish diverse components in substances in 

gas- or liquid-states. MSS sensor can be used in 

a wide range of fields, such as medicine, foods,  

environment, security, and others. As just one 

example, a function as a sensor with the 

capability to “distinguish by smell” the regions 

where meat was produced has been confirmed.

  We continue to develop more advanced and 

hybrid versions of these nano-characterization 

tools, with the aim of contributing to the 

creation of new functional nano-systems 

through close collaboration with nano- 

architectonics research.

Development of Quadruple-probe Atomic Force Microscope and Membrane-type 

Surface Stress Sensor Toward the Creation of New Functional Nano-systems
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Unit Director, 
Nano Functionality Integration Unit, 
Nano-system Field, MANA

Tomonobu Nakayama

Nano Functionality Integration Group, 
Nano Functionality Integration Unit, 
Nano-system Field, MANA

Osamu Kubo

Nano Functionality Integration Group, 
Nano Functionality Integration Unit, 
Nano-system Field, MANA

Yoshitaka Shingaya

MANA 
Independent Scientist

Genki Yoshikawa

Director-General, MANA, 
Coordinator, 
Nano-system Field, MANA

Masakazu Aono

Quadruple-probe 
AFM  control unit

High resolution
AFM imaging

4 probes of QPAFM

Simultaneously acquired 4 AFM images

Quadruple-probe AFM
QPAFM

Molecular identification/
 detection sensor

Membrane-type
surface stress sensor (MSS)

Advanced nanocharacterization
tools and methodologies

Creation of nanosystems
with novel functions
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s ingle - mole cule  wi r ing ,  which we ca l l  

“chemical soldering.” In this method, a single 

conductive polymer chain is fabricated by 

i n i t i a t i n g  a  c h a i n  p o l y m e r i z a t i o n  b y  

stimulation with an STM tip. Since the front 

edge of chain polymerization necessarily has a 

reactive chemical species, when the chain 

propagation encounters an adsorbed single 

functional molecule, a covalent bond will be 

f o r m e d  s p o n t a n e o u s l y .  W e  a r e  a l s o  

investigating the microscopic characteristics 

of the connec tion using first-principles 

calculations. This research would be a key 

s te p  in advancing the development of  

single-molecule electronic circuits.
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Organizing Nano Structures into Nano-systems and Creating New Functions

A nano-characterization tool for 

verifying the element functions and 

total functions of nano-systems

  Nano-systems which are constructed by 

combining nanomaterials and nanostructures 

with interesting properties and functions are 

expected to exhibit interesting and novel 

f unc t ions ,  for  example,  in  informat ion 

processing. A simple example of this would be 

brain-type information processing systems 

which learn and develop the way of handling 

information in the similar way as the human 

brain. We are developing various types of 

nano-characterization tools for verification of 

the element functions and total functions of 

nano-systems with the aim of constructing 

nano-systems of this type.

  The nano-characterization tool which we 

developed previously is the quadruple-probe 

scanning tunneling microscope (QPSTM). With 

this device, it is possible to measure the physical 

properties and functions of an object such as 

nanomaterials or nano-systems directly by 

arranging four probes on the object with 

atomic/molecular positional precision. To do 

this, each probe first observes nano-system 

independently with high spatial resolution. 

Next, the probes are placed in contact with 

different positions on the same object, and 

these probes are used as signal input/output 

probes, enabling measurement of the functions 

of the object.

Development of quadruple-probe 

atomic force microscope with 

atomic level spatial resolution

  By further development from a device of a type 

that drives the probes of this microscope as 

scanning tunneling microscope probes, we 

realized a quadruple-probe atomic force 

microscope (QPAFM) where all the four probes 

function as probes of atomic force microscope 

(AFM). This new device achieves atomic-level 

spatial resolution. Use of the QPAFM eliminates 

the need to construct nano-systems only on 

conductive materials. We also realized the 

function of automatic measurement of the 

interprobe distance, which is quite important in 

measurements using four probes in a nanoscale 

region. As a result of these developments, the 

range of materials which can be used in 

nano-systems are no longer limited to metals 

and semiconductors but are now expanded to 

include insulators, organic molecules and even 

biomaterials.

A membrane-type surface stress 

sensor for high-sensitivity 

identification and detection of 

molecular signal inputs and outputs

  The functions of nano-systems are not limited 

to electrical signal processing. Nano-systems 

which use the movement of atoms and 

molecules, shape of molecules, etc. as signals 

may manifest functions similar to the signal 

processing functions of the brain, which nature 

created for parallel processing of complex 

information. In order to drive/verify nano- 

systems of that type, the development of  sensors 

which are capable of identifying and detecting 

inputs and outputs of molecular signals with 

high sensitivity is definitely reguired.

  A typical example of such a sensor is the 

membrane-type surface stress (MSS) sensor 

which has attracted attention recently. In this 

new sensor, the sensor part is covered with a 

thin film that adsorbs molecules to be detected, 

and the extremely small strain induced by 

adsorption of the target molecules is detected 

with ultrahigh sensitivity. This proposed structure 

and its function have already been verified. By 

fabricating an array of these sensors using 

lithographic techniques, it is possible to create a 

high-order sensor system which can accurately 

distinguish diverse components in substances in 

gas- or liquid-states. MSS sensor can be used in 

a wide range of fields, such as medicine, foods,  

environment, security, and others. As just one 

example, a function as a sensor with the 

capability to “distinguish by smell” the regions 

where meat was produced has been confirmed.

  We continue to develop more advanced and 

hybrid versions of these nano-characterization 

tools, with the aim of contributing to the 

creation of new functional nano-systems 

through close collaboration with nano- 

architectonics research.

Development of Quadruple-probe Atomic Force Microscope and Membrane-type 

Surface Stress Sensor Toward the Creation of New Functional Nano-systems
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Development of devices operated by 

new concepts

  The properties of materials change greatly 

depending on how their constituent atoms 

and ions are arranged or mixed. The Atomic 

Electronics Unit is engaged in research and 

development on new devices in which the 

properties of materials change significantly as 

a result of the migration or reaction of only 

several individual atoms or ions.

  In order to create electronic information 

devices and energy devices which did not 

exist in the past, it is necessary to clarify the 

details of the movement of the atoms or ions 

on which those devices are based, as well as 

the mechanisms of their physical/chemical 

reactions. In realizing this, closer mutual 

collaboration between basic research and 

application development is indispensable. We 

are actively promoting this, including joint 

research with other institutions.

Targeting ultra-energy saving

  Today’s advanced information society was 

rea l i ze d  thank s  to  th e  s emico n duc to r  

transistor, which can be called the most 

important invention of the 20th century. 

However, pushing integration to its ultimate 

l imits  is  cont inuing to cause increased 

problems originating in energy consumption, 

such as heat generation. This is attributable to 

the  use  of  vo lat i le  dev ices ,  in  which a  

continuous voltage must be applied in order 

to mainta in the s tate  of  the t ransis tor.  

However, this problem can be solved if it is 

possible to develop nonvolatile transistors 

which only require voltage when switching 

between the on and off states. Nonvolatile 

transistors will also enable development of 

instant-on personal computers and other 

devices, which means those devices can be 

used as soon as the power is switched on.

  We succeeded in developing a nonvolatile 

device called an “atom transistor,” in which 

on-off operation is performed by transferring 

a very small number of metal atoms into an 

insulator (Fig. 1).1) By realizing the off state with 

the insulator and the on state with the metal, 

low power consumption operation was 

achieved simultaneously with a high on-off 

ratio (8 orders of magnitude) exceeding that of 

semiconductor transistors. In the future, we 

plan to conduct research on reliability and 

stability, aiming at practical application.

Development of a revolutionary new 

type of computer

  The human brain accumulates important 

information in the form of experience by a 

repeated process  of  remember ing and 

forgetting, and then uses that information in 

subsequent judgments. In fact, the process of 

forgetting is a distinctive feature of the human 

brain that cannot be imitated by the current 

generation of computers. For example, the 

feature of the brain in which “remembering 

occurs more quickly as the frequency of 

learning increases” (Fig. 2) is realized by nerve 

cells called synapses. Recently, in joint research 

with Prof. James K. Gimzewski of the University 

o f  C a l i f o r n i a ,  Lo s  A n g e l e s  (U CL A ) ,  w e  

succeeded in developing a brain-type device 

which operates in exactly the same manner as 

a synapse.2)

  In the developed brain-type device, or 

“synaptic device,” we realized a single device 

that achieves both short-term memory with 

forgetting and long-term memory without 

forgetting through the device life, depending 

on the frequency of learning. This operation 

was realized by using a solid-state electrolyte 

encapsulating metal ions and controlling the 

movement of only about 10 metal atoms in 

and out on the electrolyte surface(Fig. 3). In 

the future, we plan to carry out research 

aimed at the development of a brain-type 

co m p u te r  b y  s t u d y i n g  i s su e s  su c h  a s  

integration of these synaptic devices.
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Creating Devices Operated by Moving Only Several Atoms or Ions

Will graphene become an electronic 

material?

  We are very frequently asked the question, 

“Can graphene become an electronic material?” 

Because the conductive properties of graphene, 

which originate in the characteristic Dirac 

electron system of that substance, are greatly 

superior to those of many materials, high 

expectations are placed on its potential for 

a p p l i c a t i o n  a s  a  c h a n n e l  m ate r i a l  f o r  

next-generation semiconductor devices, IC 

wiring material, transparent electrode material, 

and the similar uses. Therefore, the answer to 

this question should be “yes.” The fact that 

Nobel Prize was awarded for graphene is also a 

factor that has heightened interest and 

attracted wider attention to graphene. The 

introduction touched on the fact that graphene 

is in principle contained in the marks made by 

rubbing an ordinary lead pencil. The surprising 

fact that an undiscovered material had been 

hidden in such a commonplace, familiar material 

has further heightened interest.

  However, on the other hand, accurate material 

information on the basic  proper t ies  of  

graphene is demanded. It is not possible to 

narrow the focus to applications without this 

basic knowledge.

Elucidating the properties of graphene

  Graphene is an atomic sheet which is made up 

of the six-membered carbon rings that originally 

comprise bulk graphite. Initially, single-layered 

sheets were produced by pressing bulk graphite 

on a substrate and pulling off single layers. 

Expectations for graphene as a next-generation 

device material increased rapidly even with 

observation of the quantum Hall effect, and 

were further heightened by measurement of 

mobility of 200,000cm2/Vs. Because the film 

thickness of graphene is on the atomic level, if an 

electrical field is applied, the field is simply 

transmitted through the film, and electronic 

states can be fully controlled. Although its 

electronic density changes, graphene essentially 

has no bandgap and is a metallic material.

  We succeeded in discovering the conduction 

characteristics of field-induced semiconductors 

from the temperature characteristics of a device 

by applying a vertical field to bilayer graphene 

using a “gate insulating film self-assembly 

method,” which was developed independently 

by this unit and makes it possible to efficiently 

apply electric field with the world’s highest 

efficiency.

  We also discovered the factors which obstruct 

semiconductor characteristics, and found that 

the conduction system is scattered by defects in 

the atomic film and impurities in the vicinity of 

the atomic film. In field-induced semiconductors, 

we fabricated a prototype graphene logic device 

and demonstrated its operation, and also 

succeeded in showing inverter characteristics, 

which are a fundamental logic operation, using 

an ambipolar  dev ice consis t ing of  t wo 

connected graphene transistors. (joint research 

with Prof. Kanda of Tsukuba University)

  Using characterization techniques, we 

discovered the scattering mechanism of 

graphene formed on SiC (joint research with 

Prof. Tanaka of Kyushu University) and graphene 

formed by CVD (joint research with Dr. Noaki 

Yokoyama’s research group at the National 

Institute of Advanced Industrial Science and 

Technology). As a result, precise evaluation of 

scattering of graphene on atomic level lattice 

steps on a substrate and scattering at graphene 

grain boundaries became possible. We are now 

targeting discovery of a property control 

technique, while feeding back this information 

to graphene manufacturing technology. This 

k n o w l e d g e  w i l l  a l s o  b e  e x p a n d e d  to  

development of graphene IC wiring.

Efforts to determine the properties of 

graphene and research on their 

control are progressing worldwide

  At present, giant projects with a unit of several 

bill ion yen are being planned in various 

countries, and great effort is being put into 

related research. Examples include a several 

100GHz ultra-high response speed device in the 

United States, transparent electrodes centering 

on touch panels in Korea, chemical/bio related 

work in Singapore,  elucidation of  basic 

properties in the United Kingdom, and others. 

However, the basis for all  these works is 

understanding and control of the properties of 

the material.

  We are conducting priority research with this 

goal, and are also engaged in research on control 

of atomic film conduction characteristics, aiming 

at development to research that also includes 

other atomic films. As the true interest of 

graphene is the fact that graphene is an atomic 

film, we are attempting to extract “unique 

properties of atomic films which are different from 

bulk materials.” 

Taking on the Challenge of Developing Atomic Film Electronics
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Fig. 1  Schematic diagram of graphene as 
the structural unit of bulk graphite

Fig. 2  Schematic diagram and optical microscope 
photograph of prototype bilayer graphene

Fig. 3  Device array fabricated in 
graphene on SiC
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Development of devices operated by 

new concepts

  The properties of materials change greatly 

depending on how their constituent atoms 

and ions are arranged or mixed. The Atomic 

Electronics Unit is engaged in research and 

development on new devices in which the 

properties of materials change significantly as 

a result of the migration or reaction of only 

several individual atoms or ions.

  In order to create electronic information 

devices and energy devices which did not 

exist in the past, it is necessary to clarify the 

details of the movement of the atoms or ions 

on which those devices are based, as well as 

the mechanisms of their physical/chemical 

reactions. In realizing this, closer mutual 

collaboration between basic research and 

application development is indispensable. We 

are actively promoting this, including joint 

research with other institutions.

Targeting ultra-energy saving

  Today’s advanced information society was 

rea l i ze d  thank s  to  th e  s emico n duc to r  

transistor, which can be called the most 

important invention of the 20th century. 

However, pushing integration to its ultimate 

l imits  is  cont inuing to cause increased 

problems originating in energy consumption, 

such as heat generation. This is attributable to 

the  use  of  vo lat i le  dev ices ,  in  which a  

continuous voltage must be applied in order 

to mainta in the s tate  of  the t ransis tor.  

However, this problem can be solved if it is 

possible to develop nonvolatile transistors 

which only require voltage when switching 

between the on and off states. Nonvolatile 

transistors will also enable development of 

instant-on personal computers and other 

devices, which means those devices can be 

used as soon as the power is switched on.

  We succeeded in developing a nonvolatile 

device called an “atom transistor,” in which 

on-off operation is performed by transferring 

a very small number of metal atoms into an 

insulator (Fig. 1).1) By realizing the off state with 

the insulator and the on state with the metal, 

low power consumption operation was 

achieved simultaneously with a high on-off 

ratio (8 orders of magnitude) exceeding that of 

semiconductor transistors. In the future, we 

plan to conduct research on reliability and 

stability, aiming at practical application.

Development of a revolutionary new 

type of computer

  The human brain accumulates important 

information in the form of experience by a 

repeated process  of  remember ing and 

forgetting, and then uses that information in 

subsequent judgments. In fact, the process of 

forgetting is a distinctive feature of the human 

brain that cannot be imitated by the current 

generation of computers. For example, the 

feature of the brain in which “remembering 

occurs more quickly as the frequency of 

learning increases” (Fig. 2) is realized by nerve 

cells called synapses. Recently, in joint research 

with Prof. James K. Gimzewski of the University 

o f  C a l i f o r n i a ,  Lo s  A n g e l e s  (U CL A ) ,  w e  

succeeded in developing a brain-type device 

which operates in exactly the same manner as 

a synapse.2)

  In the developed brain-type device, or 

“synaptic device,” we realized a single device 

that achieves both short-term memory with 

forgetting and long-term memory without 

forgetting through the device life, depending 

on the frequency of learning. This operation 

was realized by using a solid-state electrolyte 

encapsulating metal ions and controlling the 

movement of only about 10 metal atoms in 

and out on the electrolyte surface(Fig. 3). In 

the future, we plan to carry out research 

aimed at the development of a brain-type 

co m p u te r  b y  s t u d y i n g  i s su e s  su c h  a s  

integration of these synaptic devices.
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Creating Devices Operated by Moving Only Several Atoms or Ions

Will graphene become an electronic 

material?

  We are very frequently asked the question, 

“Can graphene become an electronic material?” 

Because the conductive properties of graphene, 

which originate in the characteristic Dirac 

electron system of that substance, are greatly 

superior to those of many materials, high 

expectations are placed on its potential for 

a p p l i c a t i o n  a s  a  c h a n n e l  m ate r i a l  f o r  

next-generation semiconductor devices, IC 

wiring material, transparent electrode material, 

and the similar uses. Therefore, the answer to 

this question should be “yes.” The fact that 

Nobel Prize was awarded for graphene is also a 

factor that has heightened interest and 

attracted wider attention to graphene. The 

introduction touched on the fact that graphene 

is in principle contained in the marks made by 

rubbing an ordinary lead pencil. The surprising 

fact that an undiscovered material had been 

hidden in such a commonplace, familiar material 

has further heightened interest.

  However, on the other hand, accurate material 

information on the basic  proper t ies  of  

graphene is demanded. It is not possible to 

narrow the focus to applications without this 

basic knowledge.

Elucidating the properties of graphene

  Graphene is an atomic sheet which is made up 

of the six-membered carbon rings that originally 

comprise bulk graphite. Initially, single-layered 

sheets were produced by pressing bulk graphite 

on a substrate and pulling off single layers. 

Expectations for graphene as a next-generation 

device material increased rapidly even with 

observation of the quantum Hall effect, and 

were further heightened by measurement of 

mobility of 200,000cm2/Vs. Because the film 

thickness of graphene is on the atomic level, if an 

electrical field is applied, the field is simply 

transmitted through the film, and electronic 

states can be fully controlled. Although its 

electronic density changes, graphene essentially 

has no bandgap and is a metallic material.

  We succeeded in discovering the conduction 

characteristics of field-induced semiconductors 

from the temperature characteristics of a device 

by applying a vertical field to bilayer graphene 

using a “gate insulating film self-assembly 

method,” which was developed independently 

by this unit and makes it possible to efficiently 

apply electric field with the world’s highest 

efficiency.

  We also discovered the factors which obstruct 

semiconductor characteristics, and found that 

the conduction system is scattered by defects in 

the atomic film and impurities in the vicinity of 

the atomic film. In field-induced semiconductors, 

we fabricated a prototype graphene logic device 

and demonstrated its operation, and also 

succeeded in showing inverter characteristics, 

which are a fundamental logic operation, using 

an ambipolar  dev ice consis t ing of  t wo 

connected graphene transistors. (joint research 

with Prof. Kanda of Tsukuba University)

  Using characterization techniques, we 

discovered the scattering mechanism of 

graphene formed on SiC (joint research with 

Prof. Tanaka of Kyushu University) and graphene 

formed by CVD (joint research with Dr. Noaki 

Yokoyama’s research group at the National 

Institute of Advanced Industrial Science and 

Technology). As a result, precise evaluation of 

scattering of graphene on atomic level lattice 

steps on a substrate and scattering at graphene 

grain boundaries became possible. We are now 

targeting discovery of a property control 

technique, while feeding back this information 

to graphene manufacturing technology. This 

k n o w l e d g e  w i l l  a l s o  b e  e x p a n d e d  to  

development of graphene IC wiring.

Efforts to determine the properties of 

graphene and research on their 

control are progressing worldwide

  At present, giant projects with a unit of several 

bill ion yen are being planned in various 

countries, and great effort is being put into 

related research. Examples include a several 

100GHz ultra-high response speed device in the 

United States, transparent electrodes centering 

on touch panels in Korea, chemical/bio related 

work in Singapore,  elucidation of  basic 

properties in the United Kingdom, and others. 

However, the basis for all  these works is 

understanding and control of the properties of 

the material.

  We are conducting priority research with this 

goal, and are also engaged in research on control 

of atomic film conduction characteristics, aiming 

at development to research that also includes 

other atomic films. As the true interest of 

graphene is the fact that graphene is an atomic 

film, we are attempting to extract “unique 

properties of atomic films which are different from 

bulk materials.” 

Taking on the Challenge of Developing Atomic Film Electronics
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Fig. 1  Schematic diagram of graphene as 
the structural unit of bulk graphite

Fig. 2  Schematic diagram and optical microscope 
photograph of prototype bilayer graphene

Fig. 3  Device array fabricated in 
graphene on SiC

Fig. 2   Model of memory based on repeated learning Fig. 3  Synapse in a neural circuit and the developed brain-like device

Fig. 1  Schematic diagram of atom transistor
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Exploring novel functions in terms of 

advanced theories and 

computer simulations

  We engage in theoretical exploration of 

novel quantum phenomena taking place on 

nano scale. Especially we focus on magnetic 

and superconducting systems where charge, 

spin and orbit degrees of freedom of electrons 

s t rongly  couple  with  each other.  W i th  

advanced theories and large-scale, high- 

accuracy computer simulations, we try to explain 

important experimental observations, make 

theoretical predictions on novel phenomena, 

design new materials, and propose functional 

architectures.

Superconductivity and quantum 

entanglement of electron pair

  Recently, we propose a theory for detecting 

a n d  m a n i p u l a t i n g  n o n l o c a l  q u a nt u m  

entanglement of electron pairs based on 

superconductivity. Quantum entanglement 

with superposition of wave functions is the 

unique property of quantum systems, which 

can be used for quantum teleportation and 

quantum computation. The spin-singlet state 

of two electrons shown schematically in Fig.1 

is the most fundamental entanglement state, 

and the superconductivity is a condensate of 

electron pairs in spin-singlet state, known as 

Cooper pairs.

  The nano superconduc ting device we 

proposed for detecting and manipulating 

quantum entanglement is depicted in Fig. 2. In 

order to ex tract a Cooper pair  f rom the 

superconductor and move the two electrons 

s e p a r a t e l y ,  w e  a d d  t w o  l e a d s  t o  t h e  

superconductor tip with size of several tens of 

nanometer. We build a quantum dot on each 

lead, which works as a gate making use of the 

Coulomb repulsion to prevent the t wo 

electrons going through the same lead 

(co-tunneling), and thus to enhance the split 

tunneling.

  If the two electrons loss their quantum 

correlation when they travel through different 

paths, a finite resistance occurs when they 

arrive at the other superconductor. On the 

other hand, if the quantum entanglement is 

kept a l l  the way and the t wo elec trons 

recombine at the destination, a current 

without dissipation, known as Josephson 

current, is carried by this electron pair.

  In order to determine the ratio between the 

numbers of split-tunneling and co-tunneling 

Co o p e r  p a i r s ,  w e  p r o p o s e  to  a p p l y  a  

magnetic flux through the regime enclosed 

by the two leads. As shown in Fig. 3, the 

oscillation of maximal Josephson current 

with response to the magnetic flux exhibits a 

period of a single quantum of magnetic flux 

in absence of split tunneling (blue curve), 

w h e r e a s  a  d o u b l e d  p e r i o d  w h e n  t h e  

electron numbers of split tunneling and 

co-tunneling are the same (red curve). 

  Tuning the gate voltage at the quantum dots, 

one can trap electrons on the quantum dots. 

We have shown that by injecting Josephson 

current appropriately into the device, one can 

manip ulate  th e  sp in  ent anglem ent  o f  

electrons trapped at the quantum dots. 

Outlook

  To synthesize a quantum computer, which 

is superior by far over the conventional 

computer in many important applications, is 

one of the frontiers of the physics science, 

materials science and nano technology. For 

this purpose, one needs to manipulate many 

q u a n t u m  b i t s  k e e p i n g  t h e  q u a n t u m  

coherence. We are working on quantum spin 

states, exotic superconducting states as well as 

novel materials and architectures which 

provide ideal platforms for implementing 

quantum computation.
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Superconductivity and Quantum Entanglement of Electrons

  We are engaged in research on mesoscopic 

superconductivity (physics of mesoscopic and 

nanoscale superconducting devices). note 1) This 

article presents three examples.

Superconducting LEDs 1)

  Ordinary p-n junction light emitting diodes 

(LED) emit light by recombination of electrons 

and holes in the active layer. However, if a 

superconductor can be used as the electrode 

which injects electrons, what would the light 

emission be like? Figure 1 shows a schematic 

diagram of a superconducting light emitting 

LED which we fabricated, and Figure 2 shows its 

luminescence property. A rapid increase in 

luminescence was observed at temperatures 

below the superconducting transition temperature 

TC of the niobium (Nb) superconducting electrode. 

  This is interpreted as follows. At temperatures 

above TC, Nb is a simple metal, which means 

that single electrons are injected. However, at 

temperatures at or below TC, Cooper pairs note 2) 

of electrons are injected as a result of the 

superconducting proximity effect. Recombination 

of these injected Cooper pairs with holes 

injected from the back-gate p-InP substrate 

is  thought to occur in the InGaAs (indium-

gallium-arsenic) active layer, resulting in 

luminescence. The increase in luminescence 

intensity is due to the coherence of the Cooper 

pairs. We confirmed this theoretically. 2)

  Furthermore, we observed that a supercurrent 

flows between two Nb superconducting 

electrodes at or below TC, and the magnitude of 

that current varies depending on the back-gate 

voltage. We also confirmed that the Cooper 

pairs sufficiently reach the active layer as a result 

of the proximity effect.

  The emitted photons have the potential for use 

as photon pairs of entangled twins in the future. 

As a byproduct of this research, it was also 

found that Andreev-reflected electrons note 3) 

and holes are Andreev polarons note 4) which are 

dressed in a phonon cloud. 3)

SQUID coupled with InAs 

quantum dots 4)

  We are engaged in research on SQUID 

(superconducting quantum inter ference

device) coupled with InAs (indium-arsenic) 

quantum dots as a quantum interface between 

optical  based quantum bits  and super-  

conducting quantum bits. As the structure, 

we use a superconductor – InAs quantum dot – 

superconductor junction in place of a conventional 

tunnel junction. We have succeeded in passing a 

supercurrent through this junction and have also 

confirmed SQUID operation.

  This device is provided with a back-gate with the 

neighborhood of the quantum dot. The 

neighboring gate functions to control the degree of 

coupling between the superconductors and the 

dot, and the back-gate functions to control the 

number of electrons in the dot. When the number 

of electrons in the dot is an odd number, a 

phenomenon in which Cooper pair tunneling 

displays a π phase shift occurs. This is an extremely 

interesting phenomenon in which the flow of the 

supercurrent is reversed. By carefully controlling 

these two gates, we succeeded in operation of a π 

phase-shift junction.

Graphene SQUID

  Graphene, which is a type of carbon with a 

2-dimensional network structure, has attracted 

attention recently due to its unique band 

struc ture.  We also succeeded in SQUID 

operation using graphene. The key point in 

achieving a supercurrent in a superconductor – 

graphene – superconductor junction is the 

contact resistance between the superconductors 

and the graphene. It was possible to obtain a 

supercurrent by successfully controlling this 

contact resistance.

Nano Superconducting Devices
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Fig. 1   Schematic cross-sectional diagram Fig. 2   Luminescence property
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which the superconductors are connected via quantum 
dots controlled by gate voltage

Fig. 1  Spin-singlet state of two electrons
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Exploring novel functions in terms of 

advanced theories and 

computer simulations

  We engage in theoretical exploration of 

novel quantum phenomena taking place on 

nano scale. Especially we focus on magnetic 

and superconducting systems where charge, 

spin and orbit degrees of freedom of electrons 

s t rongly  couple  with  each other.  W i th  

advanced theories and large-scale, high- 

accuracy computer simulations, we try to explain 

important experimental observations, make 

theoretical predictions on novel phenomena, 

design new materials, and propose functional 

architectures.

Superconductivity and quantum 

entanglement of electron pair

  Recently, we propose a theory for detecting 

a n d  m a n i p u l a t i n g  n o n l o c a l  q u a nt u m  

entanglement of electron pairs based on 

superconductivity. Quantum entanglement 

with superposition of wave functions is the 

unique property of quantum systems, which 

can be used for quantum teleportation and 

quantum computation. The spin-singlet state 

of two electrons shown schematically in Fig.1 

is the most fundamental entanglement state, 

and the superconductivity is a condensate of 

electron pairs in spin-singlet state, known as 

Cooper pairs.

  The nano superconduc ting device we 

proposed for detecting and manipulating 

quantum entanglement is depicted in Fig. 2. In 

order to ex tract a Cooper pair  f rom the 

superconductor and move the two electrons 

s e p a r a t e l y ,  w e  a d d  t w o  l e a d s  t o  t h e  

superconductor tip with size of several tens of 

nanometer. We build a quantum dot on each 

lead, which works as a gate making use of the 

Coulomb repulsion to prevent the t wo 

electrons going through the same lead 

(co-tunneling), and thus to enhance the split 

tunneling.

  If the two electrons loss their quantum 

correlation when they travel through different 

paths, a finite resistance occurs when they 

arrive at the other superconductor. On the 

other hand, if the quantum entanglement is 

kept a l l  the way and the t wo elec trons 

recombine at the destination, a current 

without dissipation, known as Josephson 

current, is carried by this electron pair.

  In order to determine the ratio between the 

numbers of split-tunneling and co-tunneling 

Co o p e r  p a i r s ,  w e  p r o p o s e  to  a p p l y  a  

magnetic flux through the regime enclosed 

by the two leads. As shown in Fig. 3, the 

oscillation of maximal Josephson current 

with response to the magnetic flux exhibits a 

period of a single quantum of magnetic flux 

in absence of split tunneling (blue curve), 

w h e r e a s  a  d o u b l e d  p e r i o d  w h e n  t h e  

electron numbers of split tunneling and 

co-tunneling are the same (red curve). 

  Tuning the gate voltage at the quantum dots, 

one can trap electrons on the quantum dots. 

We have shown that by injecting Josephson 

current appropriately into the device, one can 

manip ulate  th e  sp in  ent anglem ent  o f  

electrons trapped at the quantum dots. 

Outlook

  To synthesize a quantum computer, which 

is superior by far over the conventional 

computer in many important applications, is 

one of the frontiers of the physics science, 

materials science and nano technology. For 

this purpose, one needs to manipulate many 

q u a n t u m  b i t s  k e e p i n g  t h e  q u a n t u m  

coherence. We are working on quantum spin 

states, exotic superconducting states as well as 

novel materials and architectures which 

provide ideal platforms for implementing 

quantum computation.
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Superconductivity and Quantum Entanglement of Electrons

  We are engaged in research on mesoscopic 

superconductivity (physics of mesoscopic and 

nanoscale superconducting devices). note 1) This 

article presents three examples.

Superconducting LEDs 1)

  Ordinary p-n junction light emitting diodes 

(LED) emit light by recombination of electrons 

and holes in the active layer. However, if a 

superconductor can be used as the electrode 

which injects electrons, what would the light 

emission be like? Figure 1 shows a schematic 

diagram of a superconducting light emitting 

LED which we fabricated, and Figure 2 shows its 

luminescence property. A rapid increase in 

luminescence was observed at temperatures 

below the superconducting transition temperature 

TC of the niobium (Nb) superconducting electrode. 

  This is interpreted as follows. At temperatures 

above TC, Nb is a simple metal, which means 

that single electrons are injected. However, at 

temperatures at or below TC, Cooper pairs note 2) 

of electrons are injected as a result of the 

superconducting proximity effect. Recombination 

of these injected Cooper pairs with holes 

injected from the back-gate p-InP substrate 

is  thought to occur in the InGaAs (indium-

gallium-arsenic) active layer, resulting in 

luminescence. The increase in luminescence 

intensity is due to the coherence of the Cooper 

pairs. We confirmed this theoretically. 2)

  Furthermore, we observed that a supercurrent 

flows between two Nb superconducting 

electrodes at or below TC, and the magnitude of 

that current varies depending on the back-gate 

voltage. We also confirmed that the Cooper 

pairs sufficiently reach the active layer as a result 

of the proximity effect.

  The emitted photons have the potential for use 

as photon pairs of entangled twins in the future. 

As a byproduct of this research, it was also 

found that Andreev-reflected electrons note 3) 

and holes are Andreev polarons note 4) which are 

dressed in a phonon cloud. 3)

SQUID coupled with InAs 

quantum dots 4)

  We are engaged in research on SQUID 

(superconducting quantum inter ference

device) coupled with InAs (indium-arsenic) 

quantum dots as a quantum interface between 

optical  based quantum bits  and super-  

conducting quantum bits. As the structure, 

we use a superconductor – InAs quantum dot – 

superconductor junction in place of a conventional 

tunnel junction. We have succeeded in passing a 

supercurrent through this junction and have also 

confirmed SQUID operation.

  This device is provided with a back-gate with the 

neighborhood of the quantum dot. The 

neighboring gate functions to control the degree of 

coupling between the superconductors and the 

dot, and the back-gate functions to control the 

number of electrons in the dot. When the number 

of electrons in the dot is an odd number, a 

phenomenon in which Cooper pair tunneling 

displays a π phase shift occurs. This is an extremely 

interesting phenomenon in which the flow of the 

supercurrent is reversed. By carefully controlling 

these two gates, we succeeded in operation of a π 

phase-shift junction.

Graphene SQUID

  Graphene, which is a type of carbon with a 

2-dimensional network structure, has attracted 

attention recently due to its unique band 

struc ture.  We also succeeded in SQUID 

operation using graphene. The key point in 

achieving a supercurrent in a superconductor – 

graphene – superconductor junction is the 

contact resistance between the superconductors 

and the graphene. It was possible to obtain a 

supercurrent by successfully controlling this 

contact resistance.
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note 4: Andreev polaron: Polaron (exciton) caused by 
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Fig. 1   Schematic cross-sectional diagram Fig. 2   Luminescence property
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Fig. 1  Spin-singlet state of two electrons
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-Since you are the Coordinator of the 

Nano-system Field at MANA, could you tell 

us how you see nanotechnology?

Aono(A): I have been involved in pioneering 

the fields of nanoscience and nanotechnology, 

which have achieved such astonishing progress 

in the last quarter-century. When the size of 

materials is reduced, there are no particular 

changes down to the micrometer scale, but as 

they approach the nanometer scale, they 

exhibit various new properties. Many surprising 

discoveries have been made. For example, 

silicon emits light, compound semiconductors 

display unique properties as “quantum dots,” 

and carbon shows unusually small electrical 

resistance when it forms nanotubes. Recently, it 

has also been discovered that when a single 

layer of carbon is peeled off from graphite, 

electrons in the layer do not have mass. As 

pointed out by Richard Feynman prophetically 

in 1959, “ There’s a plenty of room at the 

bottom”. We materials scientists want to create 

various innovative materials for practical use 

b y  u t i l i z i n g  t h o s e  n e w  p r o p e r t i e s  o f  

substances. However, to achieve this, the 

conventional analytic view of nanotechnology 

must yield to a certain synthetic approach. 

This is conducive to creating new functions 

that can be exhibited by nanoscale structural 

elements in combination through mutual 

interactions although they are not present in 

the iso lated element .  We use the word 

“n a n o a r c h i t e c t o n i c s ”  t o  e x p r e s s  t h i s  

technological concept.

-That’s the direction in which the 

Nano-system Field is aiming?

A: Yes. For example, nothing particularly 

remarkable is possible with a single transistor. 

However, by integrating transistors into ICs 

and LSIs, computer revolution has occurred. It 

is  impor tant to point out here that the 

computer  of  today is  produced by firs t  

drawing a detailed design accurately and then 

per forming precise microfabricat ion in 

accordance with the design. If a defect is 

included in the fabrication process, it will 

cause a functional defect in the product. For 

the fabrication in the world of nanometer 

dimensions, which is much smaller than the 

micrometer world, it is impossible to eliminate 

defects both technologically and theoretically. 

Therefore, in nanoarchitectonics, a viewpoint 

which to lerates  s t ruc tura l  defec ts  and 

ambiguity is essential, so that and collaboration 

with theory is important.

-What contributions can the 

Nano-system Field make to society?

A:   I  have three dreams. Although some 

people may think those dreams are nothing 

but “big talk,” I am quite serious. Interestingly, 

since I have continued talking about the 

dreams for years, several young scientists at 

MANA have worked out their own smart ideas 

to realize those dreams. My first dream is to 

mater ial ize a protot ype of  a brain-t ype 

c o m p u t a t i o n a l  c i r c u i t  w i t h o u t  u s i n g  

conventional computer electronic devices and 

software, which is capable of functioning by 

itself without a program. I hope to realize this 

by nanoarchitec tonics  us ing inorganic 

materials. My second dream is to realize room 

temperature superconductivity. It might be 

difficult to realize in a 3-dimensional bulk 

substance, but I feel that it might be possible 

by clever use of nano-systems. My third dream 

is artificial photosynthesis. I would like to 

real ize a nano-system that can produce 

hydrogen atoms from water and carbon 

atoms from carbon dioxide gas, and can create 

hydrocarbons from those two products. For all 

of these three dreams, we already possess 

interesting results that can provide the 

starting points.

-These are certainly wonderful dreams. 

What do you think MANA will be like after 

5 years from now?

A: With MANA now in its 5th year, our research 

targets are clearly defined. In the years to 

come, we will advance toward those goals. 

And when MANA is 10 years old, I hope that 

the three dreams that I mentioned a moment 

ago will no longer be just dreams. We are 

striving with all our might to realize those 

dreams, and I sincerely ask that everyone give 

us their support.
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Also Enables Low Cost 3-dimensional Wiring in Next-generation Multi-layer Devices
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2007, he was Principal Researcher at the National Institute for Research in Inorganic Materials (NIRIM), Senior Scientist at 

RIKEN, Professor of Osaka University, and Director of the NIMS Nanomaterials Laboratory.

The necessity of 3-dimensional device 

stacking

  In the field of electronics, and particularly in 

i n t e g r a t e d  c i r c u i t s ,  e ff o r t s  t o  r e a l i z e  

3-dimensional stacking of devices (Fig. 1) have 

begun as a technique for simultaneously 

achieving higher integration and reduced 

power consumption. As a result ,  how to 

fabricate multi-layer wiring and wiring in the 

vertical direction has become an issue. In 

vertical wiring, in other words, wiring that 

connects stacked silicon chips, a technology 

for producing electrodes that pass vertically 

through silicon chips (Through-Silicon Via, 

hereinafter, TSV; see Fig. 1) is important. One 

technical challenge with TSV is filling narrow, 

deep holes (e.g., diameter: 5μm, depth: 50μm) 

rapidly with a material having high electrical 

conductivity. At present, wiring using metals 

such as tungsten, copper,  etc .  is  mainly 

performed using chemical vapor deposition 

(CVD) or plating techniques. However, forming 

requires excessive time because a complicated 

setup process is necessary and the forming 

speed is low. This is a factor in higher production 

costs for electronic component parts.

High speed precipitation of a 

conductive solid from a liquid, and 

application to wiring for 3D devices

  In this research, we adopted the concept of 

high speed precipitation of a conductive solid 

from a liquid which is easily poured into fine 

holes. One candidate material is conductive 

o rg a n i c  p o l y m e r s ,  b u t  m a ny  o f  t h e s e  

substances have conductivity on the order of 

102 Ω-1cm-1. Therefore, our aim was to further 

improve the conductive property of these 

polymers by hybridization of a conducting 

polymer and metal. Concretely, a solution was 

prepared by dissolving a monomer (organic 

molecule) such as pyrrole, etc., which is the 

raw material of the conducting polymer, nitric 

acid, etc. as a doping anion (negative ion) to 

impart conductivity to the polymer, and a 

cation (positive ion) of a metal such as silver, 

etc. in a solvent such as acetonitrile, and the 

prepared solution was then irradiated with 

u l t r av i o l e t  l i g ht ,  e tc .  (F i g .  2) .  A s  l i g ht  

simultaneously promoted polymerization of 

the conducting polymer (oxidation reaction) 

and deposit ion of the metal  (reduc tion 

reaction), it was possible to precipitate a 

conducting material comprising a conducting 

polymer and a metal at a growth rate more 

than 10 times faster than with conventional 

plating and CVD. Moreover, because the 

resulting material had a fine structure (Fig. 3) in 

which the metal was deposited on the surface 

of the conducting polymer, conductivity was 

2.0 x 104 Ω-1cm-1. Thus, an excellent conductor 

with conductivity on the same level as general 

metal conductors could be obtained.

Toward realization of low cost 

multilayered wiring devices

  Because the technique developed in this 

research enables high speed injection of the 

raw material in a liquid state, followed by high 

speed formation of a conducting material, the 

time required to fill conducting materials in 

T S V,  w h i c h  i s  s e v e r a l  h o u r s  w i t h  t h e  

conventional technique, can be reduced to 

several minutes. As a result, it is expected to 

be possible to produce next-generation 

electronic equipment at low cost. Because 

t h e r e  i s  a l s o  a n  i n c r e a s i n g  n e e d  f o r  

multilayered wiring responding to higher 

integration in flexible devices, application as a 

high conductivity wiring material that can be 

formed in the atmosphere at high speed is 

also expected.
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Fig. 1  Example of the structure of a 3-dimensional semiconductor Fig. 3   Electron microscope photograph of the 
developed conducting material, comprising a 
conductive organic polymer (polypyrrole) and 
metal (silver)

Fig. 2  Forming process of the conducting 
material comprising a conduc tive organic 
polymer and metal
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Creating Nano-systems by Nanoarchitectonics.
Toward the 3 Dreams that I want to make realities.

Masakazu Aono, Director-General, MANA, MANA Coordinator, Nano-system Field

The International Center for Materials Nanoarchitectonics (MANA), which was established in 2007, is now in its 5th year. 

As Director-General of MANA, Dr. Masakazu Aono plays a leading role in MANA as a whole, 

and as Coordinator of the Nano-system Field, he also has a burning passion for research. 

In this interview, Dr. Aono explains what “nanoarchitectonics” is and the goal of this new technological system or concept.

Note) Flexible device: Refers to electronic equipment 

and devices which can be folded. In comparison with 

conventional devices, flexible products will offer a high 

degree of freedom in shape design, and can also be 

produced by a continuous process using a long film 

substrate.

NIMS NOW International  2012 January-February

N
ano

-system
 b

y N
ano

architecto
nics



Metal deposited on 
surface of polymer

Metal

500nm

3rd layer

Silicon substrate

2nd layer

1st layer

Fine wiring

Transistor

Adhesive

Vertical wiring
(TSV)

10 NIMS NOW International  2012 January-February 11

-Since you are the Coordinator of the 

Nano-system Field at MANA, could you tell 

us how you see nanotechnology?

Aono(A): I have been involved in pioneering 

the fields of nanoscience and nanotechnology, 

which have achieved such astonishing progress 

in the last quarter-century. When the size of 

materials is reduced, there are no particular 

changes down to the micrometer scale, but as 

they approach the nanometer scale, they 

exhibit various new properties. Many surprising 

discoveries have been made. For example, 

silicon emits light, compound semiconductors 

display unique properties as “quantum dots,” 

and carbon shows unusually small electrical 

resistance when it forms nanotubes. Recently, it 

has also been discovered that when a single 

layer of carbon is peeled off from graphite, 

electrons in the layer do not have mass. As 

pointed out by Richard Feynman prophetically 

in 1959, “ There’s a plenty of room at the 

bottom”. We materials scientists want to create 

various innovative materials for practical use 

b y  u t i l i z i n g  t h o s e  n e w  p r o p e r t i e s  o f  

substances. However, to achieve this, the 

conventional analytic view of nanotechnology 

must yield to a certain synthetic approach. 

This is conducive to creating new functions 

that can be exhibited by nanoscale structural 

elements in combination through mutual 

interactions although they are not present in 

the iso lated element .  We use the word 

“n a n o a r c h i t e c t o n i c s ”  t o  e x p r e s s  t h i s  

technological concept.

-That’s the direction in which the 

Nano-system Field is aiming?

A: Yes. For example, nothing particularly 

remarkable is possible with a single transistor. 

However, by integrating transistors into ICs 

and LSIs, computer revolution has occurred. It 

is  impor tant to point out here that the 

computer  of  today is  produced by firs t  

drawing a detailed design accurately and then 

per forming precise microfabricat ion in 

accordance with the design. If a defect is 

included in the fabrication process, it will 

cause a functional defect in the product. For 

the fabrication in the world of nanometer 

dimensions, which is much smaller than the 

micrometer world, it is impossible to eliminate 

defects both technologically and theoretically. 

Therefore, in nanoarchitectonics, a viewpoint 

which to lerates  s t ruc tura l  defec ts  and 

ambiguity is essential, so that and collaboration 

with theory is important.

-What contributions can the 

Nano-system Field make to society?

A:   I  have three dreams. Although some 

people may think those dreams are nothing 

but “big talk,” I am quite serious. Interestingly, 

since I have continued talking about the 

dreams for years, several young scientists at 

MANA have worked out their own smart ideas 

to realize those dreams. My first dream is to 

mater ial ize a protot ype of  a brain-t ype 

c o m p u t a t i o n a l  c i r c u i t  w i t h o u t  u s i n g  

conventional computer electronic devices and 

software, which is capable of functioning by 

itself without a program. I hope to realize this 

by nanoarchitec tonics  us ing inorganic 

materials. My second dream is to realize room 

temperature superconductivity. It might be 

difficult to realize in a 3-dimensional bulk 

substance, but I feel that it might be possible 

by clever use of nano-systems. My third dream 

is artificial photosynthesis. I would like to 

real ize a nano-system that can produce 

hydrogen atoms from water and carbon 

atoms from carbon dioxide gas, and can create 

hydrocarbons from those two products. For all 

of these three dreams, we already possess 

interesting results that can provide the 

starting points.

-These are certainly wonderful dreams. 

What do you think MANA will be like after 

5 years from now?

A: With MANA now in its 5th year, our research 

targets are clearly defined. In the years to 

come, we will advance toward those goals. 

And when MANA is 10 years old, I hope that 

the three dreams that I mentioned a moment 

ago will no longer be just dreams. We are 

striving with all our might to realize those 

dreams, and I sincerely ask that everyone give 

us their support.
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3-dimensional stacking of devices (Fig. 1) have 

begun as a technique for simultaneously 

achieving higher integration and reduced 

power consumption. As a result ,  how to 

fabricate multi-layer wiring and wiring in the 

vertical direction has become an issue. In 

vertical wiring, in other words, wiring that 

connects stacked silicon chips, a technology 

for producing electrodes that pass vertically 

through silicon chips (Through-Silicon Via, 

hereinafter, TSV; see Fig. 1) is important. One 

technical challenge with TSV is filling narrow, 

deep holes (e.g., diameter: 5μm, depth: 50μm) 

rapidly with a material having high electrical 

conductivity. At present, wiring using metals 

such as tungsten, copper,  etc .  is  mainly 

performed using chemical vapor deposition 

(CVD) or plating techniques. However, forming 

requires excessive time because a complicated 

setup process is necessary and the forming 

speed is low. This is a factor in higher production 

costs for electronic component parts.

High speed precipitation of a 

conductive solid from a liquid, and 

application to wiring for 3D devices

  In this research, we adopted the concept of 

high speed precipitation of a conductive solid 

from a liquid which is easily poured into fine 

holes. One candidate material is conductive 

o rg a n i c  p o l y m e r s ,  b u t  m a ny  o f  t h e s e  

substances have conductivity on the order of 

102 Ω-1cm-1. Therefore, our aim was to further 

improve the conductive property of these 

polymers by hybridization of a conducting 

polymer and metal. Concretely, a solution was 

prepared by dissolving a monomer (organic 

molecule) such as pyrrole, etc., which is the 

raw material of the conducting polymer, nitric 

acid, etc. as a doping anion (negative ion) to 

impart conductivity to the polymer, and a 

cation (positive ion) of a metal such as silver, 

etc. in a solvent such as acetonitrile, and the 

prepared solution was then irradiated with 

u l t r av i o l e t  l i g ht ,  e tc .  (F i g .  2) .  A s  l i g ht  

simultaneously promoted polymerization of 

the conducting polymer (oxidation reaction) 

and deposit ion of the metal  (reduc tion 

reaction), it was possible to precipitate a 

conducting material comprising a conducting 

polymer and a metal at a growth rate more 

than 10 times faster than with conventional 

plating and CVD. Moreover, because the 

resulting material had a fine structure (Fig. 3) in 

which the metal was deposited on the surface 

of the conducting polymer, conductivity was 

2.0 x 104 Ω-1cm-1. Thus, an excellent conductor 

with conductivity on the same level as general 

metal conductors could be obtained.

Toward realization of low cost 

multilayered wiring devices

  Because the technique developed in this 

research enables high speed injection of the 

raw material in a liquid state, followed by high 

speed formation of a conducting material, the 

time required to fill conducting materials in 

T S V,  w h i c h  i s  s e v e r a l  h o u r s  w i t h  t h e  

conventional technique, can be reduced to 

several minutes. As a result, it is expected to 

be possible to produce next-generation 

electronic equipment at low cost. Because 

t h e r e  i s  a l s o  a n  i n c r e a s i n g  n e e d  f o r  

multilayered wiring responding to higher 

integration in flexible devices, application as a 

high conductivity wiring material that can be 

formed in the atmosphere at high speed is 

also expected.
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Fig. 1  Example of the structure of a 3-dimensional semiconductor Fig. 3   Electron microscope photograph of the 
developed conducting material, comprising a 
conductive organic polymer (polypyrrole) and 
metal (silver)

Fig. 2  Forming process of the conducting 
material comprising a conduc tive organic 
polymer and metal
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Dear NIMS NOW readers,

Japan is one of the countries I dream to visit 

when I was a kid due to the impressions and 

influence of anime, 

high tech gadgets, and 

robots on me. It came 

true when I was given 

the chance to pursue 

my doctorate degree 

here in Japan. In 2005, I 

came here in Japan as a 

PhD student in the 

Department of Materials Engineering at the 

University of Tokyo. My research work was 

about fuel cells where I graduated in 2008, 

after that, I did a post doctorate job on the 

same laboratory. It was an enjoyable and very 

memorable experience for me being a 

student since you will really understand and 

really live the Japanese culture. In those days, I 

enjoyed travelling and sightseeing with 

friends in the different places in Japan. In 2010, 

I came here in NIMS to further my knowledge 

and enhance my research experience in the 

field of lithium ion batteries. Since most of the 

Japanese research topics  are  on the 

cutting-edge or on the forefront area, it has 

  On December 1, 2011, NIMS concluded a 

Comprehensive Collaborative Agreement 

(CCA) with the Institute of Materials Science, 

V i e t n a m  A c a d e m y  o f  S c i e n c e  a n d  

Technology (IMS-VAST). 

  IMS-VAST was established in 1993 by the 

Government of Vietnam to conduct research 

in connection with materials science and 

technology, and international exchanges and 

graduate school education in the same field. 

As Vietnam’s core research institute in 

materials science, it is engaged in a wide 

range of research and development, from 

nanomaterials to refining of ores. Although 

NIMS and IMS-VAST have already carried out 

a large number of joint research projects and 

personnel exchanges, this cooperation 

agreement is expected to further expand 

and deepen the cooperation between the 

two institutes.

NIMS Signed a Comprehensive Collaborative Agreement with the Institute of 
Materials Science, Vietnam Academy of Science and Technology 1

also been a challenging and enjoyable to do 

research work here. Although, I will be leaving 

out of Japan to go back and work at my own 

country soon, after staying here for several 

years, I already considered Japan as my 

second home. Indeed, it is a very nice and 

b ea u t i f u l  

home.

NIMS Signed a Comprehensive Collaborative Agreement with the Laboratory 
for Research on the Structure of Matter, University of Pennsylvania2

  On December 21, 2011, NIMS concluded a 

Comprehensive Collaborative Agreement 

(CCA) with the Laboratory for Research on the 

Structure of Matter, University of Pennsylvania 

(LRSM-UPenn) in the United States. 

  LRSM-UPenn was established in 1960 by the 

US Defense Advanced Research Projects 

Agency (DARPA) as one of five pioneering 

materials science laboratories. During its long 

histor y,  it  has made many impor tant 

contributes to establishing the foundations of 

materials science at the world level. The 

University of Pennsylvania is also among the 

world’s leading universities, having produced 

no fewer than 26 Nobel Prize Laureates. 

Following the signing ceremony, the 1st 

LRSM-NIMS Materials Workshop was held. In 

addition to mutual presentations of recent 

research results, a group discussion focused 

on the possibilities for future research 

collaboration. As NIMS and LRSM share an 

extremely large number of common research 

fields, the signing of this agreement is 

expected to result in active research and 

exchanges of human resources in the future.

Results of the 11th Asian BioCeramics Symposium 
(ABC2011)3

Me and the “kid’s dream”. 

(Gundam robot exhibition)

Our farewell party 

in Yamaguchi ’s lab 

(2010) with present 

and past students.

Rinlee Butch Cervera (Philippines)

from April 2010– present

Rechargeable Battery Materials Group,

Environment and Energy Materials Division

The Institute of Materials 

S c i e n c e ,  V i e t n a m  

Academy of Science and 

Technology (IMS-VAST).

P r o f .  U s h i o d a  ( l e f t ) ,  

President of NIMS and 

P r o f .  Y o d h  ( r i g h t ) ,  

Director of LRSM-UPenn, 

at the signing ceremony.
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1No.

  The 11th Asian BioCeramics Symposium 

(ABC2011), in conjunction with the 15th 

Symposium on Ceramics in Medicine, 

Biology, and Biomimetic and the 22nd 

Symposium on Apatite, was held at the NIMS 

Sengen Site over a 3-day period from 

November 30 to December 2, 2011. The event 

was organized by the Bioceramics Group of 

the NIMS Biomaterials Unit and co-organized 

by the National Institute of Advanced 

Industrial Science and Technology (AIST). 

  ABC is an annual symposium, which was 

originally proposed by Japan, and has been 

held alternately in Japan and other Asian 

nations since 2001 as a gathering of 

bioceramics researchers in the Asian Pacific 

Rim region. More than 100 researchers from 

Japan, India, Indonesia, Australia, Korea, 

Taiwan, China, and Malaysia participated in 

the event, which featured outstanding 

presentations and discussions. 

  ABC2011 was held in conjunction with the 

Symposium on Ceramics in Medicine, Biology 

and Biomimetics (symposium on bio-related 

ceramics organized by the Division of 

Cer amic s  in  M e dic in e,  B io lo g y  an d 

Biomimetics, The Ceramic Society of Japan) 

and the Symposium on Apatite (symposium 

on apatite research organized by the 

Japanese Association of Apatite Science).

  The ABC Award to Young Scientists was 

presented at the end of the Symposium. 

Postdoctoral researchers and students who 

are engaged in research at NIMS and AIST 

also received awards, giving further evidence 

of the high level of research at Tsukuba.


