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World excited by the announcement 
from New York in 1986

––What fi rst comes in thought about you is the conference in 
New York where you published the discovering of the high-
temperature superconductivity in 1986. What makes you 
interested in the high-temperature superconductivity in the 
fi rst place?

At that time many researchers of electronics explored for the 

superconductor, because after the discovering of the semiconduc-

tor, they thought the superconductor would be the next goal. But 

I thought from the electricity saving point of view that it could 

be used for building earth-wide electricity network with material 

which electrical resistance is zero. And that idea motivated me.

We fi rst tried to make the superconductor by composing unex-

plored materials which indicate metallic property in electrical con-

dition. So we explored the oxide superconductor. Our challenge 

was not so successful in the beginning, but then, the news about 

the discovery made by Dr. Karl Alexander Müller and his colleagues 

came. They were at that time not famous, and their data did not 

look like the one of the superconductor. So their discovery was 

ignored by academic society. At first, we didn’t believe it either, 

but we ordered to our students to check it, just for their practice. 

And surprisingly, the result turned out to be good one. We became 

so sure that we could fi nd the superconductor.

––So in a sense, half of the achievement of Bednorz and Müller 
can be attributed to Tokyo University.

Oh, no. We were just the fi rst specialists to prove that the discov-

ery of Dr. Bednorz and Dr. Müller was worth for the Nobel Prize. 

What we did was to identify the crystal structure, or to propose a 

mechanism of electrical conduction property, and so on.

––It has been 25 years since the discovery. Does the technology 
concerning superconductivity have progressed more than your 
expectation since then?

Actually, it was slower than my expectation. It is quite diffi  cult 

to pass mass amount of electricity through the oxide material. 

Currently, the research for the practical application of the high 

temperature superconductor is going on for three kinds of ma-

terials. That is, bismuth-based materials, yttrium-based materials 

and MgB2-based materials. Already, there are commercial prod-

ucts of bismuth-based materials and yttrium based materials. 

Things are ready for large-scale applications, many tests will be 

going on soon.

Good researcher attracts good researchers 
––It has been four years, and almost a half of the term of WPI 
program has passed. MANA is struggling to stand out among 
worldwide contestants, but that is not easy work. The fi rst step 
should be to gather good researchers. How should they do 
that?

That always is a problem, to know the required condition to gath-

er good researchers. Good researcher wants to go the place where 

good researchers stay. MANA has so many top class researchers of 
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material study, so MANA has already cleared 

one of the requirements. What still needed is 

to give foreign researchers the ideal environ-

ment, where they can get stimulations and 

can achieve certain results during their stay. 

I ’m sure MANA has adver tised their 

environment as such, and I’m also sure that 

they can proudly say so. I think MANA is one 

of the three best research centers of material 

study. And in the condition of quality and 

quantity combined, MANA can be said as the 

world number one. To get good researchers 

more actively, they should not just wait and 

lure researchers. They need to choose certain 

researchers as a target with some tactics and 

something extra, such as passion.

In American universities, when they held 

international conference, professors lent a 

suite in a hotel and invite students who visit 

a conference at specified time to interview 

them. They do it for recruiting students 

to their labs. So for them, International 

conferences are not only for an academic 

exchange, but also for recruiting good re-

searchers. I think MANA should do such thing 

rather intentionally.

Good “MEKIKI”* 
fi nds good researchers

––Exact ly how would you f ind good 
researchers?

To find good researchers, they need a 

good connoisseur, “MEKIKI”. And to be a 

good connoisseur, there are three condi-

tions. First, he must be successful in his 

research career. Second, he must have 

respect from young researchers of his fi eld. 

And third, even if that person is old, old as 

he is, he must continue his work eagerly.  

In JST, staffs goes around to search for 

candidates for connoisseur, and make the 

list of them. When JST is given a subject as a 

problem solving research, the connoisseur 

from required field is chosen from the list. 

And the connoisseur and his assistants 

recruited by him select researchers to tackle 

the subject. So the process goes like this. 

JST advertises for researchers, papers from 

researchers arrive, and JST screens them. 

Then the connoisseur selects researchers 

who conduct interesting research, and fi-

nally JST interviews researchers and decides 

the budget for them. By such processes 

many researchers were picked up, such as 

Prof. Shinya Yamanaka of iPS cell, Prof. Hideo 

Hosono of transparent transistor and Prof. 

Kitagawa Susumu of the Integrated Pores.

What impor tant is to pick up good 

researchers even before they make any suc-

cessful achievement. And then, give them 

an ideal environment and drive them to 

do their research at best they can. So they 

will achieve the goal they have dreamed of, 

achieve the great result in their study. For 

such purpose, it is really important to have 

good connoisseur. Let young researchers to 

suggest anything they want to study, and 

the connoisseur picks up really interesting 

idea among them. We JST consider whether 

it has great impact and solid reasons and 

how much they have prepared and pro-

ceeded on its research. The best season to 

pick researchers is when they can get the 

clue right after they begin their research. If 

we can pick them up at that season and give 

them enough funds, they will grow rapidly. 

*  “MEKIKI”: A Japanese word which expresses 
a great insight into intrinsic values of things 
or ability to fi nd out genius or high potential 
of persons based on broad experiences, or 
someone who exerts them.

Debate and travel abroad 
grow researchers

––One of the tasks of MANA is to grow 
young researchers to be full- f ledged 
quickly. Recently there is an attempt to 
choose the leader of research group from 
MANA Independent Scientist. What do 
young researchers need to grow up?  

I think there are two things. The first is 

stimulation given by debates. So we need 

to give them an environment where they 

can have heated debate and where they 

can test by experiment when they really 

want to. The other is to visit foreign land 

and work in many research institutes, which 

recently I began to think myself very impor-

tant. I hear that Japanese researchers don’t 

venture to foreign land in these days. They 

have an inclination towards stable life and 

want to get stable position earlier in their 

life. So I think unless recruiting systems of 

research centers are changed and made it 

easier for visitors to be recruited, not many 

researchers will go around the world.

Perhaps the best way to prompt young 

researchers is to gather researchers who 

are ambition and tough and eager to travel 

abroad to come in touch with completely dif-

ferent foreign cultures. Young researchers will 

be aff ected by them, and will do the same.

MANA can become COE 
of the world by true 
internationalization

–– W h a t  w o u l d  y o u  t h i n k  a b o u t 
internationalization of research center?

To become COE of the world, then their 

members must be chosen from all over 

the world. If there is a talented Japanese 

candidate, there need to be no hesitation 

to choose him for important position. But 

if there is a more talented and foreign 

candidate, that person should be chosen. 

Of course, it would be difficult to change 

custom to such level at least they should try. 

Choose certain number of excellent foreign 

researchers for leaders for example. So I 

think it is better to invite some experienced 

researchers and give them a certain amount 

of power for personal aff airs for a while after 

the research center was established.

Singapore made a model example for 

COE of the world. They built extraordinary 

bioresearch centers and hospitals. Around 

Singapore there are 100 millions of people 

living, so if research center or hospital can 

gain very good reputation, they can gather 

many people. But that reputation must 

be the top among neighbors. If research 

center achieves something great, many 

from around the world will come to buy its 

achievement. Because they built a research 

center that might overwhelm their capac-

ity, they could attract researchers all over 

the world. 

MANA has plenty of fund, and already 

one of the world famous COE, so they are in 

a good condition to become greater. What 

needed now is to emphasize its merit. They 

should have a proud that they are COE of 

the world, and actively recruit researchers. 

By doing that much they can become what 

they dreamed of.

–– I n  C O E  o f  t h e  w o r l d ,  s h o u l d 
researcher’s mobility be very high?

Yes. Good researchers are invited by 

many research institutes and will move to 

another place sooner or later. It is destined 

for COE. But on the bright side, many good 

researchers from one COE are spread 

worldwide, and become important person 

in so many places. So the ideal situation 

is that researchers from MANA are on the 

frontline of material study on everywhere 

in the world.

–– Last ly, what would you expect to 
MANA?

Researches conducted by MANA are 

very unique and recognized from world as 

so challenging. But it is not an easy work 

to make all of them successful. Perhaps it 

would be better idea to bring in research, 

which already begins to achieve good 

result.

Thank you very much for the extremely 
interesting talk.
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Prof. Sir Mark Welland, Professor of Nanotechnology at the Uni-

versity of Cambridge, is also a Satellite Principal Investigator (PI) of 

the International Center for Materials Nanoarchitectonics (MANA). 

He has been Chief Scientifi c Advisor to the UK Ministry of Defence 

since March 2008. (He was in offi  ce at this interview.) We asked him 

about the job as Chief Scientifi c Adviser and his opinion about the 

role of scientists.

The role of scientists in the decision-making of the 
government
——Would you tell me about your main job as Chief Scientifi c Adviser in 
the UK government? And what do you think of participation in politics?

The Ministry of Defence was the fi rst Government department to have 

a Chief Scientifi c Adviser (1961) and there are now eleven Chief Scientists 

across Government departments. Two of these posts, my own and the 

Government Chief Scientist, have Permanent Secretary status which is the 

most senior Civil Service level in the Government. My responsibilities are 

specifi cally in Defence and Security where I work closely with International 

partners including Japan. In broad terms my role is to provide scientifi c 

and technical scrutiny to all our programmes, from aircraft carriers to 

counter terrorism.

Scientists and engineers have a critical role in supporting Government 

decision making in nearly all aspects of policy. Their role here is twofold: 

They must bring independent scientifi c evidence to decision makers and 

they must ensure that scientific advice is properly and effectively com-

municated. In a signifi cant proportion of Government decisions there are 

often scientific/technical elements that must be properly analysed and 

considered; that is my job. An important aspect of this advisory process 

is how one translates that advice so as to be useful, relevant and eff ective 

when speaking with Government Ministers as I do regularly. One needs 

to explain how their policy choices can aff ect the science or, conversely, 

how the science affects their policy choices. The process of producing 

independent scientifi c analysis but then incorporating the policy dimen-

sion doesn’t mean losing interpretation of the science. It simply means 

translating it into a relevant and eff ective format that allows such advice 

to have maximum benefi t.

——After the Tohoku earthquake disaster in March, the British 
Government aided us so much and we really appreciate your 
continued support.

Scientifi cally, I commissioned some work to support Japan. The Ministry 

of Defence sent a team of experts immediately to Japan to advise and 

help; advising on radiation, analyzing the consequences of weather pat-

terns and making our own radiation surveys in support of our Japanese 

colleagues. We provided technical assistance in any way we could to 

support Japanese requests; something that continues today. The British 

population has been extraordinarily generous and responsive in donating 

support to assist Japan; your tragedy touched the hearts of all of us here 

in the UK. 

After the accident at the Fukushima nuclear power plant, the UK 

Government asked for a report to be made quickly about the safety of our 

own civil nuclear reactors. There was an initial rapid report and then, later 

this year a detailed report (http://www.hse.gov.uk/nuclear/fukushima/). 

Clear lessons were identifi ed from the Fukushima disaster and the UK will 

continue to develop technology and regulation to ensure we continu-

ously implement the very latest safety advice and experience. UK reactors 

were deemed safe against a Fukushima style disaster and no reasons to 

stop nuclear energy production or new reactor build were identifi ed.  Our 

general view is that you responded incredibly well to an unprecedented 

disaster and consequential humanitarian tragedy.

Role Expectations of the next generation scientists 
——What do you think about new sources of energy?

In considering alternative sources of energy, such as wind farms, tidal 

power and solar it is crucial to take a systems based approach. You don’t 

just think about how to produce energy with a piece of technology.  You 

need to think about how energy is used, what motivates people to use en-

ergy, what the true cost of alternative energy is and how can one reduce 

energy demand. Storing energy is another issue. Lots of the renewable 

energies are produced when the sun is out or when it’s windy but one 

needs to match energy supply with demand. Hydroelectric schemes have 

the advantage of being used to both produce energy and, by reversing 

the process, to store energy in times of low demand. One prospect might 

be to separate water into hydrogen and oxygen when you don’t need 

the energy and then combining the two to produce energy when you do 

need it. From a scientific perspective therefore I believe it is crucial for 

researchers to think early on in their work about the end-to-end applica-

tion of any new technology whether a new energy source or a material 

or device that reduces energy consumption. After all, energy is one of the 

greatest challenges facing mankind and the solution must come from 

science and technology.

——You mean that the researchers must take a broader view. So 
would you give further counsel to the young researchers?

I think if you look at the major problems that are facing mankind at the 

moment such as climate change, food shortages, water shortages, energy, 

all of these have to have a scientifi c solution. These are not just a matter 

of policy or regulation; all these problems have science and technology at 

their heart. So for young scientists, I think they have a massive challenge 

for the future. If we solve these problems then the world will change and 

move in a very positive direction, if we don’t solve these problems, the 

world will deteriorate more. This message is not perhaps a happy one 

for young scientists. But I think they have an enormous opportunity and, 

frankly an obligation, to really change the world in a way that will bring 

about positive change for all. So be creative, be clever, collaborate and be 

serious about looking for real, viable and innovative solutions.

Th e Role of Scientists 
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Takao MORI
Nano-Materials Field: 
Atomic Network Materials 
Group, Group Leader

As a Group Leader I feel more sense of 
responsibility, in a good sense.
The theme of my research is developing 

highly functional materials out of common, 
nontoxic elements.  To do this  I  focus 
on covalently bonded compounds with 
network-like structures. These are, simply put, 
cluster, cage, or net-like atomic structures. In 

the case of carbon, graphite-related materials 
and fullerenes are well known, and there are 
many other such nanostructures. Our goal 
is to design and synthesize materials useful 
to society, like thermoelectrics, by utilizing 
atomic network control, for example.
In my time off I like to read. I particularly 

like classic mysteries.

The  goa l s  o f  my  g roup  a re  to  u se 
nanostructures in next-generation transistors 
to achieve 1) higher integration, 2) improved 
control, and 3) higher speed.
Currently, vertically structured transistors 

employing semiconductor  nanowires 
are suggested as a key material for next-
generation semiconductor devices. We 
have established a new method of property 

control and evaluation that will assist in the 
realization of such devices. These results also 
help the progress in our research of the next 
generation highly effi  cient solar cells.
When I have time, I like to travel to diff erent 

regions of the world and experience their 
cultures and characteristics. I was astounded 
at the difference in values I observed on a 
visit to the Greek island of Lesbos. 

Yoshitaka TATEYAMA
Nano-System Field: 
Nano-System 
Computational Science 
Group, Group Leader

 I'm mainly working on development 
and establishment of a novel sampling 
analysis based on density functional 
theory for  redox and photoexcited 
reactions at solid/liquid interfaces, and 
elucidating microscopic mechanisms 
of interfacial reactions in photocatalysis 

and solar cells by using those techniques 
with supercomputers including the next-
generation "K". As cutting-edge research is 
so fun and exciting, I usually work through 
the weekends. But playing with my child 
on holidays is also fun and making me 
relaxed.
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To build itself into a world class research institution, MANA invites outstanding researchers from Japan and overseas to come and contribute to the 

center’s already impressive record of achievements. At the same time, MANA places great emphasis on the fostering of young researchers to enable them 

to become active on the international stage as soon as possible. As part of this process, fi ve young researchers have recently been appointed as Group 

Leaders. We expect great things from them in their future careers.

Self-introductions by each of the fi ve new Group Leaders are presented below. They tell us about their research as well as their non-work interests. 

(Listed in alphabetical order.)

5

My appointment as a Group Leader has 
increased my freedom in doing research. At 
the same time I feel the pressure that comes 
from being able to take on new challenges 
that has high originality.
My research focuses on ions rather than 

electrons per se, and the goal of my group 
is to create nanoionic devices with new 
performance and functionality that the 
conventional electronic devices don't have. 

I want to make extremely tiny devices using 
ions one by one for computation and storage.
Japan leads the world in solid state ionics 

research, and our group is working to extend 
this lead still further. Ionic devices can be 
considered similar to analog creatures, so we 
want to create a unique device that mimics 
creatures. Although that is probably not the 
reason, I like to be in contact with nature, 
such as vegetables and fl owers.

Kazuya TERABE
Nano-System Field: 
Nanoionic Device 
Group, Group Leader

Naoki FUKATA
Nano-Materials Field: 
Nanostructured 
Semiconductoring 
Materials Group, 
Group Leader

Tadaaki NAGAO
Nano-System Field: 
Nano-System Photonics
Group, Group Leader

I don’t think my consciousness has changed 
much since becoming Group Leader. Rather, 
I think the March 11 earthquake disaster has 
made me realize the importance of research 
oriented toward solving problems.
My original specialty was measurement, 

and I have gradually moved from the study 
of the vibration of atoms and electrons to 
the study of electromagnetic f ields (light), 
eventually arriving at research on the utilization 
of electron vibration for the “controlled use of 
light in nano-materials”. We are studying the 
ways to produce energy and chemical reactions 

by collecting light onto eff ective target places 
in nano-meter scale as if we were using funnels 
with macro-scale inlet and nano-scale outlet. 
Its sort of like the “Gulliver Tunnel” from the 
animated cartoon series Doraemon. (The 
Gulliver Tunnel has two openings, the one is 
large and the other is small, and all the objects 
that passed through it become smaller in size.) 
It sounds like a fantasy, but I am determined to 
do world class work in the fi eld of research.
When I have the chance, I’d like to go rowing 

or cycling like as I was in college.
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Direct-fabrication of synthetic nanoparticles by 
top-down physical routes, in which materials are 
vacuum deposited in a nano-patterned polymer 
template, allows massive synthesis by a low-cost 
batch-type process and exquisite control over 
material composition, multilayer structure, particle 
size and shape which are not achievable with 
chemical nanoparticle synthesis. The wide freedom of 
nanostructure design from various lithographic and 
deposition techniques allows us to engineer unique 
physical properties of custom designed nanoparticles, 
such as sub-lithographic-feature enhanced plasmonic 
nanoparticles introduced here. These nanoparticles are 
designed to contain internal Raman hot spots where 
a local electromagnetic field enhanced by surface 
plasmon resonance reaches its maximum value.

Our Raman-active nanoparticles are fabricated 
using nanoimprint l ithography and thin-f i lm 
deposition as shown in Figure 1, and are comprised 
of novel internal structures with sub-lithographic 
dimensions: a disk-shaped Ag core, a Petri dish-
shaped SiO2 base whose inner surface is coated with 
Ag fi lm, and a sub-10 nm scale circular gap between 
the core and the base. Confocal Raman measurements 
and electromagnetic simulations (Figure 2) show 

that Raman hot spots appear at the inside perimeter 
of individual nanoparticles and serve as the source 
of a 1000 fold improvement of minimum molecular 
detection level that enables detection of signals from 
a few molecules near hot spots. Precisely controlled 
dimensions and unique internal structure of these 
sombrero-shaped nanoparticles enable detection of 
a few molecules. A multi-modality version of these 
nanoparticles, which includes the functionality 
offered by magnetic elements,  is  also simply 
available by successive deposition of plasmonic and 
magnetic films. These results illustrate the potential 
of direct fabrication for creating exotic monodisperse 

nanoparticles, which combine engineered internal 
nanostructures and multi-layer composite materials. 
Furthermore, because the proposed method uses 
nanoimprint and vacuum deposition methods which 
are suitable for mass production, exquisite and simple 
control of such nanoparticle structures is expected 
to become routine. Considering the present results, 
we expect that Raman sombrero nanoparticles can 
be used as an ultrasensitive molecular detection 
platform and that released nanoparticles that 
contain magnetic elements, distinguishable through 
the use of different Raman dyes, can be useful as 
multifunctional in-vitro or in-vivo imaging reagents.

Reference

J. -S. Wi et al., “Sombrero-Shaped Plasmonic Nanoparticles 
with Molecular-Level Sensitivity and Multifunctionality”, ACS 
Nano, 5, 6449-6457 (2011).

Th e Design of Quantum Logic Gates 
at the Atomic Scale

 

What is the minimum number of atoms (and 

quantum states) a nano-sized calculating unit 

must be made of to perform alone a complex 

computation? To answer this question, we are 

exploring (1) quantum design of molecules 

and atom surface circuits able to perform a 

Boolean logic operation, (2) molecule synthesis 

and atom by atom UHV-STM construction on a 

surface, (3) a new surface multi-pad intercon-

nection technology with a 10 pm precision 

respecting also the atomic order of the sup-

porting surface and (4) the development of a 

specifi c quantum chemistry software (N-ESQC) 

able to accommodate the complete logic gate, 

its interconnections and the supporting surface 

[1].

A surface supported atomic scale logic gate 

can be either a molecule (Fig. 1a) or a surface 

dangling bond circuit (Fig. 1b). We have shown 

how all the known designs of atomic scale logic 

gates i.e. semi-classical circuits, quantum Ham-

iltonian circuits and qubit circuits are diff erent 

facets of the same quantum system control 

problem. Even a well optimised and well 

quantum prepared 3 states quantum system 

can perform a NOR logic function from a formal 

physical point of view. It is only when a realistic 

surface implementation is coming into play that 

the number of atoms in the structure (and the 

required active quantum states) is increasing 

drastically from a few to hundreds. Our original 

quantum Hamiltonian logic gates [2] diff er from 

standard molecular electronic logic gates in the 

way the classical input data are encoded on the 

quantum system and in the way the quantum 

to classical conversion operates to read the 

output. We have recently demonstrated how 

our quantum design fully benefits from the 

decoherence coming from the interconnec-

tions. We are now exploring how more complex 

Boolean logic functions like a full digital adder 

can be embedded in a single small molecule or 

constructed using a few dangling bond atoms 

on a passivated semi-conducting surface with 

current (or mechanically nano-gears) driven 

inputs and current intensity encoded outputs.

Christian JOACHIM

Jung-Sub WI

MANA Satellite Principal 
Investigator
Nano-System Field

ICYS-MANA Researcher

Figure 1. (a) a single molecule-NOR logic gate based 
on a quantum design [2]. The 2 logical inputs are 
single Au atoms STM manipulated to be or not in 
interaction with the 2 input branches of a starphene 

molecule. The output is obtained 
by probing the tunneling current in-
tensity by an STM tip positioned on 
the output branch of the molecule. 
(b) a single surface atomic circuit 
OR gate based on a semi-classical 
design [1]. This is a current input 
driven logic gate with A and B the 
input nano-pads and C the output 
nano-pads. The circuit is constructed 
by STM extracting single H atoms on 
a Si(100)H. The resulting dangling 
bonds are in green, the remaining 
top H surface atom in white. For 
simplicity, only the active portion of 
the Si(100)H surface is represented. 

References

[1]  F. Ample et al., J. Phys. Cond. Mat., 23, 125303 (2011).
[2]  W.H. Soe et al., Phys. Rev. B, 83, 155443 (2011).
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Figure 2. (a) SEM image of sombrero-shaped plasmonic 
nanoparticle arrays from a view angle 3o to the sample 
surface. (b) The squared magnitude of the local electrical 
fi eld amplitude of Ag Raman sombrero nanoparticle. (c) 
The direction of incident light and its polarization are 
indicated in the inset as yellow and white colored arrows, 
respectively.
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Figure 1. Schematic illustration of the overall process: 
nanoimprint lithography, plasma etching of residual PMMA 
layer, wet chemical dissolution of PMGI layer, oblique 
angle deposition of SiO2, metal deposition, nanoparticle 
release, and centrifugation. Inset SEM image shows the 
fabricated nanoparticles after centrifugation.

SiO2 deposition 

 

 
metal deposition 

normal angle 
deposition 

rotating holder 

Ag or Au  

SiO2 

particle release & centrifugation

oblique angle deposition

Direct-fabrication of Raman-active 
Nanoparticles by Top-down Physical Routes
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Discovering Unknown Materials for Use in 
Electronics with Combinatorial Materials Synthesis

 

Next-generation semiconductor devices are 

expected to combine higher speed, greater 

integration, and reduced power consumption. The 

keys to achieving this are the development of new 

materials and interface control. There is particular 

demand for the development of new gate stack 

materials. In order to achieve still further integra-

tion and better performance moving forward, 

materials with a higher dielectric constant (high-k 

materials) that enable direct bonding with the 

silicon substrate are essential.

When a high-k material, which is an oxide, is 

allowed to accumulate on the silicon substrate, 

the silicon at the interface generally becomes 

oxidized and a layer of silicon dioxide (SiO2) forms. 

The dielectric constant of SiO2, 3.9, is low, so when 

the layer of high-k material is added the overall 

dielectric constant or permittivity is lowered. For 

this reason, there is a need to eliminate the SiO2 

from the interface in next-generation integrated 

circuits. One way to eliminate the SiO2  from the 

interface is to cause the SiO2  to react with a high-k 

material to form a silicate, a compound consisting 

of an oxide, silicon, and oxygen. However, since 

the silicate is a compound containing SiO2 , which 

has a low dielectric constant, it still tends to have 

lower permittivity than transition metal oxides. 

This is why it is necessary to fi nd a material that will 

maintain high permittivity and also allow direct 

bonding with silicon. With this in mind, a combi-

natorial materials synthesis method developed at 

NIMS was used to search for new materials both 

systematically and rapidly. It was discovered that 

producing the oxide CeO2-Al2O3 on the surface 

of the silicon and subsequently subjecting it to 

heat treatment at temperatures exceeding 900ºC 

resulted in epitaxial growth of the oxide CeAlSiOx, 

which had reacted with the SiO2. Figure 1 shows 

an image of the cross-sectional structure captured 

using a high-resolution electron microscope and a 

schematic depiction of the arrangement of atoms 

and molecules. It clearly shows direct bonding 

of the high-k to the silicon lattice. In addition, 

metal gate materials with compositions ranging 

successively from platinum (Pt) to tungsten (W) 

were formed in a dot-shaped confi guration on top 

of a 10 nm layer of oxide to vary the work function, 

and the capacitance–voltage characteristics were 

evaluated. As shown in fi gure 2, the fl at band volt-

age changes continuously according to the work 

function, indicating an ideal MOS structure. Fur-

thermore, the capacitance–voltage characteristics 

show that the CeAlSiOx has a dielectric constant of 

28, which makes it an excellent high-k material. 

More new materials still need to be developed 

for integrated circuits moving forward. The authors 

hope to use this combinatorial method in the 

development of new gate stack materials and more 

advanced nonvolatile memory materials, for ex-

ample. Materials research aimed at more advanced 

integrated circuits will continue. 

MANA Principal Investigator (PI)

Nano-Materials Field

Figure 1.  High-resolution electron microscope im-
age of the high-k material CeAlSiOx discovered at 
NIMS and schematic depiction of crystal structure. 
Direct bonding of the high-k material CeAlSiOx to 
silicon and epitaxial growth can be seen.

Figure 2.  Change in capacitance–voltage characteristics and fl at band 
voltage with successive changes in electrode compositions from platinum 
(Pt) to tungsten (W). It can be seen that the fl at band voltage varies ac-
cording to the change in the work function as the composition changes.

Reference

D. Kukurznak, H. Reichert, K. Ohmori, P. Ahmet and T. 
Chikyow, Advanced Materials, 20, 3827 (2008).

 

Due to the photonics industry ’s high 

dependence on rare-earth elements, the 

unstable supply issues of these elements 

raises a threat to the present industry of light 

emitters including LED and laser devices. This 

is a global problem. To overcome this great 

diffi  culty, the industrial use of quantum dots 

of semiconductor nanocrystals (ncQDs) as 

alternatives have been strongly required. In 

addition to the role of the alternatives, the 

ncQDs have some peculiarities not shared 

by rare - ear th elements,  e.g. ,  quantum 

confinement effect. Since the appearance 

of the quantum confinement effect allows 

the size-tunable optical absorbance and 

emission, the use of ncQDs simplifies the 

interior constitution of the device system, 

leading to the good cost-benefi t performance 

and the space-saving (being smaller, thinner 

and lighter) of the devices. Thus, the ncQD-

based light emitters of state-of-the-art 

demonstrations are very promising. However, 

efficient ncQDs always contain cadmium, 

lead and/or arsenic,  which make them 

unsuitable for practical use in our human 

life into the future. Providing Cd-, Pb- and 

As-free ncQDs in amounts sufficient for the 

massproduction of lightning industry is 

needed. To realize a lightning industry for 

sustainable future, my attention has been 

paid to the use of silicon and silicide. A bulk 

Si shows a poorer optical performance, but 

Si nanoparticles show the blueshifted light 

emission features. A challenge to the device 

fabrication of a Si ncQDs-based light emitter 

is commonly accepted as “a crazy effort 

or a delusional dream”, however, I believe 

that the appropriate use of the concept of 

nanoarchitectonics enables even its device 

fabrication. Prior to the device fabrication, I 

have originally proposed that the appearance 

of the quantum confinement effect allows a 

color-tunable light emission in the ultraviolet 

wavelength range (300 nm~), and achieved 

the success of highly-efficient luminescent 

Si by the careful control over QD size and 

surface chemistry based on a concept of 

nanoarchitectonics. The nanofabrication of Si 

ncQD-based color tunable light emitters has 

sufficient latent potential to solve absolutely 

the above global problem and environmental 

concerns.

Reference

N. Shirahata, Phys. Chem. Chem. Phys., 13 (2011) 7284-
7294 (Perspective Article).

N. Shirahata, T. Tsuruoka, T. Hasegawa, Y. Sakka, Small, 6 
(2010) 915-921.

Color-tunable Eco-nanoparticles to 
Building a Sustainable Future

MANA Independent Scientist

Figure 1. Size-tunable luminescence in the UV-blue range
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“CONVERGENCE” is the key” word used to symbolically describe the entire 
project of MANA, where outstanding researchers from around the world
assemble and converge in the “melting pot” research en” vironment to bring
together key technologies into nanoarchitechtonics fof r the creation and
innovation of new functional materials.
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NEWS&TOPICS

Newly Appointed Researchers

Prof. Kroto’s Science Class 2011
MANA hosted “Prof. Kroto’s Science Class 2011” for preliminary school students Grade 3 and 4 and 

their parents on September 17th, 2011. This program was given by Prof. Kroto, Nobel Prize laureate 

in Chemistry in 1996, to help children and their parents all over the world to understand the fun of 

science. This time, we had 50 pairs of participants.

Students were very actively involved in the class. They eagerly listened to Prof. Kroto’s English 

during Session 1 and made a buckyball with help by their parent and Prof. Kroto in Session 2.

Two ICYS-MANA Researchers also joined MANA.

NIMS/MANA-Flinders Univ. Joint Symposium
––Nanoscience and Nanotechnology––

Osaka Univ. –MANA Joint Symposium 
––Advanced Structural and Functional Materials Design––

T h e  j o i n t  s y m p o s i u m  c o -

organized by Osaka University and 

MANA has successfully been held 

on October 7, 2011. The Sessions 

had eight oral presentations and 

10 poster presentations by the 

researchers from both of MANA 

and Osaka University about their 

latest research results.

T h e  N I M S / M A N A - Fl i n d e r s 

Univer s i t y  Joint  Sy mp osium 

o n  N a n o s c i e n c e  a n d 

N a n o t e c h n o l o g y  h a s  b e e n 

successfully held at Namiki Site, 

MANA NIMS, on October 31, 2011. 

This symposium was held as a 

part of the MOU between MANA 

and Flinders University of South 

Australia signed on July 22, 2011.

7th Japan-UK-USA Nanotechnology Summer School
The 7th Japan-UK-USA Nanotechnology Students‘ Summer School was held at 

Nanoscience Centre, University of Cambridge from September 5th to 8th, 2011. The summer 

school was organized by the collaboration of 3 institutes, MANA of NIMS, Japan, Nanoscience 

Centre of University of Cambridge, UK, and California NanoSystems Institute of UCLA, USA. 

 Totally 26 students from Japan, UK and USA presented their latest research topics 

to exchange up-to-date knowledge and opinions during the school. They had active 

discussions during the various events as well as question and answer time.

 The 8th summer school will be held at NIMS in summer, 2012. 

Published two books
MANA published two books on October 14, 

2011. The fi rst is a cartoon guidebook entitled 

“The Challenging Dailey Life” from Bunkakobo 

inc., which supports foreigners living in Japan. 

The second is an illustrated book entitled “The 

Adventure of Neama” from Shonen Shashin 

Shimbunsha, which clearly explains about 

nanotechnology to children.

Prof. Kroto helps a student to make a buckyball.

At the Trinity Hall College, Cambridge.

Participants of the symposium, October 7, 2011.

Two ICYS MANA Researchers also joined MANA

Qingmin J i
MANA Scientist

Nano-materials fi eld, 

Supra molecule unit

Specialty: Fabrication of layer-

by-layer assembly

Dr. Genki YOSHIKAWA

MANA Independent Scientist

Specialty: Development of 

Advanced Sensors 

for medical, security, 

and environmental 

applications

Lecture by Dr. Tsuyoshi Hasegawa, MANA PI.

The Adventure of Neama
 (in Japanese)

The Challenging Daily Life 

MANA International 
Symposium 2012

Date: 2/29(Wed.) to 3/2(Fri.), 2012
Place: Tsukuba International Conventional 

Center (Epocal Tsukuba, Japan)
Registration Fee: Free
Details are available at the symposium 
offi  cial website:
       http://www.nims.go.jp/mana_2012/
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Special Session:
Celebration of the 30th anniversary of the first
paper about the scanning tunneling microscope (STM)
Prof. Heinrich Rohrer, Nobel Laureate in Physics 1986
Prof. James Gimzewski, UCLA
Prof. Masakazu Aono, MANA, NIMS

Invited Talks:
Prof. Adrian Bachtold, Catalan Institute of Nanotechnology
Dr. Yoshihiro Ito, Riken
Prof. Mikael Käll, Charmers University of Technology
Prof. Tsutomu Katsuki, Kyushu University
Prof. Hiroshi Kitagawa, Kyoto University
Prof. Motoko Kotani, Tohoku University 
Dr. Nenad M. Markovic, Argonne National Laboratory
Prof. Hiroyuki Nishide, Waseda University
Prof. Rodney S. Ruoff, University of Texas
Prof. David F. Williams, Wake Forest Institute of Regenerative Medicine
Dr. Naoki Yokoyama, Advanced Industrial Science and Technology

EPOCHAL TSUKUBA
Tsukuba International Congress Center

Takezono-Nishi
Elementary School

Tsukuba International
Congress Center
EPOCHAL TSUKUBA
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Venue:  Epochal Tsukuba, Japan
Details:  http://www.nims.go.jp/mana_2012/

National Institute for Materials Science (NIMS)
World Premier International (WPI) Research Center
International Center for 
Materials Nanoarchitectonics(MANA), NIMS

Oral and Poster:
MANA Principal Investigators, MANA Scientists,
MANA Independent Scientists and ICYS Researchers
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