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Preface dialog

Preface dialog

Pioneering Advanced Engineering

in the Field of Nanomaterials
The Need for Continuity and the Spirit of Cha

Professor Tadatomo Suga, School of Engineering,
Department of Precision Engineering

Professor Tatsuya Okubo, School of Engineering,
Department of Chemical System Engineering

ESFEPSIEN

TR EBED
mocim LE 2 V<
HERDIZ. BEEFrLoIBM

AE BN R KZRIZRMAAR BEIFER
KAREL HR AZERIFRMAAB RS ITLATEER

Professor Tatsuya Okubo is involved in the development of
innovative nanospace materials in the fields of energy and the
environment, and focuses his attention on zeolite, a porous
inorganic material. Professor Tadatomo Suga is a pioneer in
interfacial bonding of various materials at room temperature,
and is involved with activities aimed at establishing practical
applications. We asked the professors, both of whom have led the
way in the field of advanced materials engineering, about their
past activities, and the requisite attitude and experience of being
aresearcher.
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Tadatomo Suga

Dr. Suga graduated from the University of Tokyo, Faculty of Engineering, Department of
Precision Machinery Engineering in 1977. He served as a researcher at Max Planck Institute
for Metals Research, and received his Doctorate of Science from Stuttgart University in
materials science in 1983. From 1984, he served as Assistant Professor in the Faculty of
Engineering, The University of Tokyo, and became Professor in the same department in
1993. From 1994 to 2004, he also served as Professor at the Research Center for Advanced
Science and Technology. Dr. Suga has researched new methods related to integration and
disassembly of micro-systems; coordinated collaboration between industry, government,
and academia; established the Institute for Advanced Micro-system Integration (IMSI); and
contributed to the establishment of the Union of Eco-designers. He also served concurrently
as the Director of the National Institute for Materials Science from 2002 to 2009. He became
a Member of the Science Council of Japan in 2008 and an Affiliated Member of the Science
Council of Japan in 2009.
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Tatsuya Okubo

Dr. Okubo graduated from the University of Tokyo, Faculty of Engineering, Department
of Chemical Engineering in 1983. He completed doctorate coursework at the University
of Tokyo, Graduate School of Engineering, Department of Chemical Engineering and was
awarded a doctorate in engineering in 1988. He served as Research Associate at Kyushu
University, Faculty of Engineering, Department of Applied Chemistry in 1988, and Research
Associate at the University of Tokyo, Faculty of Engineering, Engineering Research Institute
in 1991. After serving as Visiting Associate at California Institute of Technology in 1993, he
went on to be Lecturer in 1994, Associate Professor in 1997, and Professor from 2006 at the
University of Tokyo, School of Engineering, Department of Chemical System Engineering.
He served concurrently during this period as JST front-line researcher from 1997 to 2000,
and again from 2002 to 2006. The focus of professor Okubo's research is the development
of new synthesizing processes for zeolite and mesoporous silica and their application to
the fields of energy and the environment. Professor Okubo is involved in the creation of
unprecedented novel nanospace materials, and the development of practical processes for
such materials.
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Leading the Way in 21st Century Materials Engineering
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— Please tell us about your research.

Okubo: For many years, | have been involved with research of nanospace
materials such as zeolite, a porous inorganic material. Zeolite is a substance
widely used in detergents and other products (Fig. 1). Zeolite in a detergent
serves to improve detergent foaming by softening water through the
ion exchange recovery of magnesium, calcium, and other alkaline-earth
metals, which are present in water and interfere with the detergency of
surfactants. At one time, phosphorus-containing substances served the
same role, but currently, these substances have mostly been substituted
by zeolite due to aggravation of environmental problems caused by the
phosphorus contained in waste water. Zeolite is formed from oxygen,
silicon, and aluminum, and does not discharge toxic substances when
it has served its role and its structure has decomposed. In other words,
zeolite is widely used because it does not harm the environment.

To begin with, zeolite is a naturally occurring substance. For example, the
mineral lapis lazuli (ultramarine) is a type of zeolite and has been used
through the ages as a natural pigment. In terms of its scientific history,
zeolite was discovered by the Swedish mineralogist Cronstedt in 1756, and
a technique for artificially synthesizing zeolite was developed by Barrer in
England in the 1940s. Zeolite thereafter became widely used in the fields
of the environment to soften water as described above, and the energy
as a catalyst for catalytically cracking heavy oil. More recently, zeolite has
also been used for cleanly forming nylon material, which is a technology
developed in Japan. Zeolite is also used worldwide as an adsorbent for
separating and refining paraxylene, which is a material used in plastic
bottles. Zeolite is a solid that possesses small pores, and is widely used as
an environmentally friendly catalyst, ion exchange material, adsorbent,
and the like because it has acidic properties.

In lieu of these facts, we are performing research in the use of zeolite
as a combustion catalyst for the discharge of soot from diesel engines
by supporting potassium, sodium, and other alkali metal salts on zeolite
in view of its extremely high alkali resistance (Fig. 2). This catalyst can be
made from sand and salt water.

Additionally, we have undertaken research related to the creation of
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Fig.1: The structure of zeolite
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Fig.2: Hydrocarbon trap. A system of recovering unburned hydrocarbons in
exhaust gas during automobile engine startup
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Fig.3: Morpho butterfly and opal
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Fig.4: Basic principles of surface activated and room-temperature joining
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functions that depend on the structure of a substance. For example, the
color of an opal jewel is created by the orderly spherical alignment of
Si02,i.e, silica. Alternatively, the color of the wings of a bright blue morpho
butterfly is created by the lattice structure indented on the surface
of its scales. We are focusing on the colors created by the structure of
such substances (Fig. 3). In past times, colors were created in the field of
chemistry by dependence on a specific substance, but we believe that it is
possible to create functions using safer substances with a lower burden on
the environment by developing structural colors. We believe that this is an
important field within nanotechnology.

Also, we are involved in the development of low-reflectivity display

panels that use mesoporous silica, which is a material that was developed
in Japan and has the same nanospace as zeolite. We are also developing
illumination applications in which the refractive index of light is controlled
and electric energy is converted into light energy in a highly efficient
manner. However, our approach aims for a method of manufacture that is
a simple, general-purpose technology.
Suga: | am involved in research in which metals and semiconductors
are directly bonded at room temperature. For example, in order to join
aluminum components together, the materials are ordinarily heated to
about 400-500°C to diffuse the atoms and bring them into contact to
each other, but the main point of our research is to achieve this "at room
temperature." Energy is required to melt a metal with heat, and this may
prompt unnecessary reactions to occur, strain to arise due to a difference
in the coefficient of thermal expansion between substances, formation of
a brittle intermetallic layer, and various other problems to occur. On the
other hand, such problems can be avoided if the bonding can be achieved
at room temperature. In order to realize it, the surface of the substances
to be bonded must be thoroughly planed to flatness at a nano-level. The
surface of the metal is exposed to air and oxidizes, i.e., rusts. When this
oxide layer is thoroughly removed using an ion beam or by other means,
the surface goes into an unstable state with higher energy. Bringing, for
example, two aluminum components having such activated surfaces into
close contact with each other makes it possible to securely join these
surfaces together at room temperature (Fig. 4).

Until now, room-temperature joining had to be performed in an ultra-
high vacuum because oxidation would immediately occur when work was
carried out in the open air. Currently, surface activation processes are being
devised, materials are being selected, and other novel ideas are being
tried out so that bonding can be more simply performed under ordinary
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an Si-GaAs interface bonded at room temperature
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conditions. Recently, it has become possible to join not only metal, but also
glass, organic materials, and others, and research that can be applied to
semiconductor devices and other objects is accelerating (Fig. 5) (Fig. 6).

— Have you consistently researched the same topics ?

Suga: At one point in my career, | researched various topics, but for 20
years now | have grappled with room-temperature bonding. Initially, |
researched the interfacial structure between different types of materials
and performed strength evaluations. From there | moved on to basic
research in room-temperature bonding, and then to research of methods
that can be used as a production process. This research has really taken
off in Japan, and the field is one that we have pioneered. Commercial
application is already underway and a consortium with private enterprises
is being brought together to determine needs in an effort to further
expand the field of application.

Okubo: In my case, | have been consistently involved with nanospace
research, but in the same fashion as Professor Suga, | did various research
projects when | was younger. When | was a student, | was involved in
research of separation membranes that differentiate molecules by making
use of nanospace, and | was also involved in the development of synthetic
diamonds, and research of fluidized beds of nanoparticles. During this
time, | was tremendously surprised at the news in 1989 that IBM formed
characters using atoms. At that time, | had the sense that such technology
would expand in the 21st century. Therefore, | stopped previous research
and aimed to create nanospace in which single molecules can be
manipulated. This was when | was about 32 and my daughter had just
been born.




Experience Abroad is an Asset for Researchers
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— Specifically, how have you pioneered new fields?

Okubo: At the time, | was working as an research associate at the
Engineering Research Institute. A paper that | wrote was published in
Nature and | was very enthusiastic about going beyond the shores of
Japan. | received a timely invitation from research collaborators in the
Netherlands to serve as a committee member for a doctoral dissertation.
On my way home, | pitched myself at seminars at about 10 Universities in
Europe and the USA.This produced positive results, and two months later |
headed off to the California Institute of Technology as a visiting researcher.
That being said, | initially suffered because | didn't speak English well. |
spoke in broken English and spoke very rapidly as | do in Japanese. It was
often said of me "I don't understand anything Tatsuya is saying." Ultimately,
my English did not improve, but rather, everyone began to understand
my English, so | am where | am today without having improved (laughter).
Be that as it may, | am fortunate today because of the experience and
personal contacts | developed while running up against and breaking
down barriers when | was young.
Suga: | also studied abroad in Germany from the age of 25 to 30 years
old, and | also worked furiously when | was young in similar fashion
to Professor Okubo, and this led to my current field of research. What
| especially acquired in Germany was the skill of logical writing and
expression. At the start of my study abroad, | could not speak any German,
but it worked out in the end after | gained considerable experience. In the
first place, the English used in research situations is not required to be at a
native level. In relation to language learning ability, students nowadays are
more adept than when we were young, and | am envious of the excellent

environment they are in.

— However, we recently heard of an increasing number of inward-looking
students who are not proactive about studying abroad.

Suga: That's not necessarily the case for all students, but it is certainly
true that young people tend to not want to go abroad. After all, they have
a stable life and have probably lost ambition. Nevertheless, | sense that
students in Europe and the USA have not lost their hunger for knowledge.
There may be a language barrier, but to not take advantage of this
opportunity seems to be a waste.

Okubo: Nowadays, one can go abroad anytime, so they may lack the
ambition to go. That being said, | think they can probably have a more
effective experience than haphazardly going abroad if we the faculty
provide support and suitable advice. In my case, there wasn't a boss who
advised me to go abroad, but | was very positively stimulated by senior
colleagues around me who were carrying out collaborative research with
overseas Universities.

Suga: In my case, in contrast to Professor Okubo, | went abroad merely
under the advice of my professors, and | decided on my research topics
after arriving there (laughter).This may be because, for example, mechanics
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are taught to undergraduates, and materials research is done in graduate
school, so research topics are not established. In Germany, | ultimately
became involved in the research of material interfaces, which straddles
both mechanics and materials, and if | had not studied abroad, | think that
my current path as a researcher would not have been open to me.

Okubo: After all, it is not a matter of ability, but a matter of being up for the
challenge. Since we desire that students have such a spirit of challenge, we
instruct the students in our research lab to write their graduation theses in
English if at all possible, and we provide them with various opportunities
to make presentations at academic conferences overseas.

Suga: At GMSI as well, we provide overseas seminars and various other
opportunities, and we definitely want the students to take advantage of
such opportunities.

New Ideas Come to Mind as a Result of Continuous Thinking
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— What is required to pioneer advanced research?

Okubo: Perhaps it is the spirit of trying to do what no one else has done.
There is some fear of working in an unknown field, but on the other hand,
it is interesting in that one can do as one pleases because it is a field that
no one else has worked in.

Suga:When one does what others won't do, one can always lead the way.
Okubo:1 also work with a sense of mission in that even now | believe that |
must play a useful role in the world, but as Professor Suga said, when | was
young, | worked feverishly with the desire to be the best (laughter).

Suga: However, it is not necessarily the case that one will suddenly have an
idea come to mind even if one is attempting to do something new. There

is a sense of awakening at some point as one continues to think about
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@ Preface dialog Tadatomo Suga & Tatsuya Okubo

the research in front of you and one gradually approaches the core issues.
Ultimately, | think that it is necessary to unceasingly tackle the issues at
hand.

Okubo: That is exactly right. It is said that ideas come to mind when one
is taking a bath, but this probably happens because one is constantly
thinking about the issues. It is truly joyous when one makes a connection,
has an inspiration, or comes to an understanding in such a manner. It's the
same as when Archimedes obtained a hint of the Archimedes' principle in
the bathtub and then joyously dashed out of the bathhouse. Even in going
to academic conferences, more important than collecting information is
being stimulated by exposure to the presentations of other researchers,
whereby one can discover ideas related to one's own research and obtain
a larger picture of things. Therefore, | always recommend that my students
actively participate in academic conferences.

Suga: One has plenty of time to think when one is young, so | would really
like young people to be thoroughly involved with things. At the same
time, | want young people to thoroughly learn the basics. There may be
those that perceive advanced concepts to be far removed from the basics,
but basic and advanced concepts are surprisingly close to each other.
Conversely, we are surrounded by many ideas that can become advanced
concepts. Things that could not be seen before should come into view
when one is thoroughly versed in the basics.

Okubo: What is important here is to not be overwhelmed by the
information available to us. The amount of information is vastly greater
nowadays in comparison with the past, so it is difficult to decide what is
useful. | would like students to use knowledge to acquire wisdom rather
than drift helplessly in the sea of knowledge.

Suga: Yes, the entire concept of research and the methods of
communication may change if our information-based society continues to
advance at the current pace. However, | would like students not to forget
that one's work should be based strictly on one's own ideas and basic

concepts.
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The 8th lecture on applied spectroscopy and micro/nano chemistry
is one of the international lectures held by the GMSI program, which
primarily aims to give graduate students opportunities to learn and
discuss innovative research activities in certain fields of engineering. The
lecture was divided into two separate themes over two days. On the first
day, Professor I-Ming Hsing from the Hong Kong University of Science and
Technology (HKUST) introduced how the field of integrated fuel cells has
been progressing. Recently, this has attracted much attention due to an
increasing demand for micro energy devices. Another topic on his lecture
was related to developing microsystems for biological applications. His
research interest in this area is to develop a point-of-use bioanalytical
microsystem with emphases on the fundamental understanding of
biological reactions in a microenvironment as well as the realization of
novel, microfabrication-compatible techniques, enabling quantitative
analyses of biological events in the microscale.

The second lecture was related to the field of Single molecule
spectroscopy and was presented by Professor Edward. S. Yeung from lowa
State University. In recent years, the demand for analysis in miniaturized
systems or in living cells has increased rapidly because of potential
applications in environmental analysis, cell engineering, clinical diagnosis,
and life science. Since the detection volume in such micro space is small,
the number of detected molecules is thereby reduced, thus requiring
the developing of novel single molecule detection methods. Professor
Yeung introduced his research interests in microscale separation and
single molecule spectroscopy. By using a novel laser-imaging system, he
could follow the diffusional motion of individual fluorescent species in
solution. Moreover, the diffusion coefficient, as well as the photochemical
decomposition rate, can both be measured directly. It has been found
that motion in a confined space can be very different compared to bulk
diffusion. The results provide unprecedented insight into bulk separation
processes. Novel separation modes have been demonstrated based on
these new insights.

|

Lecture by Prof. Edward. S. Yeung
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MD simulation of gold deposited on a silicon surface
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@ Young researchers shouldering the future
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Molecular simulation of novel interfacial
applications
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The presence of complex interfaces (e.g. multi-component surfaces,
grain-boundaries, etc.) in engineered components can play important roles
in any engineering focus. Interface-science is important to a wide range
of topics, including nanoscale thermal transport and nanostructure self
assembly, just to name a few. Creating next generation nanotechnology
in these important areas is important, but experimental analysis cannot
control and anticipate all of the factors at the nanoscale alone (e.g.
environmental conditions, effect of defects, etc.). Therefore, there is a need
for robust simulation techniques that handle the complexity of interface
engineering.

In order to form a firm theoretical understanding of these interesting
systems, we have begun development of a robust simulation software
package. We plan to look at questions related to thermal transport in
carbon nanostructures and self assembly of metals deposited onto silicon.
We are currently using non-equilibrium classical molecular dynamics (MD).
In our work up to this point, we have already been able to investigate
some novel systems. In particular, thermal transport simulations of conical-
helix carbon nanofiber show some unique properties we haven't seen in
other carbon nanostructures. These include a drastically reduced thermal
conductivity and other unique properties, all of which may one day lead
to efficient power generation at the nanoscale and to other applications
as well. Furthermore, we've begun working in collaboration with
experimental researchers at the University of Toronto to better understand
the mechanisms of metal self assembly on silicon surfaces. We are working
to extend the understanding and predictability of nanoscale engineering
through our research in computational materials science.

Various related carbon nanostructures: a) cup-stacked nanofiber, b) conical helix
nanofiber, c) helical nanofiber with no conical angle, and d) graphene ribbon.
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Figure 1: Principle of multi-probe scanning method
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Multi-probe scanning method for measuring
profile line of plane mirror in nanometer accuracy
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The development of super-precision machining technology has brought
the machining accuracy of large-scale parts, such as optical components;
silicon wafers; and liquid crystal panels, in the order of nanometers already.
It has also become increasingly important to evaluate surface geometry
with nanometer accuracy.

In our study we have devised a new multi-probe scanning method
using multiple displacement sensors and angle sensor, based on an
error separation technique, to measure the profile line of a plane mirror.
Compared to the conventional measurement methods, this method does
not require a high-accuracy reference element. Moreover, the profile line
of the reference plane mirror and straightness motion error of scanning
stage can be simultaneously measured by a simple algorithm. The data
processing is an application of simultaneous linear equations and least-
squares method which can evaluate random error and systematic error of
the measurement method.

Specifically, the multi-point scanning method composing three laser
interferometers and one autocollimator was used. The effective size of
the plane mirror to be measured was 100 mm x 30 mm; the intervals
of interferometers were 10 mm and 21 mm; and the moving step of the
scanning stage was T mm. The measurement principle is shown in Figure 1.
We see from the data gathered after running the experiment ten times
that the two standard deviations value of the plane mirror profile is mainly
fitting the simulated measurement uncertainty of 10 nm (2 ¢ ). Comparing
this with the results measured by a ZYGO interferometer, our measured
data showed agreement with nanometer accuracy. The comparison results
are shown in Figure 2.
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Figure 2: Comparison of our measured result with profile measured by ZYGO's
whitelight interferometer system
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Seminar at the Beijing Institute of Technology

@ GMSI Workshop on Metrology
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Workshop group photo at Xiamen University

Five GMSI research assistants, a GMSI researcher and a GMSI professor
attended the GMSI Workshop on Metrology from September 24-30, 2011.
We travelled to two famous universities in China: the Xiamen University
in Fujian province and the Beijing Institute of Technology in Beijing.
We attended young researcher seminars and toured the labs at each
university.

First, we visited the laboratory of Prof. Guo at Xiamen University. Prof.
Guo graduated from Tohoku University about ten years ago. The research
of Prof. Guo’s laboratory is mainly concerned with the manufacture and
metrology of large lenses. Five graduate students of the lab presented
their research in the seminar session, and a discussion followed. Although
they do not often use English in their lab, they tried their best to explain
their work to us.Their great enthusiasm very much impressed me.

After the visit to Xiamen, we flew to Beijing to visit Prof. Zhang at the
Beijing Institute of Technology. Professor Zhang’s laboratory mainly works
on fabrication and metrology of micro-miniature mechanical components.
Attending a seminar and lab tour, we learned that their research mostly
originated from the problems that actually occur in design and fabrication
processes in factories. Here, | was impressed that they have such close
contact with companies and factories. During the seminar, | became
particularly interested in their research on the edge determination method
of image dimension measurement. Some new ideas proposed during the
discussion led us to become very excited over future prospects.

| feel very satisfied to have attended such a successful workshop. Being
in similar research fields led to deep and efficient discussions. Seeing
the students’ great enthusiasm for their research really moved me and
has encouraged me to focus on my own research with greater effort.
Furthermore, | now understand that it is important for researchers to have
close contact with companies in the public sector.This workshop has really
prompted me to rethink my role in participating in the various activities
organized by GMSI, especially in domestic internships.
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Learning the basics of academic presentation
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Student presentation and discussion

In this course, we practiced presentations and discussions in order to
learn English communication skills for active participation in international
conferences. After studying the basics of academic presentation, students
then gave presentations of their own and held discussions as well.

For students, participation in an international conference is an important
opportunity to disseminate their own research to the community, as
well as for joining international networks of researchers. However, as
presentations and discussions at international conferences are normally
in English, it is not very easy for me to explain my research to people of
different backgrounds. The course was helpful for me to realize my weak
points, and the teacher suggested how | could improve my presentation
and discussion skills. The purpose of this course is acquiring presentation
skills more than discussing content, and all participants should give their
honest opinions and comments. The comments from the native English-
speaking teacher were very detailed and useful. | had to include detailed
research background in my presentation as the participants were from
various fields of engineering, so this also turned out to be a good exercise
for me to explain my research to an audience not particularly familiar with
my field.

This course is not easy, but you can learn a lot. | recommend this course
to those who are really interested in improving their English presentation
skills. Students who are concerned about the level of their English
communication skills are allowed to join a class before registration so they
can judge for themselves whether or not it would be a good fit.

GMSI course: Engineering Literacy Il @
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@ International Internship
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| am currently staying at Delft University of Technology (TU Delft). | plan
to stay for six months between the dates of August 31, 2011 and February
28, 2012. Delft is a calm town in the Netherlands located about one hour
south of Amsterdam by rapid-transit train (Sneltrein).

TU Delft is the largest and oldest public technical university in the
Netherlands and is comprised of eight faculties (e.g. Aerospace
Engineering, Applied Science, Architecture, etc.). The Faculty of Aerospace
Engineering (AE) is the largest of its kind in Western Europe and has about
2,200 students in BSc and MSc courses, nearly 500 of which are in the first
year of a BSc course. The percentage of international students in AE is 25-
35%, and all lectures are given in English.

I am working in the Structural Integrity group in AE, where structural
fatigue and damage tolerance, non-destructive inspection, and
manufacturing are studied. There are more than 10 Ph.D. candidates in
this group, and most of them are from outside the Netherlands. There
is a coffee break at 3 p.m. every day and many students and staff come
together to enjoy conversations over coffee. This really promotes various
exchanges within the group. The laboratory is very large, and there is a lot
of test equipment. Many aircraft parts, and even an F-16, are displayed in
the laboratory for educational use.

| am studying a topic related to delamination growth in composite
material during my internship here. | am now in the process of preparing
for my experiments and being able to regularly consult with my supervisor
and other Ph.D. candidates is really a great opportunity. Even though | will
be here for only a short stay, | like to interact with as many people as | can
in order to learn as much about being in an international mindset and to
further broaden my horizons.

Delft Aerospace Structures and Materials Laboratory
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First of all, | would like to thank the GMSI office and Toshiba Corporation
for providing me the opportunity to work as a research intern at the
Toshiba R&D Center. Over the past three months, through this internship
opportunity, | gained valuable insight into Japanese industry that would
have been impossible for me to gain otherwise.

| worked at the Human-centric Laboratory (HCL) at the Toshiba R&D
Center from August until the end of October. Toshiba R&D Center is
located in Kawasaki City, a main hub in Kanagawa prefecture. Everyone
at HCL was very welcoming and helpful, teaching me about ongoing
projects in the Lab with great patience. Toshiba gave me the opportunity
to work on various projects and | had the chance to observe the different
aspects of systems using Augmented Reality (AR). | focused on studying
navigation systems using AR technologies, such as Heads-Up Display (HUD)
systems for automobiles. Even though this topic was quite different from
my usual field of research, it was quite beneficial in further broadening my
knowledge.

Not only did | have the chance to deal with advanced technology, but |
was also able to experience Japanese business culture in a real-life setting.
| was especially surprised by the true spirit of progress at Toshiba; they
look ahead to the future without focusing on whether or not a profit can
be turned right at this exact moment.

This internship has definitely increased my interest in pursuing a career
in the modeling field. Once again, | would like to thank the people who
helped place me in this great internship. | would strongly recommend
this domestic internship program to other RAs, especially to the other

international students.
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