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Preface

It is a pleasure for me to deliver volume 5 of WPI-AIMR News to all of you. Since the advanced
institutes of materials research (AIMR) based on the MEXT program of world premier international
research center initiative (WPI) was launched on October 1, 2007, one year and seven months have
passed. I want to summarize briefly the progress of WPI-AIMR on this occasion.

(1) World top-class researchers have gathered from all corners of the world, as you can see the

table shown below.

Number of Researchers as of March 2009
I O P
Researchers
Japanese 18 32 50
Foreign 11 22 33
Total 29 54 83
Final Goal 30 90 120

Statistics of Foreign Researchers at March, 2009

A. Ratio of Foreign Researchers to;
a) all researchers: 40% (33/83), b) Pls: 38% (11/29),
c) other researchers: 41% (22/54)
cf) other researchers: 26 % at April, 2008

B. Statistics by Country
a) Pls: USA 4, China 3, UK 2, Germany 1, France 1
b) other researchers: China 13, Russia 2, Bangladesh 1, Canada 1, Greece 1, India 1,
Spain 1, Taiwan 1, UK 1
c) area total: Asia 19 (58%), Europe 9 (27%), America 5 (15%)

We have 83 researchers at present and we can still hire excellent researchers to reach our final goal
of recruitment. The ratio of foreign researchers has increased to around 40 % and I think that this is a
significant increase in comparison with 26 % at April, 2008.

(2) The construction of the main research building of WPI-AIMR (ca. 7000m2) has now complete,
and the WPI-annex building (2500m?) was complete about one year ago. Accordingly, we have now
significant laboratory space at Katahira campus in order to carry out world-top class
fusion/integration research on materials science. I hope that we will have more space here in
Katahira to accommodate all the researchers of WPI-AIMR who are now pursuing their researches at
Aobayama campus.

(3) In the spring meeting of American Physical Society, Professor Akihisa Inoue was awarded



James C. McGroddy Prize which is given to those who have accomplished outstanding achievements
in the field of materials physics, and Professor Terunobu Miyazaki was awarded Oliver E. Buckley
Condensed Matter Prize which is given to those who have accomplished outstanding contributions to
condensed matter physics. This is really good news for all of us. Not only these two international
prestigious prizes but also many international and domestic awards were given to both senior and
junior researchers of AIMR. Furthermore, significant amounts of research grants have been given
from MEXT to our WPI researchers in the 2009 fiscal year; the total amount of FY2009 Grant-in
Aid for Scientific Research obtained by AIMR is 385,000,000 yen. Of course, many researchers
have also received research grants from other sources, such as JST and another ministry. I believe
that the above accomplishments and results indicate clearly our high research activities and excellent
contributions to materials science.

Taken together, | think that we have got off to a good start, and I strongly hope that we will be
able to continue this high level of activity or even to enhance the activity to much higher level. The
volume 5 of WPI-AIMR News contains of the reports of 2009 WPI-AIMR Annual Workshop, in
which you will be able to look the present status of our research activities. I appreciate very much all
the participants, including not only WPI-AIMR researchers but also those who came to attend the
workshop from both domestic institutes and overseas, to join the workshop. I would like to ask all of

you continuous support and cooperation to WPI-AIMR.
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Interview with Dr. Heinrich ROHRER, 1986 Physics Nobel
Laureate & Chair, International Advisory board, WPI-AIMR

“Use your unbiased mind and do the best once decided”

Prof. Komatsu (K): I met you a long time ago when you gave a special talk in Stuttgart
about STM.

Dr. Rohrer (R): When was this?

K: This took place in 1983. You gave a talk on STM at the ICCG (International
Conference on Crystal Growth). In the last slide you showed a figure of the detection
limits of microscopy, which I had shown in the IBM Laboratory in Rueschlikon in 1978,
when I was invited by Dr. Hans Scheel.

In fact, a few days before the ICCG (1983) in Stutgart, the ISSCG (International
Summer School on Crystal Growth) was held in Davos. It was just after my lecture in
this Summer School that I learned from Dr. Bednorz for the first time that in IBM the
talented young guy (Dr. Binnig) and the expert (you) of physics found new microscopy
capable to resolve to the atomic dimensions. This was a great happening to me.

Anyway today, my visit is an interview for the next WPI-AIMR News.

R: I receive them regularly and have read the two previous interviews.
K: I just wanted to roughly know your personal history and motivation for pursuing
science and technology. How did you start up your research?

In terms of finding a new process, STM, how did you come across this phenomenon?
At the end, I like to ask if you have a message for the younger generation.

A lot of people are interested in your childhood, your readings and, also the most
important of all, the motivation that brought you to science. I have heard that you
were a student of Professor Wolfgang Pauli.

R: Not a student of Prof. Pauli, I simply took theory courses from Prof. Pauli — he was
the only theory Professor. Of course you always feel kind of proud to have had
courses with a famous teacher, even as an experimentalist.

K: He was quite an extraordinary man.

R: Yes, he was indeed. He was also quite tough with his theory students and assistants,
but quite nice to the experimental physics students. If a student could not answer any
of the questions asked, then Pauli asked to tell him what he knew. If Pauli got a

coherent story the student passed.



K: I heard that there was a Pauli effect. Whenever Prof. Pauli came close to
experiments, something went wrong.
R: Yes, yes. The story is, that even passing in a train nearby was sufficient — quite
some long range interaction and quite a different type of Pauli effect.
K: O.K. Anyway, you were born here in Switzerland.
R: Yes, I grew up the first sixteen years in a rural area, in Buchs, a village in the middle
Rhine Valley, at the border of Lichtenstein and Austria. My father had a small
transport business, with horses. Cars were a rarity in those days of the Second World
War, there were very few of them in the village of some 5000 inhabitants. During
these years I went to primary and secondary school. I grew up with a good balanced
mix of school work, helping at home with horses and many other chores — my father
was often away, serving in the Swiss army — but I also had fun and all kinds of outdoor
adventures with friends and later with the boy scouts. 1 guess that this symbiosis of
school and practical physical training helped to develop my practical abilities from
fingertips to muscle work and also mental flexibility, overview and good understanding.
I was reasonably good in school, my school grades ranged in the upper half at the
beginning and improved to the top 10% towards the end of secondary school.
K: Better in everything?
R: No, French, for instance, meant too much mouth gymnastics. But I liked
everything related to mathematics and geometry.
K: Mathematics. Also science?
R: Well, yes.
K: Natural science.
R: It was not science yet, it was more education about nature, about plants and animals,
and also a timid beginning into physics and chemistry. ~After secondary school we, my
mother and my two sisters, moved to the city of Zurich and I was supposed to enter
High School there on the recommendation of my former secondary school teachers.
Unfortunately, I failed the entrance exam in order to continue schooling according to
my age. They judged that my level was not sufficient, having come from a
countryside school and not from another high school and in addition from a different
Canton (state or prefecture) away from Zurich. This meant repeating one year in the
new high school, but we did not have the money for such a delay in my schooling. My
older sister found an affordable private school with the chance of entering University
even a year and a half earlier than by a normal curriculum. [ made it and could enter
the ETH (Swiss Federal Institute of Technology) already with 18 years. This is an

example that shows that often an apparently catastrophic incident — in my case failing



the entrance exam into the public high school — emerges
as a chance for a new path to higher levels, instead of | ¥
indulging in frustration. Also later, in experimental |
physics, some new elegant and powerful solutions were
so to speak “forced upon me” by failures or mistakes.
That is why the freedom of science has to include also the
freedom to make mistakes.

For a while, I thought of studying ancient languages, a
natural inclination in the Storm and Stress years of a boy
eager to impress young girls with his excellent
knowledge of Latin and Greek. But somehow I judged my overall humanities vein as
being too thin.

Therefore, I finally decided on a more technical profession. It looked to me more
down to earth and solid for a lifelong profession. My high school grades in
mathematics, chemistry and physics were pretty good, actually top. In addition,
building large bridges spanning valleys was one of my boyhood dreams.

Only in the enrollment office of the ETH, I decided to enter the department of
Physics and Mathematics, having mathematics in mind. However, I realized during
the first year, that thinking in abstract mathematical terms was not my line, so I decided
to continue in experimental physics. It seems that it was a reasonable choice.

In summary, I found my way to the University despite my rather modest roots and
curriculum. I improved by the challenge to perform as best as I could, not striving for
being the best all the time. I believe that ever more demanding challenges are the key
for improvement in school or wherever; not contests, competition, ranking and pressure
by family and others. If we could realize that, we would be happier and, above all,
would have happier children. 1 got encouragement from my mother, my two sisters
and teachers to study, but was never put under pressure. However, I was conscious of
the expectations to do my best.

The cultural background, social descent, and family environment seem to play a
lesser role for becoming a profound scientist than in many other professions like in art,
business and politics. There are always exceptions in the case of the latter, in science
it is the rule where nearly every member makes his own career.

K: A personal career. Individualistic.
R: Yes, and that is also the key to a world embracing performance of the highest quality
of science and the source of the tremendous scientific progress. Anyone who has

science of quality to offer is a most welcome member of the worldwide scientific



community. The “science market” is open and accessible to anybody, independent of
gender, religion, race, or nationality. The unequaled international touch of science
made science to the first and the most successful international enterprise.

K: The scientists have the chance to engage in something new.

R: Yes. After finishing the undergraduate years with a master thesis on fast neutron
scattering (neutrons from the fusion process), I had to decide whether I should continue
in nuclear physics or change to solid state physics. I chose the latter because a good
friend of mine encouraged me to join the small low temperature laboratory of ETH,
where he started half a year earlier. Again, it turned out O.K.

M. Sakurai (S): But you did not consult.

R: No, I did not. Choosing and deciding without consulting others is not only a
freedom of science, but often an utmost necessity. But once chosen, you have to make
all the efforts to do a good job before giving up. It is the determination to do your best
which makes you succeed, not lamenting for having missed something. Of course, one
is never sure whether one would not have performed better with a different choice, but
likewise one has no guarantee that it would have turned out better. ~Again, if we would
finally understand that we would enjoy a constant pleasure of doing science instead of
dreaming of or waiting for a big bang.

K: Once you decide.

R: Yes, once you decide. Maybe I also would have become a good chemist. A
scientist’s career is not very predictable. Hard work is the only sure thing and
occasionally lucky circumstances. But the luck you have to grasp by yourself.

K: Yes, some would call it “serendipity.”

R: Yes. Serendipity got unfortunately a disparaging taste in science, wrongly, I mean.
The word was coined by Horace Walpole (1754) according to the Persian fairy tale “The
Three Princes of Serendip.” It is cleverness and sagacity which lead them to the
unexpected, the latter does not simply fall out of the blue sky.

S: Right, something.

R: Louis Pasteur expressed it differently: “Chance only favors the prepared mind.” In
both cases the spirit is the same, you have to play an active role, it is not simply roulette.
K: That is right. A prepared mind is important. Preparation can come with it.

R: If your mind is prepared and susceptible, you notice the unexpected and the changes.
In the case of the scanning tunneling microscope, a lot of scientists said: “You were
simply lucky.” T usually responded “Oh, sure. We were lucky, but at least we noticed
that we were.”

K: Luck is also an element of success and of breakthroughs.



R: Correct. It is not a disgrace to be lucky, even for a scientist. Most people, also
scientists, are lucky but only very few notice it. Missing it though, is a disgrace.

The decision to change to Solid State Physics was again a “lucky” decision. The
theme of my Ph.D. thesis was measuring the change of length of superconductors at the
superconducting-normal transition in an applied magnetic field.

K: The change of the length?

R: Yes. In an applied magnetic field, the transition normal-superconducting is of first
order which means a discontinuity in volume. Minute volume changes of solids are
difficult to measure, easier length changes though. My thesis advisor Dr. Olsen,
actually an advanced Post-Doc from Oxford, had pioneered this type of nano-mechanics
by measuring the discontinuity of Young’s Modulus.

K: What material did you use?

R: Practically all superconducting metals with a transition temperature above 1.9 K. I
succeeded to measure length changes in the order of 10 cm of samples of some 10 cm
length.

K: Difficult to measure this?

R: Once you have done it, then it does not look that difficult anymore, though maybe
delicate. Actually, it was a very crude method and set-up. I transformed the length
change of the 10 cm long sample — because of its length it had to be vertical in the
liquid Helium Dewar — with two wheels of diameter of about 4 cm and with bendable
spokes into a horizontal rotary motion.

The rotary motion got then transferred via a long and thin Invar tube into a room
temperature compartment at the top of the Dewar and its rotary motion detected there by
reflecting light by a mirror fixed at the rod onto two photocells. Actually the
deflection angle was of the same order as that later in the optical detection of the
cantilever excursion in AFM.

There were of course several noise sources, the boiling liquid helium and liquid air
surrounding the Helium Dewar, and the switching of the magnetic coils surrounding the
Dewars. At those times, we just had an air refrigerating machine and after some days,
the liquid nitrogen in the storage vessel of some 100 / had evaporated and only liquid
oxygen was left. I did not care that much about the danger of using liquid oxygen to
keep Helium cool, much more annoying was the strong paramagnetic response of the
liquid oxygen to switching on and off the magnetic field.

In spite of the crude set-up, the detection of the length changes was delicate enough,
that I only could measure at a bandwidth of about 2 Hz and when the town was asleep

and no tramways running at a distance of some hundred meters. Once I got very



excited by a periodic signal of about 0.2 Hz or so in the measurements. A few days
later, I found to my disappointment that this signal was caused by big fir trees in the
garden swinging to and fro in a strong wind.
K: This was published?
R: It was published in Helv. Phys. Acta, but I am afraid that I cannot find a copy
anymore. [ threw most of the paper stuff away after going into retirement.
K: So, that was your Ph.D. thesis?
R: Yes. So far we talked about my professional formation. But there are also other
important aspects in one’s life. Never forget to have some fun. And our group of
about 6 low temperature physics Ph.D. students indeed did not forget it. We went
every year together for ski holidays — once we had to return after three days because we
ran out of money — organized trips to very fine restaurants with excellent wine — and
had to live afterwards on food which barely quenched the hunger, or organized other
outings and parties in the laboratory rooms. On one such occasion, I got to know
Rose-Marie who later became my wife — and still is.  She is extremely language gifted,
has an extraordinary aesthetics touch, and is a fabulous cook — all the qualities I do not
have in abundance. Nevertheless, she typed my Ph.D. thesis, not understanding a
word. The mechanical typewriters of that time did not even have a correction key.
Of course, a family stands highest in the non professional life.

As a second important factor, I consider my services in the Swiss Mountain Infantry.
I am by no means an army freak, but my country gave me the opportunity to study at
one of the top world Research Institutes of Technology, even my tuition was waived.
So I considered serving in the army as sort of paying something back. You see, the
saying is: “Every country has an army, either one’s own or someone’s else’s” or in other
words independence or servitude.
S: Right. Like Japan.
R: And the Swiss were always quite particular about independence, since back to the 12
century. First Lieutenant, usually a platoon leader, was the rank I could reasonably do
and afford to do without impairing my scientific career. The service consisted of four
blocks of basic training of 17 weeks each according to my final rank at the beginning
and annual or biannual repetition courses of 3 weeks each year or second year. I did
the first block during the undergraduate years, two during my thesis work and one after
my Ph.D. All in all that summed up to over 1000 days, my last service for three weeks
in the November Mountains, a year after receiving the Nobel Prize. The services were
physically tough at times, but again we had lots of fun in between. We made the best

out of what we had to do in any case. I also considered the repetition courses as the
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most effective vacation time. Up in the mountains I was completely detached from all

the professional obligations and returned usually with a cleared brain. But also in

other respects I learned quite a lot, most importantly, it was good training for social

competence, team work and more. You see again, living up to an obligation towards

my country brought me much more than just a good conscience.

K: Very interesting, again serendipity. Now back to physics again. Did you have any

influence from your teachers or your friends about experimental physics?

R: No.

K: No, you determined by yourself.

S: How about in undergraduate college, some teachers or professors were very close?

R: No.

S: You did not get any influence from anybody?

R: None of them inspired me really. [ think I was a reasonable student but not a

brilliant student. I would have liked to be more brilliant, like some of my colleagues.
Most of them became professors, some at the ETH, some at other very good

Universities. At the starting of studying physics, we were about 12 physics students.

After 4 years, only three of us finished in the minimum time. We were the ones who

had to finish and make some money as graduate students as soon as possible.

K: So you were a brilliant student.

R: No, I think every one of the students could have made it if he had to do it. My

friends became professors, me an ordinary research staff member. At that time, joining

a company’s Research Laboratory was rated considerably lower than pursuing an

academic career.

K: You went to IBM at that time?

R: No, I first went to the USA. Staying in the USA for a while was considered very

helpful for a scientist career.

S: As a Post-Doc?

R: Yes, as a Post-Doc at Rutgers University. Before we went to the United States, we

married and the trip to United States became more or less our honeymoon trip. We

took a freighter, the least expensive way to travel to the USA. That was one of the

very few unfortunate decisions, because I was seasick most of the time. Not exactly

what you expect of a honeymoon trip!!
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At‘ Rutgers; I measured the thermal ;)nductivity in ’the mixed stat; of
superconductors. During vacation, we usually went camping. Before returning to
Switzerland we explored the USA on a three-month camping trip and arrived in
Switzerland pretty broke — but with a contract from IBM in my pocket. A few days
before sailing off, President Kennedy got murdered, which complicated our departure
due to closed offices and official events. We had to return to Switzerland after two
years for immigration reasons.

The same friend, Prof. Bruno Luethi, who brought me to the low temperature
Laboratory of the ETH for the Ph.D. thesis convinced me to join the new and small
IBM Research Laboratory with about 60 people. Actually, Bruno later became a
Professor at Rutgers and then in Frankfurt A. M. and recommended Gerd Binnig, who
set up the exercises for his course, very highly for a Research Staff Member position at
the IBM Laboratory.

My employment procedure at IBM was very simple. I met the director of the Zurich
Research Laboratory, Ambros Speiser, for an interview on one of his visits to the IBM
Yorktown Research Center. No lecture, just meeting a few people, amongst them Leo
Esaki. Two weeks later, I had the offer from IBM. In the same year, a couple of
months earlier, Dr. Alex Miiller (1987 Physics Nobel Laureate) also joined the Zurich
Laboratory.

K: Oh, it was at the same time.
R: Yes. We joined the same year. So, this director of the Zurich Research Laboratory
must have done quite a lot right.

S: Very successful. That is right.

12



K: And you had quite the freedom to research.

R: All the freedom I wanted.

K: Not confined.

R: No, as long it was scientifically sound and interesting. 1 started working on
magneto resistance in very high, pulsed magnetic fields, which ended up in a series of
experiments on the Kondo Effect. After some years I turned to phase diagrams. I
took GdAlOj;, with a Neel temperature just below 4 K and with the whole phase space
within 50 kOe. I used no longer pulsed fields. From a research staff member who
left the company I “inherited” a superconducting magnet.

Then I changed to critical and multi-critical phenomena, still in GdAlOs;, which
became a hot topic in science. [ wanted to add NMR to my modest instrumentation
methods of susceptibility measurement and alike. The University of California at
Santa Barbara was a good place for that and IBM agreed to let me have a year
sabbatical there in 1974/75.

K: This time, no cargo boat.

R: No cargo boat. In the last moment some problems with intellectual property rights
came up. The University of California requested that every patent made on the
University premises belonged to them. IBM on the other hand was obliged due to
license agreements to license every invention by an IBM member to its license partners.
A couple of days before the planned departure, they found a solution acceptable to all
parts. We bought a car on the East Coast and camped our way across the country for
about 5 weeks with our two daughters of 9 and 10, a unique experience for them. We
stayed a year and then camped back from Santa Barbara to the East Coast. Work at the
University was quite tough in the last 4 months, after all the experiments were set up.
We investigated the critical properties of MnF,. The liquid helium for the sc-Magnet
of 120 kOe lasted about 13 hours per filling. That meant working until early morning,
taking a real power nap and being back at the laboratory after lunch for setting up the
next 13 hours round. My younger colleague, Dr. Alan King, got kind of worn out
towards the end and was happy for more ordinary time schedule after our departure.

K: You came back to IBM in 1975 from Santa Barbara.

R: Yes. I continued for a while with multi-critical phenomena. This work received
reasonable recognition in the community, but I did not see any long term perspectives
for me. Also, the NMR methods did not work up to my expectations, so I would have
to start with some other experimental methods, in a field where I thought the climax

was already passed. One should leave a research area as long as it is still flying.
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So I was looking for something else. I knew that nobody in the IBM Laboratories
was pursuing transport phenomena in inhomogeneous systems, although that became an
issue of general importance. The engineers at our place struggled with the
homogeneity of very thin oxide layers for Josephson junctions, a hot topic for the next
generation of supercomputers. But there was no coherent effort on the basic
homogeneity issues.

Since in addition inhomogeneities played an ever more crucial role in the course of
continued miniaturization, I thought that this should become both interesting and even
very useful. IBM research management was very happy to see me start in something
very different and new, although I had quite a reasonable record in critical phenomena.

I looked for a new research staff member and finally found Gerd Binnig.

K: So, you got to find Dr. Binnig as a coworker.

R: Yes. Tunneling came in, through the important problem of the Josephson tunnel
junctions of our engineers. But growth mechanisms and quality of thin oxide layers
were en mode in any case. [ happen to listen to a lecture of Dr. Karl-Heinz Rieder, our
surface science specialist on the growth of nickel oxide.

Gerd and I discussed how to solve the problem. Actually, we thought of buying a
scanning Auger for about a million Swiss francs, and IBM agreed. But Gerd said
“everybody can buy a scanning Auger. Let’s take a more original and unique
approach.” And since tunneling through a very thin oxide layer was the problem
guideline, “why not use tunneling in a way?” he continued. That is how the scanning
tunneling microscope (STM) emerged. With the finest tips available in field emission
of some hundred Angstrom radius of curvature, we estimated a resolution of 2-3 nm, as
good as the scanning electron microscopes at that time, much better than a scanning
Auger and having a direct access to the inhomogeneity of electron transport through the
oxide layers, not just the surface structure.

Somehow we took the most complicated approach. Using a field emission tip
means ultrahigh vacuum, of which we both were laymen. But Dr. Karl-Heinz Rieder
helped us with abundant advice, which we, however, missed sometimes. We took an
UHV chamber from another research staff member who abandoned physics. Even
more of a problem was our background in low temperature physics and
superconductivity. We had a fixed idea to work at low temperatures for doing
tunneling spectroscopy and using sc-levitation for vibration damping. Low
temperature and UHV is the most difficult approach you can take, in particular in the
exploring stage. Whenever something did not work the way it should, e.g. the

piezoelectric drive of the “mouse” for rough approach the system had to be warmed up,
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the faulty parts repaired, baked out for UHV, and cooled down. But also the wrong
belief that UHV is needed in order to obtain credibility in the surface science
community was not helpful. After close to two years Gerd had enough and decided to
use a desiccator instead. He had abandoned the field emission tip already a while ago
and instead used unprepared W tips sharpened on a “grinding” wheel. Ingenious of
him, such a rough tip always has an atom at the end, and finally yielded atomic
resolution. This was a year and a half of “frustration,” in particular for Christoph
Gerber, my long time associate, whom I assigned to work full time on the project and he
did it with great enthusiasm. This gave Gerd and me the opportunity to work on our
own transition projects. Gerd built himself a top loading dilution refrigerator and
studied two band superconductivity in SrTiO;: Nb, I myself continued with the random
field problem in critical phenomena. Although our full involvement with the STM
might have sped up its development somewhat, our so called “PRL” projects — Gerd
published one on the two band uperconductivity of Nb doped SrTiOs, I one on the
random field critical point. — were quite helpful ammunition at management reviews
and no questions asked and no exposure on the STM work.

The first successful experiment came soon afterwards, the exponential dependence of
the tunnel current as a function of the tunnel gap, with an acceptable work function.
Phys. Rev. Lett. did not appreciate the significance of this first quantitative experiment
in an STM configuration and refused its publication. Such is life, we made it
nevertheless a step higher than most accepted papers!

For obtaining atomic resolution you need an atomically sharp tip and proximity to the
object, the resolution contains the geometry factor (r+d)” where r is the radius of
curvature of the tip part closest to the object and d the tip-object distance — which has to
be in the 1-2 nm range anyhow in order to have an easy and fast measurable tunnel
current. The stethoscope of the medical doctor works according to the same principle.
K: Quite a different approach.

R: You are right. Unfortunately some of the American scientists did not see it this way
and their strong lobby misled even the Nobel committee to a shaky citation: “.. for the
design of the STM” and not “ ...for the invention and design...” But the Nobel
committee made up for it by awarding E. Ruska (Fritz-Haber-Institute, Berlin) who
designed the first electron microscope the prize together with us. Ruska died a year
later. It would have been most regretful if one of the pioneering and most important
instrumental developments of the 20" century would have missed the recognition. It

took over 50 years because of some intellectual property issues. Some high ranking

15



industrial R&D leader had embezzled the patent from the young student Ruska back in
the beginning of the thirties. But these are tempi passati.

K: Getting tunneling. This is critical.

R: That is true. Tunneling by its exponential dependence on distance selects
automatically the atom closest to the sample as the probe.

K: But how did you come across to the measurements of the micro-topography? First
of all, you wanted to measure some tunneling current, but tunneling current
measurement and topographic measurement are not equal.

R: In principle you are right, in practice, however, constant tunneling current means
constant distance from the surface, at least in metals. Semiconductor surfaces are a bit
more delicate, adsorbates can even mimic an indentation instead of a protrusion. That
is then the domain of scanning tunneling spectroscopy.

K: From the beginning, you wanted to measure micro-topography of the surface or not
in intention?

R: No. At the beginning, we were fixed on the properties of very thin oxide layers.
But this turned out to be more involved. So, after a month or so talking back and forth,
we realized, that by scanning the tip at constant current over a metal surface, we get the
topography and had created a novel microscope, the scanning tunneling microscope
(STM).

K: You had the idea of just making microscope.

R: To start with, yes. But Gerd made drawings for an internal physics presentation of
combining Frankenstein’s fingers and tunnel tip already shortly after the first successful
experiments with the STM, anticipating the STM as a manipulation and modification

tool on the atomic scale.
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K: So, your idea of scanning of sporadic measurement came later. “Why don’t you
scan?” And by this scanning process, you found something like topography.

R: Yes, we did not come from the field of microscopy and so it took about a month.
But when we set out to build the microscope, we used a three dimensional piezo- drive,
both for rough and fine motion of the tip.

K: So, topography was not your intention at the beginning.

R: Serendipity.

K: The first intention was the measurement of the work function.

R: One of the first ones. Work functions are an interesting material property, but not
the only ones.

K: And then why don’t you scan to measure the work function? In the meantime, you
found topographic data?

R: Who would not get carried away when seeing the first time surface structures with
atomic resolution. Work function measurements were done soon later by many others.
Priorities change.

K: Yes, I have seen that the Helvetica Physica Acta, you wrote a beautiful scheme.

R: Yes, that was a contribution to the 60th birthday of my thesis advisor, Prof. J. L.
Olsen.

K: I remember your paper about the step height measurement of some CalrSny.

R: This was the first surface topography with clearly resolved steps better than 1 nm.
Since we had abandoned UHV for a while, we tried the very shiny Ir faces to please the
surface science community. The success was not overwhelming.

K: But it was not atomic scale at that time.

R: Not yet. But the Si(111) 7x7 structure — actually already with the Au(110) 2x1 we
had nice atomic resolution, but deferred its publication because of the first success on
the Si(111) — changed all this with a bang. From a few relentless believers like Prof.
Quate of Stanford, a refreshing STM community with a lot of youngsters started to
grow rapidly and the opposition dwindled even more rapidly. Nevertheless, there still
remained some die-hard reactionaries going as far as invoking the Heisenberg
uncertainty principle as argument against STM.

Let me summarize some of the important points made in the interview, your
“message for the younger generation” at the beginning the interview (but the older one
is welcome to take it to heart too).

1) When you set out for something new, ask first: “what would change if I could do
this.” The best way not to get discouraged is to tell as few people as possible, e.g. we

did not expose ourselves to the IBM management by making presentation. That
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creates expectation pressure by others which prevent you from taking extraordinary
approaches.

2) Do not pay too much attention to others, otherwise you remain on their level.
Something is new and novel, because nobody thought it thinkable and doable, found it
uninteresting or not important enough or did simply not think of it.

3) Be aware of the unforeseen developments.  Your friend serendipity might turn up.

4) You can start anywhere and reach any place.

5) Use your young, unbiased mind, the greatest asset of youth, for the selection and
solution of problems. And when you get older, you might be able to regain the
lightness of being unbiased by starting something way beyond in what you have become
an expert.

Interviewers: Prof. H. Komatsu and Mrs. M. Sakurai
in the sunroom of Dr. Rohrer s house, October 30, 2008

Dr. Rohrer with his friends (from left: M. Aono, H. Rohrer, K. Aono, M. Sakurai,
& C. Quate) in front of his childhood house in Buchs.

The street was renamed after him a few years ago (this photo was taken in July 2006).
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Interview with Dr. J. Georg BEDNORZ, 1987 Physics Nobel
Laureate, Fellow, IBM Zurich Research Laboratory and International
Advisory board member, WPI-AIMR

“Always be adventurous with full of curiosity!”

Prof. Komatsu (K): What made you decide to become a scientist? Is this by tradition
in your family?

Dr. Bednorz (B): My father was a primary school teacher, and my mother was a piano
teacher and therefore I guess I got some artistic blood in my veins. My sister and two
brothers, in contrast, were more practical people. As a young boy at the age of five or
six, I watched my brother repair motorcycles, but soon started to help him as an
assistant. [ liked to discover how technical things work and find out the reasons for
their failure. This curiosity was preserved throughout my career. As a student, I learned
to repair my cars and, for a long time, it became a hobby to reassemble a completely
dismantled old-timer car. I was very satisfied and proud when the work was done, and
the car worked perfectly and even passed the official vehicle inspection.

So very early on I gained some confidence in myself and lost my fear of diving into a
field which I had not learnt from scratch or of starting a new activity and not knowing
where it would lead.

K: What are your experiences from school time?

B: At secondary school, I enjoyed the activities in arts, like painting and sculpturing
with wood and clay. This activity was carried out on a voluntary basis in late evening
hours. We had an excellent teacher in arts, who was committed to nurturing creativity
and guided us to discover new techniques, and encouraged us to explore our own ways
when working with different materials. In retrospective, he was the person who had the
greatest influence in fostering my desire to make things in a different way.

The second person who strongly influenced me was our chemistry teacher, who with
exciting experiments fostered my interest for science. So my favorite topic at that time
was chemistry. I even set up a chemistry laboratory in the basement of my parents’
house.

K: You asked this to your father and your father prepared for you?
B: No, I only asked my father for his permission, and I did shopping of the equipment
and bought the chemicals which I could not get from my classmates. I did many

experiments with reactions I had read about in books, until the day when a mixture of
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chemicals I had prepared caught fire and ended up with a lot of smoke. I had to escape
and close the door to wait until the reaction had completed — before I could return to
extinguish the fire. After this experience, I closed down this private laboratory forever.
But I got plenty of opportunities to continue — sometimes with explosions that were far
from harmless — after I had started my studies in chemistry at the University of Miinster
in Germany. But after pursuing chemistry for a while, I made a major decision to
change the topic, and joined the Institute of Crystallography. As always, it was the
opportunity to discover new things and to test and explore my talents that excited me.
K: Who was your Professor?

B: There were two professors, both from the famous school of Professor Laves at the
Swiss Federal Institute of Technology (ETH) in Zurich: Professor Wolfgang Hoffman
was a crystallographer and Professor Hans Ulrich Bambauer was teaching Mineralogy.
At the Institute, advanced students were given special tasks, such as either to provide
assistance in exercises for younger students or help in the laboratory with real scientific
experiments. I was lucky to work with a physicist, Dr. Horst B6hm, as supervisor, and
was able to enjoy real everyday science projects, an interesting combination of
chemistry and physics.

In 1972, after my pre-diploma examination, I was selected by Professor Hoffmann
and Dr. Bohm to spend three months at the IBM Zurich Research Laboratory (ZRL) as a
summer student. It was a real challenge for me to experience how the education I had
obtained so far could be applied in the reality of an unknown environment. Could I
really make use of what I learnt? But this was also a good opportunity to test how I
would get along with new colleagues in a completely new world — and survive when
exposed to new tasks. The decision to go to Switzerland set the course for my scientific
future.

K: What was your impression when you joined the ZRL?

B: The physics department which I joined, was headed by Professor K. Alex Miiller,
whom I met with deep respect. I realized that I had come to a very special place with
fascinating research projects and was very proud that soon I was accepted by my
colleagues as a real member of the new community. And concerning my activities in
everyday laboratory work, I was really impressed by the freedom even I, a student, was
given to work on my own, to learn from mistakes and thus lose the fear of approaching
new problems and solving them in my own way.

K: What in particular were your assignments?

B: 1 was working under the guidance of Hans Jorg Scheel, who was responsible for

growing crystals for use in the solid-state physics projects in the department. He
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introduced me to the different methods of crystal growth, materials characterization, and
solid-state chemistry for the synthesis of new materials. Concerning experiments, I was
forced to jump into cold water because Hans J. Scheel was very busy writing a book
about crystal growth from high-temperature solutions and therefore spent most of his
time in his office. So I worked closely together with a technician, from whom I learned
lots of technical tricks. Besides operating the X-ray analysis, my task was to grow
single crystals using different methods. But soon I concentrated on flame fusion
(Verneuil method using a H,-O, burner, originally developed in Swiss) or the
Czochralski method (pulling a crystal from the melt using a seed). For the latter work,
the inductive heater system of the crystal puller was equipped with a huge RF generator,
a truly impressive piece of equipment. I had never operated such a big machine before,
and now I had to do it in own responsibility, which took some courage. But I said to
myself, “OK, since everybody seems to have sufficient trust in me; I just try it.” With
the opportunity to make my own decisions, i.e., when to start the growth process or stop
it if a possible failure was apparent, how to modify the growth parameters or even the
experimental setup, I also got numerous chances to make mistakes. But I learned that
mistakes made because of lack of experience — unless you make the same mistake twice
— can and will be forgiven and can be regarded as an opportunity to learn from them.
This three-month period at the ZRL helped build up my confidence and made me lose
any fear of starting something new with unpredictable outcome. Thus, I think, this
student’s experience was decisive for the rest of my career.

K: How was this experience at the IBM Laboratory transferred to your later career at
the university?

B: Back at the university, I started as a student assistant with the responsibility of
designing and setting up new experiments for advanced student exercises. [ found
myself in a role in which the academic leader of the course gave me specific topics to
prepare for the course. These topics ranged from the determination of the sound
velocity in metals to optical experiments to study light propagation and interference
effects and thermal analysis to determine phase diagrams as well as diverse crystal-
growth experiments. Each task started with the study of the relevant literature, followed
by the design of the experiment and the assembly of the appropriate equipment. Finally,
prior to given them as an exercise to my classmates, I had to test the experiments by
myself to make sure that they would lead to reliable results. For me, each of these
experiments represented a miniature research project, allowing me to experience a new
aspect in solid-state physics.

K: What about your further developments, besides these more educational activities?

21



B: After a second visit at ZRL in 1973, I was invited again for six months in 1974 to do
the experimental part of my diploma thesis under the guidance of Hans J. Scheel.

K: On what material and subject?

B: This time the topic was very specific, namely “Crystal Growth and Characterization
of Strontium Titanate SrTiOs;” for which I had to employ either the Flame Fusion or a
modified Czochralski method (TSSG). At the ZRL physics department, perovskites
were of interest for the study of structural, ferroelectric, and magnetic phase transitions.
In particular, SrTiO; was the workhorse for investigations of transition-metal (TM)
dopants in a perovskite host lattice. For his studies of local structural properties and
optically induced charge-transfer processes, Alex Miiller was very eager to get his own
in-house supply of TM-doped crystals.

Soon after the start of the growth experiments, I realized that this task was a real
challenge, and many failures created some doubts as to whether at the end I would be
successful at all. No wonder that at that time there were only two suppliers of SrTiO;
crystals in the world, a Japanese company (Nakazumi) producing jewelry and an
American company (National Lead) as source of doped crystals.

K: But I know from meeting you 25 years ago, that at the end you were successful.

B: Yes, of course, but only because I pursued two alternate routes. The TSSG (Top
Seeded Solution Growth) from non-stoichiometric melts turned out to be a complete
disaster, although I did not give up the hope it would succeed until I had completed my
thesis work. The growth temperature, thermal gradients and growth velocity were
extremely hard to control. Tedious adjustments during the day, sometimes lasting until
way after midnight, did not succeed in overcoming the problems. When returning to the
laboratory in the morning, I found that usually either the seed crystal was gone or a big
polycrystalline lump had formed, which meant that the experiments had failed. In the
flame fusion experiment, the evaporation of strontium oxide (SrO), which continuously
changed the composition in the melt, turned out to be the major problem. Together with
Hans J. Scheel, I studied the phase diagrams, and by X-ray powder analysis of the melt
compositions we were able to determine the exact SrO amount needed to compensate
the evaporation losses. A few weeks before the end of my stay at ZRL, we had adjusted
all the parameters to achieve reproducible growth of large and perfect single crystals.
The day when the first successful experiment was done, Alex Miiller, who within
minutes had heard the news, got so excited that he immediately came running down to
the laboratory to congratulate. After this successful completion the experiments, I
returned to the University of Miinster to write my thesis and to work as a scientific

assistant.
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K: But this wasn’t the end or your relationship with IBM, wasn’t it?

B: By no means. Alex Miiller, having followed my work, encouraged me to continue
my research on perovskites and offered me the opportunity of making my Ph.D. at the
ETH in Zurich, with the support of IBM. So in 1977, I started my Ph.D. at the famous
Solid State Physics Laboratory of the ETH with Alex Miiller (at IBM) as one of my
Supervisors.

K: What was the topic of your Ph.D. work?

B: This time I worked on iso- and hetero-valent substitution in single-crystal solid
solutions involving SrTiO;, CaTiOs;, BaTiO; and LaAlO;. During these studies, I
gained my first experience in low-temperature experiments to determine structural and
ferroelectric phase transitions in solid-solution perovskite crystals. I continued learning
about the fascinating variety of properties of these compounds and how they change
with doping.

K: That was Alex Miiller’s concern? Not yet related to high temperature
superconductors?

B: Yes, this was exactly Alex Miiller’s traditional field of interest. And 1977 was long
before the first ideas about high-T, superconductivity came up. But interestingly
enough, during my time at the ETH, I had a first encounter with superconductivity,
which turned out to be a decisive experience for the future.

One day I got a phone call from Heinrich Rohrer at the ZRL, where he — as one of the
managers in the physics department — had administrative responsibility for me as an
IBM-sponsored Pre-Doc. Whenever I needed some materials that had to be bought, I
sent the request to Heini. So one day, he called me and asked: “You are growing
strontium titanate crystals; we have a new colleague here, Gerd Binnig, who would like
to have a crystal doped with niobium. Can you provide that?” I said “Well, if Nature
allows these crystals to be grown, I will provide them.”

K: That means you didn’t know the phase diagram at that time.

B: I knew the phase diagram of pure SrTiO; but I didn’t know whether Nb would easily
substitute Ti or whether upon doping impurity phases would be created. So I said “OK,
in any case I'll try.” And two days later, I brought the first crystal to the laboratory.

K: Really? How you could do that?

B: Well, the Flame Fusion method I used is fast method. Immediately after the phone
call, I mixed the powders and started a three-hour growth experiment the next day.
Two days after the phone call I met Gerd Binnig in his laboratory at IBM and, much to
everybody’s surprise, handed over the first single crystal. Gerd, who with Heini, would

later become known for the development of the Scanning Tunneling Microscope (STM)
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had earlier worked on superconducting SNy and oxygen-deficient SrTiOs3, which was a
superconductor at 0.3 K. He was curious to know whether the carrier density and the T,
could be enhanced by suitable doping. This handing-over of a Nb-doped SrTiOj; crystal
marked the beginning of a two-year collaboration. It soon turned out it was indeed
possible to tune the T, by varying the carrier density, and a maximum of 1.2 K was
obtained for optimum doping. However, as from 1980 on, Gerd concentrated his efforts
on the development of the STM, I lost my partner at IBM for continuing the
superconductivity project. It was Alex Miiller, who three years later, would step in and
provide continuity.

K: How did this happen?

B: Well, as I said this took three years. Meanwhile, in 1982, I had joined the IBM
Zurich Research Laboratory to work on both insulating and conducting oxides.

K: Aiming at what thin films?

B: The main goal was to produce a conducting material to study a metal-insulator
transition. The first approach was a titanium oxide with lower oxygen stoichiometry,
like Ti4O7, which was known to have a transition with a huge change in conductivity in
going from polaron to bipolaron conductivity. It again was Alex Miiller, who suggested
to look at these conduction phenomena.

While learning to grow these thin films by sputter deposition, I was gently directed to
combine this method with the STM as an analytical tool. The idea was to have complex
vacuum system in which thin films could be grown, and in which, without breaking the
vacuum, it would be possible to monitor the different stages of film formation with the
atomic resolution provided by the STM. This was an excellent idea, but also a very
ambitious goal, as it came at too early a stage of the STM development. I have to admit
at that time it was bound to fail. So, no wonder that the project was not suitable to
create satisfaction, neither for myself and nor for the management, and I came to the
conclusion to look for a new project.

K: What did you have in mind?

B: I was lucky that there was an open position to strengthen the effort on new bulk
materials. So I took the chance and jumped into the new project, with all the risks you
take when you start something new. The safest approach, however, was in a first phase
to continue the research on perovskites, which remained my main activity for a while.
But when in 1983 Alex Miiller approached me to ask whether I would be interested in a
collaboration to search for new superconducting oxides with high T.’s, I immediately
agreed — much to his surprise. It was the brief experience with the Nb-doped

superconducting SrTiO; of course, which rendered my decision easy.
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“Let s look at conducting perovskite oxides™ he said.

K: Why oxides at all and in particular perovskites?

B: Alex has read the signs set by the existence of two other superconducting oxides with
surprisingly high T.’s of 13.7 K and 13 K, reported for Lij:Ti;O4 with spinell
structure and for a BaPb;BixOs perovskite, respectively. The high values in these
mixed-valent compounds were reached, despite a low carrier density of n = 4x10*!/cm’
and a comparatively low density of states N(Ep) at the Fermi level. Therefore,
according to BCS theory, the electron-phonon coupling constant should be large in these
materials. We expected to find other metallic oxides in which even higher T,’s could be
reached by increasing the electron-phonon coupling by either polaron formation or
introducing mixed valency or by increasing N(Ef).

K: What made you confident that this could happen?

B: More than two decades of research on insulating oxides had established a significant
expertise in structural and ferroelectric phase transitions at the ZRL. In particular by
electron spin resonance experiments on TM impurities in perovskite host lattices
(SrTiO3 and LaAlOs), substantial insight has been gained regarding the local symmetry
of these crystals, i.e., the rotation and distortion of the TM-oxygen octahedra, the
characteristic building units of the structure. Hereby, the insights gained from studies of
isolated TM impurities, such as Ni3+, Fe*' or Cu*' in insulating oxides, where 3d
electrons are in partially filled e, orbitals, and which exhibit a strong Jahn-Teller (JT)
effect, i.e., a spontaneous distortion of the oxygen cage, were of particular importance
for our concept.

K: So how did the concept look like?
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B: There were essentially two components which we considered as the basis for our
concept. A phase diagram proposed for polaronic contributions showed the existence of
three phases in a plot of T versus the electron phonon coupling constant A. At small A a
metallic phase would be stable down to low temperatures, whereas at large A a metal-
insulator transition to an insulating bipolaronic phase would occur with decreasing
temperature. A high-T, superconductor was expected to exist for intermediate A.

K: Wasn’t the idea about this polaron —bipolaron transition around, when you started
with your Titanium Oxide thin films?

B: Yes, Alex didn’t communicate this, but for me it is clear that when he suggested the
Ti oxide project, he had the model of bipolaronic superconductivity in mind, which was
proposed by the Grenoble group lead by Chakraverty. But as I had been redirected from
a materials-based effort towards the STM-related project, a revival of the ideas became
possible only after I had started a new materials project. Moreover, at that time, an
important component for a concept to modify the electron-phonon interaction in a given
material was still missing.

K: And this was available in 1983 when Alex Miiller specifically asked you for
collaboration?

B: Yes, at least it became apparent as a possibility. This second component was the
Jahn-Teller (JT) polaron model, developed for intermetallic compounds, which directed
us to a specific class of materials. The JT effect is known in the chemistry of complex
compounds that contain specific TM ions with a special valence. A nonlinear molecule
or a molecular complex exhibiting an electronic degeneracy will spontaneously distort
to remove or reduce the degeneracy. The studies on a linear chain model for narrow-
band intermetallic compounds showed that the presence of a small JT distortion with a
stabilization energy E;r, smaller than the bandwidth of the metal will only cause a slight
perturbation for a moving electron. An increase of Ejr would enhance the probability of
localization, and finally lead to the formation of JT polarons when the magnitude of the
bandwidth is reached. In our opinion, the model could realize the phase diagram
describing the effect of the variation in the electron phonon coupling and it should also
be applicable to oxides if they were metallic.

K: So how did you start your search?

B: LaNiO; became our compound of choice to start our experimental effort because it is
a metallic conductor and contains a JT ion. The high metallic bandwidth however
suppresses the JT distortion. To reduce the metallic bandwidth to a magnitude
comparable to the JT stabilization energy Eyr of Ni**, we started to partially replace Ni*™
by AP’". With increasing Al substitution, the metallic characteristics of LaNiO;
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gradually changed, resulting first in a general increase of the resistivity, and finally with
high substitution leading to semiconducting behavior with a transition to localization.
As it turned out, the idea did not work the way we had thought.

K: Did you consult the Goldschmidt’s ion radius for selecting other elements?

B: Yes, we considered introducing internal strain into the host to modify the bandwidth
by replacing La’>" by the smaller Y>* with the Ni site remaining unaffected. Although
the absolute value of the resistivity for the new solid solutions increased, the metallic
temperature dependence was preserved; however the perovskite structure became
unstable at high Y-concentrations. At that point, our concern that the target we were
aiming at might not exist and that we had possibly embarked on a path which would end
in a blind alley started to increase. The project entered a critical phase in 1985, when
our optimism and energy had reached a low, and I frequently had to take a break, and
only occasionally resumed my work on the subject. This can be regarded as a type of
self-protection from continuous disappointment.

K: So you were not at all producing any valuable result during that time. How did your
management react on this?

B: At the time when Alex and I decided to start this search, we also decided not to talk
to anybody else about this.

K: Why that?

B: Well, to explain this, I have to describe a little bit the superconductivity research
environment at that time. In 1983, the field of superconductivity research had already
celebrated its 70th anniversary. Since the discovery of the phenomenon by
Kammerlingh-Onnes in 1911, the materials efforts in the field had concentrated on the
development of intermetallic compounds and on pushing their T¢’s to the limit. All
attempts, however, to further raise the transition temperatures beyond the record of 23.3
K obtained in 1973 had so far failed. The search for new superconductors had strongly
been influenced by B. Matthias, who for decades knew how to guide his group in an
intuitive way to discover numerous new compounds.

It was his firm belief that high-T, superconductivity in the 25 K range, would, at best,
be possible in a “relatively unstable intermetallic compound which is cubic.” In
accordance, the majority of specialists in the field categorically refused to take into
account any new mechanism or exotic system as a serious approach to obtain novel
superconductors. Indeed, the predictions of T.’s at 200 K or even at room temperature
for materials exhibiting new mechanisms seemed to be far beyond the imagination of
any experimentalist with a long history in superconductivity. In such an environment,

our decision to start a search with new, for the community apparently exotic materials,
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was a high-risk enterprise. As there was no definite answer to the question whether
only intermetallic compounds would show superconductivity close to the upper limit,
which was thought to be 30 K, we had to accept that there was a fair chance of failing,
including the risk of losing the scientific reputation.

K: But how could your effort remain secret?

B: To perform work on the superconductivity project was very easy because my main
activity was to work on insulating oxides with structural and ferroelectric phase
transitions. The equipment I needed for the synthesis and materials characterization
was the same. The only difference was that the materials looked black instead of white.
But nobody realized that I was suddenly starting on black materials.

One problem I had, however, was that I did not have a setup for measuring
conductivity as a function of temperature. So I asked colleagues who studied the
transport properties of semiconductors whether I could use their equipment. They said
“OK, we are usually done with our experiments at 6 pm, so after that, you are free to
use it.” So for this “side” project, I always had to work at late evening hours to do the
conductivity tests.

K: But at some time you were close to give up, you said.

B: Yes, somehow I was getting tired of having these disappointing experiences every
evening, and I had to step back from the work at least temporarily, to gain some
distance and rethink the problem. But having spent so much time on this idea, I found it
hard to accept that the enterprise would probably find an inglorious end. Suddenly I
realized that so far we had concentrated only on Ni as JT ion. I asked myself “Why
didn’t I consider other candidates, like Cu, to partially replace Ni?” So I started with
what I though would be the last approach, but what would soon become a key
experience....

Although the replacement of the JT Ni*™ by the non-JT Cu®" did not cause structural
problems, no significant change occurred in the transport properties as in all samples the
metal-like temperature dependence of the resistance was preserved down to 4 K. Again
there was no indication whatsoever for a transition to superconductivity. The time had
come to study the literature and to reflect on the past.

It was in late 1985 when the turning point for the project was reached. While
browsing through an issue of the Materials Research Bulletin one title immediately
caught my eye: “The Oxygen Defect Perovskite BalLa;Cus0O,34, A Metallic Conductor,”
which reminded me of my last attempt. This compound containing Cu in two different
valences (2+ and 3+) seemed to fulfill all requirements of our concept. A Ba

replacement for La would be the means to fine-tune the ratio of the JT- distorted (Cu®")
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and non-distorted (Cu3 +)

polyhedra without creating

chemical disorder on the

TM site of the crystal lattice.

Electrified, I immediately ‘ %
E

iy,

went to the ground-floor
laboratory to prepare a
series of solid solutions with
different Ba/La ratios. The }
next day the powder of the
new material was ready, and only had to be formed into a ceramic bar and measured.

K: What was the result of the resistivity test this time?

B: There were no measurements done at this point, because an unforeseen event had
changed my schedule. I learned that I had been chosen to present my activity to the
Director of Research, who had announced his visit for mid-December. He was known
to be a critical person asking sharp questions and I got pretty nervous. While
concentrating on the preparation of the presentation I neither had the time nor any
intention to look at the new powder. So I left it on the shelf. The presentation of my
main and official project went well as I could deduce from the reaction of our Director
of Research. I presented examples of materials with tuned physical properties obtained
through chemical substitution, but avoided talking about the adventurous search for
superconductivity. However, I did conclude that, although the research on perovskites
is a field with a long tradition at ZRL, the examples I had presented would show that
this field was far from exhausted and that the perovskites were still good for surprises.
After the presentation I needed one week to relax, not thinking about the
superconductivity any more. Then came the Christmas period, I went on vacation.

K: But I guess after that you have started with new energy.

B: When I returned after the New Year, I first had to remember what I had planned
when I had stopped. I recalled to have these materials on the shelf and decided. “Let
me start the search for high-T. superconductivity again.” But first there came the
routine work, pressing and sintering powders to make the ceramic samples and prepare
the electrical contacts for the 4-probe resistivity measurements. Then came the first run
of cooling the sample down — and it looked promising, because the resistance started to
decrease like in a metal. But then I saw the resistivity was going up below 100 K, as I
had seen it happen many times before. So I was mentally prepared to leave and go

home with just another disappointment. Nevertheless I decided to complete the
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measurement down to 4 K. At 11 K, I didn’t trust my eyes: suddenly the resistance
started to decrease with a sharp drop and upon reaching 4 K, it had changed by 50%.
Although for years I had been waiting for an event like this, it came to me as a shock.
Suddenly it became hard to believe that our dream should have become reality. I
immediately warmed the system again to repeat the measurement. It was already late
in the evening, but I needed to have certainty. When I saw the effect coming back at the
same temperature, with the same magnitude, I was convinced “This cannot be an
artifact or a failure in the experimental setup, this is a real transition.” Already at the
first resistivity drop of only 50%, I intuitively felt “OK, you made it — this could be the
breakthrough.”

K: Intuitively you can have a big confidence, “Yes, this is it!”

B: Well, although the resistance did not drop to zero in the first sample, I felt that I had
observed the first sign of superconductivity in this La-Ba-Cu-Oxide system. But
gaining confidence is a different story. If you measure a new and unusual effect, it will
require a series of experiments through which you will get your own experience
regarding the stability, reproducibility and systematic trends that show up as a change in
chemical composition to have trust in the results. Following the first measurement I
started changing the compositions, i.e., the La/Ba ratio, and within two weeks, some
samples showed a full transition to zero resistance with an onset starting as high as 35 K.
K: I'see. I guess you were quite excited then.

B: Yes, indeed we were very excited because if our interpretation of a transition to the
superconducting state was correct, this was an enormous jump as compared to the
highest T, of 23 K in the intermetallic compounds. And this occurred in materials that —
in the view of superconductivity experts — would be regarded as too exotic to believe.
On the other hand, Alex Miiller and I had a lot of discussions in which we ourselves
played the “devil’s advocate” and tried to find all possible arguments against our
interpretation. Our concern was that we observed the zero resistance state, but could not
deliver the required second test for superconductivity, which is the measurement of the
Meissner-Ochsenfeld effect. In the past numerous reports on high-T, superconductivity
had turned out to be irreproducible, in contrast to our transitions, which were
reproducible with a systematic dependence on composition. We were convinced that we
indeed did observe the onset of superconductivity typical of a granular material such as
our multicomponent ceramics. So we decided to publish the results without the second
test.

K: The Meissner-Ochsenfeld effect describes a transition from para — to diamagnetism

when, under exposure to a magnetic field, a normal conductor goes to the
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superconducting state, right? Why didn’t you perform the required measurements?
B: Simply because we did not have the equipment at the time. But with great foresight,
when asked by the management at the end of 1985 what to do with some capital money
which was left, we decided: “Let’s buy a SQUID Magnetometer.” So the order was
placed, although there was no indication for a success in our search for
superconductivity. It’s funny (amazing) that shortly after that, in January 1986, the first
resistive transition was measured. But it took a long time until the equipment was
delivered, and only in September 1986 were we able to start the test for the Meissner
Effect.
K: Your article which you submitted in April was published in September. What did
you do in the meantime?
B: After our first article had been submitted for publication, we decided to enlist the
help of a visitor from Japan. Dr. Masaaki Takashige, had been invited to ZRL by Alex
Miiller, and actually had arrived in February, only a few days after the discovery of the
first resistive transition. His research interest was ferroelectricity, and I was supposed to
support him and to introduce him to the method of growing thin films, in particular
films of lead titanate. So in April, we urgently needed to increase the experimental
effort for the synthesis of new compositions in the La-Ba-Cu-Oxide system, for
electrical measurements and X-ray analysis. The latter was important, because our
ceramic was a multiphase mixture and we needed to identify the pure superconducting
compound. We had a first meeting to introduce him to our results.
K: How did he react when you told him that you had discovered Superconductivity in
this new and unusual material at the incredibly high temperature of 35K?
B: Well, although he had no special experience in superconductivity I assume he more
or less knew the state of the art in that area of research. His careful comments,
displaying skepticism, told me that he did not feel very comfortable being asked to join
this new effort, in which two “newcomers” in the field claimed that an exotic material
could do better than the traditional intermetallic compounds. Somehow I understood his
reaction, because he could not comprehend how confident we had gotten through the
many experiments performed over the last months.
K: I see, he was feeling very uneasy.
B: That’s the right description, but as soon he participated in the experiments, his
confidence was growing rapidly. He was impressed “This is a very reliably effect.”

In the following Alex Miiller, Takashige and I had a lot of discussions addressing a
key point, namely, which is the superconducting phase in our ceramic mixture. My

favorite was a layered structure based on La,CuQO,4, a Ruddlesden Popper Phase, which
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~is derived from the 3D perovskite structure. Together
with Takashige, I made annealing experiments under
different conditions to find out what the superconducting
phase was, until one day we had achieved a very sharp
resistive transition. The X-ray data showed a pure phase,
and Takashige also was convinced: “OK, now everything
is clear. It is the layered cuprate with potassium nickel
fluorite structure.” Fortunately also in mid September,
the SQUID magnetometer had arrived and we were now
able to measure the Meissner effect. This pure sample
exhibited the largest diamagnetic signal, so everything

was clear. Within three weeks, we had collected the

\ D
superconductivity, and we rushed to get the new results published.

K: This was in October, right?

B: Yes, on quite a memorable day. On October 14, 1986, we were just sitting together

necessary data for the final proof of the existence of

to make the final correction on our second paper “Susceptibility Measurements Support
High T, Superconductivity in the BaLaCuO System” which we intended to submit to
Europhys. Lett. on that day. It was around noon, when we heard a loudspeaker
announcement from the director’s office to all employees, which said: “We pleased to
make an important announcement: Heinrich Rohrer and Gerd Binnig just received
Nobel Prize in Physics.” People on the corridors were applauding and started to shout,
and we rushed out to share their excitement and felt very proud to be colleagues of the
two Laureates. But after a while, we came down to earth, and Alex seemed to be
concerned: “I’'m afraid, now Heini Rohrer will be gone for a while and we will not get
any signature from him for the next couple of weeks.”

K: A signature?

B: Yes, Heini was the Physics Department manager at that time, and we had to get his
signature on the clearance form, prior to the submission of a paper. And this particular
paper was urgent. I told Alex that I would find a solution, and called our receptionist to
learn where in the building I could find Heini. The lady told me that he had been called
to the Director’s office, and I asked her to call me when he was coming back. When I
heard that he was about to leave from the Director’s office, I rushed to the reception
with the clearance form ready and said: “Heini, congratulations on the Nobel Prize!
Can I have your first signature as a Nobel Laureate?” He did not look at what he was

signing, so he was giving his autograph on the form which we needed to submit our
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paper.
K: Heini was saying later, he handed the Nobel Prize to you.
B: Indeed his signature was important although he did not know what he was signing.
K: Funny story! It’s interesting. Eventually I would like to have important references
related to your findings, background and also French paper which gave you a hint.
B: The role this French paper played for the success of the project was indeed crucial.
The resistance the French group had measured between +300 °C and — 100 °C was
decreasing like in a metal and followed a straight line. In our search for
superconductivity such a behavior was the main requirement for the choice of a
compound to start with, before it was chemically modified. And the French material
was a cuprate with no additional TM. [ intuitively felt that working with Cu instead of a
Cu-Ni mixture could be the solution.
K: Because you did so many experiments and failures, you know, that hint worked.
B: Well, I thought I had discovered a possible reason why all the experiments had failed
so far. The lesson I took from the French article was, not to modify the center of the
octahedron. A plausible way to go was to modify the Cu®*/Cu”" ratio by variation of the
La/Ba ratio on the A site of the lattice. And we know by now, that the copper oxygen
polyhedra play a key role in the cuprate superconductors and that whenever they are
chemically modified by Ni, Zn or Al etc. the superconducting properties will be
degraded. But having the key is only one part of the game, the other is finding the lock
on the right door. And here we also had a bit of luck, which definitively helped to
shorten the time of uncertainty. The way I prepared the new materials by wet chemistry
immediately led us to the layered (La/Ba),CuO4 with K;NiOy structure and a La/Ba
doping ratio that just hit the border of the stability range for superconductivity. So this
was more or less the story of our discovery, and I would like to mention here a quote of
Szent Gyorgi, the discoverer of vitamin C, who said. “A discovery is a lucky event
meeting a prepared mind.” I wonder what somebody else would have done with our
first sample that showed such a strange resistance drop.

As we can only speculate about this, let’s talk about something else.
K: So let’s talk about your principles for your research work, is it confidence or
something else?
B: My principles are manifold. First of all, I do not like to swim with the main stream.
If necessary I'd rather take a certain risk, and even swim against it. I am stubborn
enough and I can be persistent. The search for high-T, superconductivity, I guess you
will agree, is a good example for this. But it also explains why a few years after the

discovery, when thousands of scientists in the world had begun to work on the cuprates,
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I started to feel uncomfortable to do what all others did.

I like to work on topics that have the potential of making a difference and giving rise
to new scientific enterprises. For sure, with such a goal in mind, one has to accept that
at the end not each project will be successful. When together with a Ph.D. student I
looked for other materials systems and possible superconductors, we decided to
investigate specific titanates and niobates. We developed a new method, which by just
modifying the oxygen composition at a fixed cation ratio allowed us to produce and
study 3D or 2D crystal structures that exhibited magnetic ordering, metallic or
semiconducting behavior or ferroelectricity. We produced beautifully new
superstructures constructed from semiconducting and ferroelectric structural subunits
showing appealing properties. This work ended with the completion of the Ph.D. thesis,
and did not cause too many people to raise their eyebrows — which is a pity, because
these materials deserve closer investigation, which may come if the right ideas about
applications appear.

What I learned during the years was that if somebody says “This is impossible.” |
should continue to ask myself “why not?” and “what’s the reason to be that explicit.
Isn’t there a way around the problem and this apparent obstacle?”

K: So what are the criteria you follow when you start a new topic?
B: I try to get inspired by apparent fundamental limits or the limits of technology.
Sometimes the engagement in technological problems can bring you to a completely
different phenomenon with a new scientific challenge. As an example, I can describe
how we arrived at another project which is related to nonvolatile memories, a field
which I believe we here at ZRL were among the first to reactivate.

There is a long story behind this. In the microelectronic industry, people tried to
improve the storage capacity of DRAM - Dynamic Random Access Memory. So far the
only dielectric used was SiO,, with a fairly low dielectric constant. People were looking
for materials with a higher dielectric constant. I remember already in the 1980°s we in
IBM discussed about how to introduce higher-dielectric-constant materials for DRAM.
At that time I told my colleagues that bulk SrTiOs, has a dielectric constant € of 300 at
room temperature instead of 3.9. At that time the question was asked by people “How
do you get strontium titanate into the deep trenches to make an efficient capacitor?” I
did not know because at that time nobody was able to grow strontium titanate thin films.
Even if this had been possible, nobody would consider the change of the trench
technology as a realistic option. But soon after the discovery of high-Tc
superconductivity, with the science community looking for materials with high

structural perfection, new deposition methods were developed to grow oxides films. As
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important side effect — with the success to grow perfect superconductors — a new
activity started to investigate thin films of dielectrics, ferroelectrics magnetic and
metallic oxides. This whole class of perovskite oxides with its fascinating properties
suddenly became available for a broad spectrum of applications. This technological
advance was triggered by the high-T, superconductors.

Suddenly the DRAM community was getting interested in barium strontium titanate
with its much higher dielectric constant at room temperature. But in the process of
preparing DRAM device structures, you need to anneal the entire assembly in argon
hydrogen atmosphere. Everybody working with titanates knows that these compounds
when annealed in such an atmosphere start to lose oxygen and start to conduct and will
no longer be capacitors. As we also knew how to grow thin films, insulators, and
conductors, we thought maybe we can contribute to sort out these leakage currents.
During this project, I recalled my own Ph.D. work, in which I added chromium
strontium titanate. Although through the reduction process, oxygen vacancies were
introduced into the material, it remained insulating. We investigated the influence of an
electric field on the behavior of thin Cr-doped films and realized that after a while the
insulator became conducting. If we then scanned the voltage range between positive
and negative voltage, the current would show a hysterisis. This was the discovery of a
resistive memory effect in perovskite oxides. It is with great satisfaction that I realize
how many research activities have been started that cover this topic in different
materials. We however went back to work on strontium titanate thin films and single
crystals. For decades SrTiOj; has served as a model system for numerous types of phase
transitions. Somehow, we are “back to the roots,” and use it again as a model, but now
with the aim of studying the electric-field-induced insulator to metal transition of the
insulating state and the memory behavior when it is conducting. It is amazing, to see
the revival of this material that has such a long tradition in solid-state research. It still is
of importance, although the formulation of scientific questions has changed through
new experiments related to surprising new applications. As I said, inspiration by limits
of technology sometimes helps enter into new field of fundamental research.

K: So your principle is very interesting, “Don’t necessarily go the same way.”

B: Yes, I tend to get suspicious if I hear somebody say: “This is the only way to go.”
This tempts me to swim against the current. In my view, for a scientist it is one of the
most valuable talents when he or she can develop a sense of whether or not it is
appropriate to ask “why not?”” when faced with claims that appear to be written in stone.
In this way he or she might come up with a different answer.

K: This sort of spirit was already cultivated when you were young.
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B: As a child, everybody starts out as a researcher. When starting to explore our
environment, we were used to hear: “Don’t do that™ and our standard question would be
“why not?” If given an answer, say “because it’s hot,” which we did not understand we
were tempted to make our own painful experience in touching a hot plate — and we had
learnt our lesson. In getting more mature, we have certainly learnt to be more careful
but we should still see the world from our own and unbiased perspective. So if
someone were to tell us “This is impossible” we should still ask “Why?” And in case
the answer did not convince us, we should take the risk and try the impossible ourselves
to sometimes find out that we can overcome the apparent barrier, as this will increase
our self-confidence. I think it is important that this natural thirst for adventure is not
only preserved, but cultivated by an appropriate education, beyond childhood.

K: Very interesting. We should be always adventurous and also keeping curiosity.
Curiosity is very important.

B: Yes. Curiosity is what we are given in the first minutes of our life, and this precious
talent should be guarded like jewelry for the rest of our life. It is curiosity that
continuously leads us to explore our environment and the field of science, important for
our continuous effort to further our understanding and for making new discoveries.
Even if we do not see a solution, maybe we should dare to approach a problem with a
certain naivety, and follow the famous popular song of Reamonn ........... this life is so
complicated — until you see it through the eyes of a child.

K: Thank you very much for very exciting talk today

Interviewer: Prof. H. Komatsu
in Dr. Bednorz's Office at ZRL, October 31, 2008

Art work of Dr. G. Bednorz
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Interview with Professor Tsuyoshi MASUMOTO, Person of
Cultural Merit, The Japanese Government, Emeritus Professor of

Tohoku University

The Basics of Amorphous Materials
— From Basic Studies to Practical Science —

Prof. Komatsu (K): You focused on the amorphous state while studying the
mechanical properties of metals, and discovered its excellent strength and measured it.
Through joint research, you also discovered that the magnetic properties and corrosion
resistance far exceed those of traditional metallic materials. This led to the practical
use of amorphous materials today.

We would like to know why you were interested in the amorphous state and how you
have studied it, so that we can learn something about your creative ideas in materials
development.

Prof. Masumoto (M): I read an interview with Professor Greer in Volume 4 of
WPI-AIMR News. In fact, he participated in an international conference on
amorphous metals that I held in Sendai in August 1981 (4™ International Conference on
Rapid Quenching Metals, Sendai, Civic Hall, August 24-28, 1981). He was from
Cambridge University and still a graduate student. While traveling by the night train
on the Joban Line from Ueno to Sendai, his cecitis developed into peritonitis, and he
had to get off the train at Iwanuma Station as an emergency. [ received the call from at
night, but could not go there to help him because I was really busy preparing for the
conference, so my wife took care of him. Finally, he had an operation in a hospital in
Sendai. Because of this, he was deeply grateful to the many Japanese people who
helped him for their kindness.

K: Oh, really? I never knew that. When I visited Professor Greer at Cambridge
University last November, he was very kind to me. I guess that is one of the reasons
he was such a help.

M: Dr. Yavari in France and Dr. Rao in India are also my good friends, who I came to
know through amorphous studies. I have sent some of the young researchers from my
laboratory to other countries on several occasions.

K: So exchanges among many people are necessary to establish a new field and gain
international recognition? But what first made you interested in amorphous metals?
And when was that?

M: In 1968, I happened to read Professor Pol Duwez’s Campbell Memorial Lecture
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[“Structure and Properties of Alloys Rapidly Quenched from the Liquid State”,
Transaction of the ASM, 60. 607-633(1967)]. He was a professor at the California
Institute of Technology. I introduced his paper in the seminar of the laboratory, but
was reprimanded by Professor Imai (1907-1988), probably because he felt that an
associate professor specializing in the steel area should not get involved in studying
nonferrous metals or alloys.

In those days, there were many student movements, with students acting violently all
over Japan. Young associate professors like me were at the forefront of skirmishes
with students, and in one of them, I got injured and had to have ten stitches in my head.
So we could never concentrate on our research.

Then Professor Hiroshi Kimura who came back from U-Penn arranged me an
opportunity to go and study as a visiting research scientist in the laboratory of Professor
R. Maddin at the Department of Materials Science and Engineering of the University of
Pennsylvania. He is a specialist in point defects. 1 was assigned the theme of
studying the relation between creep and dislocation of nickel single crystals. I arrived
at U-Penn in August 1969 and found there was no instrument ready for studying creep,
which was essential for my studies, and was told that it would be delivered a few
months later. So, I was allowed to study anything I liked and I decided to conduct
experiments on amorphous metals, which I had been thinking of doing for a long time
but had not been able to carry out in the Institute for Materials Research (IMR), Tohoku

University.
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In amorphous studies, Professor Duwez (1907-1984)
focused on the physical properties. He was carrying out
X-ray diffraction to study the structures of fine powders
obtained by hitting molten metals against a cooling plate.
To study their mechanical properties, which was my
objective, first I needed to make an amorphous alloy with a
fixed shape. So I invented an original device that used the

filament centrifugal quenching method.

It was all handmade. I poured molten metal into a
quartz pipe through a small hole of 0.6 mm or smaller at the top. The melt was spurted
out onto the inside of a rapidly-rotating drum can, which turned into a ribbon-shaped
filament. I scavenged the motor from a vacuum cleaner and used it for the device.
The stock room of the Department of Materials Science and Engineering was really
convenient for getting hold of the materials needed for experiments using handmade
devices. Now I use a device based on the “single-roll method” which I devised later to
make wide and long tapes. Metal is fused in a high-frequency furnace, and then the
fused metal is spurted from a narrow quartz nozzle under gas pressure. Then the metal
liquid is spread thinly on the surface of a rotating roll for cooling to be quenched and
solidified. This method allowed me to make tapes continuously in large quantity.

A device for continuously producing thin belts which are about 20 cm wide and 0.1
mm thick was developed recently. You can now wind 25 cm-wide thin belts
successively from 1 ton of fused metal, and you need only one single device to
complete all the processes from fusion and casting to rolling.

At U-Penn, I first devised a device using the filament centrifugal quenching method.
After two months of trial and error, I succeeded in making amorphous ribbon-shaped
threads of palladium-silicon (Pa-Si) alloys for the first time. When I tried to bend it,
they showed excellent elastic deformation, as well as high elastic moduli. 1 was
surprised that one of them showed a tensile strength of 135 kg/mm? in a stretching
experiment using an Instron. I made tapes of different thicknesses by changing the
amount of fused metal and the rotating speed of the drum many times, while measuring
the creep. Slip lines could be seen when they were bent, but when I tried to see the
slip lines using an electron microscope, I couldn’t focus to or see them. When it was
heated, clear radiate dendrites appeared on the surface of the tape, indicating that the
crystals came out from amorphous phase. But I could not understand to deformation
mechanism. I proposed that it was by slips, but Professor Maddin thought it was due

to small cracks. According to Professor Maddin, amorphous metals were unlikely to
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produce glide planes like crystals, so it could not be a slip mechanism.

Later, the concept of free volumes showed the reason for the deformation of
amorphous metals, and I was right.

We published the results of experiments of first deformation with Maddin [T.
Masumoto and R. Maddin, “The Mechanical Properties of Palladium 20 a/o Silicon
Alloy Quenched from The Liquid State”, Acta Metallurgica, 19, 725-741 (1971)].
There’s a picture of an interference fringe pattern in it, clearly showing a difference in
level at the slip line. At that time, many people thought fused metals turned into
aggregates of minute crystals rather than amorphous metals. 1 wanted to prove that
they were amorphous metals. So I examined the size effect to prove that they were not
size-dependent. I also presented data on deformation due to temperature increase,
strain rate, creep, etc. to prove that they were not crystalline metals.

After returning to Japan, I sent my papers about the deformation of amorphous
palladium-silicon alloys to Professor Maddin, together with the data and explanation,
and published it [R. Maddin and T. Masumoto, “The deformation of amorphous
palladium-20 at.% silicon”, Mater. Sci. Eng., 9, 153-162 (1972)]. During my 14
months stay at U-Penn from 1969 to November1970 I published two papers, by creating
amorphous alloys and studying their mechanical properties, measuring their electrical
resistance, and characterizing them.

When 1 presented the results about amorphous metals at a conference, no one
appeared to be interested. But when I presented them at the Kaya conference (a
conference organized annually for commemoration of Professor Seiji Kaya,
ex-president of Tokyo University) Professor Kaya appreciated them and said to me that
they were interesting. In 1971, I received the Mainichi Newspaper Incentive Research
Award through the recommendation of the Science Council of Japan. My project was
one of only seven projects to receive the award out of the 222 projects. Later,
Professor Imai also helped publicize my results. To turn these basic studies to
practical use, amorphous alloys need to be made mainly of iron, instead of precious
metals like palladium. So we made amorphous ribbons using iron-phosphorous-
carbon (Fe-P-C) alloys, which showed a tensile strength of 350 kg/mm?. This is three
to four times as strong as piano wire.

As well as strength, I studied magnetism jointly with Professor Hiroyasu Fujimori,
and showed that amorphous alloys have better soft magnetism than ordinary crystalline
alloys. Amorphous alloys have excellent properties such as low coercive force and
high permeability. Therefore, by using amorphous alloys for the iron cores of

transformers, iron losses can be reduced to one fifth compared with ordinary silicon
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steel, resulting in much less energy being lost as heat. In other words, it was proven that
magnetic materials made of amorphous alloys can save energy. Today, iron cores
made of amorphous alloys are widely used, and many alloys are also being used as
magnetic materials for high frequency, because they have high electrical resistance.
As for chemical corrosion resistance, we found, through joint research with Professor
Koji Hashimoto, amorphous alloys containing a small amount of chromium, such as
Fe-Cr-P-C, are one million times as acid-resistant as 18-8 stainless steel.

I first became interested in amorphous alloys because I was interested in them as
structural materials. As our studies proceeded, however, we learned that amorphous
alloys had excellent properties and I became interested in them as functional materials.

Such progress would not have been possible without the good tradition and
environment of the Institute for Materials Research where barriers between different
specialties were very low and joint research projects could be promptly carried out.

K: I hear there was an argument with the U.S. about the patent for amorphous materials.
What is the truth?

M: The U.S. has a first-to-invent system. But after we gave them an explanation
together with our data, Japan won the case.

Unfortunately, Japan was under pressure from U.S. trade policies at that time. In
March 1990, Allied of the U.S. filed a suit under Section 301 of the Trade Act
(provisions about sanctions against unfair trade practices). Amorphous metals were on
the list, and Japanese companies were put under pressure to import amorphous products
from the U.S. The leading article of the Nikkei of September 23, 1990 also referred to
the developments of the case.

It is true that Professor Pol Dewez was the first person to pay attention to amorphous

metals, and his work is just like “Bible” to me even now. I found a way to fabricate
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them into workable materials. To that end, making amorphous alloys with desired
shapes was essential. I succeeded in making filament-shaped amorphous alloys for the
first time in the world using the handmade device. Thanks to the single-roll method
developed later, 100,000 tons of transformer iron cores made of amorphous
iron-silicon-boron alloys are produced every year in Japan, accounting for 60 to 70% of
total production in the world.

Amorphous metals, with various properties besides their three most important
properties of mechanical strength, soft magnetism, and high corrosion resistance, have
unknown potential. It usually takes a long time to put new functional materials into
practical use. But further developments are expected to emerge in future.

For example, amorphous metals which can be processed like processed glass are
attracting much attention. We have discovered since 1988 a variety of metal alloys
with wide supercooled liquid regions.

K: It was fascinating to hear your explanation of the processes from discovery to
practical use of amorphous materials, including the offstage ones which I knew nothing
about from reading your theses. Thank you very much for this interesting interview,

which will hopefully stimulate young researchers.

A list of references follows:
(Mg alloy)

* A. Inoue, M. Kohinata, A.P. Tsai and T. Masumoto, “Mg-Ni-La Amorphous Alloys
with Wide Supercooled Liquid Region”, Mater. Trans. JIM., 30, 378-381 (1989).

(Al alloy)

* A. Inoue, T. Zhang and T. Masumoto, “Al-La-Ni Amorphous Alloys with a Wide
Supercooled Liquid Region™ Mater. Trans. JIM., 30, 965-972 (1989).

(La alloy)

* A. Inoue, K. Kita, T. Zhang and T. Masumoto, “An Amorphous LassAjpsNiyy Alloy
Prepared by Water Quenching” Mater. Trans. JIM., 30, 722-725 (1989).

(Zr alloy)

* A. Inoue, T. Zhang and T. Masumoto, “Zr-Al-Ni Amorphous Alloys High
Glass-Transition Temperature and Significant Supercooled Liquid Region” Mater.
Trans. JIM., 31, 117-183 (1990).

Interviewer: Prof. H. Komatsu

at Director’s Office, Research Institute for Electric and
Magnetic Materials, January 21, 2009
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News Update



2009 WPI-AIMR Annual Workshop Report

The 2009 WPI-AIMR Annual Workshop was held from March 1, Sunday through
March 6, Friday, 2009, at the Miyagi-Zao Royal Hotel in Zao Town of Miyagi
prefecture. One of the main purposes of the workshop was to stimulate immediate
and/or future possible Fusion Researches among WPI researchers and between WPI and
outside WPI researchers. The Program Committee, Mingwei Chen, Tomihiro
Hashizume, Akihisa Inoue, Yukihisa Kitamura, Terunobu Miyazaki, Toshio Sakurai,
Masatsugu Shimomura, Masaru Tsukada, and Yoshinori Yamamoto have set up the
plenary sessions, Mini workshops, and Poster sessions aiming for that task.

The total participants of the workshop counted to 180 and the total presentation at
the workshop was 164, which included 32 invited talks in the eleven plenary sessions
and two Special sessions, 50 talks in eight Mini workshops, and 82 Poster presentations.
We had two special guests of the International Advisory Board members, J. Georg
Bednorz (1987 Nobel Prize in Physics), Fellow, IBM Zurich Research Laboratory, and
Heinrich Rohrer (1986 Nobel Prize in Physics), Chair of the International Advisory
Board.

In the opening session, Professor Toshio Kuroki, WPI Program Director, kindly
addressed Congratulatory remarks and introduced World Premier International Research
Center (WPI) Initiative and missions of WPI Research Centers, which are (1)Top
Quality of Science, (2)Fusion of Research, (3)Globally Visible Research Center, and
(4)Break of Administrative Limitations. For the Opening remarks, Yoshinori
Yamamoto, Institute Director, summarized researches of the four thrusts of WPI-AIMR,
Physical Metallurgy, Physics, Chemistry, and Device/System.

In the plenary sessions, we had invited talks by the world reading scientists on the
most advanced sciences of the hottest topics. In the special sessions, Georg Bednorz
talked about oxide-based resistive memories and showed advanced researches to
critically understand the future nonvolatile memories. Tetsuro Higashi, Tokyo Electron
Limited, and Tadahiro Ohmi, Tohoku University, showed current status of silicon
industry and discussed about importance of green technologies and science based new
silicon technology for the information and communication technology.

The Mini workshops were designed so that the organizers of younger generation
can stimulate Fusion Researches and also allow younger researchers to present and
discuss on their daily researches. All the Poster presentations were coupled with Short
presentations again for giving chance for younger researchers to discuss their sciences
with world reading scientists.

On behalf of the Program Committee of the 2009 WPI-AIMR Annual Workshop,
we would again like to express our warmest appreciation to all the participants of the
workshop. Now we are looking forward to having proceedings of the Workshop, a
book publication by Springer of "Advances in Materials Science" Series.

(by T. Hashizume, program chair)

55



Attending 2009 APS March Meeting

The 2009 APS March Meeting was held in Pittsburgh, PA from March 16, Monday
to March 20, Friday, in a new convention center, David L. Lawrence Convention Center.
The headquarters hotel was the Westin Convention Center Hotel, connected to the
David L. Lawrence Convention Center by a skywalk.

The APS March Meeting is one of the biggest and most important scientific
meetings in US, partially because American Applied Physics Society does not exist and
thus the APS March Meeting is a kind of mixture of Physics and Applied Physics
Societies. This year, there were attendees of more than 7,000, first and co-authors of
20,000, and papers of about 5,000 in five days. Each day has three major slots for three
hours each and 40 parallel sessions were set for each slot, counting 560-570 sessions in
total. Among these sessions, there also were focused sessions of about 240. Four major
topics in the Focused sessions this year were (1) Physics of spins including magnetic
semiconductors (32 Focused sessions), (2) Graphens (22 Focused sessions), (3) New Fe
based superconductors (Fe Pnictides) (17 Focused sessions), and (4) Bio-related topics.

In one of the Focused session on Monday, Hideo Hosono of Tokyo Institute of
Technology, who is also one of the JSPS site-visit Committee Members of WPI-AIMR,
presented his invited talk as a pioneer of the Fe Pnictides and discussed general
experimental features, such as crystal structures, crystallographic transition
accompanying anti-ferromagnetic to paramagnetic state, Fe square lattice, new
insulating layer, high pressure synthesis, and epitaxial thin films of Pnictides.

In one of the Award celebration sessions on Monday afternoon, Akihisa Inoue
(WPI-AIMR) presented the James C. McGroddy Prize Talk entitled "Development and
Applications of Bulk Metallic Glasses." One of the lists he used in the presentation was
showing a list of bulk metallic glasses (BMG) and was very impressive demonstration
because most of the BMG materials were developed by the Inoue Group. In another
Award celebration invited session, Terunobu Miyazaki (WPI-AIMR) presented Oliver E.
Buckley Prize Talk entitled “Birth of tunnel magnetoresistance and its development.”
He introduced the history of the research in the tunnelling magnetoresistance, which
was pioneered by him among others and then he focused on the Heusler electrode
junctions and applications of tunnel magnetoresoistance junctions.

Another important aspect is the APS March Meeting Show, where the March
Meeting offers companies opportunities for exhibiting their products and one-to-one
interaction with participants. There were about 120 booths this year and the exhibition
hall was full of researchers during the 3-day Show period.

T. Hashizume
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Award Ceremony Session
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Surface Kinetics International (SKI) Conference
March 20-22, 2009 Salt Lake City

The first surface kinetics International (SKI) conference was organized by Dr. Feng
Liu in Materials Science & Engineering, University of Utah in Salt Lake City on March
20-22, 2009. This meeting was arranged for the weekend directly following the APS
March meeting in Pittsburgh.

About 50 researchers from Austria, China, Germany, Hong Kong, Japan, Korea and
USA gathered together in a well designed convention hall of Commander House in the
university campus.

Altogether twenty two talks and more than ten posters were presented. The topics
covered a wide range of surface sciences such as nucleation, epitaxial growth of
quantum dots, thin films, interface diffusion, step propagation kinetics and computer
simulations. The understanding of the 2D nucleation kinetics has been much advanced
by AFM observations with computer simulation.

President A. Inoue gave a talk on “Development & Applications of Bulk Glassy
Alloys—in conjunction with use of glassy alloy surface.” Dr. K. Akiyama talked about
“Nano-scale lithography with frequency modulation AFM.” Professor Y. Hasegawa
presented “The screened potential and the Friedel oscillation observed by LT-STM.”

This was an enjoyable meeting to obtain a panorama view of surface kinetics.
Recreation time for skiing or walking was arranged by the members of Dr. Feng Liu’s
group. All the participants are thankful to their help throughout the conference.

(It was regrettable Professor Sakurai could not come to SKI meeting in spite of Dr.

Feng Liu’s invitation because of an important WPI meeting in Tokyo.)

Reported by Hiroshi Komatsu
Photographs taken by Akiyama and Komatsu
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Surface Kinetics International (SKI) Conference

March 20-22, 2009 Salt Lake City
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Note on 2009/2010 WPI Joint Seminar Series

M. Tsukada and T. Hashizume

The WPI-Joint Seminar Series between theory and experiments (hereafter the first
stage WPI Joint Seminar Series) started in September 2008, and ended in February 5,
2009. The list of the lectures given in the Seminar series is shown in Table 1. The aim of
the WPI Joint Seminars is to provide an excellent forum of communications of younger
research staffs with exchange of ideas of different research fields to catalyze new fusion
researches. It has been very successful so far, and to promote further activities of the
WPI-Joint Seminar Series, we decided to invite younger research staffs as co-organizers,
and enhance the functions of the WPI-Joint Seminars. The new stage of the WPI Joint
Seminar Series will be started from April, 2009 with the newly assigned young
co-organizers.

The newly assigned Organization Committee members (Co-organizers) consist of
the young research staffs of WPI as listed below;
K. Akagi (Theory, Tsukada G)  akagi@wpi-aimr.tohoku.ac.jp
A. Kuzume (Nano-Chemistry, Itaya G) kuzume@atom.che.tohoku.ac.jp
K. Nakajima (Nano-Chemistry, Nishi G) knakaji@wpi-aimr.tohoku.ac.jp
T. Hitosugi (Nano-Phys., Hashizume G) hitosugi@wpi-aimr.tohoku.ac.jp
S. Mizukami (Device, Miyazaki G) mizukami@wpi-aimr.tohoku.ac.jp
D. Louzguine (BMG, Inoue G) dml@imr.tohoku.ac.jp
T. Trevethan (Theory, Shluger G) t.trevethan@ucl.ac.uk
R. Pierre (Nano-Phys., Takahashi G) p.richard@arpes.phys.tohoku.ac.jp
K. Akiyama (Device, Esashi G)  akiyama@mems.mech.tohoku.ac.jp

Professors T. Hashizume and M. Tsukada remain as the Organization Committee
members (Organizers), and Professor H. Komatsu will join to the Committee members
as an Adviser.

The first Organization Committee meeting was held on March 24th 2009 and
various issues including the general principles of the WPI Joint seminar, managing
philosophy, operations guideline were discussed.

The general guideline of the first stage of WPI Joint Seminar, which were held from
September 2008 to February 2009, is summarized in the announcement delivered last
year (see the Table 2 below). The item 1), 2) and 3) of the guideline are confirmed again
to be the important general principles for the new Seminar Series. The summary of the

discussions in the first Organization Committee meeting is as follows;
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1) About the style of the Seminar talks
Three types of the seminar talks should be considered;
D General over all lecture by senior researchers (e.g., PI). We can also invite
appropriate speakers even outside WPI-AIMR.
(Allotted time is 45min with 15min for discussions)
II) Lectures of hot topics with ample discussions and mutual communications
by younger staffs
(allotted time is 30min with 30min discussions)
These types of the talks (I and II) should include enough introductory part for
non-specialists audience as stated in the announcement (see Table 2).
III) Tutorial lectures with allotted time for each 45min with 15min for
discussions.
Examples of the subjects are
a) Philosophy for scientific or technological researches
b) How to make good communication among different fields
¢) Statistical analyses of measurement errors
2) The immediate candidates for the Speakers for the type I or II
a) As the candidates of the speakers we can consider PIs who have not yet
given a talk at the First Series of the WPI-Joint seminars (see the lineup,
Table 1). If the PI is not available, any persons from his group should be
considered.
b) For the foreign PI candidates, their seminars are better to be associated
with some appropriate occasions, e.g., visiting for the fusion research.
¢) For the list of the speakers for further Seminars, we will nominate at next
and further Organization Committee Meetings.
2) Examples of other expecting topics for the Seminars
a) Fuel cell, Solar cell, b)Coordination chemistry, ¢)Bio-science
d) Novel superconducting materials
In the Committee meeting, we also discussed how to nominate the good candidates of
the speakers for the Seminars in future, as well as the first special seminar on April by
the Institute Director. As for Tea-break, and mixers, various new idea have been
proposed.
Any proposals to the coming second series of the WPI Joint seminars are most

welcome. Please send your opinion to any of the Organization Committee members.
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WPI Joint Seminar Series of Theory and Experiments

Lineup of the first stage series
The 1st Seminar September 11
M. Tsukada (WPI-AIMR): Contribution of Theory and Computation for
Surfaces, Interfaces, and Nano-Materials
M. Kawasaki (WPI-AIMR): Interface Physics and Devices by Oxide Block-Building
T. Hashizume (WPI-AIMR): Interface Issues of Organic TFT and Scanning Probe
Microscopy Analysis
The 204 Seminar October 9
T. Nishi (WPI-AIMR): Application of Nano-mechanical Mapping to Polymer Alloys
and Composites
T. Trevethan (UC London): Modeling the adsorption, diffusion and manipulation of
molecules on insulating surfaces
The 3¢  Seminar October 22
K. Tanigaki (WPI-AIMR): Atoms and Molecules in Nano Spaces and Interfaces with
their Applications for Materials Science and Electronics
R. Saito (Dept. Physics, Tohoku Univ.): Dark exciton and phonon softening
phenomena of single wall carbon nanotubes
The 4%+ Seminar November 18
T. Miyazaki (WPI-AIMR): Recent Progress of Large Tunnel Magnetoresistance
Junctions and their Applications
S. Maekawa (IMR): Spin Current, Charge Current, Heat Current and
Spin-Electronics
The 5%t  Seminar Dec.9
Y. Ikuhara (WPI-AIMR): Interface Characterization by Cs corrected STEM
K. Itaya (WPI-AIMR): Electrical Double Layer and Electrochemical Reactions with
Atomic Levels
K. Akagi (WPI-AIMR), I. Hamada (Osaka Univ.): Theoretical Approaches for
Solid-Water Interfaces
The 6t Seminar Dec. 16
M. Chen (WPI-AIMR): Nanoporous Metals: synthesis, structure and properties
M. Tokuyama (WPI-AIMR): Theory of Glass Transitions in diversely different
Glass-Forming Systems
The 7t Seminar Jan.9
T. Takahashi (WPI-AIMR): High-resolution ARPES study of graphene, graphite,
and GIC superconductor
K. Nomura (Dept. Phys.): Quantum transport of massless Dirac fermions in
graphene
The 8 Seminar Feb. 5
H. Fukuyama (Tokyo Sci. Univ.): Emergence in Condensed Matter
T. Hitosugi (WPI-AIMR): Quest for new physics in oxide nanostructure
D. Louzguine (WPI-AIMR): High-strength and ductile hypereutectic Ti-Fe system
based alloys
A. Kuzume, (WPI-AIMR): Electrochemistry on single crystal surface:Reconsideration
of experimental "facts".
S. Mizukami (WPI-AIMR): Pump-probe investigation of spin dynamics in magnetic
thin films

Tablel
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Announcement from the organization committee of WPI-Joint Seminar

1)The purpose of the WPI-Joint Seminar is to enhance the mutual communication
among different fields in WPI-AIMR towards fusion research

2)Speakers should start with very wide and general introduction to their fields and
give the talk not for the specialists but for non-specialists. Any amateur questions
by audience are most welcome, even during the talk.

3)The participation to the WPI-Joint Seminar is mandatory
i) please submit a short report (within 1 page)of the Seminar talk to the

organization committee (Address;  tsukada@wpi-aimr.tohoku.ac.jp)

ii) Please check your name on the name list when you come to the seminar room

4)Young research staffs at WPI-AIMR are invited to the co-organizers of the WPI-Joint
Seminar to make planning and arrange forthcoming Seminars

5)Proposals for the speakers or the Seminar topics are generally most welcome.

Please give us the information by e-mail 7

Table 2
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---- Mingwei CHEN ----
Physical Review Letters 2009 in Press
X. Q. Yan, Z. Tang, C. Q. Jin, T. Goto, J. W. McCauley and M. W. Chen

“Depressurization amorphization of single-crystal boron carbide”

Strong covalent solids generally possess very high strength and are widely used as
super-hard materials for the applications where strength and hardness are critical.
However, the underlying mechanisms of deformation and failure of these materials
subjected to extreme loading conditions, such as high pressures and shock, are less
known [1]. Boron carbide (B4C) is one of the hardest materials after diamond and boron
nitride and has been widely used as an armor ceramic material. A variety of constitutive
models have also been developed to model its performances at high pressures. The
results have been mixed because the actual micromechanisms that lead to failure at high
pressures are unclear. Recently, our HREM observations of ballistic B4C fragments
reveal that the high pressure damage of B4C is associated with the formation of
nano-sized amorphous bands [2]. Following our finding, a number of experiments
including dynamic mechanical tests, mechanical scratching and nanoindentation tests
have demonstrated that the damage of B4C is related to the pressure-induced
amorphization.[3] It is thus expected that more
controllable high-pressure diamond anvil cell
(DAC) experiments, the standard technique for
high-pressure study, can provide additional
insights on the phase transition. A number of 500 GPa
DAC experiments of B4C have been attempted

with loading pressures up to 50 GPa and, Mﬁ

Intensity (a.u.)

mysteriously, the amorphous B4C has not been 145GPa
detected by synchrotron XRD and neutron /Mﬁ

diffraction. In the recent PRL paper [4], we =22
reported pressure-induced amorphization of P e

B4C investigated by in situ high pressure Raman shift (cm™)
Raman spectroscopy and first-principles 7
molecular dynamics simulations. We found that
the amorphization of B4C takes place
unexpectedly during unloading from high

44.2 GPa

nonhydrostatic pressures (Figure 1). First 2 BEIVEC - ——
principles simulations suggest a novel £ | ]

amorphization mechanism that the irreversible Y seare
local atomic/electronic structure changes caused Nosora |
by nonhydrostatic pressures can result in elastic 146Pa
destabilization and thereby amorphization B P
during depressurization. This study provides an Raman shift (em™)

atomic explanation on the anomalous dynamic Figure 1 High-pressure Raman spectra
properties of B4C subjected to shock loading of single-crystal B4C. (a) B4C loaded
and high pressures, which may be generically from ambient up to 50 GPa. (b) B,C
applicable to other strong covalent solids with decompressed from 50 GPa to ~1.4

GPa. Amorphous B,C with a
characteristic peak at ~1810 cm™
References emerges when the pressures is below
~20 GPa during unloading.

similar atomic structures.

[1] M. W. Chen, et al., Nature Mater. S, 614 (2006).

[2] M. W. Chen, et al., Science 299, 1563 (2003).

[3]1 X. Q. Yan, et al., Appl. Phys. Lett. 88, 131905 (2006).
[4] X. Q. Yan, et al., Phys. Rev. Lett., 102, 075505 (2009).

68



| ARSI SmORHORR
BLW LR, BRiEXFAYRONLIEE
[CHERDIC. BEOHRT—VIiCtHET,
LFOMRy—vi. ERRI0—-7ER
BORBHORFTE L. ERYTO0-T
RS- LO—-FIL—PODEYST
wID&ESIC. BABRTEHHEE L.
FNENNOERETESSICED LE
SHTFeRTFLAlICE TERELACH
ETIENTED. BHOECRNEES
Fikiza LT3, BFL<LowEols
EBrPRUSHETEEEMDICE. SE0H
BLEHE om ELSELERDRDHSN
. 49, BLNLR. ER7F—8H
JFLIT—=CRb{dE. FOD 0%
EEERCELTIVvFYITHEINIT
DM T IR ORI [CID#EA T
Wi L L, [RRONEROITHIFL
N—FTERCHE>TLESRED, MAL
ARcEESE <. FRICTeEE0ES
LTWELREIEVTS. RRAFREARTS
Ih. BREFELSEE T E—LFB)
EZERANTERT A P—ERENICHDH
L. <MITEEENBRIEBNS
1. [FIB E R TERS! -2 /LR R
(STM) ORI EMSMNITHER. ¥ TICHS

TNTLELRE, EO5EERTFE B
i (AFM) ORI OBREICHREALTHESE
SEEL. FIMEOTY .

STM O, AFMDENEE~DE
FLY, [STM OB OEER 100nmERT
Lift. =54, BipMESSELTVIREAFPMD
EHREHomDS10MmTY. CO—H
BAFHERET DI, ERD -
DLOBSERLTEEEFF—FYRICN
STLEFERHLTHELRE, 5£34
HETLSETVAESIKNILTVSA
TH¥. ZOESEFABNIEE AFM DR
OEECHALECE R L o8
&9 ). LWt F92FIERANT
SEAEOMEAE 3 5nm LIRS BT
OEECRI L. [CNH-E DOy —=
VIR RT L. CORBEGANCE
HLEWERLELRE]L BluMLEEs
FSFCEAEME L TRHARMOWSIC
Wb,

AFMUYESI+—~ DR

AFMIZ. MEEROS T PRTFERRY
SOICHLSNSEN TR E. BitICIT
ILABEEMNIBLTRHEODETERU
Hed KR ELCRETETRERF Y~
(R EEMTSAM UV IS Or—]ICH

AFM U F3 2 —THELCEEN. BN EHNS
OEBENRICIRLEFSEONTERNERH.
R ECFyFRITDLSKIENERALTLL. W
20— 30nm. EIMT 2/ ULARECEEENS A=
FEEAICLT. MNE1InmUFICT3CLEER
LTS,

JIHTEDS. KA. BHEETEET
N, RBEE0OF Y FERBTESLIC
B3 FNETODAFMUVYS Ir—IcH
VSN TUL ORI, BEFE 100m
BEQUIVOECEEERLTHESN
TWELR. TORSHCARERE 50~
100nmé. ESLTHERLETLELE
T EREORIPEL, TSICEAET
LEVEY, CORHESREDT. ELTH
SEMCEETENE. APMOSBEED S
ELETL. #RICHEVEORBENLS
TEHHEICHR{C LD TEREY. SOH
B, £/EFr 2P LSI0ERPEE
~AEBHALEYTULETTY. W
HRT—<v EOHBNT L]

LW tR. o< EOENORIELC
mbhivoft. BEEMREE 10nm LT,
[SOEHORETIE. 20927 0 L
EHERELESRLALESICETIAT
—EHYFLI—CHDEHT. IBTHE
BICNILELE. S85L. ER0O DT
—ELUIDAIFLI—ICESVWSFR
TENTSONEER. RRTSIETH—
cAETLREL BalWti, /Cra i
ETOHRICALSNTULS T 207=
EalLb—ZAULT. EREHEBHILT
DUFLI—ICERTSRBERDELR.
[COERIZ ELICETEDLNSEOTLE.
EMAOEERRCHLOETYL. =
SOV TERENEROLTENTS

[Reproduction of [Hist# GBI _# LI & | metamorphosis no.14, pp. 26-27 (2008). |

69



RIEFEOEDSEALVEERATLE.
RELTEREBOEENMDLTVSBOT
THS. REETICILTHESIEFPFIN
A ABINBBELTLEL BE<OBTH
Roos. XFllD[E 3oLk El
PLT DS CETRIILE.

| *BERFTRIEHELOENERD |

Ll CILTHESNICRORETERL
THE. AAMUY IS O —TRMRER R
THICERBETREN 2 [2UOYD
HFLI—TR. XBEL{TFRLDEYE
LT TR 2O TY | ARMUV IS
F4—TlE. Bt EHBIC/IN, 7 AREE
T, BHOEFERUFHEEIRAR
REVSFETHRETS. L L. 17
ZMEEDFDLEIUINDAIFLI—
FRRAATHY 2T LEL. BitHEe
BERCIOLSTLESOR. BETHE
M oTLESL. 8. Folhtheds
STLES. NILAREFHMEN LS
THRitrMEEmCERL ELESIC.
FEittERLOENERECHBLEST
BESEWV.[UIZhFLI—RE
HRKE2TRAECHI>TLEDELEL
Sic, @EERLEFNEEDEGAT
Lit. ThELRC. HATRETHDN
FEXASBHHRAONRENS. AAMO T
UHE AVFLI=TREL, KBED
FIELTHTIREIDET I AE N

TR SR P R R O ) S
A E=LIFIB) T2 P—ENTLTAELEE
B {85), RO IRCOER SR 50 ~ 100nm
ML FIBRT THENLE RN OENYEER 12nm B
EAEDYEEL. TEXESEDTICHOMT oiiE.

EurECes. #RickEerge s kogb
EFLL]. KBERTR. IO HhUFL
N—&DEFERERLRL. TOEDH. N
I A REEINS O 22 Oilrht D 22 M T
=, Eit & EE S OB O WS BN
EXS. TIEACMLNLE. ToFL
XBEWMTEAFMOE HELTHEL
. FOER. Bité B E0ERERD
TEDSLSICED. BE. 8620~ 30nm
OEEREME FICHRETSC & ICRDL
TS,

SFILZ-O0=22~0ORA

SRR OME 2009 F 3 BETIT 100m
BFIcETHC TS LA SADEMT
TiE BLNEIEREEANES . RER
INLZAREZEQISA—SEE R ZHS
OHRICROBATVSED BN, EEL.
¥H3ECSETM0nm LI FOSB@omsEl
EFTREL. BRORCEISTFILS
FOZ2ZA~DERITES. FRERT
ORBEPLS OBEMLRE S, T5IC
HRELTWLCEHTFREND. TO—T5
T, GFPEFEV OB Wi E
BTEERTLLT. TSCERMZEE
EEMTSHFILIPO=221C8EE
DMESTLS, HFFILSFO=SAT
F. BT ET0OH0OLRTLEES D8 —
SFICRAERLIZEBCEDSFHED
S ICHRDIMIOL I EVoERENER
hHEE R NIEES Iy, IE. @
—aTFOMACHEONERD. ROLSE
FETHULSNTWLS. E7. 2£EBUD
BT L MRS T EREhICED
L. COENCEEYEOREREEAT.
DFE|C. BEDNTERTNEREICE<
b Eeragedra 1L - gl ] Fadl il it ¢ ] P
BEOAFENTYT 5. HRSTOME
[CEODTEET SMME L TD, HTD
MECRTENETSCEOTAMEED,
[er COFETR. SL2t0M0aT
OB EONESURERICRRNET
EFELOT. L LESS T2 BFE
LTuabelLnEdh. GELREBEH

NELTT—FEND. BHAEFETL
h—STFORMNCREEMNETE=EE
e TEHS. BHENEDS TTTS.
FORMT AR CREE N TLEL
DOTY). P, BE. COSBCD
NETOIHNAEREENL SSEEDBA
TS, BERIICIE. MEREFORES
MEOMCR—STeh—M2tH/Fa—
TREOMENREREY 5. MICAFM
YISO+~ TEMREREL. ME
SEMEEEEYTS. BESSRAERY
CET. B—HF e/ At OREER
tEOMELEREE SR TEHS.[COH
BES. B—aTFet /S0 CICE
BEENTULSHWEICHS LcEicToR
HCRNRERETEEY. & J0OWHSE
MWW TESFET. I obO=S
AOERE EHE—H TR SR
FoAtssoNttERELTUES LS
LWET]. 853AHBICRHSERLN
ENSEBEITERLEL. TR LS
WRRILEFVWTITAL IBE0. 0
FICRST X HED. AP EROEE
OERTY. Liz20—25—5—hBL
NEEAL. WEICOY IV EHRERD
TULVERL. EHELEDSDBDEBEDE
thls BT OERE. RO ETICHE
EMSTXANHAMEEEECRDTL
-

|Repﬁuﬂiﬂhﬂf TRt E DMl ILU® S| metamorphosis no.14 pp.26-27 (2008). I it

70



& BA (28 |vh [Bh |B& | Lk et |
= ) o 8B ([0 22 (TR (T (15 s cotmes
] I » 2q . gy |lrd e (1B O|YE 1) K=t KA’
3 -4 XKRixg A8 |(vg [vE S

_ A5 |Toglnk [+2528sr g EBUMNIYI0RE

KPP HkRE LM AT Lgin ] RWE(FEE D ES| SEHNEORN

- RO Bwn@l+ mHMI HELINTR| vr—omE® 1220

Sl > »RE BARE(E ol@ENEEN(D 25| sensucumace
NNRYC—] USOE  ERHOERERY |\ | P8 B -0 [Ens B | e84 E Q| BEREEMEREN
EEARHINSED SXMCLER gNT atd BON|EcUIEL o|THC | THE| a—Lt® QR RNK
¥ EECEELTOR ‘noxwEsuEns | M mmm £ | : LERHUSIEEEZE
HEEHY (WUTEE QUN-LRIBUENE | } gRxe = o S z |E EEVIERREMC
. 2 VAR TR o el o o G - R S-S 3

81) NHLLORER +HITCRYEEOA e = 1= |8 |8 |8 ANAYAUHUE
B BUSREOEHN DRI —wELbY [N BT e
SRR RESHCE LER BUEEORE +J ﬁ vhw ) ) DUEEIHBEO R
SHBWSNHELRE LUKERURENRP L e |~ AR HEE
DD EXEPWHR Qa0 PREED BEORNN LR
Q1 euSuvoND CENMERDY  ERUEIUAN ¢ ENY | SEUNE UREQHRS 1 A0 AARRI-ERE RMKOELECKY

PEnuUD0R” BRR
EFOpIW

HESLECHRER
LIV M HRu0E
DA RP YL =5
EQES O N—sBR
MLV BEHERR
SUESREROBEL
HEETEE0 P
Ml —Eou gy

LERENIRERE HESNTEEVESR WERLCHT4RE R0 | Uuviim EEETLOERK MY
S1E uearhiEl VEMERORIA0N DO SHETE FEHRSQUIN
SNAKERRULAYVE Do | OfRS4UE SRS UCERNPE [BXHRDAYT BERIOW” BRAH N5 BREEROEE
HNKLEHE0R B S0EALNIN" ERECNEPEHY] —RE0” Y URoR O R | NERW0E B gL [N EE
FUBEELEEG KEESSRUOEH TREEKREZUNR QUOBHDMNNKE BERMNUA-T—H EUEEWERON ¥
O0LEME” FELE #LUOURNEEEEC DIBESANY - BRI REUENE WV CRUSHGE pREEEEELEEY
Heand-dpe (- ERUECEHINT et EREnERECE +RG8RNNRY = 20T 1 ERED
C) AR NLDY EXWE(CRERME DNY3JUMRDIE &) (WESR) © 0 BEWSOJUNENE MEREERTE (8
W hBHENS B | 0" ET@2PE0 | CROXUMWIAEE REUEDPHEERY RO RnNCERR H¥Re 1) RUBIY
REEREHLI <& NoHEcELRIEE SHaHad” EHRE RS WRDLNNS” BER NI~ WP

HEEIE A==yl
R EERDERM0 ZERIMWUTIPPE

ECEEUSRSEC
(e | Al st
HHEWLE @Rt
Rl EL S S
Bl ERESEE
PR EELQ
Doe 2 MU B
Y2 PTG
dyLrRopEEaI
KEVEERLIC
B EHLD e
NhEPIER NS
gt

A EE IR

1307 EAEFEHED
{EDOEEEERR TN
MO Rng®
BHSDINMNOF L
DHEESH RN
=P UE
EWESHL" [EREE
TR B BE
HOEREEN I wNE
ALPEEREERGT 1100
OUEF O RERS S
SMIEA0D | AR
HEEag®

REREERM F/ T774013— (L) |

Reproduction of 120304~ M #k &

[ B #2237/ (Nikkei Business Daily)] FEB. 24,2009, p.13

(C) AT mMs: NG ELS S C &1

71

-

B e 2000902248 BEEEREFM 013-<—:



RPELWHEE

EEHID bk
L —-SEREESER
[ bt =20 |
DEHOL FEEZCE
EEME UCEECE
ot e bt | O (P )

BEEW I

BRI EIRLIE
SRR ThEE Y
hamilo-dneEEs
SELEwn (hu
+HERS 1) 7 =]

HEXKHOUESHEY +I (38TkEE 1)

BRI
$UNBEREEO
& EEEL SEER
CEEHPER Y B
HOERCTRORTH
BEEWEOE0N
B (RKUSZE
ERRATR B
SEEUNBRI0M0
N AR P 25
BRINGHY | NERI
EEPN°

FEETi T
HOQUIERSERSS
SR GESEVIER

i A ok a1 9]
G AR g

IB[ab - G e
— SIS aER oW
ek FHOSMW LS
Wi [#MBeE
ARERUEENS
RN ERL M ES
| ]~ ERCEEL
SEEZEVENDEY
T | (F

SERR) VIENEP

W
EEmES | Qi
WENEER Y

SUKNSERRTRY — BREEL-A%

(no=—o) B e
BEROHENAND ==
r: AT AN i PR
e pon g y=cpe [
BoU AR
ol R e e
WV EETE
HERREEY PR
e nEOW S
@

HEERIY 2NN
WEE eI B

2 RSPReT=E
DS R =—
s EERMERITEEE
(ZWo0) BhOny
DB | OOK D
a0 b B
ErEEorERslD
RNRD | OsHoR
By p<pEsE o
Z5 ha@ymedd
CRPREE R

Ko | ot oK g | | EGER
Fas . ERSUERLENDES | warsusuo
#® SOOI QN :
ko B Esugtpp<uEd [ <RPGCEINHE - R
|ing 6 By amonwnt | EKNERN (M
RO B SRESEDERCE | nemman)
(0 e Sl R E PEETOL NN
e S U wdEemwony | FEIESNANSS
Qe 2 Lpd) o | Bpaay | SoNELEDLE
¥ty P S0 smEHIEREE, | UERDHOTREURN
# %~ TBE P oW AL | HEEIESEEE
= [RE R Y hwllay o 4= 0 ' r
B0 | TRENIRNREERE | & RIS
BOSE peaiih
EP0ERE g
DEEWHIV I
ERERNDPY
MIKe SNCRUEERQEN S° [HN—§ (0
DaIRNDY o) QAR TINEE (2
Nl RENEDES  BEBRADNANT -0 ni) ¢ BHEHERS
HEUBIDANVEE EEUSKERRA0L  (Z—xz) BUDRND
BUEQO PO BEEEE (Q00) Bh Ml —BRuRE<e

S AEER RS
ZEHOORMOMNH hs
HERETwL-auUER
HoW® SHRAERE
BElEECH DY
—ERwEL” Ry

Phi—praHEKE F84¢° 2eFIVE
(E=f) WE2AOR BENE R

HOKEL HREQT EERMHOEONCA

ONELSA PR = DREMHE O] (2
FESWESPERON ou) BUSHENES
Ho-LEERT 2EE BEEPOHIZREDD

AMESRREHSEN S0 AEkRHEK
vy B8 B oEKEETCEERT

M| WS RUEBRDY
i B St

EDEMON ML~
REDEIUIRLES
PHESR | PSR
NEERNEEM (&
MAGZ | LS
N —EHSSH
ENEE RN
CEEREEEOpIS
NZDHZ BBNOE
SEREHAZE

BT
M LTS
ERBENEQIVCT
SEIEE  Hie 2
FEESHICRERER
ERTvE LA
BRI
BE” ¥ETrgrgs
SWEREES A
R0 EW” BroEEs
EEERIERELE
e M) O
e g S
BUREXEND S ER
FHHE D
(=1

Reproduction of M2030FE~D#kE REREXEM F/ IF774/3— (F) |

[ B % 2e 237 (Nikkei Business Daily)J] FEB. 25,2009, p.13

C) EREFHEML EEAlERsLEC 1+

-
-

2000402 H26R HEREEEFM 013-<—3

{6 A

72



mIISII B NP OMEE l‘;gg
--‘)D _/)I./] ~ Vol2

[milsil {ZR50) | ED2VT

‘milmiL{E AL & mil (28 E TRTHRS] [EAHE

&8 MeaTHEl @ M2l #0L5%8 [E0) trE.

B, TLTEPE S (=3 -""ﬂ METLED,
COMES - Bic. SR LL TERSL] ElRETn

SCEEMTLRY.

| [ \ |

HAIVA - A 92— HEOWE. FLTEE
RF - 3 TFOHEIET
#HEICEIIDOHERIZERAZERS

A BN (LA BT F e RSN )

20

22

26

30

32

34

(k] FBEPEDVE

7 BRREOBE®. TLTWEECETEAIEDD?
YOBY U (s e RamR )

1w BELESOVWE-TH L

ChAEICED SRR DS

12 BEE(EORHBER
Hitl 3 H (B2 EESEHEN)

s BEEBRTWT2./0—THRS
K W.2 (EERt R A TR

12 GEEEEERLEON?
TATN Ry by (BITUARIASSERDDERR

LRl }

Eoit
lu?*mﬂ HEIRT S L < HDEFEH
HE—E L P RO OSREE

R ] (EEe R RS R R - B2 —T8)

MNEEBROIFEHE LT —EDSRUEEID— $208
IR E [CEMF ARV DDIES5H

~fRBREMICLT~
FIl &, (SEA2 70— FEYRBHR sy —AEE RN E)

HFTHIFS FEERE

#08 BEERTEE>ERULLERBLLS!
I BB (Sa—2PL(—oZHME S DR S W)

VA IADZaZr—a ~0iEF %$8O
A2 7—=Y3VOBULWFERTD
ZD1 JLHEAPCoSTEP DM

NEWS &TOPICS
EROHE= 1 —A 8 BELE=1—RE 104T HERR

2 FcEOmMaBnS LT A NOREL

= T4 SS90 BROMIEMEL.

milsll A7z BEEE - EERROSNS Y HE s s e gl

mirsneEsn LU n (EDEE

ol ] B © @D HENan

IE J’ﬂi!ﬁ*ﬁ}ft‘ﬁ

Reproduction of A/ TV R A2 RE 21— ﬂ—?—d)b\i %L'C*EE Jﬁ? ﬁ?o)ﬂfﬂf*i'ﬁ'l FILDMMEIFE
HMEEIFES IWAZEE] Imilsil Vol.2, pp. 2-5 (2009).

73



SEXELEHOMREEIL. HILVENZEAMTILED ST
HH#E. R ZCETL IR 7OMRBN TS HSETHER
2, MUE KRR TR R F PR R (WPI-AIMR) 25l =
h, CHHEEOREF 7L< or 341

MirhtuwEd,

B OEE, 2L ETS B Ao AR, CHS O
REFONDE, BEFHLTOUSERNFRETCOMRBIZROLLD, &
Glo, ¥OXHCLTIHLWERA HEEANL TV O ESMELEL .

BEEARLS SHEMHMET
WERFALRRFTHOATVENT
Lead

FV SR LAvmi. SLERER
DI LA ES DR 0B &K
#H7A | OMRETT, A%, &R
FHERVICEALZERI STV E
T. HFARHFAPRMETT IS,
EhwizhoTwln, COLDER
#3512, 380 RIECHIEIE
R R R I R
AET. bR E{EFEORTIZE
SZHRLeHRZL EICLAET7
A (T8 T,

kWAt sTREEEEED
Wy, Wiz E S ERBFTE. R
BiCi MR E AN EER
T+ (B ThotikLvig
HREAOERIZES5OTIEEVWTLE
G ERAFATLHBIZRS 22
y—WiE=ran, Thenrasiyr—
kMo RmAELLSVDHTT,

it B - -0 e 282 B ) B R I
NAFIY—5— (PI. IRV —¥-0
k) ovkh, BREFHRERFREL
T B R AR, (572 BA
orFuh] tedlRiEc, BaE
FAZUERAEL2TIAF2ERID
HTHBEET TRES FIFTw
LHEERrREEASZEERAL,

H2ONE = hE

R GFOUNT
BB OPARF N C TS

[F4Fr—wFWTRX] Kz
BELILE chITit—20
i TEEEEE R TR
LTwELLED, —20HHEH
AfrhEbrE (¥ LLE
ERECY 113 4 L P S e 7
chETHMRLTAORM
FoEhwicBARY—-LR%
DT ThAB -4l
PR TRFOA IR
5. ThalkolLicRigkeT
Tw{mH, Btz
WinE AR AR, &
Mz EHEreBNET
Py T B
b—2o. WERFRITBO
bR, LR R R
vFrhebh. EHICHT2
BhaRREEHNE T, ThoEENL
TERMLLZAPLHMOETIE P
Twd. FRbbnSFOTiiE+a.
ELTHHREFOERT» 70, 2
FNI—=RFFLET A F—Fath
(WPD ZiFemmizLvwaTt.

[Ha] ELTREAGHDEIN =L
DTTHT
ERTFAOBGEEENARTT
H, REAEFILIZIFTOASFIZE
BASAE2tLE, RUTETHSEL

"I

!II
e

a
IR san

’IIII

E R

HUAS S vece svon

1SRG EWICCRARANE. | ST ENMT T ER
BRt>5—EE ((HE) BET. R PHEREEH
FRGHR > 7 —R. 20062007 EMLXFRTR.
2007 108 LD RN, 2002472000 K. 2006
EREER. 200707 X UHEEARE,

RN KEENES. SALAH
BEROMERYIAUHE LA
DELL. MARDEERELEMLT,
COMOFSLIZE-TWwET. hEid
wA7ovi R TR, PRET.H
MEORBOREOLELEL LI ELO
FRERLTHET (E2),

FLT, CheERIFE WM
DEFLEIEFHELTVET. BviE
LEFOTTHFIvZICFlEhsD
RYmTH A, ThTit#bakuy,
SHRHERAMETS. BRIz /<~

Reproduction of [ A TV R A2 AE 21— BZEOVE, ZLTHRRE BEF -2 FOFHEHTHERITEII DM HE FH
TEES WA A Imilsil Vol.2, pp. 2-5 (2009).

74



Bl EmRFOERTHUSEINTRNE (LEEM) . ERERTORTFAR-R T RaRoRe PREDL

DEET S = DS NETESRIIR T S-S0 TESD, BT - SFORECEITD,

Sy (HERER) ojgizh —ohak
¥iTwEd, —2R7uylLad
T =g, kAo
REFRIGERLTEALAMEDE
o, REMICEESETWS, Th
bERIZRETT. ThphbbH—
X, k&A1 2 5 AL RT IR
Wi B EE2 L0 RTRIET
. WRORLTIEZECISh T
et ka{Er2L%b0TT. W
MifEmAE T4,

BEORR (tLrTETs) E5IEHE
SEBICIEARLLASOINRETTSY
BEAFvailtulBiRiL v
i & Rotksz kvl LaL. WL
WEBEATEATTASLOL ofV.
Al s RERRLSED.
=R REZRENEANEEDR
BRESL—20ATT IR
B, by FrETiknaaiii

righrablBunEd, ¥LxF4E
Fik. ol WEEELLE [0,
HARTakZabh oI RTWY
b B S Bl TRE B 15y F
2T, 2 E2hivvleind]
ERsh¥aiEoTd, il
M lkvad, $o0RPHONE
BLTWALEEEICHy EHIICERELD
ATHh. YOoEbALIEES
RTWEZEERILBnET AS
TEITVLREFCIR e EIHTS
Bw. THHIALELTWwEE,
[dl] EMTL A B oMEahiy
L ATT. RHIZHO v A TR
gildvworrblhdsvidl, ga
DR ETRE T TLRN
ERLWTLLA. 2 BE LIS
L& W 2 A 7513 4 B 0T
BWOTT. BEPEAYENTEE
IboPREEOTTH. 2R
HLREFTELUMELRDTHIC

H2 ErENCRTEENAERERNESR2OW
EunRESEMNHL LTRERENT LSS
#(Pn) LE). S5 PRIC R AT ab TS
TRBOSEEFETS (1),

BozobEnWIHEE L -TWET

BET - SFELHICHETSES
EETEROVNEASEHRIZ?

WPITIRHEMARICYUET, F
TEROBES T WO —
JAZ bR aTwuid, MEiEolks
HETHEWFFERLTwET, v
£ 0347 B 0 D Bl LIS D BFIE
LTwT, MBEHEThak3Z4H
EtrahiEERLTwEF,

LB TOoFRiE. ALBI&C
EOLDRIGOMEL. TEHA -1
CitlATHRhe B M<s0f%,. C0
oAV —TT, BRREIEED L
HfREELsTwES HEAECH
TaaFrERICLVSITVDHTE
TLEIESHLIENBVET. DRIV
Zukwalha, Bitzboitodled
2. CREF 22412 E S TV
PEELLENRHITT.

EgkwsboidIuitd. &
ERIE/ —~<A BB LLEF—rT
=+ Fw ¥ (Ziegler-Natta) o
. FLrelEss4MmlEch. &
mtopmouilFLr A fiohs—o
O Bl s kb, wEO{bERE
ROERI=hTs SHVIHhOR, &
dldbhEtA L.

B r—SsrILTwadid
{AMTT. vAAMEERE T E 2
Raboozket. hRETHIM
EWAEH*TLLG. HEBXOH. &
EADE-TWwEEEBNTT. AR

Reproduction 0 AT R A BE 1— BEOVE. ZLTHRE RF -2 FOHETHRITHRIL DM BRI ZH
FEHES IIARZER Imilsil Vol.2, pp. 2-5 (2009).

75



REvADEbaE B E T, El%
OEBEOTHI BRSO DEO N AL,
MiLTHABLEDY-TWET, £
HEMOHTOMTIESS, L4XED
MHEETHLVEIEE RoibE5k
HoTwi BEMEI AT TL.

MThEILeLwvTdd. &)
ToIVILORLRSTRT LD
A BMEFLTASZLER-TRALS.
wERAIABEE-THL b O
R b PAREE T &0 ) i
TwnET,

SHEIEMET, LA Do
BiEcsWeEo (ol BilHEL TRy
MMM DL, chETIEE
HMNICA.B.C. DERIEER T2
STWELON, AdLlEDE2LS
ZiMCER L0 TT.

B ACEHLI60lEESA
BT, TATHEELELTVWEA
TH Lo [COBHESH. colliiid
3 EWS BT, BN TH
Ahw, ThfobnEkATY. T
LBoDERPBBLLENWEZATES
hEd. Lbiit e fironTing
Fe fEROTI2E, WERLRELD
e B ACHL S 4 BEiE W B R Do
TWBECARDOTT,

IRI~DLIE, AT E20hEnIE

3 FhL-TJO-7BRC30NREN ERORGEE. 1007, 2— RS (VA0 1mmE) B
EELNFONMEONERILT. aROIRTT o J0TE S,

WPITIIChETL LICEF - 5%
BAICHBTEILEEMLTVETR
304 EFEESTEHMLTY
S5, WRENMTFLWHLLIELTWS
(MA3): wEEZTLMBLTwLEbIT
T. Kt FeM@dyscicd.
Th, THEBTIRHNEEA.
LTI EREBLEL LS.
ARz O RN RS ZOF
EHEEENThBILOEANS, T
AN ECETLTETVWESEA. &£
RS LAILRELTETER V. K2
ORISR CET o, TS
MR evwn T, BibizEs
HHEREF-TEMMLALEER

T, BvdEFZREaTvin £
FEEEA S S, WG E 1005 L
G, TTTELRT T SdhouvE
TR ABORAREZG0 A6l
Livevy, £TETHHARL TR W
rhlitdew, 100 MR- T. W
HTHTLETALLIZLETLEY. #
RIRTELEICENVET, bEAAR
Wiz EFL. EEFEHETER
2008 F6TF. THPLF 2l
ATHET. $HETEHTF<TAHART
E5TLET |

37— V<2 ONTERTI0EIREICE
. PEOW (3. slustal) DEICOEDODREED
EE=TAIEIAE, —20&0nETPATEAYAR
RANETY.

BREicNEES o TVaDE, TESRERRE<EEDS
SCEOURBUe LR, TLTESCSTEDLEL. BHIC
EHCHERCEEPoTaATPEDENTSEBLET.
SLACREDFICENMICEETHSLEL. Ea0CLEERL
—Sd2TLE. BRERDUTEY cEEICHE T A EE
HEoTEElLTLEOh.

e CRAEDRBREOMNAT LIz TTH a8k
SRR EfAdL G, &ssandilicEoTund
bR NATRUE L.

itEaHziErOEE i s TERACEBLTLEY, B8
BOETHaTLS LN, TOEEHSOAMPERSHICE
FoTLEY. LBV AC—SBLLWDE. E2ERAY
BHF A 0XELEBEEVNSCETY. EEAE, BRTO
HETRAYTSDEAETY. LL. {RERRATSCE
[T & LAELEHNE. ERICELATT L.

£z [F«AHIN—] BF—D=EFROTYE. FsR2HJ0
_

U=—FaF r/AFRELGHMERT
&h, TUTTORASFHEHICATE
ERERFTF v ALSHNHTT.
FETEHRATEIMzEEDET.,
HRERROBLTTR. RREEY
[CEEDHF SDIRERDS S ME0HT
BTy, TPOSELETarEMRE
SoRB o< CEalETY. UL
THER. ENCRDFRECEERETS. TNENHEAET [C
CES] EANTESRTOBONCICESHEVNT &S LI
L1, (O | ] REFESHS. [H. ClrdELE]
ERSTEDSTLESRSAIEESHEL. ZOIVER—L
SUOBHLIL, EHGEE, EREFALL LR TERL
FEBOTVETY. (E2RF < ZHITU—TT. EFDBEELS
ERED. SLAICEF AWM TUVSATY. ELTE
LALDEEEL COOVER—2 32 AITT,

TEZES IUAZE A Imilsil Vol.2, pp. 2-5 (2009).

76

BM T RLEE ¥FH . EERS

—
Reproduction of ATV R - AU AE2— HEOLE, ZLTRRE BT -5 FORIETHREI DM B L

milsil E1



U. S. Short-stay Report - A. Chigiri, WPI Administrative Office

I studied in Santa Barbara, California, in the U.S. for about five months, from the end
of October 2008 to mid-March in 2009. I attended a language school to brush up my
English first, and I worked as an intern at a local city college for the last month or so. I
am now writing this report by looking back on my stay in America. I experienced a
variety of things there. Of such experiences, I would like to mention one of my bitter
experiences.

One day, I went to the city library because I wanted to print out some documents. I
asked the person in charge at the library how to use the machine. She explained it to me,
but I could not understand her very well, so I asked her again. She explained again. I
still could not understand her very well, although I could catch her English this time. I
mean I knew what she said, but I still could not “understand” it. “You don’t seem to
understand what I mean,” she said in the end. I remember that I was bitterly
disappointed and felt the stress of living abroad.

I later learned that other libraries, including those at schools, adopted similar systems.
If it had not been my first time to use one, I probably could have understood her
explanation.

This experience taught me that prior, background knowledge is as important as
knowing the language to “understand” someone or something. We tend to communicate
with the assumption that the person we are talking to probably has the same recognition
we have. We have to be careful about this. When you explain your work to foreign
researchers, even if you use English to explain in the same manner as you explain to
Japanese researchers in Japanese, they might not understand you. You will sometimes
need to start from the basic knowledge we Japanese people intrinsically know. In
addition, they often respond in unexpected ways. They might not actually understand
what you expect them to understand without explanation. Thus, it is more difficult than
you think to provide correct information to others.

People from different countries have different cultures and ideas as a matter of course.
Roughly speaking, Japan has only one race and one language. Compared with people in
Western nations and the U.S., we Japanese seem to be conservative in accepting things
that are different. On the other hand, while they have a shorter history, American people
accept others and respect individuals. I felt that they had surely established a culture that
Japan does not have.

Life in America was not so difficult for an outsider like me. (However, I could never
get used to their eating habits until the end of my stay.) I am sure that it was thanks to
the background of the country accepting immigrants and the cheerfulness that is
characteristic of the people.

I had many pleasant, difficult, and frustrating experiences during my stay in the U.S. I
also realized some of the merits of Japan, which I noticed for the first time because of
living away from Japan. It is impossible to inscribe all of them here, but each of them
was something I could not have experienced in Japan, and they helped me discover
something important. I believe all of the experiences will be useful for my work in the
future.
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WPI-AIMR
Newly Appointed Research Staff



Curriculum Vitae

Dirk EHRENTRAUT

Associate Professor
E-mail: ehrentraut@wpi-aimr.tohoku.ac.jp

ACADEMIC:
1995 Diploma (German equivalent to M.S.), Humboldt-University to Berlin,
Germany
2003 Dr. Sci. in Swiss Federal Institute of Technology Lausanne (EPFL), Switzerland

PROFESSIONAL EXPERIENCE:
1995-1997 Researcher, the Leibniz-Institute of Crystal Growth, Germany
1997-2003 Researcher, EPFL, Switzerland
2004-2007 Visiting Associate Professor, Tohoku University
2007-2008 Visiting Professor and Research Professor, Tohoku University
2008-present  Advisor to companies
2009 Invited Senior Researcher, Institute of Materials Research and Engineering,
A-STAR, Singapore
2009-present  Associate Professor, WPI-Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:
4 Solvothermal technology to fabricate high-quality group-IlI nitride crystals
4 ZnO bulk and film as semiconducting scintillator

Akihiko HIRATA

Assistant Professor
E-mail: hirata@wpi-aimr.tohoku.ac.jp
URL: http://www.wpi-aimr.tohoku.ac.jp/chen_labo/

ACADEMIC:
1998 B.E. in Science and Engineering, Waseda University, Japan
2000 M.E. in Science and Engineering, Waseda University, Japan
2003 Dr. Eng. in Science and Engineering, Waseda University, Japan

PROFESSIONAL EXPERIENCE:

2003-2006 Research Associate, Institute of Scientific and Industrial Research, Division of Advanced
Materials Science and Technology, Osaka University, Japan
2006-2009 Assistant Professor, Institute of Scientific and Industrial Research, Division of Advanced

Materials Science and Technology, Osaka University, Japan
2009-present  Assistant Professor, Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:

4 Structural studies of alloys and intermetallics using transmission electron microscope
4 Studies on local atomic structure and crystallization process in metallic glasses

81



Curriculum Vitae

Keith MCKENNA

Assistant Professor
E-mail: k.mckenna@ucl.ac.uk
URL: www.cmmp.ucl.ac.uk/~kpm/people/keith.htm

ACADEMIC:
2001 M. Phys in Physics, University of Leeds, UK
2005 Ph.D., University of Leeds, UK

PROFESSIONAL EXPERIENCE:
2005-2009 Research Fellow, University College London, UK
2009 Visiting Senior Research Fellow, Angstrom Laboratory, Uppsala University, Sweden
2009-present  Assistant Professor, WPI-Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:
My research aims to understand the properties and functionality of nanoscale and nanostructured materials
by developing and applying a range of theoretical and computational approaches. Current research topics
include:

4 Defect segregation and charge trapping at grain boundaries in polycrystalline materials

4 Electronic and optical properties of metal-oxide nanocrystallites

4 Dynamics, structure and properties of metallic nanoparticles in liquid and gaseous environments

4 Electronic properties of supported metal clusters

Takeo OHSAWA

Assistant Professor
E-mail: ohsawa@wpi-aimr.tohoku.ac.jp
URL: http://www.wpi-aimr.tohoku.ac.jp/hashizume_labo/home.html

ACADEMIC:
2001 B.E. in Engineering, Tokyo Institute of Technology, Japan
2003 M.E. in Engineering, Tokyo Institute of Technology, Japan
2006 Dr. Eng., Tokyo Institute of Technology, Japan

PROFESSIONAL EXPERIENCE:
2006-2007 Postdoctoral fellow, National Institute for Materials Science (NIMS), Japan
2007-2009 Post Doctoral Research Associate, Pacific Northwest National Laboratory (PNNL), USA
2009-present  Assistant Professor, WPI-Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:

4 Epitaxial growth and properties at surfaces and interfaces of widegap oxides
4 Atomic-scale studies of epitaxial oxides using scanning probe microscopy
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Curriculum Vitae

Toyoto SATO

Assistant Professor
E-mail: toyoto@imr.tohoku.ac.jp

ACADEMIC:
2001 B.E. in Mechanical Engineering, Shibaura Institute of Technology, Japan

2006 Ph.D. in Chemistry, Stockholm University, Sweden 3 ‘.

PROFESSIONAL EXPERIENCE:
2006-2007 Postdoctoral Fellow, Department of Chemistry and Biochemistry,
Arizona State University, USA
2007 Postdoctoral Fellow, Institute for Materials Research, Tohoku University, Japan
2007-2009 COE Fellow, Institute for Materials Research, Tohoku University, Japan
2009-present  Assistant Professor, WPI Advanced Institute for Materials Research, Tohoku University

3

CURRENT RESEARCH:
4 Hydrogen storage materials
4 Structural investigations by powder x-ray/neutron diffraction

Jun TANG

Assistant Professor
E-mail: tangjun@sspns.phys.tohoku.ac.jp
URL: http://sspns.phys.tohoku.ac.jp/

ACADEMIC:
1996 B.S. in Inorganic Chemistry, Chongqing University of Science
and Technology, P.R.China
2003 M.S. in Inorganic Chemistry, Sichuan University, P.R.China
2006 Dr. in Particle Physics and Nuclear Physics, Institute of High Energy of Physics,
Chinese Academy of Sciences, P.R.China

PROFESSIONAL EXPERIENCE:
1996-2000 Assistant engineer, South-west Bureau of Geological Prospecting, P.R.China
2007-2009 JSPS Fellow, Department of Physics, Tohoku University, Japan
2009-present  Assistant Professor, WPI Advance Institute for Materials Research, Tohoku University

CURRENT RESEARCH:
4 Clathrate-structured thermoelectric materials, single crystal synthesis of iron-based superconductor,
synchrotron radiation x-ray photoelectron spectroscopy.
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Curriculum Vitae

Thomas TREVETHAN

Assistant Professor
E-mail: tomt@wpi-aimr.tohoku.ac.jp

ACADEMIC:
2002 M.S. in Physics, University College London, UK
2005 Ph.D. in Physics, University College London, UK

PROFESSIONAL EXPERIENCE:
2005-2008 Research Fellow, University College London, UK
2009-present  Assistant Professor, WPI Advanced Institute for Material Research, Tohoku University

CURRENT RESEARCH:

4 Long-timescale simulation of complex systems

4 Electronic structure of adsorbed molecules and clusters

4 Multi-scale modeling of scanning probe microscopy experiments

Aleksandr CHEKHOVSKIY

Research Associate

ACADEMIC:
1996 Specialist in Physics, Novosibirsk State University, Russia
2004 Ph.D. in Physics, Institute of Semiconductor Physics, Russia

PROFESSIONAL EXPERIENCE:

2004-2005 Postdoctoral Researcher, Advanced Telecommunication Research
Institute, Japan
2005-2008 Postdoctoral Researcher, Institute of Industrial Science, The University of Tokyo, Japan

2008-2009 Senior Researcher, Institute of Physics and Applied Math., Ural State University, Russia
2009-present  Research Associate, WPI-Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:
4 Materials and their nano-fabrication for new system integration of MEMS/NEMS.
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Curriculum Vitae

Na CHEN

Research Associate
E-mail: chenn@wpi-aimr.tohoku.ac.jp

ACADEMIC:
2001 B.S. in Mechanical Engineering, Tsinghua University, P.R. China
2005 M.S. in Materials Science and Engineering, Tohoku University
2008 Ph. D. in Materials Science and Engineering, Tsinghua University, P.R. Chma

PROFESSIONAL EXPERIENCE:

2008-present Research Associate, WPI advanced Institute for Materials Research, Tohoku
University
CURRENT RESEARCH:

4 Preparation of phase separating bulk metallic glasses and research on their mechanical

Arunabhiram CHUTIA

Research Associate
E-mail: arun@wpi-aimr.tohoku.ac.jp

ACADEMIC:
2001 B.S. in Chemistry, Gauhati University, India
2004 M.S. in Chemistry, Gauhati University, India
2008 Ph.D. in Theoretical and Computational Chemistry, Tohoku University

PROFESSIONAL EXPERIENCE:
2009-present  Research Associate, WPI-Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:

4 Theoretical and computational materials science
4 Parameterization of empirical potentials for metallic alloys using quantum based methods
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Curriculum Vitae

Takeshi HIGUCHI

Research Associate
E-mail: higuchi@mail.tagen.tohoku.ac.jp
URL: http://poly.tagen.tohoku.ac.jp

ACADEMIC:
2003 B.S. in Applied Chemistry, Tokyo University of Science, Japan
2005 M.S. in Chemistry, Hokkaido University, Japan
2008 Dr. Sci., Hokkaido University, Japan

PROFESSIONAL EXPERIENCE:
2006-2007 Junior Research Associate, RIKEN, Japan
2007-2008 JSPS Research Fellow (DC2), Hokkaido University, Japan
2008-2009 JSPS Research Fellow (PD), Tohoku University, Japan
2009-present Research Associate, WPI Advanced institute for Materials Research, Tohoku University

CURRENT RESEARCH:

4 Investigation of the polymer nanoparticles prepared from various kinds of polymers, which include
polymer blends and block copolymers.

4 Fabrication of the novel nano-materials by using self-organization and self-assembly processes based on
polymer science.

Takeshi KOMINO

Research Associate
E-mail: komino@atom.che.tohoku.ac.jp

ACADEMIC:
2004 B.S. in Chemistry, Gakushuin University, Japan
2006 M.S. in Chemistry, The University of Tokyo, Japan
2009 Dr. in Chemistry, The University of Tokyo, Japan

PROFESSIONAL EXPERIENCE:
2009-present  Research Associate, WPI Advanced Institute for Material Research, Tohoku University

CURRENT RESEARCH:
4 Fabrication and characterization of organic semiconductor devices
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Curriculum Vitae

E. P. SAJITHA

Research Associate
E-mail: sajitha@wpi-aimr.tohoku.ac.jp

ACADEMIC:
1997 B.S. in Physics, University of Calicut, India
1999 M.S. in Physics, Kannur University, India
2007 Ph. D. in Physics, Indian Institute of Science, India

PROFESSIONAL EXPERIENCE:
2007-2008 Research Associate, Institute Nanoscience Initiative, Indian Institute of Science, India
2009-present  Research Associate, WPI Advanced Institute for Material Research, Tohoku University

CURRENT RESEARCH:
4 Magnetotransport properties of magnetic thin films and multilayers.

Katsuaki SUGAWARA =

Research Associate
E-mail: k.sugawara@arpes.phys.tohoku.ac.jp

ACADEMIC:
2004 B.S. in Applied Physics, Tokyo University of Science, Japan
2006 M.S. in Physics, Tohoku University
2009 Dr. Sci. in Physics, Tohoku University

PROFESSIONAL EXPERIENCE:
2007-2009 JSPS Fellow, Department of Physics, Tohoku University
2009-present  Research Associate, WPI Advanced Institute for Material Research, Tohoku University

CURRENT RESEARCH:

4 Electronic structure of graphene and related materials (graphite, graphite intercalation compounds,
fullerene, and carbon nanotubes)

4 Electronic structure of one-dimensional quantum metal wires and ultrathin metallic film
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Newly Appointed
Adjunct Professors



Curriculum Vitae of Adjunct Professor

Tsuguo FUKUDA

PRIMARY AFFILIATION:

President

Fukuda Crystal Laboratory Co. Ltd.

6-6-3 Minami-Y oshinari

Aoba-ku, Sendai 989-3204

TEL: +81-22-303-0170
FAX:+81-22-303-0171

E-mail: ts-fukuda@wpi-aimr.tohoku.ac.jp

ACADEMIC:
1964 B.S. in Earth Science, The University of Tokyo, Japan
1971 Dr. Sci., The University of Tokyo, Japan

PROFESSIONAL EXPERIENCE:
1964-1987 Researcher, TOSHIBA Co. Ltd., Japan.
1987-2002 Professor, Institute for Materials Research, Tohoku University
2002-2007 Guest Professor of Tohoku University
2002-2009 Emeritus and Research Professor of Tohoku University
2002-present  President, Fukuda Crystal Laboratory Co. Ltd., Japan
2008-present  Adjunct Professor, WPI-AIMR, Tohoku University

RECOGNITION:

4 The Kahoku Culture Awards (2008)

4 Jan Czochralski Gold Medal (2007)

4 The Japanese Association for Crystal Growth Technological Contribution Award(2004)

4 Medal for the acknowledgements of scientific value and research activities Awarded by Rhone
Administrative Department’s Council(2000)

4 Medaille de la ville de Lyon (Medal of Lyon city)(2000)

4 The Japanese Association for Crystal Growth Paper Prize(1987)

4 The Science and Technology Agency of Japan Minister Prize(1985)

4 The Crystallographic Society of Japan Prize(1984)

4 The Okochi Memorial Prize(1980)
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Curriculum Vitae of Adjunct Professor

Hiroshi JINNAI

PRIMARY AFFILIATION:

Associate Professor

Department of Macromolecular Science and Engineering
Kyoto Institute of Technology

Matsugasaki, Sakyo, Kyoto 606-8585 Japan

Office: +81-75-724-7846

Fax: +81-75-724-7770

E-mail: hjinnai@kit.ac.jp

ACADEMIC:
1988 B.S. in Polymer Chemistry, Kyoto University, Japan
1990 M.S. in Polymer Chemistry, Kyoto University, Japan
1993 Ph.D. in Polymer Chemistry, Kyoto University, Japan

PROFESSIONAL EXPERIENCE:
1993 JSPS Research Fellow, Kyoto University, Japan
1993-1998 Group Leader, ERATO Hashimoto Polymer Phasing Project, Japan Science and
Technology Corporation, Japan
1998-2002 Lecturer, Kyoto Institute of Technology, Japan
2002-present  Associate Professor, Kyoto Institute of Technology, Japan

RECOGNITION:
4 SPSJ (The Society of Polymer Science, Japan) Wiley Award (2006)
4 Ernst-Ruska-Prize 2007 (International Award, The German Society for Electron Microscopy) (2007)
4 Award for Persons of Merit in Industry-Academia-Government Collaboration in FY2008
(Minister of Education, Culture, Sports, Science and Technology Award)(2008)
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Curriculum Vitae of Adjunct Professor

Hidemi SHIGEKAWA

PRIMARY AFFILIATION:
Professor

Institute of Applied Physics,
University of Tsukuba,

Tsukuba, 305-8573 Japan

E-mail: hidemi@ims.tsukuba.ac.jp

ACADEMIC:
1978 B.S. in Applied Physics, The University of Tokyo, Japan
1980 M.S. in Applied Physics, The University of Tokyo, Japan
1986 Ph.D. in Applied Physics, The University of Tokyo, Japan

PROFESSIONAL EXPERIENCE:
1980-1989 Assistant professor, Department of Applied Physics, The University of Tokyo, Japan
1987-1988 Resident Visitor, AT&T Bell Laboratories, Brookhaven National Laboratory, USA
1989-1994 Lecturer, Institute of Materials Science, University of Tsukuba, Japan
1990-2002 Lecturer, Department of Applied Physics, University of Tokyo, Japan
1990-1991 Visiting researcher, Institute for Materials Research, Tohoku University, Japan
1994-2003 Associate professor, Institute of Materials Science, University of Tsukuba, Japan
1994-present  Lecturer, Department of Physics, Chuo University, Japan
1995-1998 Project leader, Nanology, TARA Center, University of Tsukuba, Japan
1997-2000 Associate professor, Department of Chemistry and Biology, The University of Tokyo, Japan
2003-present Professor, Institute of Applied Physics, University of Tsukuba, Japan

CURRENT RESEARCH:
Scanning probe microscopy and related techniques, Surface science, Molecular science, Nanotechnology,

Nano-structured materials, Ultrafast phenomena, Semiconductor physics, Phase transition.

RECOGNITION:

4 Paper Award, The Surface Science Society of Japan, Japan (1991, 1998)

4 Project leader, CREST-JST, Japan (2004-2009)

4 Chief, Thin Film and Surface Division, The Japan Society of Applied Physics, Japan (2006-2008)

4 Director, The Japan Society of Applied Physics, Japan (2007-2009)

4 Editor-in-Chief, OYO BUTSURI, The Japan Society of Applied Physics, Japan (2008-2009)

4 Depute Editor-in-Chief, HYOMEN KAGAKU, The Surface Science Society of Japan, Japan (2008-)
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Curriculum Vitae of Adjunct Associate Professor

Yukiko YAMADA-TAKAMURA

PRIMARY AFFILIATION:

Tenure-track Lecturer

School of Materials Science

Japan Advanced Institute of Science and Technology (JAIST)
1-1 Asahi-dai, Nomi, Ishikawa 923-1292, Japan

Tel: +81-761-51-1581/ Fax: +81-761-51-1149 (MS office)
E-mail: yukikoyt@jaist.ac.jp

ACADEMIC:
1993 B.E. in Materials Science, The University of Tokyo, Japan
1995 M.E. in Metallurgy, The University of Tokyo, Japan
1998 Ph.D. in Metallurgy, The University of Tokyo, Japan

PROFESSIONAL EXPERIENCE:

1995-1998 Research Fellow of the Japan Society for the Promotion of Science (DC1)

1998-2001 Research Fellow of the Japan Society for the Promotion of Science (PD)

1999-2000 Guest Scientist at Max-Planck-Institut fiir Plasmaphysik, Germany

2001-2002 Research Associate of the Japan Society for the Promotion of Science

2002-2006 Research Associate, Institute for Materials Research, Tohoku University

2006-present  Tenure-track Lecturer, School of Materials Science and Research Center for Integrated
Science, JAIST, under the project “Development of Personnel System for Young
Researchers in Nanotechnology and Materials Science” supported by Special

Coordination Funds for Promoting Science and Technology (MEXT)

RECOGNITION:
4 Honda Memorial Foundation: The 46" Harada Young Research Award (2006)
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WPI-IFCAM

International Frontier Center for Advanced Materials (IFCAM) was inaugurated in Institute for
Materials Research (IMR), Tohoku University, in October 2001 to function, simply stated, as the
world-first “materials science think-tank.” With wise steering by past directors, IFCAM has been
performing well in its mission until now by 1) bringing in many world-renown researchers to IMR
in the greater field of materials science/engineering, 2) enlightening / encouraging young scientists,
post-doctoral fellows and graduate students by organizing and supporting workshops/summer
schools, and 3) establishing and coordinating IFCAM branch offices around the world, including
those in Cambridge University, Harvard University, Stanford University, and Institute of Physics,
P.R. China.

We were also so fortunate to have had a government initial-equipment fund in 2002 to acquire
several advanced tools, such as 3-dimention atom-probe tomography (3-D AP) and low energy
electron microscope (LEEM). With untiring effort of able faculty members and their staff / graduate
students, the LEEM program of IFCAM, for instance, has quickly become one of the most active
and successful research centers in the world.

Realizing that [IFCAM and newly established WPI-AIMR have essentially the same mission:
namely, further promote international collaboration and cooperation in innovative research on
advanced materials on a global bases, IFCAM was transferred from IMR to WPI-AIMR, effective
of April 2008.

Briefly stated, WPI-IFCAM has following function and service.
1 . Visiting Professorship

2. Workshops / Summer schools

I . Visiting Professorship

Qualified researchers who may be interested in IFCAM visiting professorship should first contact
the WPI principal investigator(s) of the related research fields. Your contact PIs will initiate the
further process to materialize the joint research.

(1) Tenure: For a period of minimum one month to a maximum of 3 months.

(2) Financial: The salary varies, depending on the qualifications, based on the Tohoku University
regulations. Roughly speaking, “full professor” receives Y600,000 per month and “Associate

Professor” receives Y500,000 per month.
II. Workshops / Summer schools

WPI-IFCAM will financially support the workshops and summer schools, if the scientific aims are

along the WPI-AIMR missions. For more information, please contact WPI Administrative Office.
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WPI Activity Report of Professor Dong-Ryul Jeon
January 16", 2009- March 15", 2009
Host: Professor Tomihiro Hashizume

I got on the train at the airport bound for Sendai station, and the familiar voice of the
recorded announcement reminded me that I was in Sendai. The streets, the stores, the trees,
the people of Sendai looked familiar as I got out of the bus. Since this was my first visit to the
World Premier Institute after it had been established last year, I felt more exciting. When I
saw the completely renovated WPI building, I could hardly believe that it used be the oldest
faded university building in the kifamon area and I could read the strong will of the WPI
leaders. The old but entirely new building was where I was going to work for two months.

The research I planned to conduct during this visit was about the organic thin film,
especially the organic film/metal interface for application to electronic devices in mind. The
structural and electrical properties of the metal/organic interface are a key issue for successful
control of organic devices such as organic solar cells, organic light emitting diodes and
organic thin film transistors. I liked to narrow my interest in the study of interface using
electric force microscopy (EFM) and simultaneous measurement of -V characteristics in
order to investigate the charge accumulation and depletion at the Al/pentacene/Au interface.
This system exhibits a diode characteristic due to the Schottky barrier forming at the
Al/pentacene interface and the ohmic contact at the pentacene/Au interface. Interestingly, we
found that the current kept increasing in the forward direction even though the bias voltage is
fixed. If we can use EFM to measure the charge at the interface during the current change, it
would help understand how the interface affects the device performance and we can control
the device by modifying the interface.

Although the lab was not fully ready because moving to the new facility was not
completed yet, I could manage to conduct experiments. The EFM phase image of the cross
section of the sample showed the amount of interface charge which changed with time and
was dependent on the bias voltage polarity. When negative bias voltages below -2 V were
applied to the Al electrode, the current decreased momentarily and then increased. The EFM
phase image in this case showed a strong initial charge accumulation at the Al/pentacene
interface which depleted slowly with the increase of the current. On the other hand, when the
positive bias voltages was applied to the Al electrode, the current decreased immediately and
stopped, and the EFM phase image did not show any change. The overall results indicated
that the barrier deformation due to the charge accumulation at the Al/pentacene interface is
the reason for the current increase with time for the forward bias.

Cross sectional EFM was utilized in the past for the study of dopant density of Si and
compound semiconductors, but not for the organic/metal interface. Our cross sectional EFM
for the study of Al/pentacene/Au was the first such attempt.

The initial success I achieved from this visiting research at WPI is very encouraging for it
confirmed a possibility that cross sectional EFM can be a useful diagnostic tool in the
development of organic electronic device by interface modification. For all this, I am deeply
indebted to professors Sakurai, Hashizume, Hitotsugi who invited me and who became my
host. Every member of Hashizume group was a great help. Without them, I could not have
done anything. I also thank Ms. Sato at the WPI office for the administrative work. I look
forward to visiting WPI-AIMR again in the near future. It always stimulates me and creates
something out of me.
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WPI Activity Report of Dr. Satyabrata Raj
January 19", 2009- March 30", 2009
Host: Professor Takashi Takahashi

I visited WPI-AIMR, Tohoku University, Sendai Japan from 19t Jan, ~ 301 March,
2009. I strongly collaborated with Prof. Takahashi’s group to investigate few very interesting
unsolved problems. It could be possible only because of the availability of world-class high-
resolution angle-resolved photoemission (ARPES) spectrometer at Tohoku laboratory.

We investigated evolution of Charge Density Wave (CDW) state in monophosphate
tungsten bronze, namely P4W 1,044 and P4W 405, a very interesting low-dimensional class of
compounds. Phosphate tungsten bronzes, (PO2)4(WO3)2m have created enormous interest
due to its strong anisotropic structure builds up with chains. The essential building blocks are
perovskite-type layers made up of WOG6 octahedral and linked across PO4 tetrahedral. Due to
this layer structure, all the phosphate tungsten bronzes have a 2D character. We have carried
out high-resolution angle-resolved photoemission spectroscopy on mono-phosphate tungsten
bronze PsW 2044 and P4yW 4050, [(PO2)4(WO3),,,, m = 6 and 7] at well below and above the
CDW transition temperature (Tcpw: = 60 K). The experimentally determined band structure
from ARPES is compared with the band calculation. We mainly observed three bands in the
vicinity of Er. A good agreement has been found between these electronic bands and the
theoretical calculation. We found that the intensity at Er is reduced at well-nested part
whereas the other part of FS contributes to its conductivity, making the system overall
metallic even below Tcpw.

Another very interesting system we investigated is the metal-insulator transition on
sodium tungsten bronze, Na,WO;. We carried out high-resolution angle-integrated
measurements on Na,WO; (x = 0.075) with variation of temperature. We found that the
insulating behavior in low Na,WO; doping arises from the Anderson localization of all the
states near Ep due to the strong disorder caused by inserting Na in a WO; lattice.
Simultaneously a soft Coulomb gap arises at Er and consequently the density of states (DOS)
vanishes at Ep. This gap arises due to the long-range interaction of the electrons trapped due
to the strong disorder caused by Na doping. We fit the experimental DOS near Er with a
function of (E — Ey) * + C, where C is a constant, and found that o is close to 2. Hence, we
conclude that the presence of disorder together with long-range Coulomb interactions leads to
the formation of a soft Coulomb gap at Er in this system, this being responsible for its
insulating properties.
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Open House of Integration Laboratory of the WPI-AIMR
On May 22, 2009

The first and second phase construction of the WPI-AIMR laboratories consisting of
five-story with some 9,000 square meters has been completed recently and we will be
having an opening ceremony on the afternoon of Friday, May 22, 2009. The new facility
is located on the north-east corner of IMR (Institute for Materials Research) campus.

The first part was completed in August 2008 with 3,650 square meters and a large
portion of it has already been occupied by WPI-AIMR research groups. Newly acquired
advanced research tools, such as UNISOKU low-temperature, high-magnetic field
scanning probe microscope (SPM) and JEOL Field-emission type transmission electron
microscope (TEM), have been installed and are in operation.

The second part of the project involving 5,350 square meters connected to the first

phase building was completed at the end of March 2009. Currently, the relocation of

instrumentation and offices is occurring and this transition will be completed by the
second week of May, the end of the Golden Week.

Professor Venky Narayanamurti, founding Dean of the School of Engineering and
Applied Science at Harvard, and WPI-AIMR Advisory Board member, will be a

featured speaker among other distinguished speakers at the ceremony.
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Metallic glasses are currently at the cutting edge of metal research and will be the subject of a
meeting of experts in Grenoble August 25-28, 2009 (WPI-EUROPE-INPG). Leading European,
Japanese and international scientists will present keynote lectures and young scientists will
report on the latest results. All scientists active in the field are cordially invited to participate. In
order to enhance focused interactions, we plan to limit the number of participants to 100.

If needed a quota will be set up to promote participation of female scientists and students.

For more information, please visit the following website :
http://wpi-europe.inpg.fr/index files/WPI Europe Home.htm

Keynote (tentative):

A.Inoue (WPI-Japan)- President of Tohoku University

H. Rohrer (Switzerland)- Chairman of WPI International Advisory Board
H. Gleiter (Germany)- Member of WPI International Advisory Board

W.L. Johnson (USA) D. Miracle (USA) J. Eckert (Germany) J. Loeffler (Switzerland)
A.R. Yavari (WPI-France) B. Cantor (UK) C. A. Schuh (USA) W. H. Wang (China)
A.L. Greer (WPI-UK) K. Samwer (Germany)  W.J. Botta (Brazil) L. Battezzati (Italy)

A. Argon (USA) E. Ma (USA) M. Atzmon (USA) P. Liaw (USA)

F. Spaepen (USA) T.G. Nieh (USA) T. Kulik (Poland) C. Kiminami (Brazil)

T. Hashizume (WPI-Japan) C. Volkert (Germany) G. Evangelakis (Greece) T. Rouxel (France)

J. Perepezko (USA) H. Fecht (Germany) T. Zhang (China) Do Hyang Kim (Korea)

Oral (invited-tentative):

M. Barrico (Italy) D. Louzguine (WPI-Japan) N. Lupu (Romania) D. Dudina (France)

G. Vaughan (France) Y. Yokoyama (WPI-Japan) F. Dalla Torre (Switzerland) M. Aljerf (France)

R. Portier (France) A. Vinogradov (Japan) K. Nakajima (WPI-Japan) K. Hajlaoui (Tunisia)

A. Takeuchi (WPI-Japan) E. Blanquet (France) C. Lekka (Greece) T. Hitosugi (WPI-Japan)
V. Keryvin (France) J.J. Blandin (France) J. Antonowicz (Poland) H. Komatsu (WPI-Japan)
M-W. Chen (WPI-Japan) M. Stoica (Germany) K. Georgarakis (WPI-France) K. Nakayama (WPI-Japan)

Contact:
Secretariat WPI-Europe 2009 SIMAP- INPG, 1130 rue de la Piscine,
Tel/Fax:+33(0)4.76.82.65.16 38402 St Martin d'Heres, France

e-mail: euronano@minatec.inpg.fr

Deadlines:
Abstract submission: June 15th, 2009
Electronic registration: June 15th, 2009
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Junior Faculty/Post-Doctoral Positions

Tohoku University
WPI-AIMR

Effective October 1, 2007, Tohoku University created a new Research Institute, the
Advanced Institute for Materials Research (AIMR), based on an initiative of the
Japanese Department of Education (MEXT) for World Premier International Research
Center Initiative (WPI) to bring together scientists involved in research on nano-science
and technology.

In the 21% century, material science, broadly defined as the study of how complex/novel
properties arise in matters/materials from the interactions of individual components, will
comprise of inter-discipline collaboration.

(HTTP://WWW.WPI-AIMR. TOHOKU.AC.JP).

Over the next few years, as many as one hundred new appointments at the levels of
post-doctoral fellows and junior faculty will be available. All innovative researchers are
welcome as active promoters of basic/applied sciences in the fields of physical
metallurgy, physics, chemistry, precision mechanical engineering and electronic /
informational engineering.

We are continuously looking for excellent applicants throughout the year.
Please submit

1) a curriculum vitae,

2) research proposal (<3,000 words),

3) summary of previous research accomplishments (<2,000 words),
4) copies of 5 significant publications, and

5) 2 letters of recommendation

by email to yoshi@mail.tains.tohoku.ac.jp,
sakurai@imr.tohoku.ac.jp, and

wpi-office@bureau.tohoku.ac.jp.

All files must be submitted electronically in pdf or Word format.

Applications from, or nominations of, women and minority candidates are encouraged.
Tohoku University WPI-AIMR is an affirmative action / equal opportunity employer.
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Graduate Student Scholarship
In Materials Science/Engineering

WPI-AIMR
Graduate Student scholarship

Effective October 1, 2007, Tohoku University created a new Research Institute, the
Advanced Institute for Materials Research (AIMR), based on an initiative of the
Japanese Department of Education (MEXT) for World Premier International Research
Center Initiative (WPI) to bring together scientists involved in research on nano-science
and technology.

In the 21% century, material science, broadly defined as the study of how complex/novel
properties arise in matters/materials from the interactions of individual components, will
becomes an essential and most important research topics

(HTTP://WWW.WPI-AIMR. TOHOKU.AC.JP).

TU WPI-AIMR is now looking for young motivated Ph.D. graduate student candidates
in the fields of physical metallurgy, physics, chemistry, mechanical engineering and
electronic / informational technology. All innovative M. S. students are welcome as
active promoters of basic/applied sciences in these fields.

Applications are continuously screened throughout the year.
Please submit

1) a curriculum vitae,

2) research proposal (<1,000 words),

3) 2 letters of recommendation,

by email to

yvoshi@mail.tains.tohoku.ac.jp,

sakurai@imr.tohoku.ac.jp, and
wpi-office@bureau.tohoku.ac.jp.

All files must be submitted electronically in pdf or Word format.
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WPI-AIMR
Workshop Guideline

Tohoku University’s new Research Institute, the Advanced Institute for Materials
Research (WPI-AIMR) solicits several applications per year for International
Workshops in the field of “broadly defined Materials Science.”

Guidelines:

1) Organizers

Qualified research staff of academic institutions and public or private research
establishments can submit the application for an international workshop to be held at
WPI-AIMR or its Satellite branches, jointly with the WPI-AIMR principal
investigator(s) whose research interest overlaps with the scope of the workshop.

2) Financial support

Under normal circumstances, WPI-IMR supports up to 2/3 of the workshop budget,
while the organizer is expected to cover the rest.

3) deadline

The application must be received at least four months in advance

to

yoshi@mail.tains.tohoku.ac.jp,

sakurai@imr.tohoku.ac.jp, and
wpi-office@bureau.tohoku.ac.jp.

All files must be submitted electronically in pdf or Word format.
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2009 WPI-AIMR Annual Workshop
March 1-6, 2009
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Award Party
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i

e W
—

—

o ——

—
f__o

X-30



X-31



SKI Conference in Salt Lake City
March 20-22, 2009
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Administration

e

A. Inoue Y. Kitamura T. Sakurai Y. Yamamoto

T. Adschiri K. Akagi K. Akiyama A. Al-Mahboob Z. An A. Chekhovskiy

QOHA

L. Chen M. Chen N. Chen A. Chutia D. Ehrentraut M. Esashi

Research stgff

‘

8

-
e

a’

S. Fujinami T. Fujita N Fukui K. Georgarakis  T. Gessner A. Greer

K. Hemker T. Higuchi T. Hashizume H. Hiraga

288

A. Hirata T. Hitosugi

K. Horigane Y. lkuhara

M. Kawasaki T. Komino

'I 1
A. Kuzume M. Lagally

D. Louzguine

X-35



T. Miyazaki
L

o
h X :

S. Mizﬁkami M. Muroyama K. Nakajima K. Nakayama M. Nakazawa T. Nishi

-

R. Nouchi T. Ohsawa P. Richard T. Russell

M. Saito E. Sajitha S. Sanchez M. Shimomura A. Shluger

e b NO PHOTO )
K. Sugawara T. Takahashi A. Takeuchi H. Tamura

M. Tokuyama T. Trevethan M. Tsukada S. Tsukimoto

29

D. Watanabe P. Weiss

.,
S. Simdy

K. Yamada M. Yamaguchi

X-36



Y. Yasui A. Yavari S. Yoshida J.Yu
Supporting staff

Y. Chiba A. Chigiri N. Daigaku

H. Hirayama K. Kamoshida Y. Kobayashi H. Komatsu N. Konohara Y. Ohtomo

‘ I

A. Okamoto T. Okazaki

a L - -

K. Sato A. Umezawa S. Unoura Y. Wagatsuma Y. Yanagawa H. Yoshida

E. Hagita K. Hashimoto

-

M. Onodera A. Saito |. Saito

: 2 -
M. Yoshida l. Zeniya

X-37



DIRECTORY

Name

Phone Number

As of April 24, 2009

E-mail Address

(+81-(0)22- )

<Adschiri Group>

1.  ADSCHIRI, Tadafumi (PI, Prof.) 217-5629
2. HOJO, Daisuke (Assist. Prof.) 217-5631
3. MINAMLI, Kimitaka (Assist. Prof.) 217-5631
4. RANI Varu (Research Assist.) 217-5630
5. YOO, Jungwoo (Research Assist.) 217-5630
<Chen Group>
6. CHEN, Mingwei  (PI, Prof.) 215-2143
7. FUIJITA, Takeshi (Assist. Prof.) 215-2139
8. CHEN, Luyang (Research Assoc.) 215-2138
9. GUAN, Pengfei (Research Assoc.) 215-2138
10. ZHANG, Xuefeng (Research Assoc.) 215-2138
<Esashi Group>
11. ESASHI, Masayoshi (P, Prof.) 795-6934
12.  AKIYAMA, Kotone (Assist. Prof.) 795-6258
13.  MUROYAMA, Masanori (Assist. Prof.) 795-6256
14.  YOSHIDA, Shinya  (Assist. Prof.) 795-6468

<Gessner Group>

15. GESSNER, Thomas (PI) +49- 371-53124060

16.  LIN, Yu-Ching (Assist. Prof.) 795-6256

17. CHEKHOVSKIY, Aleksandr (Research Assoc.)

<Greer Group>

18. GREER, Alan Lindsay (PI) +44-1223-334308

19. MADGE, Shantanu V. (Research Assoc.) 217-5956

X-41

ajiri@tagen.tohoku.ac.jp
dhojo@tagen.tohoku.ac.jp
nankim@tagen.tohoku.ac.jp
chauhan@mail.tagen.tohoku.ac.jp

jw-yoo@mail.tagen.tohoku.ac.jp

mwchen@wpi-aimr.tohoku.ac.jp
tfujita@wpi-aimr.tohoku.ac.jp
chenly@wpi-aimr.tohoku.ac.jp
pf.guan@wpi-aimr.tohoku.ac.jp

xfzhang@wpi-aimr.tohoku.ac.jp

esashi@mems.mech.tohoku.ac.jp
akiyama@mems.mech.tohoku.ac.jp
muroyama@mems.mech.tohoku.ac.jp

s-yoshida@mems.mech.tohoku.ac.jp

thomas.gessner@zfm.tu-chemnitz.de

yclin@mems.mech.tohoku.ac.jp

algl3@cam.ac.uk

shantanu.madge@wpi-aimr.tohoku.ac.jp



Name

Phone Number

E-mail Address

(+81-(0)22- )

<Hashizume Group>

20.

21.

22.

23.

24.

25.

26.

HASHIZUME, Tomihiro (PI)

HITOSUGI, Taro (Assoc. Prof.)
AL-MAHBOOB, Abdullah (Assist. Prof.)
IWAYA, Katsuya (Assist. Prof.)
OHSAWA, Takeo (Assist. Prof.)

FUKUI, Nobuyuki

(Research Assoc.)

SHIMIZU, Ryota (Research Assist.)

< Hemker Group>

27.

HEMKER, Kevin (PI)

<Ikuhara Group>

28.

29.

30.

31.

IKUHARA, Yuichi (PI)
TSUKIMOTO, Susumu  (Lecturer)
SAITO, Mitsuhiro (Assist. Prof.)

WANG, Zhongchang (Research Assoc.)

<Inoue Group>

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

INOUE, Akihisa (PI, President of TU)
LOUZGUINE, Dmitri V. (Prof.)
NAKAYAMA, Koji (Assoc. Protf.)

TAKEUCHI, Akira ( Assoc. Prof.)
YOKOYAMA, Yoshihiko

[Assoc. Prof. (Concurrent)]

QIN, Chunling (Assist. Prof.)
ZHANG, Qingsheng (Assist. Prof. )
HIRATA, Akihiko (Assist. Prof. )

CHEN, Na ( Research Assoc. )

SANCHEZ, Sergio Gonzalez (Research Assoc.)

YU, Jinshan (Research Assoc.)

LI, Song (Researcher)

+81-49-2966111

217-5944

217-5948

217-5948

217-5948

217-5948

217-5948

+ 1- 410- 5164489

+81-3-58417688

217-5934

217-5933

217-5933

217-4800

217-5957

217-5956

217-5956

215-2199

217-5956

217-5956

217-5959

217-5956

217-5956

217-5956

217-5956

X-42

tomihiro.hashizume.qb@hitachi.com
hitosugi@wpi-aimr.tohoku.ac.jp
aal-mahboob@wpi-aimr.tohoku.ac.jp
iwaya@wpi-aimr.tohoku.ac.jp
ohsawa@wpi-aimr.tohoku.ac.jp
n-fukui@wpi-aimr.tohoku.ac.jp

shimizu@chem.s.u-tokyo.ac.jp

hemker@jhu.edu

ikuhara@sigma.t.u-tokyo.ac.jp
tsukimoto@wpi-aimr.tohoku.ac.jp
saito@wpi-aimr.tohoku.ac.jp

zcwang@wpi-aimr.tohoku.ac.jp

ainoue@imr.tohoku.ac.jp
dml@wpi-aimr.tohoku.ac.jp
kojisn@wpi-aimr.tohoku.ac.jp
takeuchi@wpi-aimr.tohoku.ac.jp

yy@imr.tohoku.ac.jp

clqin@wpi-aimr.tohoku.ac.jp
gszhang@wpi-aimr.tohoku.ac.jp
hirata@wpi-aimr.tohoku.ac.jp
Chenn@wpi-aimr.tohoku.ac.jp
sergiogs@wpi-aimr.tohoku.ac.jp
yujinshan@imr.tohoku.ac.jp

lisong@wpi-aimr.tohoku.ac.jp



Name

Phone Number

E-mail Address

(+81-(0)22- )

<Itaya Group>

44,

45.

46.

47.

ITAYA, Kingo (PL, Prof.)
KUZUME, Akiyoshi (Assist. Prof.)
JUNG, Changhoon (Research Assoc.)

KOMINO, Takeshi (Research Assoc.)

<Kawasaki Group>

48.

49.

KAWASAKI, Masashi  (PI, Prof.)

MAKINO, Takayuki (Lecturer)

50. UENO, Kazunori (Assist. Prof.)

51. HIRAGA, Hiroki (Research Assoc.)
<Lagally Group>

52. LAGALLY,Max G. (PI)
<Miyazaki Group>

53. MIYAZAKI, Terunobu (PI, Prof.)

54. MIZUKAMI, Shigemi (Assist. Prof.)

55. SAJITHA, E.P. (Research Assoc.)

56. WATANABE, Daisuke (Research Assoc.)

57. WU, Feng (Research Assoc.)

<Nakazawa Group>

58.

NAKAZAWA, Masataka ( PI)

<Nishi Group>
59. NISHI Toshio ( PI, Prof.)
60. NAKAIJIMA, Ken (Assoc. Prof.)
61. FUJINAMI, So (Research Assoc.)
62. WANG, Dong (Research Assoc.)
<Ohmi Group>
63. OHMLI, Tadahiro (PI)

795-5868

795-5869

795-5869

795-5869

215-2085

217-5600

215-2088

217-5600

+1-608-2632078

217-6000

217-6003

217-6003

217-6003

217-6004

217-5522

217-5926

217-5927

217-5928

217-5928

795-3952

X-43

itaya@atom.che.tohoku.ac.jp
kuzume@atom.che.tohoku.ac.jp
cjung@atom.che.tohoku.ac.jp

komino@atom.che.tohoku.ac.jp

kawasaki@imr.tohoku.ac.jp
tmakino@jimr.tohoku.ac.jp
uenok@imr.tohoku.ac.jp

hiraga.hiroki@imr.tohoku.ac.jp

lagally@engr.wisc.edu

miyazaki@wpi-aimr.tohoku.ac.jp
mizukami@wpi-aimr.tohoku.ac.jp
sajitha@wpi-aimr.tohoku.ac.jp
watanabe@wpi-aimr.tohoku.ac.jp

fengwu@wpi-aimr.tohoku.ac.jp

nakazawa(@riec.tohoku.ac.jp

nishi.toshio@wpi-aimr.tohoku.ac.jp
knakaji@wpi-aimr.tohoku.ac.jp
fujinami@wpi-aimr.tohoku.ac.jp

wangdthu@wpi-aimr.tohoku.ac.jp

ohmi@fff.niche.tohoku.ac.jp



Name

Phone Number

E-mail Address

(+81-(0)22- )

<Russell Group>

64. RUSSELL, Thomas (PI) +1-413-5452680

<Shimomura Group>

65. SHIMOMURA, Masatsugu (PI, Prof.) 217-5329
66. ISHII, Daisuke (Assist. Prof.) 217-5824
67. HIGUCHI, Takeshi (Research Assoc.) 217-5825

<Shluger Group>

68. SHLUGER, Alexander (PI)  217-5942 /+44-171-391-1312

69. TREVETHAN, Thomas (Assist. Prof.) 217-5942
70. MCKENNA, Keith (Assist. Prof.) 217-5942
<Takahashi Group>
71. TAKAHASHI, Takashi (PI, Prof.) 217-6417
72. RICHARD, Pierre (Assist. Prof.) 795-6477
73. SOUMA, Seigo (Assist. Prof.) 795-6477
74. SUGAWARA, Katsuaki (Research Assoc.) 795-6477
<Tanigaki Group>
75. TANIGAKI, Katsumi (P, Prof.) 795-6469
76. JU,Jing (Assist. Prof.) 795-6468
77. NOUCHIL Ryo (Assist. Prof.) 795-6468
78. TANG, Jung (Assist. Prof.) 795-6468
79. LI, Zhaotfei (Research Assoc.) 795-6468
<Tokuyama Group>
80. TOKUYAMA, Michio (PI, Prof.) 217-5953
81. SIMDYANKIN, Sergey (Assist. Prof.) 217-5955
82. XU, Limei (Assist. Prof.) 217-5955
83. CHUTIA, Arunabhiram (Research Assoc.) 217-5954
84. NARUMI, Takayuki (Research Assist.) 217-5954

X-44

russell@mail.pse.umass.edu

shimo@tagen.tohoku.ac.jp
dishii@tagen.tohoku.ac.jp

higuchi@mail.tagen.tohoku.ac.jp

a.shluger@ucl.ac.uk
tomt@wpi-aimr.tohoku.ac.jp

k.mckenna@wpi-aimr.tohoku.ac.jp

t.takahashi@arpes.phys.tohoku.ac.jp
p.richard@arpes.phys.tohoku.ac.jp
s.souma@arpes.phys.tohoku.ac.jp

k.sugawara@arpes.phys.tohoku.ac.jp

tanigaki@sspns.phys.tohoku.ac.jp
jujing@sspns.phys.tohoku.ac.jp
nouchi@sspns.phys.tohoku.ac.jp
tangjun@sspns.phys.tohoku.ac.jp

zfli@sspns.phys.tohoku.ac.jp

tokuyama@wpi-aimr.tohoku.ac.jp
simdyankin@wpi-aimr.tohoku.ac.jp
limei.xu@wpi-aimr.tohoku.ac.jp
arun@wpi-aimr.tohoku.ac.jp

takayuki.narumi@wpi-aimr.tohoku.ac.jp



Name

<Tsukada Group>

85.

86.

87.

88.

89.

90.

TSUKADA, Masaru (P, Prof. )
AKAGI, Kazuto (Assoc. Prof.)
TAMURA, Hiroyuki (Assist. Prof.)
HAMADA, Ikutaro (Assist. Prof.)
MASAGO, Akira (Research Assoc.)

ARAIDAI, Masaaki (Researcher)

<Wan Group>

91.

92.

WAN, Li-Jun (PI)

WEN, Rui (Research Assoc.)

<Weiss Group>

93.

WEISS, Paul S. (PI)

<Xue Group>

94.

95.

XUE, Qikun  (PI)

LIU, Hongwen (Assist. Prof.)

<Yamada Group>

96.

97.

98.

YAMADA, Kazuyoshi (PI, Prof.)

SATO, Toyoto (Assist. Prof.)

HORIGANE, Kazumasa (Research Assoc.)

<Yamaguchi Group>

99.

100.

101.

YAMAGUCHI, Masahiko  (PI, Prof.)

YASUI, Yoshizumi (Assist. Prof.)

AN, Zengjian (Research Assoc.)

<Yavari Group>

102.

103.

YAVARI, Alain Reza (PI)

GEORGARAKIS, Konstantinos

Phone Number

E-mail Address

(+81-(0)22- )

217-5937

217-5940

217-5938

217-5938

217-5939

217-5939

+86-62558934

217-5869

+1-814-8653693

+86-10-62795618

217-5948

215-2035

215-2039

215-2038

795-6812

795-6815

795-6815

+33-(0) 4 76 82 6516

(Research Assoc.)

X-45

tsukada@wpi-aimr.tohoku.ac.jp
akagi@wpi-aimr.tohoku.ac.jp
hiroyuki@wpi-aimr.tohoku.ac.jp
hamada@cmp.sanken.osaka-u.ac.jp
masago@wpi-aimr.tohoku.ac.jp

araidai@wpi-aimr.tohoku.ac.jp

wanlijun@jiccas.ac.cn

ruiwen@atom.che.tohoku.ac.jp

stm@psu.edu

gkxue@mail.tsinghua.edu.cn

liu@wpi-aimr.tohoku.ac.jp

kyamada@imr.tohoku.ac.jp
toyoto@imr.tohoku.ac.jp

khorigane@imr.tohoku.ac.jp

yama@mail.pharm.tohoku.ac.jp
yasui@mail.pharm.tohoku.ac.jp

zjan@mail.pharm.tohoku.ac.jp

yavari@minatec.inpg.fr

georgara@minatec.inpg. fr



Phone Number
(+81-(0)22- )

Name

<Administrative Office>

104.  YAMAMOTO, Yoshinori (Institute Director) 217-5130  yoshi@mail.tains.tohoku.ac.jp
105. SAKURALI Toshio (Director of Administrative Office) 217-5973 sakurai@imr.tohoku.ac.jp
106. HAGA, Hideko (Deputy Director of Administrative Office) ~ 217-5980 haga-h@bureau.tohoku.ac.jp
General Affairs Section 217-5922 or 5971 FAX: 217-5129 wpi-office@bureau.tohoku.ac.jp
107. HASHIMOTO, Keiichi (Chief) k-hashi@wpi-aimr.tohoku.ac.jp
108. SAITO, Asuka asuka-s@bureau.tohoku.ac.jp
109. CHIGIRI, Atsuko chigiri@wpi-aimr.tohoku.ac.jp
110. KONOHARA, Nao konohara@bureau.tohoku.ac.jp
111. CHIBA, Yoko 217-5956 ykchiba@wpi-aimr.tohoku.ac.jp
112. UNOURA, Sayaka unoura-0@wpi-aimr.tohoku.ac.jp
113.  SATO, Kaori sato-O@wpi-aimr.tohoku.ac.jp
Accounting Section 217-5923 / FAX: 217-5129  wpi-keiri@wpi-aimr.tohoku.ac.jp
114.  WAGATSUMA, Yasushi (Chief) wagatsu@bureau.tohoku.ac.jp
115. OKAZAKI, Tomohiro tokazaki@bureau.tohoku.ac.jp
116. ZENIYA, Ippei zeniya@bureau.tohoku.ac.jp
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