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The greatest gas chromatograph innovation in a half-century,
thanks to plasma-photonics.
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Tracera is a revolutionary high-sensitivity gas chromatograph system
developed by Shimadzu Corporation jointly with Photonics Center, Osaka
University and released in December 2012. Made possible through a

'~ new collaborative approach to research between industry and academia,
Tracera comes equipped with an extremely sensitive, novel universal . A
detector that enables trace analysis not previously possible with
conventional systems. The key to this novel detector? Plasmi-phc';tonics.
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Seamless product development from basic

technologies through continued collaboration

between industry and academia

To begin with, what factored into the success of

your industry-academia research collaboration?

KITANO —— | would first like to say that our collaborative
research differs from the typical model of industry-academia
collaboration in which industry generally develops products
by incorporating the “seeds” developed by universities. In our
collaborative research, we conducted R&D entirely in partnership
from start to finish just as the term implies. | believe it was this
collaboration that allowed us to develop new principles that
enabled us to present this revolutionary gas chromatograph (GC)
to the world.

SHINADA —— | have been involved in collaborative research
between industry and academia before on different research
topics, but there was always a clear distinction between the
roles and processes performed by the university and business.
However, in this instance Professor Kitano was continually coming
around to our laboratory, and we found ourselves frequenting the
university as well. We conducted experiments together, shared
ideas, and overcame hurdles as a team.

YOSHIDA —— If a university researcher were to bring a new
discovery to a company asking whether the company could use
it, the company could not simply apply this discovery directly
to product development, but would have to re-verify the

SOIE, BREALUEASEIR DT EPHALDORIFEE
BEHLTCVZDT. ALEICREVELITLTHTESRIFY
YTIIGEERASS ELET, ROSEBARNSHAELE T,
BYIND LB —EDORNDP THERRZTODHEXRT
HY. TOBKRTELESEIDEFEEILTE THAL—RITEAT
BRI EEZE T,

F— FBERFROAEEIL. LETNEY—XEZDL
NEZNTOWEBS>TLEODEEDTIH, BEAHSEHT

iy
-

N om

4

discovery in-house beginning from square one in order to gain
an understanding of it. Also, when conducting basic research, a
company is keenly aware of the costs and commercial viability of
the research and, hence, always seeks the easiest path to arrive at
the same solution. So, it is fundamental that R&D be conducted
during the continuous process from basic research to product
development and, for this reason as well, | think this instance of
industry-academia collaboration went very smoothly.

KITANO ——
consider our work done after we create the seeds of a technology.

We university researchers have a tendency to

However, in order to properly meet the challenges and needs
presented from the company side, we need to go further back
in the process and work together on developing the soil and
mechanisms required for growing these seeds.

This joint research project began in 2006.

The following year saw the formation of

PARC (Photonics Advanced Research Center) with
which you are affiliated, Professor Kitano.

How has this influenced your joint project?
KITANO ——
single laboratory to working on projects for creating emerging

We went from conducting research in a

technologies and next-generation industries under the PARC
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framework. So | feel like our research has advanced to the next
phase. Being backed by PARC's funding is a tremendous boost
from a budgetary standpoint, and having individual work areas
inside PARC for Shimadzu and the other private companies
enables us to work even closer together. | think that the creation
of this new system of industry-academia collaboration, which
enables both company and university researchers to work
together every day under the same roof, allows us to collaborate
on even the most fundamental aspects of our research, making it
easier to develop the building blocks for innovation.

How did this joint research project come about?
SHINADA —— Our collaboration began around 2005 when
Shimadzu solicited ideas for visionary research topics at its
Technology Research Laboratory. We began by creating
plasma and investigating what new technologies we could
establish with it.
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A new ionization detector made possible
through complex and beyond evidently
understandable non-thermal plasmas

YOSHIDA —— However, our company’s forte is manufacturing
things, while our Achilles’ heel lies in the understanding of theory
and logic behind physical phenomena such as plasma emissions.
It was like buttoning up a shirt and realizing that we had started
from the wrong buttonhole. We knew we need to find a teacher
if we were going to progress any further.

SINADA —— We approached several experts in this field until
we were finally introduced to Professor Kitano by one of his
former alumni working at our laboratory.

So you, experts in analytical science found an expertin
plasma science. Did you have your mind set on performing
ionization detection with plasma from the start?

SHINADA — Initially, we were unable to decide whether to go
with trace component detection using plasma emission as the
light source or ionization detection through plasma generation.
Personally, I was intent on studying plasma emission. However,
as our investigative research progressed with Professor Kitano
providing us much advice and guidance, we began to see the
potential for using non-thermal plasma in the GC detector.

What exactly is non-thermal plasma?

KITANO —— | have been researching non-thermal plasmas
in order to develop novel plasma processes. Normally plasma
is generated in a vacuum chamber under low pressure. My
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Non-thermal plasma

specialty is He plasma, which can be produced at atmospheric
pressure without increasing the voltage so that the plasma itself
does not get hot. Therefore, non-thermal plasma can be applied
to liquids at atmospheric pressure and room temperature and
to heat-sensitive polymers and organisms. I've also studied the
generation of plasma jets and their applications and am currently
researching the synthesis of functional metal nanoparticles
and the synthesis of polymers and the sterilization of human
body. Employing a dielectric barrier discharge to generate an
atmospheric-pressure plasma jet came about just by accident, |
believe, but it is perfectly suited to ionization detection.
SHINADA ——To us, non-thermal plasma is an extremely
complex and mysterious phenomenon. Although it has great
potential, we cannot predict what it might do. So when
submitting a draft to request approval for conducting ionization
research with plasma, it was more of a two-pronged approach
that included both non-thermal plasma and orthodox plasma
technologies because we were still rather dubious.

What ultimately led you to choose non-thermal plasma?

SINADA ——
plasma emission or ionization, once we became involved in

Regardless of whether we're talking about

plasma research, the desire to increase the emission level to
produce stronger plasma by any means grew. |, too, became
convinced that it was something we had to do. However, the
key to achieving high sensitive ionization technique with non-
thermal plasma from a technological standpoint is stability.
Attempting to improve sensitivity with stronger light proved
unsuccessful, but sensitivity increased when plasma was stably
generated regardless of low light emission. Well, it turns out that
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non-thermal plasma and a dielectric barrier discharge are best
suited for this method. We saw a definite improvement in our
results the more we experimented.

KITANO —— That was certainly a fun time, wasn't it? We'd go
to the lab in the morning and conduct experiments together all
day. And you were nice enough to let me suggest anything and
everything that came to mind, because | knew from experience
that out of every ten attempts, one or two yields results. “That
idea was pretty good, but this one not so much,” and as we
went from one experiment to the next the detection sensitivity
gradually got better and better. It was truly a pleasure to be able
to work together with such metrology experts.
SHINADA —— That was around 2008, and we finally began
achieving success in plasma generation and ionization. But
the next problem was that our detection sensitivity was too
good. It took another two years or so before we could package
it all into a detector.
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Improving detection sensitivity by tenfold
at first and even a hundredfold finally
through experiment after experiment

So the entire process took about five years.

How do you feel about it now, looking back?

KITANO —— Despite partnering with a corporation in this
collaborative project, the Technology Research Laboratory has an
atmosphere not unlike that at the university, and so it did not
feel strange working there. What's more, we were conducting
purely fundamental, elemental research on plasma in the
beginning, and there was never the sense that we were trying
to develop a commercial product. Then as we were going along
in our research, one discovery led to an abrupt improvement in
sensitivity, and it dawned on us that this could work in a GC. We
were really quite lucky, and I'm happy that we can pass on this
achievement to the real world.

Are there any other anecdotes

you could tell us about that period?

KITANO —— Well, we were exploring mechanisms of ionization
and initially came up with several possible approaches, since a lot
was still unknown about plasma. One possibility was ionization
through chemical reaction. After conducting verification tests,
we confirmed the possibility of photoionization. Consequently,
we were able to officially claim with great pride that this was one
innovation made possible through “plasma photonics” (laughs).
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So now you have a promising detector based

on a new theory, nearly ready for the market.

I suppose that set the operations division

into motion to manufacture a GC?

UEDA——  Our operations division would only go
into action once the technology for the detector had been
established. Unlike with elemental research and development,
we invest human, material, and financial resources in creating a
basic design only when we get the green light for production.

YOSHIDA —— Shimadzu Corporation was about to manufacture
He 75X~ He
He plasma
ARATAE
(FFEMH) N\
Quartz tube >
(dielectric substance) : N ” e

hZ LA

Column

BID(&. BRASREAICEEEZSZ The BID generates helium (He)
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plasma by applying high voltage to a
quartz dielectric chamber. Compounds
that elute from the GC column are
ionized by the photon emitted from He
plasma, then detected by a collection
electrode and processed as peaks.
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The high-sensitivity gas chromatograph system,

Tracera, is the product of a new collaboration

between industry and academia.

Tracera employs a barrier discharge ionization detector (BID) based on a new plasma technology

that enables trace analysis at a sensitivity more than 100 times that of the conventional thermal
conductivity detector (TCD) and over twice that of the flame ionization detector (FID). It has been

- Plasma Technology is the Future of GC Detection —

nearly a half-century since gas chromatograph (GC) systems have seen the emergence of a

universal detector based on novel principles.

http://www.an.shimadzu.co.jp/gc/tracera/
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the development and design stages and take responsibility

furthermore for final commercial product.

a GC that had never before been seen. That had to be a company
decision.

UEDA ——
that a study was going to be conducted at the Technology

When we first heard the rumor going around

Research Laboratory on detectors using plasma, we thought, OK,
let's do this and we were very passionate about it because it had
been several decades since GCs had been developed according
to a new theory.

Now will your collaborative research
with Professor Kitano come to an end?

UEDA——
Professor Kitano was nice enough to work with us up through

| think that's generally how things work, but

the product development phase, in part due to the new principle

being applied in this case.

KITANO —— Personally, | felt bewildered much of the time.
At the laboratory, | was pleased to see the sensitivity increase
tenfold, and then a hundredfold, but when we entered the
product development phase, | couldn't tell whether ours was
better or worse than the existing products. I guess relative values
are more important in that phase than absolutes.

UEDA ——
reducing variation. You can get great results by painstakingly

A vital element to product development is

assembling a product piece-by-piece and making the necessary
adjustments, but this does not lend itself to a universal product.

KITANO —— Taking part in the vibration tests, drop tests,
endurance tests, and environmental tests was a truly wonderful
experience. | gained a lot of respect for the engineers in the field.
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I hope that | can draw on this experience later on in helping to
develop testing equipment and prototypes.

What has been the response to Tracera from its users?

UEDA ——
have seen a steady decrease in impurities and, consequently,

Companies that work with gases, for example,

higher purity. Some customers have said that it has been extremely
valuable to be able to see components that were previously
invisible. There have been almost no reports of malfunctions
such as deterioration of the torch preventing the generation
of plasma. This kind of technology for achieving stable, semi-
permanent plasma generation is ideal for universal detectors. We
also received an award at the Pittsburgh Conference, which is the
largest conference in the field of analytical equipment.

What about any future developments?

UEDA ——
annually, but have plans to expand sales. The current specs were

We are currently selling about 150 systems

set so as to ensure a slight safety margin in order that we could
put this revolutionary GC on the market as quickly as possible,
but we have plans to build a better GC by further increasing the
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sensitivity of the detector, and hope to expand annual sales to
500 systems eventually.

YOSHIDA — Building this bond of trust with Professor Kitano
and PARC holds great meaning for us and is a wonderful asset
for our company. Trust is the foundation of collaboration. We
anticipate not only improvements in Tracera's specs, but also
developments toward new products such as mass spectrographs
that can apply the properties of plasma technology.

] SHIMADZU

Excellence in Science

Shimadzu developed Japan'’s first medical X-ray apparatus
about 100 years ago and began manufacturing the first
commercial electron microscopes some 50 years ago.
Since then the company has developed numerous firsts
in Japan and the world for analytical and measuring
instruments, medical equipment, aircraft equipment, and
industrial equipment. Since its foundation, Shimadzu
has consistently developed new emerging technologies
under the company motto “Contributing to Society through
Science and Technology”. The company currently has set
its sights on making further contributions to society through
the fields of next-generation medicine, the environment,
and industrial measurements.
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Controlling Molecular Orientation

in Liquid Crystals Creates New Possibilities
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Fig. 1
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Homogeneous liquid crystal alignment (left) and
alignment with a singular point (right)

Horoyuki YOSHIDA
Assistant Professor
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Graduate School of Engineering
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Nematic liquid crystal is matter in an intermediate phase between solid
and liquid made up of anisotropic molecules in homogeneous alignment
and has become synonymous with television displays. An intrinsic property
of liquid crystal is that its refractive index can be controlled by changing the
direction of molecular alignment with an external electric field. Exploiting this
property creates potential applications in optical devices such as lenses
whose focus can be adjusted without any drive mechanism, and deflection
elements for redirecting light. At the Photonics Center, Professor Masanori
Ozaki is conducting research together with Research Associate Giichi Shibuya
on the commercialization of wavefront control devices.

Topological defects are another topic of interest in basic research on liquid
crystals. Topological defects are singular points in the liquid crystal orientation
with no fixed direction and exist as points or lines in a three-dimensional space
(Fig. 1). It is known that topological defects in liquid crystals can be used
to create self-healing gels and to produce a special light wave known as an
optical vortex because such liquid crystals exhibit a viscoelastic and optical
behavior unlike liquid crystals with a homogeneous alignment. However, most
defects used in research to date were produced by accident or by using
substrates with special shapes that are not easy to control.

In this context, we were recently successful in controlling the number and
shape of topological defects in a liquid crystal device with a sandwich-like
structure similar to a display panel. As illustrated in Fig. 2, we discovered
that forming an orientational easy axis distribution with a singular point
in each of the substrates holding the liquid crystal and then shifting the
substrates laterally to offset their singular points produced topological defect
lines connecting the singular points. It was also evident that the number
and shape of the defects could be controlled by modifying the patterns
on the substrates and that the shapes could be further transformed three-
dimensionally by applying an external field. (For more information, see the
report in Nat. Commun. 6, 7180 (2015)).

By developing this technology, we have made it possible to engineer
defects in liquid crystals, which were previously researched mostly out of
academic curiosity. While research on this topic is still in its infancy, we hope
to pursue this potential for new applications using “defects,” normally viewed
as having no use.

Fig. 2
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Polarized optical micrographs of a nematic
liquid crystal sandwiched between two
substrates containing a singular point in
the orientational easy axis distribution (left).
Topological defect lines are generated
upon laterally offsetting the substrates
(right).
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The Key to the Success of
Photonics Hills
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Yasuo Kanematsu, PhD
Director

Office for University-Industry Collaboration

Is the idea for a research complex rooted in the concept of a
science park? Long ago, the Cambridge area of Massachusetts
State on the East Coast of the United States—the location of MIT
and Harvard University—was blanketed with a forest of R&D
enterprises, gaining attention as a source of cutting-edge industry.
It is thought that such research parks were established around
the world as regional bases for science and technology, and there
were also several policy initiative bases. In Japan, too, concepts
incorporating university- and research institution-led industry—
such as Tsukuba Science City and Keihanna Science City (Kansai
Science City) as well as development towards Knowledge Clusters
in various regions were advanced.

However, beginning in the latter half of the 1980s, a new wave
departing from such enormous complexes was born, with Silicon
Valley on the West Coast of the United States at its epicenter.
In industrial cluster zones, small R&D enterprises (targets for
investment) called start-ups were born one after the other, and
their success was greatly touted. Covering industries ranging from
electronics to IT, bio, and the services field and mobilizing various
resources—technology transfer from universities, young high-fliers,
and investment—the ecosystem that gave birth to and nurtured
these corporate entities whose businesses took off so quickly drew
global attention, and countries around the world raced in droves to
incorporate this ecosystem as a pillar of their innovation policies.
This led to the wave of so-called “university ventures”. In reality,
only a handful of ecosystems were deemed successful. Although
such a high-birth, high-mortality style may be an important cycle in
the industrial ICT and services sector, I do not consider such a style
to necessarily be a good match for science and technology research
development.

In contrast, in countries such as Germany, the construction
of ecosystems aimed at creating the aforementioned research
complexes is being pursued through state government and university
collaboration, while these university ventures are still being kept in
sight. Behind this movement is the German-style of doing things,
whereby long-term innovation policies have been promoted, such as
with the establishment in the 1980s of the new Hamburg University
of Applied Science (Hochschule fiir Angewandte Wissenschaften)
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Photonics Hills

as well as the activities of the Steinbeis Foundation and other
institutions linking small/medium businesses and universities.
Innovation has been essential in the issue of employing scientist
after the reunification of East and West Germany following the fall
of the Berlin Wall, the process of overcoming the 1992 European
monetary crisis, and the development of policies after entering
the 2000s, and it was possible for universities to become involved
in a leading role. There is the view that mechanisms of the 1980s
were also at play here. While accumulating dialogue and building
consensus, industry-university-government  collaboration s
proceeding steadily without half-baked decisions being made. From
the perspective of economic effects, Germany’s venture policies
may be unpopular, but in fact there are surely many things that Japan
can learn from them.

One of Germany’s most successful examples is the case
of RWTH Aachen University. Located in the state of North
Rhine-Westphalia in central Germany, the city of Aachen is on
Germany’ borders with Belgium and France, in a region that can
also be called the center of Europe. Geographically advantaged,
this region prospered in the past through coal and iron.
Consequently, it is also a region where some 20,000 people faced
losing their jobs when these industries declined, and a region
where a grandiose plan to revive and secure employment through
innovation was implemented. When I visited 10 years ago, the
region had successfully created employment for 20,000 people,
an achievement driven by and a group of small-start-ups centered
on the incubators surrounding RWTH Aachen University.

Although policies and measures differ from state to state, the
role played by universities is large. The interviews I conducted
at the University of Stuttgart revealed their collaboration with
the local community to generate mechanisms for education
incorporating entrepreneurship for some 3,000 students, with
300 gaining hands-on expertise and 30 taking on the challenge of
starting up their own businesses. Of course, similar measures are
being implemented throughout Europe. Furthermore, there were
also mechanisms for encouraging and incubating practical business
start-ups in the university by appointing degree recipients aiming
to start-up their own business to short-term assistant professorsips
and permitting utilization of resources such as facilities and faculty
members’ advice.

Similar initiatives are likely ongoing at RWTH Aachen
University, but this university is going further by providing
guidance to a project team that, as a further mechanism under
entrepreneurship professors, aims to start-up businesses in
practice for doctoral students who are working members of
society and have accumulated experience in audit/consulting

firms and whose research topic is “commercialization”, and is
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supporting the establishment of businesses in practice.

A major project also being driven by RWTH Aachen
University that is typical of their initiatives, is the promotion
of the “innovation campus program” aimed at a dramatic leap
forward in innovation, the goal of which is the generation of
employment for 15,000 people. From cutting-edge devices to
infrastructure, in each field—biomedical, photonics, energy,
distribution, transportation, etc.—the research organizations
of large and medium enterprises are coming together centered
on universities and research institutions and embarking on
grandiose schemes to integrate small/medium business and start-
up incubators, powerfully driving the initiative with success.
(http://www.crp-eut.org/2010_Schmachtenberg.pdf)

In addition to approx. 20 billion yen in government investment,
funding is being procured from businesses; when I visited the
university several years ago, the project seemed to be somewhat of
a pipe dream, but today enormous buildings have been erected and
others are under construction within an atmosphere that gives one
the sense of the fetal stirrings of a “Fourth Industrial Revolution”.
For the Photonics Hills concept, this is an important example
that should be used as a reference. At first glance, it appears that
an enormous amount of capital has been invested for building
multi-layered collaboration and constructing an international
base; however, attention should be focused on the fact that behind
this achievement lies policies enabling the strong commitment
of the university focused on the employment of researchers and
technical experts. The project is characterized by the fact that R&D
enterprises with only a handful of employees comprise its central
component. For example, the CEO of Matricel GmbH—a company
that conducts R&D of culture media for cell culturing—says that
the company currently has 5 employees and a maximum of 20
employees or so in the future would be adequate. The company is
characterized by its concentration and focus on R&D. Funding is
provided by pharmaceutical manufacturers, and students have come
from Belgium for long internships of one-year in length; these are
now candidates for employment in the future. For those involved,
the most important point is that they have a place where they can
immerse themselves in research—that is, stable employment for
researchers. Surly this is one form for a science and technology
enterprise to take.

In order for us to pull ourselves out of a nearly 20-year-long
slump in innovation promotion, we need to design a system that
incorporates our own country’s culture and behavioral principles
rather than simply following the United States. Thus, I believe that
the above example is an important one worth considering in order
for us to achieve this. It teaches us about focusing on the spaces

in which researchers and engineers work, creating business entities



Photonics Hills

aimed at contributing to society through science and technology
research, and linking various resources, as well as methods for
activating projects through productive investment. The key to
Japanese-style R&D enterprises being born and growing and
accumulating is to successively produce innovative scientists—
who could also be called “Renaissance entrepreneurs”— who will
become the core people in and for promoting these activities. It is
the author’s fervent hope that mechanisms for achieving this are
generated here in Osaka. In that sense, also, great expectations are
held for Photonics Hills, where researchers immersed in R&D with

eyes shining are fulfilling a central role.
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SOSHO Inc. Receives the MEXT Minister's Award under the 2015 Award for Academic Startups

[REFRNDF7—5FKE ~Award for Academic Startups~] The Award for Academic Startups was
[F. KPHCBITZAEHERERRREHAVCREED LU established to assist new companies founded
B DB M H D, KD REEN S AN on R&D achievements at universities or other
F o ~DIIEED & ) —BOBEEENE LTNET institutes to overcome the challenges faced

_ ~ RN ) during and after starting up their businesses and
COE. HRERUBIBNRFRENYFr—RF2015TX to further encourage universities, businesses,

BRFAREEZZE U Ul and other organizations to support university-launched startups. This
year SOSHO Inc. received the MEXT Minister’s Award as part of the
(REIEH) 2015 Award for Academic Startups.
HERELEIFEICL B2 NTEDORERIL &V S IRARI
ERICSHEESMERE VI I - TG RI Y EHELT [Rationale behind the Award Decision]
VB, ZEMEBELOERMLBRICREEL THY. SROBHARER SOSHO has secured a unique position with a high degree of difficulty and a high
ICHRVICHIFET 5, price range based on its original technology for crystalizing proteins according

to an entirely non-traditional method. This startup functions effectively through
collaboration with Mitsubishi Corporation, and future expansion overseas is
highly anticipated.

AR HEI0CHEHE—BRGREZ 2 E

Prof. Kawata Awarded the 30" Kenjiro Sakurai Memorial Prize

TIHERZIEHE 300 (FEak 26 FE) OB HAHFEERKED Prof. Satoshi Kawata received the 30" (2014) Kenjiro Sakurai
SEESEINF U, BHETHRKISEE. HEER Memorial Prize established by the Optoelectronics Industry and
TRERGS - BETH > - BHE_HRORELDRE Technology Development Association (OITDA) for the purpose of

el . _ NP promoting and cultivating the optoelectronics industry and its technology.
%i;bll?J.’ﬁﬁ:iaﬁzéttEL\ j&#b&:wﬁﬂno) Prof. Kawata was awarded the prize for his “pioneering research on
IR EERZRD CEZBNE L TRIRTNIZBOT, F plasmonics-based super-resolution microscopy.”

BHIROZEE [TSXEVHMRIC K2 BRFREIRMERC R

9 2EEMR] (XU TESNE U, [Rationale behind the Award Decision]
The recipient of this award, Prof. Kawata, proposed and verified many new
(S EIFH) concepts related to interactions between photons and metal nanostructures
ZEEIE. 2BF/BEETA N COEEERICEADZZL and has led the expansion of the plasmonics field and the evolution of its
DHLVES FIRIE - T L. 75 XEZ 7 ADEE LA & il technological development. He developed the world’s first super-resolution
BRDERASE L -, 3 F /(I ADREREE T 2LEIR Raman scattering microscopy system based on the plasmonic effect, using a
HERWBZEICEN, TIXECHRICEICIIHELD metallic probe with a nano-tip. He has also greatly expanded the subjects that

this system can measure from molecules to nano-semiconductor materials
and nano-biomaterials, providing an enormous contribution to many fields and
o . o ) industries. In addition to these brilliant achievements in research, Prof. Kawata,
:i“ ,%%g}?gﬁ?i_ﬁf—ié ‘\:“ 5% jcf‘b,\" ;‘hi o)@: kil starting up his own company, has for more than ten years manufactured and sold
REBUCMA, BESRILL N F r—RRTREMOMAER Raman microscopes designed for leading researchers giving rise to innovation in
FICT T ISR E 10 FLLEICD 2 BEERFE L TH Y, KE the optoelectronics industry and its technological fields.
ERMAPFICHEVTHEHEH-5LTV S,

BRREEY D AT L HRICKERG TRRL . FHAHRS.
DEDLF/REEMR, F/NMF MR ELCEREI TS
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* Note: Prepared based on Satoshi Kawata's Keynote speech
“Silicon Valley, Roppongi and Minoh-Semba Hills: Exploring the future of Minoh-Semba”,
Semba Machidukuri Forum (Semba, Minoh March 24, 2010)
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Silicon Valley and Minoh Photonics Hills
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A town that is developing as a cradle of ideas is attracting the
attention of the world. A science park has been formed with the
university at its core, where the creativity of young researchers
and students is flowering, and new ideas and industries are
emerging around the town: The idea that this sort of social
system would usher in a new age is born out by the success of
Silicon Valley. Silicon Valley arose through the accumulation of
numerous businesses over a long history, but Stanford University
can be said to have played a key role as the center for innovation
in the formation of the town.

In Japan, the regional science and technology innovation
support policy based on the Science Technology Basic Plan calls
for Knowledge Cluster Initiative in the 2" Phase (2001 to 2005),
Regional Innovation Clusters in the 3™ Phase (2006 to 2010), and
Regional Innovation Strategy Support Program in the 4™ Phase
(2011 to 2015). However, new initiatives are expected through
review of the initiatives to date.

At this moment, it is important to examine the points for creating
a Silicon Valley-type city that can bring forth new creativity using the
regional characteristics and environments of Japan. Today’s Silicon
Valley was not created in a day. Let’s envision the future of Minoh
as a huge industrial agglomeration like Silicon Valley. Let’s focus on
creating a town where ideas are born with a university at its core. And
let’s consider the characteristics of Osaka University and its surrounding

region and the factors it has in common with Silicon Valley.

A town where 1deas are born

At Stanford University, new industries were born from

the university.

Hewlett Packard and Palo Alto
The first university ventures emerged in Palo Alto. Highly
capable students and postdocs from Stanford University started

many businesses in Silicon Valley. Development spread to nearby
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Photonics Hills

San Jose, and entrepreneurs congregated from around the world.
Networks then formed in Silicon Valley that fostered industry.

Palo Alto is a town with a population of 60,000 and an area of
6,000 ha located next to Stanford University. HP, Agilent, PARC
(Palo Alto Research Center Incorporated), Facebook and other
companies employ 100,000 people. It is home to 6,000 businesses
and an upscale residential area with annual average incomes in the

10 million yen range.

Irvine

The private sector developer Irvine Company created the city of
Irvine from a town of desert, orange groves and the Irvine Ranch.
It invited in the University of California, Irvine, redeveloped the
John Wayne Airport, attracted businesses, and leveraged its natural
environment, airport and university to develop as a science park. In

1970, the population was 10,000, and in 2010, it had become 200,000.

Talking of private sector developers ...

In Kansai, Ichizo Kobayashi created trackside towns and
culture with the Mino-Arima Electric Tramline (Mino-Arima
denki kido).

Roppongi Hills

This is an urban redevelopment project of some 400
landholders and the private sector Mori Building which spent
17 years planning it, after the Roppongi 6-chome district
was designated a Priority Urban Development Areas by the
Tokyo Metropolitan Government in 1986. Divided by height
difference, there is a high density 11.6 ha of wooden housing
and small apartments without fire-engine access. Based on a
“cultural city center” concept, residences, offices, commercial
facilities, cultural facilities (art museums, libraries etc.), cinema
complexes, hotels, broadcasting centers and so on create a
town combining diverse functions for living, working, playing,
relaxing, learning and creating. People from around the world
gather in this town combining art and intelligence, making it
a center for new culture and information through exchanges
between different cultures.

A town where lots of venture companies and startups
are born and grow has a world-class university nearby and a
leafy, upscale residential area close to work, with good access to
airports and expressways. If the residential area is not upscale, it
will not attract innovative persons.

Silicon Valley has Stanford University, San Francisco
International Airport, San Diego International Airport, I-101, I-280,
and leafy, upscale residential areas.

Minoh is its Japanese equivalent. It is surrounded by three
campuses of Osaka University, it is served by Itami Airport,
Shinmido, the Central Circular, the Chugoku Jidoshado and the
Meishin Expressways, and the subway, and it has leafy, upscale
residential areas.

The Semba district of Minoh will be Photonics Hills rather than

Silicon Valley.
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Super-resolution Confocal Microscope
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Figure : New product achievements, some by business startups
or researchers aiming to startup

Osaka University and
the leafy Minoh-Semba district

Osaka University is a mecca for photonics

Osaka University is the Japanese university with the most
photonics researchers.

Osaka University inaugurated the Institute for Academic
Initiatives to pursue cross-departmental education and research
and selected the Division of Photon Science and Technology as
one of the departments. One hundred laboratories participated in
the Tokyo Symposium (2014) and Osaka International Symposium
(2015). The Photonics Advanced Research Center, one of the
centers of MEXT for the realization of innovation centers of
advanced technologies fusion with special coordination of regional
Industry and university started in 2007 has focused on creating
photonics technology innovation, developing personnel who can
create science, technology and industry, and business startups and

commercialization by the educators and researchers themselves.

The leafy Minoh-Semba district is pursuing
new town development

The Semba district of Minoh is located at a convenient distance
from Osaka University right between the Osaka University Suita
Campus and Toyonaka Campus. It is a key point for transportations;
Itami Airport, the Kita-Osaka Kyuko Railway, Monorail, Shinkansen
and Kansai Airport.

Many foreign nationals live in Minoh, and there are an

international school and the multicultural center.

A stream of photonics venture companies and
new products is emerging from Osaka University

In addition to two photonics venture companies which emerged
more than ten years ago from Osaka University, there have been
many business startups and new products. As shown in the figure,
nine products have emerged already, including a nano-optical
microscope, crystals for next generation deep ultraviolet light
sources, large diameter high quality GaN crystals, eco-light bulbs, a
plasma-photonics detector for high performance gas chromatograph

(together with Shimadzu co.), bio-health sensors and more.

Osaka University fosters young researchers and
students with an active entrepreneurial spirit
who will lead the next generation of photonics

Osaka University has the largest number of students among
the National University Corporations, and at the Photonics Center,
colloquia, TMT (Tuesday Morning Tea), e-learning and other

entrepreneur education is conducted on a daily and routine basis.
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Photonics Hills

In addition, Osaka University implements MEXT’s Edge
Program, ensuring that it has plenty of young people to undertake

continuous innovation.

Close to twenty corporate photonics partners

In Osaka there is a concentration of photonics-related small
and medium-sized enterprises, major corporations, universities and
national research institutions, making the photonics industry one of
Osaka’s local industries. Photonics advances the local technologies
and industry of life science, drug discovery, health, energy,
manufacturing technology, electricity and electronics, robots,
machinery, automobiles, housing, materials, plastic molding,
precision metalworking and so on in Osaka, Kobe, Harima and

Kyoto.

From Osaka to the world, with Minoh as a center

Osaka is renowned for its townspeople. Osaka University
inherited the spirit of Ogata Koan and the Tekijuku, in which
bourgeois scholars play leading roles. Osaka University had been
established through the support of Kansai’s financial world.

Minoh City is close to the railway and airport. It overlooks the
town of Osaka, the commercial and manufacturing districts and
Osaka Bay to the south, with the northern mountain range and Meiji
no Mori at its back. It is a green, comfortable town, where cultural
figures gather. Minoh-Semba district is located between the Suita
and Toyonaka Campuses of Osaka University. The Minoh Campus
will be transferred here, creating a town where universities, scientists
and entrepreneurs congregate. There, scholars, young researchers,
postdocs and students will gather, forming a postdoc village with
Osaka University’s world-class photonics research seeds and

researchers at its core. Venture businesses and companies of all sizes

Press release, “Transfer of the Osaka University Minoh Campus”

*June 17 (Wednesday) 2015, Toshio Hirano, former President of Osaka University
and Tetsuro Kurata, Mayor of Minoh, the Nakanoshima Center
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The transfer of the campus in Minoh to the area around the new
station will be the trigger for rapid advances for both Osaka University
and Minoh city.

The effects for Osaka University
It will be an activity base for undertaking globalization of the university.
By collaborating with facilities in the surrounding city of Minoh, the
university will strengthen its social and regional contributions as an
institution that is open to society.

The effects on town development in Minoh-Semba district
The culture of academic research itself will become one of the
attractions of the town. At the same time, new possibilities will arise
as university ventures congregate around the new campus.

Rather than being closed up within the campus, hundreds and
thousands of students and staff will always be active in the town,
bringing significant dynamism to commercial and public activities.
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will gather, rental laboratories will be created, and venture support
facilities and systems will be consolidated. With the addition of
patent attorneys, banks, the Shoko Chukin Bank, and VCs, Osaka
University , Osaka Prefecture and Minoh City will cooperate with
nationwide universities and national research institutions, learning
from Stanford University and Silicon Valley, the Irvine Company
and Roppongi Hills, to create Minoh Photonics Hills. Over time,
business startups based on innovative concepts will appear one after
the other, influencing industrial development all over Japan from
Osaka, achieving a unique research complex in Kansai. Likening
the green, hilly city to Silicon Valley, Minoh Semba will emerge as

a science park, Minoh Photonics Hills.

Our starting idea could be based on

“Ups and downs are inevitable in any industry and it is
indispensable always creating new industry.

Leverage the vitality of the university: young people,
international spirit, intelligence and influx/outflow (entering/

graduating) in every year.”
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Tetsuro Kurata
the Mayor of Minoh

Event Information

Photonics Hills

The Minoh-Semba district is even now superbly located
close to the national axis, but with the extension of the Kita-
Osaka Kyuko Line in FY2020, transportation convenience
will improve even further. Moreover, with an accumulation
of research institutions in the surrounding area, beginning
with Osaka University, the district has high paotential as a
business base.

In order to utilize this potential to the maximum, Minoh
City concluded a memorandum of understanding with Osaka
University to relocate the University's Minoh Campus to
the Minoh-Semba district in June this year. In addition to
becoming a new base for academic study, with this move
the Minoh-Semba district is expected to broaden and gain
new potential as university-launched venture companies
accumulate in the area surrounding the new campus.

With regard to the “Minoh Photonics Hills Concept”
centering on the Minoh-Semba district, which has been
proposed by Professor Kawata and other faculty members,
consideration of the concept is steadily deepening, with the
formulation of a proposal utilizing the National Strategic
Special Zone system and a Japan Science and Technology
Agency (JST) survey research project, etc. Minoh City has also
begin reviewing various regulations as well as considering
tax reduction/exemption measures, the establishment of
financing mechanisms, and other measures for promoting
the accumulation of businesses in the Minoh-Semba district.

Great expectations are held for the realization of the
“Minoh Photonics Hills Concept” as a base for cutting-
edge innovation and international competition through the
collaboration of academia, industry, and government, as well
as for the birth of R&D results that are transmitted from the
Minoh-Semba district to the world.
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9th Photonics Advanced Research Center Special lecture meeting with Dr. Kazunobu Tanaka
Date: May 27, 2015 / Venue: Photonics Center, Osaka University Suita Campus
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We were honored with the presence of Dr.
Kazunobu Tanaka, who is the honorary researcher of
The National Institute of Advanced Industrial Science
and Technology (AIST).

Dr. Tanaka was engaged in launching the Joint
Research Center for Atom Technology (JRCAT) and
building the whole strategy of nanotechnology at the
Center for Research and Development Strategy, Japan
Science and Technology Agency (JST).

He gave a lecture about the high level of ability
in Japanese science research and the tasks emerging
in Japan as compared to those abroad. He also talked
about the importance of the development of human
resources in a global society, and expressed his concern
that Japanese researchers are more negative than their
positive Asian counterparts. The participants listened
with rapt attention to the lecture, which included a
varied content on the future of Japanese researchers.
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Event Information

TERS-5 The 5th International Conference on Tip-Enhanced Raman Spectroscopy
@2015F10829H (K) ~308 (&)

@57 KiRKRZHh et 22—

TERS-5 / The 5th International Conference on Tip-Enhanced Raman Spectroscopy

Date: October 29-30, 2015 / Venue: Nakanoshima Center, Osaka University

5[] FimiEie > < >93¢ (Tip Enhanced Raman Spectroscopy/ B&#i
TERS) E v RI T LHN10B29H~ 30H. AKIRAZEHRZEL Y Z—
ICTRMEENE LTz,

SEE. T/ DHEST/AA—IV THEOREEEBEDOM TH DK
RAFICTHRHDTERS REDOKRF. BEDOHREE. FENERFLUE
WBEEhE LT

BOERICELBFEDHE X—/\—HKE
@2015F11H23H (B-#) @577 KIRAE WA+ >/ \X IREREE
The 6th super light school

The 5th International Conference on Tip Enhanced Raman Spectroscopy
(TERS) took place in Osaka, Japan, during October 29-30, 2015.

This conference brings together academic and industrial researchers
involved in the latest developments in the field of TERS. This year, it was
held in Osaka University, where the techniques of nanospectroscopy and
nanoimaging were born and developed.
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Date: November 23, 2015 / Venue: Suita Campus Icho Hall, Osaka University Suita Campus
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Asian CORE Student Meeting 2015
Date: December 8-9, 2015 / Venue: Photonics Center, Osaka University

In November we will hold the 6th Kid's Photonics School “Super
HIKARIJUKU.” which has earned favorable notices every year. Graduate
students and undergraduate students will deliver lectures about light and
its peculiarities, interspersed with enjoyable experiments. We will accept
elementary school pupils from the 4th to 6th grade. We hope that all the
participants will understand that science is not just difficult but interesting
because it can solve questions around us clearly. We aim to let children
know about the fascination of science through this event.

http://parc.osaka-u.ac.jp/student_chapter/acore2015/index.html
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BAFHHRES 7V 7HEHRFHLSAEE “Nanophotonics in Asia 2015”
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Osaka University OSA/SPIE Student Chapter will hold a student conference
entitled the “Asian CORE Student Meeting 2015 on Photonics and Optics”.
We invite students from Asian countries, and have a deep discussion about
the concept of "How we should develop our careers in the future”

Professor Toyohiko Yatagai, Director of the Center for Optical Research
and Education at Utsunomiya University and President of SPIE; and Professor
Satoshi Kawata, Osaka University and President of JSAP will give lectures.

http://parc.osaka-u.ac.jp/asiaphotonics/

JSPS Advanced Nano Photonics Research and Education Center in Asia “Nanophotonics in Asia 2015”
Venue & date: Nakanoshima Center, Osaka University, Osaka, during Dec. 10-11, 2015,
followed by a lab tour to Osaka University on Dec. 12.
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Researchers and scientists from the partner institutions of the Asian
Core Program, namely from Japan, China, Taiwan and Singapore will
meet together in this symposium to discuss the latest progress, current
research and the future prospects in the field of Advanced Nanophotonics
Research. Topics covered in this symposium will be Nanophotonics,
Nanospectroscopy, Nanoimaging, Nano-bio-photonics, Quantum materials
and metamaterials, and Advanced Photonics Applications.

Since this year will be the final year of the Asian Core Program, we
aim to compile all the research results and are looking forward to fruitful
discussions and possibilities to promote further research exchange and
foster young researchers through this symposium.
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