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Osaka University’s Photonics 
Advanced Research Center:

Japan’s Optical Gem 

Hiroshi Iwasaki and Satoshi Kawata

H istorically, Osaka University has 
been a mecca for the optical 

sciences in Japan. It is the professional 
home to the greatest number of opti-
cal researchers in the country, and they 
represent all subfi elds—including spec-
troscopy, photochemistry, bio-optics and 
more. Many scientists and engineers at 
Japan’s world-famous optics companies 
were trained at Osaka. 

Th e university is committed to optics 
and photonics research. In a recent ef-
fort to promote new research related to 
applications of the photon, Osaka began 
a Nano-Photonics Initiative, which, 
among other things, led to the estab-
lishment of the Photonics Advanced 
Research Center (PARC) at Osaka 
University in July of 2007. PARC is the 
one and only national project devoted 
to photonics in Japan.

Th e center is running a 10-year pro-
gram sponsored by the Japanese Ministry 
of Education, Culture, Sports, Science 
and Technology to promote interdisci-
plinary research and produce long-term 
scientifi c and technological innovation. 
To meet this goal, PARC researchers will 

major companies. Nine laboratories 
and fi ve companies participate in its 
interdisciplinary research program. Th e 
members meet once a month for a PARC 
colloquium to discuss and communicate 
progress in their research. Symposia are 
held annually, and PARC also organizes 
a “Photonics Day,” which is a scientifi c 
festival that gives younger students the 
opportunity to meet with PARC mem-
bers and cooperating companies.

Th e organizational structure of 
PARC is designed to nurture Japan’s 
next generation of researchers and engi-
neers. PARC exposes graduate students 
and junior scientists to a broad spectrum 
of photonics research and off ers them 
unprecedented opportunities to perform 
cutting-edge work.

Globally, optics plays a rapidly ex-
panding role in science and technology. 
Th e fi eld is expected to make signifi cant 
contributions to the burgeoning areas 
of nanotechnology, biotechnology, life 
science, information technology, environ-
mental science and energy science. 

Nanophotonics, for example, is a 
cross-disciplinary science that highlights 
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collaborate with universities, industry 
and the government. Th e program’s 
scope ranges from basic to applied sci-
ences and industrial technologies, with 
a special focus on applications.

In 2009, Osaka University began 
constructing a 5000-m2 Photonics Center 
Building, which is scheduled to be com-
plete by the end of January 2011 at the 
Suita campus. It will provide laboratory 
space for both Osaka researchers and pro-
fessionals from partnering companies. 

Currently, the center has members 
from 21 laboratories at Osaka and six 
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The Photonics Advanced Research Center (PARC) at Osaka University in Japan 
has emerged as a leading scientifi c and industrial research center for photonics in 
Japan. A PARC program manager and the center’s director describe how PARC is 
enabling Japanese scientists and engineers—in collaboration with others around the 
world—to lead a photonic revolution in the 21st century. 
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the role of optics in emerging technology 
at the nanoscale. Plasmonics, the study 
of the optical properties of nanostruc-
tured metals, is a particularly active 
direction within nanophotonics. Osaka 
researchers have made important contri-
butions to this area.

In its first few years, PARC has made 
progress on a broad range of R&D proj-
ects, including the study of:

c Plasmon-resonance enhanced bio-
molecular imaging

c Ultra-high-sensitivity plasmon sensors 
for bio-molecule detection, and

c Environmentally friendly LEDs  
that use non-toxic semiconductor 
nanoparticles.

The breadth and utility of these 
applications suggests that photonics at 
the nanoscale may play as large a role in 
shaping technology in the 21st century as 
electronics did in the 20th. To this end, 
PARC’s research goals are not limited to 
basic research; they also aim for indus-
trial innovations.

S. Kawata and coworkers have shown 
that the nanoscale-resolution optical 
imaging of samples is possible by using 
the localized surface plasmon mode at 
the tip of a metallic nano-probe. They 
have recently demonstrated nano-imaging 
with a spatial resolution of 4 nm, through 
tip-pressure and enhancement effects for 
Raman imaging of carbon nanotubes 
and DNA molecules.

Meanwhile, E. Tamiya and his team 
have developed multi-array local surface 
plasmon biochip sensors for proteomics. 
This biochip provides rapid, label-free 
detection of protein concentrations 
in small sample volumes via antigen-
antibody reaction as well peptide nucleic 
acid-DNA hybridization.

The research teams led by S. Kuwa-
bata at Osaka and T. Torimoto at Nagoya 
University have prepared highly lumines-
cent ZnS-AgInS2 solid nanoparticles in 
solution with no highly toxic elements. 
The resulting particles exhibit broad 
photoluminscence spectra, and the emis-
sion color can be tuned from green to 

red, depending on the chemical compo-
sition and the particle size.

K. Kikuchi and coworkers have de-
veloped novel luminogenic lanthanide 
probes for detecting protease activities. 
These may enable time-resolved fluores-
cence microscope imaging of protease 
activities in living cells by using the 
plasmonic photon enhancement tech-
niques of gold nanoparticles developed 
by K. Fujita.

Finally, M. Ozaki and colleagues have 
presented a new bottom-up procedure for 
introducing structural defects in choles-
teric liquid crystals (ChLC), by inducing 
a local elongation of pitch by two-photon 
polymerization. Photon localization at 
the defect was confirmed by defect-mode 
laser emission from a single defect-mode 

structure at a lower threshold than at the 
band-edge of a non-deformed ChLC.

Each of these research projects was 
made possible through collaboration 
with the member companies—IDEC 
Corp., Mitsubishi Chemical Group Sci-
ence and Technology Research Center, 
Inc., Nitto Denko, Sharp and Shimadzu. 

PARC also has a strong international 
focus, and it has working collabora-
tions with many other optics research-
ers around the world. PARC fosters a 
highly international environment in 
which researchers from Australia, China, 
India, Morocco and the Philippines work 
together. Some Chinese and Japanese 
students within PARC study under a 
double-degree program between Osaka 
and the Technical Institute of Physics 
and Chemistry at the Chinese Academy 
of Science in Beijing, China.

PARC has a strong partnership with 
OSA. OSA Past President and Stanford 
Photonics Research Center Director 
Tom Baer visited PARC in November 
2009, when he attended Handai Pho-
tonics Day 2009 at Osaka University. 
In 2008, a group of graduate students 
within PARC established the Osaka 
University OSA student chapter, which 
is the first OSA student chapter in 
Japan. Since then, the chapter has been 
active in organizing and participating 
in many events and programs, includ-
ing Focus on Microscopy, Frontiers in 
Optics, a foreign internship program, 
an Osaka lecture by OSA president-elect 
Christopher Dainty and the Handai 
Photonics Day. With so many engaged 
students, we are confident that PARC 
will lead the way to a promising future 
for optics in Japan. t
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Satoru Shoji and Thomas Rodgers do ex-
periments to investigate the optical proper-
ties of carbon nanotubes.

[ References and Resources ]

>> Osaka University:  
www.osaka-u.ac.jp/en/index.html

>> PARC Osaka University:  
parc.eng.osaka-u.ac.jp/english

Photonics at the nano-
scale may play as large a 
role in shaping technology 
in the 21st century as 
electronics did in the 
20th. To this end, PARC’s 
research goals are not 
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industrial innovations.


