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Full diffraction analysis

GLAD is the state-of-the-art in laser 
and physical optics analysis. GLAD 
can model almost any type of laser 
or physical optics system with a 
complete end-to-end 3D diffraction 
analysis.

GLAD uses a general description of 
intensity and phase to perform full 
diffraction propagation through the  
most complex systems including 
detailed treatment of laser gain, 
nonlinear optics, stable or unstable 
resonators, diffractive optics, 
waveguides, fibers and coupling, 
fiber lasers, photolithography, exci-
mers, optical integrators, etc.
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2 photon 
process

line focus

beam combiner

New, Ver. 5.3

• Zigzag amplifier with Q-switch

Features:

• Complex multiple laser systems
• Laser gain models
• Q-switch lasers
• Nonlinear optics
• Interferometry
• Diode pumped lasers
• Stable, unstable, ring resonators
• Lens and mirror arrays
• Binary optics and gratings
• M-squared characterization
• 3D waveguides and fibers
• Selected vector diffraction
• Thermal modeling
• Optical integrators
• Partial coherence

Zigzag resonator in Q-switch laser 
showing amplification from top to bottom 
and self-interference at side mirrors.

Photonic switch in the off position

Technical Support
Excellent technical support, includ-

ing , for one-year. 

New Release: Ver. 5.3

Demo: Full-function demo. Send 
complete mailing address and 
organizational email to 
glad@aor.com.

 

Transient Q-switch laser mode at 2ns
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I range of new tools and ideas afforded by optics 
and photonics is staggering. Whether it’s the 
cell phones we carry or the latest tools to detect 
cancer, optics and photonics are integral to our 
everyday lives.
 I am proud to be a member of that support 
team, and proud to be associated with a Society 
that has so well recognized the importance of 

the diversity of our industry 
in our events, programs, and 
participation. We have medical 
doctors, materials scientists, 
semiconductor engineers, 
and computer scientists who 
participate with SPIE in 
governance of the Society, 
organizing the conferences, 
and many other functions. 
These people meet at SPIE 
events to learn, share, and 
communicate with our wide 
family of experts, suppliers, and 
upcoming talent.

Career Choices
 There are few other areas where a person, 
whether a novice or a seasoned veteran, can 
contribute to so many exciting new developments, 
such as flat screen TVs and space exploration, and 
can have so many different career opportunities.
As many have said to me in my travels for SPIE, 
one of the great things about an SPIE meeting 
is getting together with other people working in 
new areas from all over the world.
 So if you are just starting out or have been 
around for a while but have not been to one of 
our SPIE meetings lately, come and join us to see 
for yourself what this field is all about.
 I look forward to sharing this experience with 
you at one of more than two dozen events we host 
every year. See page 48 for upcoming events. 

 I mentioned in my last letter some of my 
experiences talking to the many industries 
involved with optics and photonics around 
the world. The list of these companies is 
quite impressive, ranging from large aerospace 
companies such as Lockheed, Ball, Raytheon, 
and General Dynamics to what one might think 
of as more consumer type enterprises such as 
Intel, Samsung, Leica, and 
Philips. There is also now a 
growing number of strong, 
smaller companies working 
in optical interconnects, 
b iomed ica l  d i agnos t i c s , 
industrial automation, and 
other areas.
 A challenge for all these 
companies is getting good 
people. This is an area where 
SPIE is helping with new 
programs to promote industry 
interactions with students and 
early career professionals. 
 There is another related 
theme I have heard—not from the corporations—
but the individuals within many of these 
companies, such as engineers at key optics 
suppliers like Qioptic and II-VI Inc.
 “This industry is fragmented,” commented one 
engineering manager. One day the customer is a 
large aerospace project, the next day a biologist at 
a hospital lab, the next an automotive engineer. 
It is true, as we see in the diversity of topics at 
SPIE conferences, our industry is about optics 
and lasers, but also about many other fields such 
as computers, nanotechnology, solar energy, 
display technology, security systems, medical 
instrumentation, and entertainment.

Enabling Technology
 I often hear it said that optics is an “enabling 
technology,” enabling everything from high-
density computer storage to observations of the 
universe, from detecting viruses to measuring the 
movement of tectonic plates. This is just the type 
of cross-disciplinary thinking that makes this field 
so exciting today. 
 We play a support role for many other 
disciplines—and a very critical one. The wide 

Study Shows
Diversity of
Development
For Clusters
SPIE is distributing a study 
on developing photonics 
clusters, comparing four 
major photonics clusters in 
Germany, England, and the 
United States. It concludes 
that cluster boundaries and 
identities are often blurred 
because of the enabling 
character of many photonic 
technologies.

The 2007 study by AIM Re-
search describes the varied 
ways a photonics cluster can 
be developed and sustained 
and notes that none were 
being led by a single “hub 
firm.” Instead, they are 
collaboratively created and 
governed by a diverse group 
of mostly research firms, 
university research centers, 
and small- and medium-sized 
enterprises.

The report is titled Devel-
oping Photonics Clusters: 
Commonalities, Contrasts 
and Contradictions and is 
available at no cost at SPIE.
org/clusters. 

See page 9 for more on 
clusters.

Fragments to Ideas
The interdisciplinary approach in optics and photonics  
can seem fragmented at times. But it creates fruitful  
ground for innovation.

Kevin Harding
2008 SPIE President
 

Optics Has 
“Right Stuff”
“The subject in which we are 
working—the study of light—
has already been given 14 
Nobel Prizes, including mine,” 
NASA’s John Mather has said. 
“We are thus in the right field 
of science.”
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Multiwave Photonics 
and other high-tech 
startups in Europe 
face challenges in 
regions where the 
political and social 
vocabulary has not 
typically included 
entrepreneurship. 

By	Jose R. Salcedo
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M Multiwave Photonics is a 5-year-old, fiber laser 
business in Portugal where historic, political, 
social, and physical surroundings should—in 
principle—provide a good basis for any startup 
company.
 We founded Multiwave in the historic city 
of Porto in northern Portugal. The city lies on 
the Atlantic Ocean and the Douro River in 
the southwest part of Europe and is stunningly 
beautiful. The weather and the wines are even 
better than in northern California, and the 
food is superb. People are normally friendly and 
open-minded, too, as this has been for centuries 
a society of traders.
 Multiwave develops and sells innovative 
optical sources based in fiber-optic technologies, 
such as pulsed fiber lasers based in MOPA (Master 
Oscillator Power Amplifier) architectures for 
industrial, environmental sensing, and medical 
applications. We also have specialty narrowband/
broadband ASE (amplified spontaneous emission) 
optical sources and optical amplifiers. As 
expected, our markets are global.
 An educated labor force and other necessary 
infrastructure and competencies are available in 
Porto and many other areas in Portugal, thanks 
to years of continuing public investment in 
universities and R&D institutions sponsoring 
PhD fellowships. Collaborative teaching and 
R&D programs among Portugal, the United 
States, the United Kingdom, and elsewhere 
have also contributed to Portugal’s scientific 
institutions and competencies.
 For example, fiber optics developed locally 
over the past 25 years. This was a process where 
we played a role that later helped to anchor 
Multiwave in Portugal. (For a more detailed 
story about why Multiwave is based in Portugal 
rather than Silicon Valley, please visit the 
“Why Portugal?” section of our Web site, www.
multiwavephotonics.com.) Similar positive 
evolutions of institutions and competencies  
have occurred in other science and technology 
areas as well, particularly in the software  
and biomedical sectors.

Photo by John Ho

Multiwave 
Found 
Own Path
Creating, financing, and 
developing an internationally 
minded high-tech startup 
company in a traditional so-
ciety usually requires dealing 
with and navigating through 
complex cultural and social 
issues.

In our case, we decided to 
bypass them as much as 
possible and follow typical 
Silicon Valley-type proce-
dures, including building an 
international team, filing U.S. 
and international patents, de-
veloping state-of-the-art and 
internationally competitive 
products based in fiber optic 
technologies, following well-
established and demanding 
international due diligence 
and advisory processes, 
and making the company a 
normal participant of inter-
national networks related to 
lasers and fiber optics.

– Excerpt from Engineering a 
High-Tech Business: Entre-

preneurial Experiences 
and Insights.

Leadership Needed   
 Nonetheless, building a high-tech startup in 
Portugal is not an easy challenge because many 
aspects of the cultural and innovation-related 
environment are still unfavorable. As in other 
European regions, entrepreneurship is just 
entering the political and social vocabulary. 
 In addition, failing is not yet considered a 
normal part of the learning process and carries 
a significant social stigma, thus conditioning 
risk-taking attitudes. In parallel, financial reward 
for winning after taking risks does not yet merit 
generalized social approval. 
 To make things more difficult, government 
policies, regulations, and infrastructure do not 
significantly promote competence development 
and innovation and don’t favor small- and 
medium-sized companies, focusing 
available resources in very large 
public works. Because of this 
situation, the entrepreneur-to-be 
loses. And that is part of the 
challenge that a new generation 
of better educated and more 
courageous people must face and 
determine to resolve.
 For Portugal, the time is now 
to “Ask not what your country can 
do for you—ask what you can do 
for your country,” as U.S. President 
John F. Kennedy stated in his 1961 
inaugural address.

Role Models Help
 I had the privilege of learning at 
Stanford in the 1970s with 
some of the best. People 
such as Tony Siegman, 
Bob Byer, and Joe 
Goodman forever 
l e f t  a  s t r o n g 
imprint in my 

Continued on 
page 6  
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mind. Afterwards, on a small scale, I made a 
contribution over the years to build laser and 
fiber-optics teaching and research activities in 
Portugal at the University of Porto, the largest 
and arguably the best public university in the 
country, and that provided the opportunity to 
create Multiwave in late 2003. 
 To do it, however, I quit my tenured, full 
professorship position at the time. That action 
seemed a bit extreme to a few of my friends but 
was necessary for me because of the size and 
complexity of the challenge ahead of us. 

Mirroring Silicon Valley
 The conditions easily found in Silicon Valley 
are only now becoming available to a small 
extent in Portugal. In fact, Silicon Valley is a 
rather unique melting pot of scientific excellence, 
competencies, creativity, entrepreneurship, 
venture capital (VC), risk-taking culture, and 
international networking that is difficult to 
reproduce elsewhere. In order to reproduce these 
conditions elsewhere, key cultural factors must be 
in place. Often they are not.
 For example, in Portugal (and in quite a 
few other regions in Europe) people still have 
a tendency to self-organize within poorly-
communicating subsystems. Students have 
limited interaction with teachers, scientists 
do not normally interact with investors, and 
universities seldom interact with companies.
 In addition, individual responsibility and 
accountability are still perceived as rather 
inconvenient concepts, and bureaucracies, 
from national governments to the European 
Commission, often serve self-centered interests 
that make everyone’s life a bit harder than 
necessary. 
 Such behaviors  raise di f f icult ies  for 
entrepreneurs, especially internationally minded 
entrepreneurs who may need a more open dialogue 
with scientists and institutions or more capital 
to finance their ventures. These entrepreneurs 
also may face more complex risks to successfully 
compete in international markets.

Portugal Is Changing
 Fortunately, Portugal is changing rapidly 
and many gridlocks are being torn down 
by more qualified initiative-prone people in 
all sectors. For example, a few schools are 
initiating entrepreneurship programs, science 
and technology parks are forming and bringing 
innovative people together, and capital is 
beginning to be available to sponsor startup 
companies and technology projects. 

 Internationally minded VC entities such 
as Espirito Santo Ventures (a part of the 
Espirito Santo Financial Group and an investor 
in Multiwave) as well as other private and 
public-sponsored VC firms are making strong 
contributions to change the entrepreneurial 
landscape. 
 In Spain, the situation seems similar and VC 
entities such as Bullnet Capital (the first VC  
investor in Multiwave) are focusing on promising 
early-stage high-tech ventures. 
 But much remains to be done on the 
entrepreneurial side, such as eliminating some 
of the rock-solid job security associated with 
university professorships, reinforcing the value 
of intellectual property, and removing direct 
government intervention from the lives of 
institutions and people. Those responsibilities 
should instead be transferred to the organizations 
that are closer to the people and to the people 
themselves, empowering them with an appropriate 
combination of responsibility and authority. 
In the schools, educational institutions must 
start teaching kids with more stimulating and 
demanding curriculum and using positive feedback 
to develop a “think different” mentality instead of 
the prevailing “think alike” mentality. 
 Portugal also must attract tens of thousands 
of well-educated immigrants who can accelerate 
social and economic change, instead of less 
qualified people to be employed in government-
sponsored construction works. Fortunately for 
us, many of the immigrants joining the public 
construction works are highly educated, and 
they rapidly transition to higher value-added 
initiatives.

Risk Aversion 
Unsustainable, 
Report Says
Jose Salcedo’s concerns 
about a risk-averse culture 
are echoed in a report com-
missioned by the Euro-
pean Commission entitled 
“Creating an Innovative 
Europe.” An independent 
expert group on R&D and In-
novation, chaired by former 
Finnish Prime Minister Esko 
Aho, made several recom-
mendations in the report to 
move Europe toward recap-
turing its entrepreneurial and 
innovation vigor.

The report says that 
Europe’s aversion to risk 
won’t sustain an innovative 
economy.

“Europe must break out of 
structures and expectations 
established in the post-WW2 
era which leave it today 
living a moderately comfort-
able life on slowly declining 
capital,” the 2006 report 
states. “This society, averse 
to risk and reluctant to 
change, is in itself alarming 
but it is also unsustainable 
in the face of rising competi-
tion from other parts of the 
world.”

t Continued from page 5
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More Online
Log on to SPIE.org/
spieprofessional for links 
and other resources that 
accompany this article.

 On the government side —of any country—the 
best we can hope for is a clear vision for the 
country and competence to plan and implement 
the necessary supervisory procedures. This is 
sometimes too much to ask, especially at times 
when so many governments seem so influenced 
by corporations and lobbying groups.

Optimism at Multiwave
 I am a realistic optimist in the sense that I 
believe that the future we believe in is ours to 
build, no matter what conventional wisdom may 
say or conditions associated with the surrounding 
environment may suggest. When I see a wall in 
front of me, my most immediate reaction is to 
look for small openings and fissures. 
 However, for attitudes of this type to be 
minimally effective in developing credible 
businesses, we need very hard work, a solid 
dose of wisdom, excellent advice, international 
networking, and access to capital.
 Multiwave is still far from proving that we 
can make it, but we are trying our best. We look 
for partners and employees with unique talent, 

experience, and wisdom. We need all the best 
help that we can get and we always give the best 
that we have—including beautiful surroundings, 
superb sunshine, great food, unique wines, and a 
fun company with strong core values. n

–Jose R. Salcedo is founder and CEO of Multiwave 
Photonics, SA, in Portugal. He has worked in 
academia, industry, non-profits, and government and 
is a former executive director of the National Science 
and Technology Fund in Portugal. He received a 
master’s and a doctorate in electrical engineering at 
Stanford University (USA) and is a member of the 
Academia Europaea. He authored a chapter about 
building Multiwave Photonics in “Engineering a 
High-Tech Business: Entrepreneurial Experiences and 
Insights,” published this year by SPIE Press. Reach 
him at jsalcedo@multiwavephotonics.com

mailto:jsalcedo@multiwavephotonics.com
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A
SPIE and Industry Confer 
Over Attracting New Talent

 Attracting top new talent is a prime concern 
for optics and photonics facilities virtually 
everywhere, SPIE volunteers and staff have 
learned in an ongoing series of visits with industry 
and institutes around the globe. Companies 
also tell visitors about the need for a variety of 
networking opportunities that connect them with 
new partners and customers, as new centers of 
activity grow and technologies advance.
 Just like their hosts, SPIE leaders traveling 
the globe are industry professionals, professors 
training the next-generation workforce, and lab 
scientists and directors drawing workers from the 
same pool. They have traveled the world over the 
past months to hear firsthand about issues and 
interests. Along with concerns, they have heard 
how organizations are collaborating and about 
strategies for training the upcoming workforce and 
for advancing optics and photonics. (For more on 
this topic, see pages 3 and 24.)
 Industry representatives in Asia, Europe, and 
North America all told SPIE visitors that even 
companies with strong brands find it increasingly 
difficult to find new optical designers and 
manufacturing engineers with strong skills. And 
once they have successfully hired capable talent, 
employers are concerned that other organizations 
will recruit staff away. In some areas, employers see 
overall quality of job applicants going down.
 To meet workforce issues, there are a number 
of new and expanded training programs in 
technology. For example, collaboration between 
industry and academia in Ireland has resulted 
in substantive industry-sponsored PhDs in 
photonics and postdoctoral students in several 
areas. In Wales, OpTIC Technium has created 
a Photonics Academy (See page 28), and the 
Institut d’Optique Graduate School in France 
maintains a close connection with the needs of 
industry through required student internships and 
a new “Innovation-Entrepreneur” curriculum that 
reinforces the pragmatic thrust of the Institut.
 Among the visits made by SPIE leadership 
this year:
 In July, SPIE President Kevin Harding 
visited Qioptiq in Singapore, and in June, SPIE 
President-Elect María Yzuel visited Institut 
Catala de Nanotecnologia and Centro Nacional 
de Microelectronica in Spain with past SPIE 
President M.J. Soileau. Yzuel also visited 
Laboratoire d’Astrophysique and Institut Fresnel 
Marseille in France.

 In May, Yzuel and Board member Marta de la 
Fuente visited the European Space Astronomy 
Center (ESAC) in Villanueva de la Cañada, near 
Madrid, Spain.
 In Germany in April, Harding, Yzuel, Immediate 
Past President Brian Culshaw, Treasurer Brian Lula, 
Vice President Ralph James, Symposium Committee 
Chair John Pellegrino, and Board members Hugo 
Thienpont, Werner Jüptner, and Giancarlo Righini 
toured several facilities, including Friedrich-Schiller 
Universität Jena and JenOptik in Jena, Schott Glass 
facilities in Mainz and Jena, Leica Camera in Solms, 
Physik Instrumente in Karlsruhe, and Trumpf in 
Ditzengen.
 In the USA in April, SPIE Past President Paul 
McManamon visited Raytheon Missile Systems 
and Breault Research Corp. in Arizona, and 
SPIE CEO Eugene Arthurs visited Zygo Corp. in 
Connecticut. n

New Officers
At ICO
SPIE sent its congratula-
tions to SPIE Fellow Maria 
Calvo on her election as 
president of the Interna-
tional Commission for 
Optics in July. SPIE is an 
active partner with ICO to 
spread optics knowledge 
throughout the world and is 
well represented among its 
leadership.

Outgoing ICO president 
Ari Friberg and incoming 
treasurer James Harrington 
are SPIE Fellows as are 
new ICO vice presidents 
Fernando Mendoza San-
toyo, also a member of the 
SPIE Board of Directors, 
Duncan Moore, and Tomasz 
Szoplik. SPIE Member Zhou 
Bingkun also won election 
as vice president of ICO.

SPIE’s leadership suited up when they paid a 
visit to Physik Instrumente in Karlsruhe, Ger-
many, in April.

SPIE President-Elect María Yzuel met with 
Philippe Réfrégier, professor of the Ecole Cen-
tral de Marseille, during a visit to Institut Fresnel 
Marseille earlier this year.

You can find jobs in optics 
and photonics at http://
SPIEWorks.com. You can 
also post your resume on 
SPIEWorks, research com-
panies, learn about career 
fairs, and find other career 
resources.
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W
SPIE Supports Clusters Cluster News

Representatives from Le Pôle 
Optique et Photonique Sud, 
the photonics cluster known 
as POPsud, met with SPIE 
leadership, volunteers, and 
others at the Laboratoire 
d’Astrophysique de Marseille 
(LAM) in June during the SPIE 
Astronomical Instrumenta-
tion Symposium. Among 
those discussing the work of 
photonics clusters were SPIE 
President-Elect María Yzuel; 
Jacques Boulesteix, director 
of LAM and president of the 
Scientific Council of POPsud; 
François Flory, treasurer of 
POPsud; and Jean-Gabriel 
Cuby, also of LAM. More 
information about POPsud: 
http://www.popsud.org/.

News from photonics cluster 
groups is periodically posted 
at spie.org/spieprofessional.

 Whether in Florida or in numerous regions 
throughout Europe and Asia, members of optics 
and photonics clusters around the world are 
actively building and maintaining research and 
workforce ties to strengthen the industry.
 A new Web site for photonics clusters (spie.
org/clusters) includes a comprehensive directory 
of 30 groups of optics-related firms and universities 
who network with local industry and government 
leaders, create jobs, and generally promote the 
benefits of a regional association of companies and 
institutions. SPIE also hosts a number of business 
and social gatherings at symposia to support these 
clusters. A free paper on developing photonics 
clusters is available on the Web site.

Recent Cluster News
 A Cluster “Meet-Up” at SPIE Optics+Photonics 
in August brought a small group of optics educators 
and industry representatives together to discuss 
ways to enhance their political lobbying and public 

awareness efforts for optics and science.
 A European Photonics Clusters meeting at 
SPIE Europe Photonics Europe in France in April 
resulted in agreement among 55 attendees that 
most clusters could use some form of public funding, 
particularly for startup activities. European clusters 
have a diverse membership, with clusters oriented 
around a single specialized technology, and those 
that encompass the whole spectrum of optics in 
industry and academia.
 The Florida Photonics Cluster (FPC) has 
expanded its services and announced a meeting 
and open house for 2 October where a seminar on 
online marketing and search engine optimization 
will be given. FPC president Alex Fong, vice 
president for marketing at Optronic Laboratories 
in Orlando, and James Pearson of the University 
of Central Florida report that 30 organizations 
are now members of the FPC. More information: 
www.floridaphotonicscluster.com. n

http://www.floridaphotonicscluster.com
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The “Litho Guru” takes a dim view of lithography remaining 
a top dog in semiconductor manufacturing and in fueling 
Moore’s Law. Growth and fun are slowing.

By	Chris A. Mack

I It’s been nearly 50 years since the invention 
of the planar transistor kicked off the integrated 
circuit industry and its siren call, Moore’s Law. 
In that time frame, semiconductor chips have 
gone from a handful of integrated components 
with minimum dimensions of about 25 µm to 
billions of transistors with minimum dimensions 
nearing 25 nm.
 What is most remarkable about this 50-
year journey is that the cost of making one of 
these integrated circuits has stayed about the 
same even as the capabilities of the chips have 
grown by many, many orders of magnitude. 
The consequences are familiar, though still 
profound: the ubiquity of sophisticated electronic 
devices and the easy availability and use of the 
information that they allow.
 Many factors have enabled Moore’s Law to 
continue and electronics to thrive. A major factor 
(possibly the most significant factor) has been the 
improvement in lithography for semiconductor 
manufacturing. From contact printing in the 
1960s to 1X scanning projection 
printing in the 1970s to reduction 
step-and-repeat cameras in the 1980s 
to deep-UV step-and-scan tools 
in the 1990s, regular 
increases in numerical 
aperture, decreases 
in  wave length , 

improvements in photoresists, and many other 
techniques have enabled dramatic improvements 
in resolution. 

Costs Constant
 All the while, the cost of printing a square 
centimeter of silicon has remained about 
constant. Today, the state-of-the-art 
lithography tools use a wavelength 
of 193 nm (from an ArF 
excimer laser) and a water 
immersion lens with a 
numerical aperture of 
1.35 to print lines and 
spaces of less 
than 45 nm 
in width.
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 While past developments have been nothing 
less than phenomenal, the future of semiconductor 
lithography is less certain than it has ever been. 
Raising the numerical aperture beyond 1.35 will 
require high-refractive-index immersion fluids 
and lens materials, both of which face daunting 
material development 
tasks. 
 L o w e r i n g  t h e 
wavelength to 157 
nm has been deemed 
not worth the effort, 
and so the development of extreme ultraviolet 
(EUV) technology, at a wavelength of 13.5 
nm, is the only lower-wavelength option under 
consideration. But this radically new technology is 
rife with difficulties, most notably the availability 
of a high-power light source and defect-free masks.

Technology Development
 In the near term, lithography will move forward 
using basically the same imaging tools as today, 
but with a new process technology called double 
patterning. By interdigitating two separately 
printed and etched patterns, the classical resolution 
limit can be broken, but at the expense of about 
2X the cost, plus very stringent requirements for 
pattern placement accuracy (overlay). 
 Double patterning has received significant 
attention lately, and it seems clear that this 
approach will allow 193-nm-wavelength water 
immersion lithography to push on for at least 
another technology generation, and possibly two.
 The challenges facing lithography technology 
development are severe. 

Fun Factor
 In general, one would think then that 
lithography would be a great field to work in. 
After all, what could be better than a technical 
challenge in a field where a solution will make a 
difference (and make money)? 
 Lithography has been a great place to be for the 
last 25 years (the time that I have been working 
in the field). But other factors are conspiring to 
make some of the challenges we face less than fun. 

The	 future	 of	 semiconductor	

lithography	is	less	certain	than	

it	has	ever	been.

 Growth in the semiconductor industry has 
dramatically slowed in the last eight years. As 
the industry matures, consolidation has led to 
fewer and fewer companies willing to invest 
in new technology development. There are 
probably only five semiconductor companies with 

both the desire and the 
financial wherewithal to 
build the next generation 
manufacturing fab. And 
with this maturity also 
comes increased focus 

on cost reduction rather than performance 
improvement – usually not the most fun 
environment for the majority of engineers.

Moore’s Law
 But the biggest fun-dampening factor of all, 
in my opinion, will be the changing role of 
lithography in pushing Moore’s Law forward. 
To put it bluntly, lithography has been top 
technological dog for the past 25 years, but that 
is unlikely to continue for more than the next 
five years. Other developments in semiconductor 
device structure and design are already playing 
a bigger role and may soon eclipse lithography 
as the future driver of density and performance 
improvements.
 Lithography will still be important; it just won’t 
be the one thing everyone is counting on, and 
investing in, to make things work.
 The  j ob  env i ronment  su r round ing 
semiconductor lithography has been exceptionally 
fun, at least for me. The future will also be 
exciting. But the maturation and consolidation 
of the semiconductor business will mean that 
lithography’s heyday will soon be over. 
 Moore’s Law will march on, at least for another 
eight to 10 years, but in a different form and in a 
different way. Innovations are sure to come, but 
they are less sure to come from lithographers.
 Is lithography’s star dimming? I suppose that 
it is. n
 For another view of the future of lithography, see 
page 12.

– SPIE Fellow Chris A. 
Mack is a leading authority 
on lithography and developer 
of the PROLITH Toolkit™ 
of lithography simulation 
and analysis programs for 
FINLE Technologies, which 
he founded in 1990. He is 
a former vice president of 
lithography technology at 
KLA-Tencor, which bought 
FINLE in 2000, and is author 
of “Fundamental Principles 
of Optical Lithography,” a 
graduate-level textbook. With 
degrees in physics, electrical 
engineering, chemistry, and 
chemical engineering, Mack 
regularly teaches courses in 
optical lithography and shares 
his knowledge and expertise 
on LithoGuru.com.

11October 2008     SPIE Professional    



SPIE Professional     October 200812

ASML’s chief scientist is optimistic that future semiconductor manufacturing 
will be “litho friendly” and that new technologies won’t easily displace optical 
lithography as a driver for Moore’s Law.

By	Bill Arnold
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I In his 1959 talk, “There’s Plenty of Room at the Bottom”1, 
Richard Feynman offered $1000 to the first person who could 
demonstrate the ability to write the Encyclopedia Britannica 
on the head of a pin. This is equivalent to a linear scale 
reduction of 25,000X. The prize was claimed in 1986 by Tom 
Newman, a graduate student at Stanford University who used 
electron beam lithography to write the first page of “A Tale of 
Two Cities” in an area of only 5.9 × 5.9 microns2. Feynman 
reportedly wrote Newman the check but quipped that he 
shouldn’t cash it as his signature one day would be worth more. 
 Lithography has evolved from its use by artists such as 
Rembrandt, to eight-color postcards at the end of the 19th 
century, to high-resolution optical projection lithography 
which prints the world’s most complex devices: microprocessors 
and memories3. The stunning ability of lithography to image 
and build nanostructures has been the engine of worldwide 
expansion of the microelectronics business and the many fields 
it has revolutionized.

Moore’s Law Persists
 Gordon Moore predicted in 1965 that the density of silicon 
transistors on a chip would double every year4, and in 1975 
amended this to a doubling every 18 months5. With only minor 
differences across a wide variety of devices, this incredible 
“law” has held for 43 years.
 Moore’s original devices were printed using masks cut from 
rubylith and projected with 
16mm movie camera lenses 
purchased in a Northern 
California camera shop 
by Robert Noyce for a few 
hundred U.S. dollars6. They 
had a minimum feature 
size of around 100 microns. 
Today the industry uses 
hyper-numerical-aperture 
water-immersion lenses 
which weigh nearly a half 
metric ton and cost several 
million dollars (U.S.) to 
resolve features as small as 
37nm7 with light from a 
60W argon fluoride excimer 
laser (193nm wavelength). 
See Figure 1.
 Wafer step and scan systems (“scanners”) can expose 30 
or more mask levels on 300mm diameter silicon wafers at 
the rate of more than 100 wafers per hour. This represents 
an improvement in resolution of nearly 1000X and in pixel 
transfer rate of 1,000,000. However, another improvement of 
1000X over the next 43 years will not spur the same progress 
in silicon devices since the limits dictated by atomic sizes will 
be reached (the lattice constant of crystalline silicon is 0.546 
nm) and new device architectures and materials will have to 
evolve to allow further scaling. 
 The death of Moore’s Law has been predicted for many 
years based on concerns for one or more perceived technical 
or economic limit. But it is a stubborn, persistent, and self-
sustaining phenomenon, which allows both greater device 

performance and lower manufacturing costs per transistor 
with each advance in density. This in turn has enabled more 
sophisticated computational and manufacturing tools to 
be designed, funded, and built. The huge expansion of the 
microelectronics business has allowed the world’s IC makers to 
build silicon chip factories (fabs) in the United States, Europe, 
and Asia. Worldwide revenues of the semiconductor industry 
are about $250 billion U.S. annually. 

Memory Devices
 In a similar vein, the demise of optical lithography is a 
perennial topic, starting at least 30 years ago at the 1 micron 
level, and continuing to today. A joke law among lithographers 
states that the death of optical lithography is always seven  
years away8. However, only optical lithography offers the 
full package of fine resolution, nanometer-level overlay, 
and throughput rates high enough to sustain the cost-per- 
bit reduction rate required to continue Moore’s Law. The 
giant capital investment in optical lithography and silicon 
manufacturing ensures that no new technologies can easily 
displace these true workhorses but rather must build on them 
and work with them in a complementary way.
 CMOS silicon devices are expected to continue scaling to 
below 20nm, but there are many serious technical hurdles. 
Transistor device physicists identify the key issues as related 
to reducing gate dimensions and contacted interconnect 

pitch; finding new materials 
for  gate  insulators  and 
electrodes; and control of 
dopants. CMOS transistors 
form the basis of all major 
types of integrated circuits, 
including microprocessors, 
dynamic random-access 
memory (DRAM), and flash 
memories. 
 Memories come in many 
different forms, which vary by 
read and write speed, volatility, 
and performance in different 
physical environments. Static 
RAMs (SRAMs) dominate 
high speed applications for 
on-chip cache for advanced 

logic devices. DRAMs dominate applications for high-speed 
(but power-hungry) computation. NAND flash memories are 
widely used for mobile, nonvolatile storage such as digital film 
and USB drives. These three memory types have unique device 
layout differences which result in characteristic lithography 
challenges. See Figure 2, next page.
 Due to the relative simplicity of the NAND layout, it has 
been possible to scale this type of memory device faster than 
DRAM or SRAM, resulting in different rates of feature size 
reduction and increasing bit density. See Figure 3, page 16. 
 In memory technology there is significant pressure to scale 
faster than logic devices due to intense competition and 

Continued on page 14 

t Continued from page 13

Figure 1: Zeiss lens on ASML TWINSCAN machine.
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Taipei Is
Forum for 
New Meeting
With Taiwan accounting 
for 17% of the global 
photonics market and Asia 
now accounting for a major 
portion of microelectronics 
manufacturing, the first 
SPIE Lithography Asia 
symposium promises to be 
a rich marketplace of ideas.

The new symposium, 4-6 
November in Taipei, will 
host five conferences on 
the latest developments in 
microlithography tech-
niques, nanofabrication, 
resist materials, process 
control, and semiconductor 
manufacturing.

Wen-Yi Lin from AU Op-
tronics will give a plenary 
presentation on the chal-
lenges and trends in LCD 
processing technology. 
Other plenary speakers 
include Jack Sun, vice 
president of research and 
development at Taiwan 
Semiconductor Manufac-
turing Corp. and Bill Arnold, 
chief scientist at ASML.

More information: http://
spie.org/lithography-asia.
xml

exposure wavelength. As k1 decreases, contrast 
is lost in the image. 
 Resolution enhancement technology (RET) 
has evolved to bring back contrast even as device 
half pitch has continued to shrink. Common 
RETs employed include off-axis illumination and 
the use of phase shifting masks and the addition of 
sub-resolution assist features to mask features14. 
 Concerns for device performance variability 
in the face of statistical fluctuations in dopant 
concentrations and other effects such as line 
edge roughness at atomic scales, along with loss 
of image contrast, has led to notable changes in 
circuit layouts to make them more “litho-friendly” 
through drastic restrictions in design orientation 
and of line-space duty cycle. As the resolution 
limit of 193nm lithography is reached at about 
37nm, double patterning has become the bridge 
to future device shrinks. In double patterning, 
critical mask levels are split into two or more 
masks. Each can be printed above the resolution 
limit but when combined, they achieve further 
density increase15. Optical lithography keeps 
evolving to achieve ever more complex control 
over the nanoscape.

Cost Factor
 Quantum computers were also forecast by 
Feynman16, who asked “How small can you make 
a computer? … It turns out that we can make it 
pretty much as small as we want. … We can not 
get any smaller than atoms because we will always 
need something to write on, but all we actually 
need are bits which communicate. An atom, or a 

nucleus will do ….”
 E c h o i n g  t h e s e 
thought s ,  S tephen 
H a w k i n g  p u t s 
technology limits to 
Moore’s Law as probably 
dictated by “the speed 
of light and the atomic 
nature of matter”17. At 

the current rate of lithography scaling (~0.7X 
every two years), the industry will reach the 
length scale of atomic crystal lattices (order 1nm) 
by the mid 2040s. 
 Moore himself has often said he expects the 
law to be limited first by economics, including 
the rising cost of advanced lithography and new 
wafer fabs18. The IC industry is undergoing a 
significant period of consolidation driven by the 
massive costs needed to develop and manufacture 
at smaller dimensions. Many former chipmakers 
have decided to go fabless and send their designs 
to foundries like TSMC or UMC in Taiwan; 
others have retained some internal capacity to 
make new generation parts but send most volume 
business to foundries for older generations (the 

staggering reductions in average selling 
price per year (typically ~40%). As a result, 
in recent years the density for NAND 
flash chips has doubled every year, allowing a new 
variant of Moore’s Law to appear, Hwang’s Law, 
named after C.G. Hwang of Samsung Electronics9. 
 In the event materials and patterning limits are 
reached, three dimensional memories that build 
bits vertically as well as laterally using existing 
technologies have become an important research 
direction for the large 
memory manufacturers 
as a potential way to 
continue increasing bit 
density, reduce cost per 
bit, and retain a small form  
factor10-12.  Memory 
technology has become 
the key driver for further 
improvements in lithography, and vice versa. 

Litho-Friendly Circuits
 Lithography has adapted itself to scaling 
requirements over the years, starting with 
symmetrical geometric scaling for bulk CMOS at 
feature sizes much greater than the wavelength of 
the exposure light. The limits of optical resolution 
in lithography are dictated by the Rayleigh 
equation (R = k1 λ/ NA), where k1 is a factor 
which measures the complexity of the process and 
has a limiting value of 0.25 for a single exposure, 
λ is the wavelength of the light and NA is the 
numerical aperture of the optics13. As scaling 
has progressed, the feature sizes first became 
comparable to and then mere fractions of the 
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Cell
layout

Typical
Device 
Pattern

Device:

Typical Cell Size:
Bits/cell
Critical Patterns:
Critical Pitch:
Shrink Challenge:
RET:
k

1
 limit:

X-point storage
transistor

4 F2

1" 4
1D

Dense
Resolution

Strong
0.27 ~ 0.29

Transistor
+ Capacitor

6~8 F2

1
1D & 2D
Dense

Imaging & overlay
Moderate

0.29 ~ 0.31

6 Transistor (SRAM)

50~60 F2

1
2D

Random
OPC, DoF

Weak
0.36 ~ 0.38

NAND Flash DRAM Logic / SRAM

Figure 2

Giant	capital	 investment	for	

fabs	ensures	that	new	tech-
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optical	 lithography,	 not	dis-
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“fablite” strategy). It is said that in five 
years only a few companies will still 
design and manufacture their own chips. 
  Likewise, in the lithography 
business, where there were 20 or 
more competitors in the early 1980s, 
there are only three left making the
most advanced equipment (ASML BV of 
the Netherlands, and Nikon and Canon 
of Japan).

EUV and the Future
 The lithography scanner business 
is sometimes likened to the aircraft 
industry where only Boeing and Airbus 
remain as the major suppliers. On the 
surface, the similarities are striking: 
massive capital equipment involving the 
highest technology available and unit 
sales on the order of 1000 per year. In 
the aircraft industry, the development of 
faster commercial jets stumbled with the 
Concorde and has now reached a stable 
period where subsonic craft such as the 
777 and Airbus 380 lead future sales.
 Industry experts wonder if lithography 
resolution has reached an economic 
limit with the introduction of EUV 
lithography. While most agree further 
resolution scaling is desirable and 
technically feasible, the big question is 
whether enough EUV photons can be 
generated and imaged in resist on wafers 
to meet the economic requirement of Continued on page 16

VOLUME optics. 
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800.363.1992 | www.edmundoptics.com

need volume pricing? Contact
our sales department today
or to receive your FREE catalog!
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100+ wafers per hour. 
 If  this challenge is met, EUV 
lithography will eventually be the 
mainstream production process for 
devices down to the 10nm level19. 
Reduction of wavelength coupled with 
higher NA lens designs may be possible 
to drive this further.
 (For a different view on the future of 
optical lithography, see Chris Mack’s article 
on page 10.) n

–SPIE Fellow Bill Arnold is chief scientist 
at ASML US Inc. and will be a featured 

plenary speaker at 
the inaugural SPIE 
Lithography Asia 
Symposium in Taipei 
in November. His 
MS in physics is 
from the University 
of Chicago.
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Sensitive Photoresists
New studies of photoresist sensitivity for EUV lithography have  
major implications for semiconductor manufacturing.

 Photoresists used in EUV lithography processes 
are twice as sensitive as previously believed, 
according to new measurement studies of 
photoresist sensitivity. The new information 
may have wide-ranging implications for future 
semiconductor manufacturing.
 If the photoresists are indeed twice as sensitive, 
then they may have the sensitivity needed for 
high-volume manufacturing. However, the flip 
side is that the extreme ultraviolet optical systems 
in tools now being deployed are only about half 
as effective as lithographers thought.
 Scientists at the National Institute of Standards 
and Technology (NIST) and Advanced Light 
Source (ALS), a division of Lawrence Berkeley 
National Laboratory (CA), conducted the 
studies.
 The drive to make circuits with ever smaller 
features has pushed manufacturers to use shorter and 
shorter wavelengths of light. EUVL is emerging as 
the putative next generation in this progression and 
requires developing both suitable light sources and 
photoresists that can retain the fine details of the 
circuit, balancing sensitivity, line edge roughness, 
and spatial resolution. (See other articles on pages 
10 and 12.) 

 NIST researcher Steve Grantham notes that 
leading-edge optical lithography light sources in 
use today emit light with a wavelength of about 
193 nanometers. EUVL sources produce light with 
wavelengths about an order of magnitude smaller, 
around 13.5 nanometers. 
 Because there are no transmissive materials to 
make lenses at 13.5 nm, mirrors have to be used 
to focus this light. 
 Until recently, EUV photoresist sensitivity was 
referenced to a measurement technique developed 
at Sandia National Labs in the 1990s. Late in 
2007, scientists at ALS in Berkeley used a NIST-
calibrated photodetector to check the standard. 
Their detector-based measurements indicated that 
the resist’s sensitivity was about twice that of the 
resist-based calibration standard. 
 After the Berkeley group presented its findings 
at an SPIE Advanced Lithography conference 
in February, Intel asked NIST to make an 
independent determination of the EUVL resist 
sensitivity to validate the results. Measurements 
conducted at the NIST SURF III Synchrotron 
Ultraviolet Radiation Facility agreed with those 
of the Berkeley group. 
 The fact that the photoresist is now known to be 

twice as sensitive to the EUV light implies 
that the current EUV demonstration 

systems are only delivering half as 
much light energy as had been 

expected to the wafer plane.
 “ T h e s e  r e s u l t s  a r e 
significant for a technology 
that faces many challenges 
before it is slated to become 
a high-volume manufacturing 

process,” Grantham says. “It 
should open the eyes of the 

industry to the need for accurate 
dose metrology and the use of traceable 

standards in their evaluations of source and 
lithography tool performance.” n

–Source: NIST

EUVL  
Process
Extreme ultraviolet lithog-
raphy (EUVL) is a process 
analogous to film photog-
raphy. A silicon wafer is 
coated with photoresist 
and exposed to EUV light 
that reflects off a patterned 
“photomask.” The solubility 
of the coating changes 
where the light strikes the 
resist. When developed, 
the soluble portions wash 
away, leaving the same 
pattern exposed on the 
silicon surface for the 
processing steps that ulti-
mately create microcircuits. 
(Source: NIST)

NIST researchers exposed a 300 mm silicon 
wafer with incrementally increasing doses of ex-
treme ultraviolet light (EUV) in 15 areas. After the 
wafer was developed, the team determined that 
the seventh exposure was the minimum dose 
required (E0) to fully remove the resist.  
(Image courtesy of NIST)
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Lithography News 
 The rapid introduction and complexity of 
new metrology instruments, combined with the 
ascendancy of nanotechnology for semiconductor 
manufacturing, has elevated the importance 
of instrument calibration, agreement on best 
practices, and development of selection criteria 
for reference instruments in lithography and films 
metrology. Some panelists at an SPIE Advanced 
Lithography session in February held that true 
dimensional accuracy was either unachievable 
or unnecessary, considering that electrical 
performance, not size, of a finished device is 
the primary consideration. Others argued that 
dimensional measurement tools provide the 
best available option, and that the approach 
is necessary because it adds value. The group 
reached the consensus that while dimensional 
metrology is the best method available now 
and that accuracy needs to improve, in the 
future extending OPC to etch or even electrical 
calibration would have a lot of value.
 The 2008 SPIE Advanced Lithography Best 
Student Paper Award for optical microlithography 

was awarded to Juliet A. Rubinstein of the 
University of California-Berkeley. Her paper was 
titled, “Post-Decomposition assessment of double 
patterning layouts.” The award was sponsored 
by Cymer.
  The 2007 C. Grant Willson Best Paper 
Award was presented to a team of authors 
from IBM Almaden Research Center and IBM 
Semiconductor Research and Development 
Center earlier this year for a paper on “Fluoro-
alcohol materials with tailored interfacial 
properties for immersion lithography.” The award 
was sponsored by AZ Electronic Materials and 
Rohm and Haas Electronic Materials.
  Matthew Sendelbach and Javier Ayala of 
IBM Microelectronics Division and Pedro 
Herrera of KLA-Tencor received the Diana 
Nyyssonen Memorial Award for Best Paper 
of 2007 for the Metrology, Inspection, and 
Process Control conference at SPIE Advanced 
Lithography earlier this year. The paper was titled, 
“Predicting electrical measurements by applying 
scatterometry to complex spacer structures.”

2009 Award
Veeco Instruments Inc. is 
sponsoring a $1,000 Best 
Student Paper Award at the 
SPIE Advanced Lithography 
Symposium in February to 
recognize the best student 
work in AFM Metrology. 
Manuscripts must be 
submitted to the Metrology, 
Inspection, and Process 
Control for Microlithography 
conference by 26 January 
2009. For more informa-
tion, e-mail john.allgair@
sematech.org 
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Postmortem Innovation
Performing 3-D reconstruction techniques on cadavers  
can be a simple and accurate approach to autopsy.

By	Clarence Mayott

 Nearly four decades after the invention of 
computed tomography scanning, innovation with 
this process of minimally invasive body imaging 
has not abated. One of the newest applications 
for CT scanning is for performing scalpel-free 
autopsies, or virtual autopsies.
 Innovators are now using standard-issue 
hospital imaging devices for forensic evaluation 
in mortuaries, and the development of CT 
devices specifically for autopsies may not be far 
off.
 The U.S. military has been routinely 
conducting CT-assisted autopsies on soldiers’ 
remains since 2004 to determine precise cause of 
death and to gather data to improve body armor. 
And Virtopsy®, a combination of CT and MRI 
developed by researchers at the University of 
Bern’s Institute of Forensic Medicine and the 
Institute of Diagnostic Radiology in Switzerland, 
has become a standard technique.
 Even the scalpel-wielding medical examiners 
on the popular TV series CSI are adding three-
dimensional imaging reconstruction techniques 
to their investigative toolkit.

 Repurposing aging CT facilities in 
hospitals and radiology offices to 

help determine cause of death 
could revolutionize criminal and 
forensic investigation techniques. 
Considering that the vast majority 
of reported deaths do not result 
in postmortem exams, forensic 
digital autopsies, sometimes 
called catopsies, could also create 
new revenue streams and new 

entrepreneurial opportunities 
within the medical industry.
 Innovative CT scanning for 
forensic evaluation has several 

advantages over conventional 
autopsies.

 Radiation is a hazard only to 
radiology personnel but can be 

avoided with proper shielding. 
Extended times and increased 

radiation levels may be 
u s e d  t o  i n c r e a s e 

imaging resolution 
and definition.

 In cases of suspicious death, a virtual autopsy 
won’t damage important forensic evidence as can 
happen during a conventional autopsy.
 Software programs such as 3-D Doctor and 
Voxar 3D Express are readily available to take 
the output from CT imaging machines and 
convert the two-dimensional slices into a three-
dimensional image.
 Cost is about $1,000 versus $4,000 for a 
standard autopsy.
 Religious and cultural concerns about 
desecrating the body or burying it within a certain 
time frame are minimized or eliminated. 
 CT scans can be performed and stored for later 
evaluation or transmitted to a coroner in another 
location. Scans could be useful as a triage tool, 
for instance, at a scene of natural disaster or other 
mass casualty, to help determine which bodies 
should receive a full autopsy. 

Challenges for Coroners
 Using CT images in virtual autopsy does have 
some drawbacks, however. CT is very good at 
showing bone and metal, but different soft tissues 
often look similar in a CT image. A virtual autopsy 
would not be helpful in cases where the cause of 
death is likely to be cardiac, for instance.
 CT scanners also tend to overheat or burn 
out when the volume of scans is high, as might 
be predictable during warfare or natural disaster.
Some critics have suggested that virtual autopsies 
are useful but will never replace conventional 
autopsies or enjoy mainstream use. A primary 
concern is that most publicly funded coroners’ 
offices couldn’t handle the bigger workload and 
its associated costs. 
 “If a medical examiner’s office is faced with 
the cost of a CT scanner and the radiologist to 
interpret the scan versus the cost of opening 
another office or hiring another medical examiner 
to handle increased workload, they would choose 
the latter,” Joseph Prahlow, president of the 
National Association of Medical Examiners, told 
Radiology Today earlier this year. 
 Nonetheless, researchers continue to work on 
this innovation of an older invention in hopes of 
overcoming these challenges. n

– Clarence Mayott is an analyst with Nerac Inc.

CT: Method
Of Choice
According to the Millen-
nium Research Group, CT 
device sales are expected 
to reach $18.5 billion by 
2012. CT is still the im-
aging method of choice in 
cardiac and cancer follow-
up, but as other, less 
damaging devices become 
available this advantage 
may erode with time. At 
the same time, we can 
expect that innovation will 
increase resolution while 
reducing exposure times 
and radiation dosage.

Visible 
Proofs
“Visible Proofs: Forensic 
Views of the Body” was 
an exhibit at the National 
Library of Medicine, part 
of the National Institutes 
of Health,º until earlier this 
year. It describes the work 
of the Swiss Virtopsy pio-
neers: http://tinyurl.com/
visibleproofs.

For more about virtual 
autopsies, go to the online 
version of this article at 
SPIE.org/spieprofessional.

http://tinyurl.com/visibleproofs
http://tinyurl.com/visibleproofs
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LCDs: Challenges  
And Opportunities  
For Lithography

TV displays market estimated at only half its 
potential penetration. 
 As in the manufacture of integrated circuits, 
photolithographic manufacture of displays has 
challenges to overcome to achieve large-scale 
production that drives down price. The TFT-LCD 
industry is wrestling with uniformity, thermal, and 
critical dimension issues as it attempts to fabricate 
even larger displays.
 To read the full article on applications for LCD 
production by Wen-yi Lin and his associates 
at AU Optronics Corp., log on to spie.org/
spieprofessional. 

–Wen-yi Lin is director of L6A 
Fab at AU Optronics Corp.

 Liquid-crystal image generation was conceived 
and realized by RCA in the 1960s. Nearly a decade 
later, the development of liquid crystal display 
(LCD) technology led to the manufacture of such 
products as wrist watches and pocket calculators. 
In the 1980s, thanks to the commercialization of 
twisted-nematic (TN) and super twisted-nematic 
(STN) LCDs, the first notebook computers with 
LCD screens became widely available. 
 Since then, thin-film-transistor liquid crystal 
display (TFT-LCD) has emerged as a leading flat-
panel display technology, competing with plasma 
display panels (PDP), organic light emitting diode 
(OLED) displays, and field emission displays 
(FED). Numerous applications of TFT-LCD have 
been developed and commercialized, including 
notebook and desktop PCs, video camcorders, 
cameras, televisions, and public displays, creating 
a multibillion-dollar industry. 
 Despite strong growth, the TFT-LCD industry 
is still far from saturation and maturity, with the 

Wen-yi Lin will also discuss 
advancements in the 
engineering of materials, 
electronics, chemistry, 
equipment, processing, and 
metrology for the expo-
nentially growing TFT-LCD 
market as a plenary speaker 
at the SPIE Lithography 
Asia Symposium in Taiwan 
on 4 November. More 
information: http://spie.org/
lithography-asia.xml

Subscribe to free SPIE Newsroom E-Alerts

spie.org/newsroom
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 Generates qualified leads

Contact: Al Ragan
 SPIE Sales
 PO Box 10 Bellingham, WA 98227-0010 USA

 Tel: +1 360 676 3290 
 Fax: +1 360 647 1445 
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Webcast

SPIE Members  
Launch New Societies
 Optical scientists in Poland and Hong Kong celebrated the 
transformation of former SPIE Chapters into independent 
professional societies earlier this year.
 The new Photonics Society of Poland (PSP or Polskie 
Stowarzyszenie Fotoniczne) held an inauguration symposium 
in Warsaw in May, and SPIE members in Hong Kong 
launched the Hong Kong Optical Engineering Society 
(HKOES) in April.
 SPIE has been transitioning its regional chapter program 
over the past few years, enabling the networks and activities 
established by the regional chapters to develop effective, locally 
based organizations.
 Many of the Polish organization’s founders, including PSP 
President Tomasz R. Woliński, were leaders in the SPIE Poland 
Regional Chapter, the first chapter that SPIE established in 
Europe. 
 With more than 200 members, the PSP is now the largest 
optics-optoelectronics-photonics organization in Poland. It has 
begun integrating activities with the Committee of Electronics 
and Telecommunication of the Polish Academy of Sciences 
and the Committee of Optoelectronics of the Society of Polish 
Electrical Engineers.
 The New Hong Kong society also has strong ties to SPIE, 

with many of the HKOES founders having served as leaders 
in the SPIE Hong Kong Chapter.
 The HKOES will focus on optics promotion in schools, 
establishing linkages between industry and education, and 
presenting optics seminars and training courses to foster 
professional development in optics, said Chi-Man Fok, 
chairman of the Board of Directors. 
 More online at spie.org/spieprofessional.

Brian Culshaw, Tomasz Woliński, Tina Kidger, and Emery Moore 
celebrated the launch of the new Photonics Society of Poland.
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I Images from satellites help scientists, engineers, 
government officials, medical professionals, and 
others determine the extent of flood and fire 
damage, predict hurricanes, estimate crop yields 
and atmospheric pollution, even monitor human 
rights. For remote sensing to fully reap these 
benefits to humanity, the geospatial imagery 
has to be extracted, classified, interpreted and 
analyzed, usually with sophisticated software. 
 For example, after the June 2002 Hayman Fire 
in Colorado (USA), which began in the Pike-San 
Isabel National Forest, land managers needed 
to map the severity of the burn and assess its 
damage to various ecosystems. The fire burned 
approximately 138,170 acres.

Remote Sensing  
of Fire Damage

 Using software from ITT Visual Information 
Solutions, which provides spectral processing 
tools and integrated software solutions to analyze 
and visualize data obtained from satellites, the 
U.S. Geological Survey and the National Park 
Service developed a burn severity index based on 
data and images from Landsat, a series of satellites 
that observe the Earth in seven spectral bands.
 Landsat’s Thematic Mapper and Enhanced 
Thematic Mapper (TM/ETM) bands 4 (near-
infrared) and 7 (mid-infrared) helped establish a 
Normalized Burn Ratio (NBR) that showed land 
managers and fire ecologists how to evaluate and 
compare burn severity within individual fires and 
between fires across various ecosystems.

 ITT’s ENVI software was used with Landsat 
data to map the severe burn areas. The perimeter 
of the fire can be automatically delineated using 
ENVI classification tools, and the severity of 
the burned region is evaluated using specific 
thresholds.

Assessing the Burn
 The first image  below depicts the region prior 
to the fire.
 The center image represents a false color 
composite of the site after the fire. A band 
combination of 7, 4, and 3 was used for red, 
green, and blue respectively. Using this band 
combination greatly highlights burned areas 

because of the reflective properties of burned 
vegetation in the infrared.
 Calculating the Normalized Burn Ratio (NBR) 
and using the result with ENVI’s density slice 
capabilities, the image at right shows areas of 
no fire damage (black), moderate fire damage 
(yellow), and severe damage (red).
 Other examples of data extraction and 
visualization from the 2006 Indian Ocean tsunami 
and an infestation of mountain pine beetles in 
Colorado can be found online at http://spie.org/
spieprofessional. n
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Academia and industry work together to train future engineers.

By	Beth Kelley

 More than a few photonics organizations 
are concerned about the gap between the skills 
they find in the job applicant pool and what 
the business world really needs. Instead of just 
talking about science and engineering education 
and workforce needs, research institutions, 
universities and businesses are teaming up to 
offer students opportunities to practice their 
skills in real-world settings and inspire tomorrow’s 
engineers. 

 Universities such as Brown and Arizona State 
are offering “applied” degrees in engineering that 
build partnerships with companies and integrate 
product development courses into their programs. 
City University of New York has developed an 
intensive hands-on program for its graduate and 
undergraduate students at its Center for Optical 
Sensing and Imaging, funded by NASA. 
 Schools are also bringing in more industry 
speakers and lecturers. In November 2007, the 
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Academia and industry work together to train future engineers.

By	Beth Kelley

École Polytechnique de Montréal hosted The 
Optics & Photonics Entrepreneurial Workshop. 
Organized by the college’s SPIE/OSA Student 
Chapter, the event brought together a variety 
of speakers from the business world discussing 
everything from job etiquette to how to file 
patents. 

Working World
 Businesses and research institutions are taking 
the initiative to bridge the training gap by reaching 
out to universities to create partnerships that will 
help shape the next generation of engineers.
 Sandia National Labs (NM) launched its 
National Institute for Nano-Engineering (NINE) 
program in August 2007. The NINE program is a 

collaboration between government, universities, 
and nanotechnology companies. Graduate and 
undergraduate students are invited to work at 
Sandia either over the summer or throughout the 
school year for hands-on technical experience 
solving real problems in a business environment.
 The summer program also offers courses on 
entrepreneurship, intellectual property, financing 
and the sociology of science. The projects fall into 
three categories: nanomaterials manufacturing, 
nanoelectronics, and energy. Sandia has already 
signed up seven industry and 12 university 
partners. NINE aims to become the first Discovery 
Science and Engineering Innovation Institute, as 
outlined in the America Competes Act, created 
in 2007.
 The NINE program is also helping to provide 
outreach to teachers, such as a week-long camp 
that gives teachers information and experiments 
they can take back to their schools. 
 Duane Dimos, director of materials science 
and engineering of Sandia National Labs, feels 
nanotechnology lends itself well to this type of 
collaborative learning. “Nanotechnology is so 
inherently interdisciplinary; what you’re doing 
in a subject like this is bringing together biology 
and all the engineering disciplines–physics, 
chemistry–so you have to think about some 
different educational models in something like 
nano,” Dimos says. “Being able to have multiple 
universities, industries, and the lab work together 
on these models and making DOE facilities more 
available to students and researchers is really 
exciting.”
 Lockheed Martin, as another example, has 
teamed with the non-profit organization Project 
Lead the Way to form the Engineers in the
 

Continued on page 26 

NINE student interns work on nanomaterial synthesis.

Education 
Initiatives
“Engineering for a 
Changing World” draws 
from several reports on 
increasing United States 
competitiveness and 
recommends including the 
academic disciplines of 
engineering and tech-
nology into the liberal arts 
canon undergirding a 21st-
century undergraduate 
education. This broad 
liberal arts baccalaureate 
education should be a pre-
requisite for professional 
education at the graduate 
level, the report states. 
More: http://tinyurl.com/
michengineer.

Business incubator OpTIC 
Technium in Wales is host 
to the Photonics Academy 
for primary and secondary 
school students. (See 
article page 28).
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Minding  
the Gap
Statistics show the wid-
ening schism between 
what is taught and what 
is needed:

Engineering firms indi-
cate young job seekers 
lack “soft skills” – 
critical thinking, problem 
solving, etiquette, 
prioritization, and time 
management. 

One-quarter of Colora-
do’s graduating seniors 
and one-third of stu-
dents graduating from 
Boston high schools 
need remedial math 
education.

From 2007–2008 there 
was a 20% drop in 
students completing 
bachelors’ degrees in 
professional IT fields.

Women account for 
fewer than 20% of the 
recipients of engineering 
degrees earned at every 
level.

Only 12% of the U.S. 
degrees awarded in en-
gineering go to African 
Americans, Latinos, 
and Native Americans, 
although they make 
up 30% of the overall 
undergraduate student 
population in the United 
States.

As of 2007, 60% of U.S. 
aerospace workers were 
45 or older.

References for these 
statistics can be found 
online at spie.org/
spieprofessional

Classroom Initiative. Lockheed Martin engineers 
visit classrooms and work with high school 
students on extracurricular engineering projects. 
They serve as role models and mentors for 
activities-, project- and problem-based learning 
challenges and as a way of engaging the students 
to consider engineering as a career. Lockheed 
Martin also offers a competitive scholarship for 
graduating high school seniors involved in the 
program.

Wide Field of View
 The Utsunomiya University Center for Optical 
Research & Education (CORE) in Japan is a 
year-old training and research school funded by 
Canon Inc. that helps develop a strong workforce 
and new products. In addition to providing 
financial assistance to CORE, Canon assists 
with educational activities, such as sending its 
employees to serve as lecturers at the center.
 One of CORE’s primary goals is to develop 
highly skilled optical engineers who can 
advance the key technologies that underpin 
telecommunications and visual equipment, two 
of Japan’s major industries. This is accomplished 
by CORE serving as a central institution for optics 
education and by promoting basic, applied, and 
advance research.
 Education and business partnerships are also 
becoming more common in Europe. Dimos 
recently led a tour of several institutes in Europe 
that have the same goals as NINE. He was 
impressed with what he saw. “The institutes 
are getting students involved in … research 
partnerships, industrial innovation activities, as 
well as some new teaching models,” says Dimos.
 Dimos  c i te s  IMEC (Interuniver s i ty 
Microelectronics Centre) in Leuven, Belgium, as 
an example. It offers opportunities for researchers 
and PhD students to collaborate on work in one 
space, to take courses, and find jobs. Acting 
as a bridge between knowledge centers and 
industry, IMEC promotes an open innovation 
framework.
 In northern Wales (UK), there is OpTIC 
Technium, a government-funded opto-electronics 
business incubator. One of several OpTIC 
facilities scattered about the UK, the incubation 
center offers support for growing and developing 
businesses including clinics, mentoring, ease 
of access to government agencies, business 
development, meeting facilities, and clerical 
assistance.
 “OpTIC is situated in a cluster of approximately 
30 opto-electronics and photonics companies,” 
says Brenda Hargreaves, Business Centre manager 

at OpTIC Technium. “With the addition of our 
incubation companies (approximately 32) this 
totals over 60 people-hungry companies that are 
always looking to recruit appropriately skilled, 
qualified people in all areas of the business.” (See 
page 28 for more information about OpTIC and 
its Photonics Academy.)
 Optonet in Germany is another cluster network 
which represents the interests of 90 companies, 
research and educational organizations, 
investment companies, and public institutions 
in the field of optical technology. Optonet 
is based in Thuringia, a major optics area in 
Germany, and is funded by the German Federal 
Ministry of Education and Research (BMBF) and 
THÜRINGEN innovativ.

Optics Technicians Needed
 In the United States, OP-TEC, the National 
Center for Optics and Photonics Education, is 
helping to meet the need for skilled photonics 
technicians through programs offered by its 
consortium of two-year colleges, high schools, 
universities, national laboratories, industry 
partners and professional societies. 
 OP-TEC offers curricula, manuals, guides and 
other resources for infusing optics into science, 
math, and technology courses and has developed 
two programs to increase America’s supply of 
technicians in optics and photonics, Career 
Pathways and Tech Prep. Career Pathways is 
a sequence of rigorous academic and career/
technical courses that begins in the ninth 
grade and leads to college degrees and industry-
recognized certificates and licenses.
 OP-TEC is also offering a free, two-day 
workshop on Optics and Photonics Education at 
Camden County College (NJ) 13-14 November. 
The workshop will inform career counselors, 
science and math teachers at various levels, and 
others about OP-TEC resources and about career 
opportunities in optics for their students. 
 OP-TEC receives funding from the National 
Science Foundation’s Advanced Technological 
Education program and is headquartered in 
Waco, TX, at CORD, a non-profit organization 
providing innovative changes in education.
 SPIE supports the efforts of OP-TEC and 
other organizations that are introducing optics 
to young people through education and outreach 
programs, whether through direct training of 
future engineers at top-notch universities or 
through programs aimed at assisting teachers in 
secondary and post-secondary institutions.
 For more information and links to resources 
that are helping to “fill the gap” and foster 
collaboration between academia and industry, 
log on to spie.org/spieprofessional. n

t Continued from page 25
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Industry Pipeline
The Photonics Academy in Wales is planting seeds  
for the next crop of optics and photonics professionals.

 The OpTIC Technium Photonics Academy 
in Wales is sowing the seeds for creativity and 
innovation in laser photonics and inspiring 
students of all ages to follow photonics as a career 
path.
 The Academy is tackling the issues of how 
to get the next generation engaged in math and 
science and how to get students the hands-on 
training and education they need in order to 
succeed in college and in industry settings. 
 The Photonics Academy is an educational 
facility outside the traditional school system. 
Housed within the walls of OpTIC Technium, a 
government-funded optoelectronics incubation 
center in St. Asaph, Denbighshire, in north 
Wales, the Academy’s mission is to assist current 

and future employees and employers in the local 
photonics industry in developing the skills needed 
to work in the industry. 
 “We train and teach from the age of 3 years up to 
83 years,” says Brenda Hargreaves, Business Centre 
manager of OpTIC.

Outreach Efforts
 The photonics academy concept in Wales was 
first spearheaded in 2004 by Alan Shore of Bangor 
University (Wales) to increase students’ awareness 
about photonics, to ensure a regular influx of 
young people into the photonics industry, and to 
encourage an education pipeline all the way from 
kindergarten to working engineers.
 Several initiatives were launched over the 

Ray Davies’ passion for 
education outreach shows 
in his presentations to 
students using a number of 
optical devices.
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years, and when the Photonics Academy was created at 
OpTIC in 2007, many of its first programs were based on those 
early outreach efforts. They included a 1994 Laser Photonics 
Educational Initiative and the Laser Photonics Project Design 
Laboratory at the University of Salford (Greater Manchester, 
UK), both developed by SPIE Fellow Ray Davies. Davies 
joined the staff at OpTIC in 2006 to help develop a laser 
photonics facility and is now the Photonics Academy laser 
photonics investigative design mentor.
 “The Photonics Academy at OpTIC now is developing 
further the unique approach to 
students that I have evolved 
over the last 14 years,” Davies 
says. It has “an entirely original 
and a sharply focused emphasis 
on student involvement within 
photonics, with a unique strategy 
and performance output all of its 
own.”
 Davies  works  on  course 
development  for  teachers , 
presentations for  students , 
and runs the Laser Photonics 
Summer School for 17-year-olds. 
He coordinates work experience 
opportunities for both school- and 
home-educated students, among 
his many roles at the Academy.

Ages 5 and Up
 One of the extremely successful 
outreach programs at the Academy 
is the MAGICAL Home project 
where students develop model 
homes that focus on the use and 
recycling of light. The homes use 
optics in automatic door openers, 
LED light sources, light switches, 
and solar panels that heat water. 
Students are divided into teams 
that are each given one aspect of 
the theoretical home to work on. 
Sometimes the project includes 
designing a working model of that 
home system.
 “The MAGICAL Home project 
is aimed at primary school children 
age 5-11, and involves classes—or 
sometimes whole schools—in 
designing and modeling homes 
of the future using photonics 
concepts,” says Anne Stafford, who 
has spearheaded the solar outreach 
at the Photonics Academy. 
Stafford is the Academy’s solar 
specialist and a staff member 
of the Centre for Solar Energy 
Research (CSER), also housed in 
the OpTIC facility. 

 “When CSER was first established at OpTIC in March of 
this year, I began to collaborate with Ray Davies, initially as 
a technical adviser on PV. Soon, however, we both saw the 
greater potential of the collaboration,” Stafford says.
 One of these collaborations was the MAGICAL Home 
project. Because of Stafford’s and Davies’ efforts, for the first 
time this year some student teams took on projects with a 
strong solar energy element. “In MAGICAL Home, this adds

Continued on page 30 
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t Continued from page 29

the extra dimension of engagement with 
sustainability issues to the program, which fits 
in very well with the new curriculum,” Stafford 
says. 
 Local schools and programs have fully 
embraced working with the Academy and 
together have helped create new ideas and 
potential products. 

Academy Seeks Funding
The Photonics Academy at OpTIC has applied for 
funding from the EU Framework 7 Programme, an 
ongoing initiative to promote European industry 
research and to help develop Europe’s role as a 
world leader. The Academy hopes to use this 
funding to expand the MAGICAL Home program 
to other EU countries. This expansion will also 
provide the Academy with more opportunities to 
integrate businesses and student training. 

Optics Lock
A Photonics Academy stu-
dent from 2007 created a 
5-beam laser combination 
lock, which works in the 
same way as a standard 
mechanical lock but with 
lasers instead of clicks. 
Because Teleri Edwards’ 
design could lead to one 
of the most secure locks 
ever invented, she won the 
honor of presenting her 
invention at The European 
Union Contest for Young 
Scientists in Copenhagen 
in September 2008.
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Academy to Host ETOP 2009
The Photonics Academy is hosting the biennial Education 
and Training in Optics and Photonics (ETOP) conference 5–7 
July, 2009. “We were eager to host this prestigious confer-
ence to share our experiences, best practices and offer an 
international forum to enable in depth knowledge transfer of 
photonics education worldwide,” says Brenda Hargreaves, 
manager of the Business Centre at OpTIC. For more informa-
tion on the 2009 conference, visit www.etop.org.uk

Education	&	Training	
in	Optics	&	Photonics

http://www.etop.org.uk
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SPIE MEMBERSHIP

is . . .
 Networking
 SPIE offers technical conferences, courses, and 

exhibitions worldwide where you’ll meet and learn 
from other scientists and engineers working in the 
fields of optics and photonics.

 Access to Information 
 SPIE publishes Journals, Monographs, Handbooks, 

Field Guides, Tutorial Texts, the Milestone Series, 
and Proceedings to help you keep your edge.  
SPIE Membership includes one online Journal.

 SPIE Digital Library
 The SPIE Digital Library is the largest collection  

of optics and photonics content in the world. Get 
access to SPIE Proceedings and Journals from 1990 
to the present—over 260,000 technical papers.

 Career Advancement 
 Further your career through ongoing education. 

SPIE provides:

 • Courses at SPIE Events 

 • In-Company Training 

 • Self-Directed Learning

New
 Early Career and Life Membership 

Options

Make SPIE your resource.  
Join or renew online today.

spie.org/membership
customerservice@spie.org • +1 360 676 3290

Optics in Their Future
 SPIE Student Services 
and SPIE President Kevin 
Harding hosted numerous 
activities for students and 
early career professionals 
at SPIE Optics+Photonics 
in San Diego 9-14 August. 
They included an all-
day leadership workshop 
attended by more than 
100 students, a networking 
lunch, and presentations of 
scholarships and awards.
 Eleven young researchers accepted Newport and Spectra-
Physics Research Excellence Travel Awards to cover their 
travel to San Diego. Randy Heyler, senior director of Strategic 
Marketing for Newport, presented the awards, saying the grants 
are “one of the most valuable things we do as a company.” He 
called the award recipients “the future of our industry.”
 One of the recipients, Ozan Cakmakci from the College 
of Optics & Photonics at the University of Central Florida, 
also received the William H. Price Scholarship in Optical 
Engineering. SPIE earlier announced that the Price Scholarship 
had been renamed the Optical Design and Engineering 
Scholarship and now will honor both Price and the late Warren 
Smith, legends in optical design. Its scope will also be expanded 
to recognize prominent individuals who have made significant 
contributions over their careers to the field of optical design 
and engineering, with emphasis on lens design.
 Other winners of the Newport travel grants were Neetu 
Chopra, University of Florida; Ignacio Gallardo, University of 
Texas at Austin; Lane Martin, Missouri University of Science 
and Technology; Jonathan Suter, University of Missouri at 
Columbia; Ashwin Wagadarikar, Duke University; Ramzi N. 
Zahreddine from Rose-Hulman Institute of Technology; and 
four from Pennsylvania State University, Michael Motyka, 
Michael Stinger, Justin Liou, and Jyotsna Bhamidipati.
 The winner of a Web site competition among SPIE Student 
Chapters was Stanford University. The International School 
of Photonics in India won a second place award. Honorable 
mentions went to Wroclaw University of Technology (Poland); 
the University of Texas at Austin (USA); and the SPIE Student 
Chapter in Singapore.

Resources:
• 2009 Collaborative Conference Grants, applications due  

1 October
• 2009 SPIE scholarships, applications due 15 January 
• 2009 Arthur Guenther Congressional Fellowship, applications 

due January 2009
 More information can be found at spie.org/membership, 
spie.org/scholarships, spie.org/spieprofessional, and in the SPIE 
Lounge on facebook.

http://spie.org/x1721.xml
http://spie.org/x6692.xml
http://spie.in/index.php?home
http://spie.in/index.php?home
http://www.if.pwr.wroc.pl/spie/spiechapter.htm
http://studentorgs.utexas.edu/bogo/
http://www.spiesingapore.org/
http://www.spiesingapore.org/
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F Finding the right graduate adviser is important 
for your success in graduate school and your future 
career. Not only will your choice of adviser affect 
everything about your life during graduate school, 
a strong letter of recommendation from your 
graduate adviser will have a vital impact on your 
postdoctoral career. 
 The pairing should be a mutual decision 
between the student and professor, and there is 
no easy formula for success. 
 Fortunately, there are many faculty members 
who would be excellent matches to your research 
interests, work style, and personality. Investing 

some thought and time throughout your 
graduate school application process 
now can save you from conflicts 
and delays in your research later.

Select a Topic
 First, select your topic or field of interest and 
identify potential institutions, departments, and 
advisers. If a course or a research paper inspired 
you to pursue a graduate degree, read the literature 
in that area. Who are the leaders in the field? 
Who has recent publications? Whose papers 
are referenced frequently? You want an adviser/
committee chair who is knowledgeable, has 
expertise in your field of interest, and can provide 
you with solid advice.

  If you are not 
sure about your 
exac t  r e sea rch 
topic; don’t worry. 
Flexibility is good, 
and your research 
p r o j e c t  w i l l 

transform over time 
anyway. If you want 

to be less specific 

Leadership Series
Find this article and others about leadership 
in optics and photonics at  
http://spie.org/leaderseries.

If you would like to comment on or con-
tribute an article to the series, please e-mail 
spieprofessional@spie.org.

Find an Adviser
Researching a compatible adviser is part of the process  
of applying to grad school.

By	Kristen Carlson Maitland

mailto:spieprofessional@spie.org
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yourself as organized, competent, and self-
motivated. In your statement of purpose, specifically 
identify the professor or professors whose research 
groups you are interested in joining. 

Interview Professors
 Fourth, before deciding on an adviser, visit the 
professors on your “short list,” tour their research 
labs, and meet their current students. If you are 
unable to visit the campus, arrange a time to speak 
on the phone. 
 This is your opportunity to “interview” the 
professors and their labs (but avoid making them 
feel like you are interrogating them). Some 
questions are more appropriately asked of the 
professor, some of their students, and some should 
be asked of both, comparing answers from students 
and the professor. 
 Does the professor have specific projects that he 
or she wants you to work on? How many students 
are working in the lab? What is the average time 
for students to attain MS and/or PhD degrees? 
What is a typical student’s work week like? Does 
the professor work directly with the students 
in the laboratory? What is the frequency and 
duration of one-on-one and large-group meetings? 
What are the standards and expectations for 
graduation—number of papers? How many and 
which conferences do students attend each year? 
Does the adviser work closely with students in 
their career search? Where do most graduates go— 
academia or industry—and which institutions? 
 During the “interviews,” did the professor 
and students make time for you? Were they 
responsive to your research interests? Were the 
students’ research projects well-defined? Did the 
students seem happy and enthusiastic about their 
research? 
 During your graduate application process, 
you should be in communication with multiple 
potential advisers at different institutions, so that 
you have a wide array of options. You should be 
able to find a graduate adviser you will respect 
technically and personally and with whom you 
have interpersonal rapport.  n

about your chosen research topic, you may want 
to start by identifying universities with highly 
ranked graduate programs in your field of interest. 
The institution will be more likely to have a 
number of well-respected professors, providing a 
larger number of potential mentors from which to 
choose. If your first-choice adviser doesn’t work 
out, your “back-up” options will be much better. In 
addition, students graduating from well-respected 
departments will have the advantage of being 
associated with the department’s reputation.

Compare Styles
 Second, think about what you are looking 
for in an adviser. Are you self-motivated and 
independent, or do you need structure and 
guidance? Are you agreeable to working more 
closely with post-docs and senior students, or do 
you prefer working one-on-one with your faculty 
adviser in the laboratory? 
 Would you prefer a large or small research 
group? Do you perform better with a supervisor 
who is encouraging or challenging? What is 
your work style? Do you expect to work in the 
laboratory only 40 hours a week? Or are you willing 
to work day and night to accomplish your research 
goals as soon as possible?
 Are you interested in theoretical or experimental 
research? Are you planning to pursue a career in 
academia or industry after you complete your 
degree? 
 There are pros and cons to working with an 
associate or full professor (tenured) or an assistant 
professor. In general, a tenured professor has 
more experience advising students and is more 
well-known in the field, which can be helpful in 
pursuing job opportunities following graduation. 
However, working with an assistant professor, 
you will likely have more one-on-one contact 
with your adviser, be part of a smaller research 
group, and possibly gain experience setting up a 
research laboratory. Also, assistant professors are 
highly invested in each student, since the success 
of their first students is instrumental to their own 
success. 

Reach Out Early
 Third, once you have identified graduate 
programs and potential advisers, begin to 
communicate with them before you submit your 
grad school application. Do your homework 
first. Read through their research Web sites and 
publications so you are prepared to ask intelligent 
questions about their research. E-mail your resume 
and present your qualifications and reasons why 
you are interested in working with them. Discuss 
which projects you are interested in working on, 
but be flexible. 
 Through all of your correspondence, present 

Adviser  
Is Factor  
in Success
With some time and effort 
before entering into this 
relationship, you should be 
able to gather sufficient in-
formation to select the ideal 
mentor to suit your research 
interests, work style, and 
personality. Although your 
success in grad school is 
ultimately your responsi-
bility, the right graduate 
adviser can be a significant 
facilitator.

3 Common 
Mistakes
Fidel G. Fernandez, senior 
academic adviser in the 
Department of Biomedical 
Engineering at Texas A&M 
University, urges grad stu-
dents to avoid the common 
mistakes made by a grad 
student named Diego.

First, Diego chose a graduate 
program based on the reputa-
tion of the university, in much 
the same way he had chosen 
his undergraduate program, 
instead of whether the univer-
sity had the research program 
he needed.

Next, Diego chose his even-
tual committee chair based on 
the individual’s position as the 
department head rather than 
for his research compatibility. 
Diego mistakenly assumed 
that having a department 
head on his committee would 
prove helpful to him later.

Third, Diego and his chair 
had mismatched research 
interests. So Diego had to put 
aside his own research inter-
ests and instead work in an 
area he found to be tedious 
and boring. This led Diego 
to drag his feet, and he took 
the entire 10-year allotment 
to complete his dissertation. 
After graduation, he and his 
chair parted ways.

 

–Kristen Carlson Maitland 
is an assistant professor 
in  the  Department  o f 
Biomedical Engineering at 
Texas A&M University. 
She received her PhD in 
biomedical engineering from 
the University of Texas 
at Austin and her BS and 
MS degrees in electrical 
engineering from California 
Polytechnic State University 
in San Luis Obispo.
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Kidger Scholarship Awarded 
To CREOL Student

 SPIE member Tobias Schmid, a PhD candidate 
at CREOL, The College of Optics and Photonics at 
the University of Central Florida, is the 2008 winner 
of the Michael Kidger Memorial Scholarship. 
 A $5,000 cash grant was to be presented at the 
SPIE Europe Optical Systems Design Symposium 
in Scotland in September. The Michael Kidger 
Memorial Scholarship honors the memory of the 
late Michael John Kidger, an innovative lens 
designer, design software developer, and educator 
whose intensive, short courses combined optics 
theory with practice.
 Schmid’s research centers on the aberration 
theory of tilted and decentered systems, known 
as Nodal Aberration Theory, and its application 
to the alignment of optical instruments. He has 
been working with Jannick Rolland, professor of 
optics at CREOL, and Kevin Thompson, vice 
president of Optical Engineering Services at 
Optical Research Associates. The research group 
is focused on space telescope alignment and on 
understanding the aberrations of a James-Webb-

like telescope and the associated instruments 
that contain three-mirror anastigmat, fully 
unobscured, all-reflective, optical subsystems.
 Unlike the Hubble Space Telescope, there 
is no means to fix the alignment of the James 
Webb Space Telescope after it is launched and 
deployed, so everything must be precise before 
it leaves the Earth. Schmid aims to develop 
efficient and robust alignment strategies that 
build on knowledge and insight provided by 
Nodal Aberration Theory.
 Schmid has been involved with the CREOL 
Association of Optics Students (CAOS) for 
photonics education outreach. The student 
group strives to promote interaction among 
members of SPIE and other organizations such as 
the IEEE Lasers and Electro-Optics Society, the 
Optical Society of America, and the Society for 
Information Display.
 For more information about the scholarship and 
application requirements for the 2009 award, visit 
the Kidger Optics Web site, www.kidger.com. n

Innovation at Work

spie.org/pw

Expand your professional network and accelerate your work at 
SPIE Photonics West. Four leading symposia connect the brightest 
minds with leaders in research and technology.

Don’t miss the largest photonics event in North America covering 
the entire spectrum of light-driven technologies.

24–29 January 2009 
BiOS Exhibition: 24-25 January 2009
Photonics West Exhibition: 27-29 January 2009

San Jose Convention Center 
San Jose, California, USA
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Contributors to the SPIE Education Fund
 the way in providing optics and photonics education around the globe

 responsible science and engineering for a sustainable  
future and a higher quality of life

 the Society’s efforts to build a better future with light

For information 
about the SPIE 
Education Fund

(360) 676-3290

SPIE recognizes and thanks the following individuals and 
organizations for their contributions to the SPIE Education 
Fund in 2007

Lead 

Encourage
Support

Mumtaz Ali
Robert Anderson
Anonymous
Boris Ardashnikov
Richard Babish
Sasa Bajt
Bruce Baran
Vernon Beck
Michael Berns
Gerhard Bremer
Norman Brown
Reinhard Bruch
Robin Burton
Benjamin Capone
J.J. Chang
Walter Chapelle
Di Chen
Jung-Chuan Chou
Oberto Citterio
Gary Conners
Jose De la Herran
Lawrence Dobbins
Miroslav Dosoudil
Robert Druce
Allen Earman
Michael Fritze
Hiroshi Fukui
John Gill
Alexander Glass
Carl Gliniak
Nicolas Gomez
David Gordon
Mordechai Hakham-

Itzhaq

Dong Jin Han
Tauhid Handani
Tatsuo Harada
Richard Harms
James Hefferon
Raymond Heidner
Masaki Hirota
Thomas Hoffman
Pio Iovenitti
Gary Jacobsen
Kalpana Jain
Arie Kaplan
Paul Kennedy
Brij Khorana
Chan Ki Kim
Kyu Nam Kim
Nancy Kincheloe
Satoshi Kishimoto
Catherine Klifa
Stanley Klyza
Julius Knapp
Philipp Kornreich
Charles Kramer
Michael Kriss
Silas Kung
Vasudevan 

Lakshminarayanan
Phillip Land
Choo Hie Lee
Lester Lee
Sung-Soo Lim
Walter Love
Yueguang Lu

Huiguo Luo
Geraldine Lynch
Malcolm MacFarlane
Asakura Makoto
Constantine Markos
Stefano Mattioli
Angus McFarlane
Harald Michaelis
Jean Montagu
Steven Moss
Shinzo Muto
Noboru Niki
John Nursall
Michael Obal
Fumio Okuyama
Irene Pang
Dae-Yoon Park
Dilip Paul
Leno Pedrotti
Frederick Peiffer
Amy Phillips
Leslie Phinney
Peter Planinšic
Alois Popp
Gregory 

Prokopowicz
Herman Reedy
Michael Rosewell
Mitchell Ruda
Jürgen Sädler
Taro Sakao
Nelson Salas
Maria del Mar 

Sánchez-López

Takeo Sasaki
Walter Schumann
Charles Seashore
Freeman Shepherd
Paul Shnitser
Harry Smith
Jon Sollid
Ashok Sood
Gerry Sorce
Victor Speirs
Tadao Sugiura
James Sumner
Hirosuke Suzuki
James Sydor
John Taylor
Richard Taylor
Aleksandrs Termanis
Stuart Tewksbury
Aubrey Tobey
Sergey Trubko
Jumpei Tsujiuchi
Sadao Tsukada
Eldred Tubbs
Peter van der Slot
Sandor Vari
J. R. Vyce
Ashley Welch
Jim Willard
Hsuliang Yen
Paul Yoder
Maria Yzuel
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More SPIE Awards Announced
President’s Award Goes to Sensor Expert Robert Lieberman
 This year’s SPIE President’s Award was presented to SPIE Fellow Robert A. Lieberman, president and 
CTO of Intelligent Optical Systems, Inc, and a leading authority on biological, physical and chemical 
sensors. The President’s Award is given to an individual who has rendered a unique and meritorious 
service of outstanding benefit to the Society.
 Lieberman received the award in recognition of his distinguished service and extraordinary 
leadership in building Optics East into one of the premier events for the scientific community and for 
his dedication to conference quality, particularly with transitioning Optics East conferences to the 
SPIE Defense+Security Symposium.
 Lieberman, who has chaired more than 25 sensor conferences, has served on the boards of SPIE, 
Optech, OptiSense LLC, and Optical Security Sensing LLC. He has written more than 50 publications 
and holds 28 U.S. patents.

Rutgers’ James Harrington Receives SPIE Director’s Award
 Former SPIE president James A. Harrington has received the 2008 SPIE Directors’ Award in 
recognition of his remarkable dedication to SPIE, his valuable service on the Board of Directors and 
several SPIE committees, and his commitment to the growth and integrity of SPIE.
 Harrington is an SPIE Fellow and professor of Ceramic Science & Engineering, Fiber Optic Materials 
Research Program, at Rutgers University, NJ, who was recently elected treasurer of the International 
Commission for Optics and is active on the Engineering, Science & Technology Policy Committee 
and other SPIE committees.

Emil Wolf Honored With Joseph W. Goodman Book Writing Award
 The 2008 Joseph W. Goodman Book Writing Award recipient is Emil Wolf, for his book, 
Introduction to the Theory of Coherence and Polarization of Light. Wolf’s book, 
published in October 2007 by Cambridge University Press, is the first 
to provide a unified treatment of the phenomena of coherence and 
polarization. 
 Wolf is Wilson Professor of Optical Physics at the University of Rochester, 
NY, and is world-renowned for his work in physical optics. He is also the co-
author of one of the most cited science books of the 20th century, Principles 
of Optics.
 The Joseph W. Goodman Book Writing Award is funded by J. W. and H. 
M. Goodman and recognizes authorship of an outstanding book published in 
the last six years in the field of optics and photonics. The biennial award is 
co-sponsored by SPIE and OSA.

French Researchers Awarded Rudolf Kingslake Medal and Prize
 A group of French researchers has won the 2007 Rudolf Kingslake Medal and Prize, a SPIE annual 
award for the most noteworthy paper to appear in the SPIE journal Optical Engineering on the theoretical 
or experimental aspects of optical engineering. Award winners receive a citation and honorarium of 
$2,000.
 Monique Thual, Damien Malarde, Benoit Abhervé-Guégen, and Philippe Rochard of the Université 
de Rennes 1, Ecole Nationale Supérieure de Sciences Appliquées et de Technologie, Centre Commun 
Lannionnais d’Optique, Laboratoire d’Optronique, and Philippe Chanclou of France Télécom Division 
R&D will share the prize for their paper, “Truncated Gaussian beams through micro-lenses based on a 
graded index section.” The January 2007 paper describes a simple and low-cost microlens for optical 
communication systems involving the coupling of laser diodes or integrated waveguides to single-mode 
fibers and fiber-to-fiber interconnection.
 Receiving an honorable mention were Alexander S. Koujelev and Alexander E. Dudelzak of the 
Canadian Space Agency, for their February 2007 paper, “Double phase conjugation in a liquid crystal 
at 1.5 um for optical beam tracking.

Robert A. Lieberman

James A. Harrington

Emil Wolf

http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Thual%2C+Monique&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Malarde%2C+Damien&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Abherve-Guegen%2C+Benoit&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Rochard%2C+Philippe&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Chanclou%2C+Philippe&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
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T
Willson, El-Sayed Win Medals
Two SPIE members were among 16 scientists who won prestigious science and technology honors in 
September.

Society 
News
Longtime SPIE member 
Andrew J.W. Brown has 
joined the Society as 
senior director for Global 
Business Development, 
succeeding Janice Gaines 
Walker who retired. Brown 
comes to SPIE from 
Aculight Corp.

SPIE is providing 
free online access 
to “Fundamentals of 
Photonics,” a monograph 
designed for college 
students but also suitable 
for anyone interested 
in learning the basics 
of photonics. More 
information: http://spie.
org/x17229.xml

For the most up to 
date news about SPIE 
members and SPIE 
membership, see spie.
org/spieprofessional or 
the monthly SPIE Member 
E-Newsletter.

 SPIE Fellow C. Grant 
Willson of the University of 
Texas at Austin received a 2007 
National Medal of Technology 
and Innovation for creating 
lithographic imaging materials 
and techniques that have 
enabled the manufacturing 
of smaller, faster and more 
efficient micro-electronic components. Willson, 
who won SPIE’s 2005 Frits Zernike Award for 
Microlithography, is an active researcher and 
educator on microlithography who teaches 
several courses each year for SPIE. He is also a 
regular contributor to SPIE Proceedings and the 
SPIE Journal of Micro/Nanolithography, MEMS, 
and MOEMS. Willson also serves on the SPIE 
Advanced Lithography Symposium committee.

In Memoriam 
 SPIE mourns the recent passing of several 
members and friends of the Society:
 Jean M. Bennett, 78, an authority on optical 
surfaces, roughness, and characterization who 
received the SPIE Technology Achievement 
Award in 1983, died 18 July. A former OSA 
president, Bennett spent most of her career at 
the Naval Weapons Center (now the Naval Air 
Warfare Center) at China Lake, CA.
 William R. Bennett Jr., 78, an inventor who 
helped develop the gas laser in the 1950s while 
working at Bell Labs in New Jersey, died 29 
June.
 James A. Dowling, 69, president and co-
founder of NU-TEK Precision Optical Co. 
and a research physicist who specialized in the 
development of a variety of optical instruments 
and laser propagation experiments in both the 
public and private sectors, died 7 July.
 Bruce Hasegawa, 57, director of the Physics 
Research Lab and professor in residence in 
the Department of Radiology at University of 
California-San Francisco, died 22 May. Hasegawa 
was best known as the inventor of multimodality 
medical imaging techniques, especially SPECT/
CT, and contributed significantly to the field 
of CT and SPECT through many well-cited 
publications.
 Michael H. Krim, 73, an astronomical 
instrument designer who contributed to the 
optomechanical designs of the Hubble Space 
Telescope and the primary mirror of the Spitzer 

Space Telescope, died 28 July. A former member 
of SPIE, he served on the program committees 
of several SPIE conferences related to precision 
instruments and telescope design in the 1990s, 
and taught a SPIE course on Athermalization of 
Optical Structures for several years. 
 Marjorie Meinel, 86, an astronomy research 
partner and wife of Aden Meinel, died 24 June. In 
the 1980s the Meinels were hired as distinguished 
visiting scientists at the Jet Propulsion Laboratory 
where they helped develop next-generation space-
telescope concepts. The couple received SPIE’s 
Gold Medal Award in 1997, the Kingslake Medal 
in 1994 and 2001, the Goddard Award in 1984, 
the NASA Exceptional Scientific Achievement 
Medal in 1993, and the George van Biesbroeck 
Award for Services in Astronomy in 1990.
 Leno S. Pedrotti, 81, who served the optics 
community as a scientist, author, teacher, and 
advocate of optics education, died 19 August. 
He spent more than 30 years at the Air Force 
Institute of Technology and more than 20 years 
with the Center for Occupational Research and 
Development and OP-TEC, the National Center 
for Optics and Photonics Education.
 SPIE Fellow Robert F. Wagner, 70, founder 
of the SPIE Medical Imaging symposium series 
and a founding father of the medical imaging 
community, died 30 June. Wagner was a member 
of the Senior Biomedical Research Service in the 
Center for Devices and Radiological Health of the 
U.S. Food and Drug Administration.

 Mostafa  A.  El -Sayed 
of the Georgia Institute 
of Technology received a 
National Medal of Science for 
2007. El-Sayed is a chemistry 
professor and director of the 
Laser Dynamics Laboratory 
at Georgia Tech. His research 
focuses on gold nanoparticles, 
nanocrystal lattices, and other nanomaterials. 
El-Sayed is scheduled to present the paper, “Gold 
nanoparticles, properties, and some application 
in medicine and biology,” at Photonics West 
in January. El-Sayed, for whom the El-Sayed 
Rule is named, is also known for applying laser 
spectroscopic techniques to the study of properties 
and behavior on the nanoscale.

El-Sayed Willson

http://spie.org/x25971.xml?highlight=x2404
http://spie.org/x25745.xml
http://spie.org/x25915.xml
http://spie.org/x25944.xml
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Report from the 2008  
SPIE Annual General Meeting
 SPIE members met for the 2008 Annual 
General Meeting of the Society on 12 August at 
the SPIE Optics+Photonics Symposium in San 
Diego, CA,. Included here are summaries of the 
president’s, treasurer’s, and executive director’s 
reports.

President’s Report 
 SPIE 2008 President 
K e v i n  H a r d i n g ,  G E 
Global Research Center, 
presented an overview 
of his experiences as 
2008 SPIE President. He 
traveled, on behalf of 
SPIE, in both Europe and 
Asia and also made several 
visits in the U.S. 

 His travels started with SPIE Photonics 
West, and continued with attendance at 

SPIE’s Defense+Security 
Symposium in Orlando, FL, 
and SPIE Europe Photonics 
Europe in Strasbourg, France. 
During DSS, he presented 
several  Society awards 
including the SPIE Gold 
Medal to MJ Soileau from 
the University of Central 
Florida. On his trip to SPIE 
Europe Photonics Europe, 
Harding was impressed with 
the Photonics Innovation 
Village competition. He 
and the Deputy Mayor of 
Strasbourg, Ms. Nawel Rafik 
Elmrini, cut the ribbon to 

open the exhibition and welcome attendees. 
While in Europe, he visited a number of 
companies, including PI, Trumpf, Schott, and 
Leica Cameras. 
 Harding’s Asia visit included a tour of East 
China Normal University where university 
representatives were holding graduation 
ceremonies. He also went to Singapore and 
provided an invited talk at the International 
Symposium on Laser Metrology. While in 
Singapore, Harding also attended the SPIE 
Women in Optics presentation and met with 
Rachel Pei Chin Won of Japan, the new editor of 
Nature Photonics. Industry visits included stops 
at Qioptiq and II-VI. He intends to visit Japan in 
early November.

Treasurer’s Report 
 SPIE Secretary/Treasurer 
Brian Lula reported on the 
financial health of the 
Society, and he indicates 
that there was a significant 
growth in assets from 2006-
2007. Net assets have more 
than doubled between 
2000 and 2007. However, 
Lula would like to see this 

grow. The total revenue and expense summary has 
a healthy slope upward, but it has gone down in 
the last two years. Lula reported that the Society 
changed its investment manager from Morgan 
Stanley to Merrill Lynch. The overall financial 
picture of the Society is very healthy, with the 
2007 year-end cash and investments totaling $47 
million, an 18% increase over the 2006 balance 
of $40 million.

 2006 2007
Assets $49,473,000 $57,476,000

Liabilities $14,060,000 $16,649,000

Total Net Assets $35,413,000 $40,827,000

Revenue $34,117,000 $33,419,000

Expense $27,427,000 $27,969,000

Surplus $  6,690,000 $  5,450,000
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Executive Director’s Report
 SPIE Executive Director 
Eugene Arthurs opened his 
report with the sad news of 
the loss of two stalwarts of 
the Society, Warren Smith 
and Bob Wagner. Marjorie 
Meinel and Jean Bennett 
were also remembered 
fondly.
 Arthurs went on to 

discuss the transition from the Society sponsoring 
regional chapters to launching a new outreach 
program. He mentioned that there was great 
debate about the change but it was a change 
the Board of Directors ultimately decided to 
pursue. One of the better outcomes has been the 
formation of the Photonics Society of Poland. 
SPIE looks forward to working with them.
 In 2007 SPIE spent a fair amount of time 
launching its new Web site. Although Arthurs 
said there was mixed reaction to the change, he 
noted that Web sites are only new for a certain 
amount of time. He encouraged people to visit 
the SPIE Newsroom, noting that the breadth of 
interests to SPIE members couldn’t be covered in 
the SPIE Professional magazine alone. He asked 
that members let us know if there were topics 
not covered in the Newsroom that would be of 
interest to the members.
 Arthurs said that the first SPIE Field Guide has 
been translated into Japanese, and the Society 
expects the Field Guides to be translated into 
other languages as well.
 SPIE Scholarships increased $30,000 in 2007 
from 2006. Arthurs said that SPIE plays a major 
role in ALOP, and the program could possibly fail 
without our support. SPIE is now providing low or 
no-cost SPIE Digital Library service through ICTP 
to developing countries. SPIE also provides free 
educational posters in a number of different languages 
and has distributed more than 10,000 so far. SPIE 

continues to print the Optics Education Directory 
jointly with the OSA. Arthurs also mentioned 
support of the Women in Optics, noting that the goal 
is that one day this would be “redundant.” 
 Speaking about China, Arthurs said that 
although not-for-profits have no legal standing 
in China, we have gained a foothold because of 
our long history there, and have been recognized 
as a society.
 Arthurs said that the SPIE headquarters in 
Bellingham had recently installed solar panels on 
its building, and we are leading by example.
 He closed by mentioning the staff retirements of 
Curtis Roberts, Sue Davis, and Janice Walker. All 
three of which will be a great loss to the Society.

Request Full Minutes
 Members can request a copy of the full minutes 
of the meeting by contacting Bobbie Lively, 
director of executive and administrative services 
at bobbie@spie.org. 
 The next meeting of the corporation will be 
held at SPIE Optics+Photonics 2009. n

Brian Lula addresses SPIE members at the Annual General Meeting.

Also at SPIE Optics+Photonics
In addition to being the site of the SPIE Annual 
General Meeting, SPIE Optics+Photonics drew 
nearly 5000 attendees in August, and 2800 confer-
ence proceedings papers from 72 conferences 
on nanoscience, solar energy, photonic devices, 
optical engineering, and other subjects are being 
published, as approved, in the SPIE Digital Library.

Event Manager Marilyn Gorsuch observed that 
the week-long symposium drew a truly “intel-
lectually curious” crowd. “Not everyone is 
working in solar or nanotechnology or solid-
state lighting, but they turned up at the plenary 
sessions just to learn more about what is going 
on,” she said.

Gorsuch also noted the interdisciplinary 
character of the meeting. “The solar plenary 
speaker talked about nanotechnology, the 
nano plenary speaker talked about applications 
for solar, and so on,” she said. “These links 
cropped up everywhere throughout the week.”

At an awards banquet later in the week, 16 
scientists, innovators, and/or educators were 
formally promoted to the rank of SPIE Fellow and 
recognized for making significant technical and 
scientific contributions in optics and photonics.

For a complete list of the 72 new SPIE Fellows 
for 2008, see spie.org/x32.xml.

http://spie.org/x32.xml
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SPIE Election Results

María J. Yzuel will serve as 2009 President. 
Yzuel is a professor with the Department 
of Physics, Group of Optics, Universidad 
Autónoma de Barcelona (Spain). She 
received her PhD in physics from the 
Universidad of Zaragoza, Spain. Her 
technical interests include diffraction 
image theory, image quality evaluation, 
apodization, optical pattern recognition, 
and design of filters and liquid crystal 
devices. 

 SPIE President Kevin Harding announced election results 
for the SPIE member-leaders who will serve as officers and 
directors of the Society beginning in January 2009. All are 

SPIE Fellows. The announcement was made at the Annual 
General Meeting of the Society, 12 August.

Ralph B. James will serve as 2009 
President-Elect. James is program manager 
and senior scientist for the Brookhaven 
National Laboratory (USA). He received 
his MS and PhD in applied physics at 
the California Institute of Technology. 
His technical interests are in photonic 
and electro-optical instrumentation, 
sensors, imaging, lasers, laser processing 
of materials, nanotechnology, nonlinear 
optics, semiconductor detectors, and 
biomedical imaging. James has 10 patents 
and is the editor of 13 books on sensors, 
spectroscopy, and imaging.

SPIE members elected Katarina 
Svanberg as 2009 Vice President. 
Svanberg is professor of Oncology and 
chief physician in Oncology at Lund 
University, (Sweden). She received her 
MD and PhD in Medical Science from 
Lund and is a recipient of the SKAPA 
Innovation Prize. She is interested in 
clinical oncology for the abatement of 
human malignant diseases and optical 
spectroscopy for detection and treatment 
of malignant tumors. 

Brian A. Lula, president and CEO of PI 
Physik Instrumente LP (USA), will serve 
another term as Secretary/Treasurer. He 
has a mechanical engineering degree 
from Centennial College, Ontario, 
Canada, and completed advanced 
engineering courses at the University of 
Michigan. A CCD astronomical imager/
educator, his technical interests include 
micro and nanopositioning technologies, 
telescope mechanical/optical system 
design and fabrication, astronomical 
imaging, optical manufacturing, and 
testing.  

Society Directors for 2009-2011 are:

Jennifer K. Barton, 
associate professor/
Tissue Optics Lab 
Director, University of 
Arizona (USA)

María J. Yzuel Ralph B. James

Katarina Svanberg Brian A. Lula

Donis G. Flagello, 
ASML Fellow, ASML 
US, Inc. (USA)

Bahram Javidi, 
distinguished 
professor, University of 
Connecticut (USA)

Upendra N. Singh, 
chief technologist, 
NASA Langley 
Research Center 
(USA)

Hugo Thienpont, 
director of research, 
Vrije Universiteit 
Brussel (Belgium)
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SPIE Looks Green
 Green technologies have a growing number 
of applications in everyday life: tracking gigantic 
weather systems from space, using nanoparticles 
in factory cooling systems, and providing new 
sustainable energy and lighting sources, to name 
a few. 
 Optics and photonics technologies play an 
important part in this “greening” of our planet 
as researchers and engineers work to meet global 
demand for energy, to better predict weather 
patterns, to monitor and understand climate 
impacts of wildfires, and to develop safe uses for 
nanotechnology.
 Forums throughout the world sponsored 
by SPIE advance the enabling technologies 
that support development of these and other 
applications. 
 SPIE exhibitions also support sustainable 
technologies, bringing researchers together 
with suppliers and developers of innovative 
technologies in an environment that supports 
creative problem-solving and progress for both.

Remote Observations
 In Nouméa, New Caledonia, 17-21 November, 
conferences at SPIE Asia-Pacific Remote Sensing 
will focus on modeling of trends in the atmosphere 
and oceans based on remote sensing of inland, 
coastal, and oceanic waters. Studies based on this 
research show how unique biodiversity and reef 
ecosystems may be threatened by climate change 
and effects of human activity.
 One conference will discuss societal benefits of 
the Global Earth Observation System of Systems 
(GEOSS) implementation plan established at the 
Earth Observation Summit in 2003. The plan 

grew out of an international 
consensus that many 

basic societal needs 
require continuous and 

coordinated observation of the Earth from many 
perspectives. The plan currently is organized to 
deliver results for nine GEOSS areas: disaster 
reduction, health, energy, weather, climate, 
water, ecosystems, biodiversity, agriculture, and 
combating desertification.

Enabling Solar
Conferences on enabling technologies for solar 
are planned for SPIE Photonics West in January 
2009 and will include:
• Organic Photonic Materials and Devices 

(polymer solar cells and photodetectors)
• Quantum Sensing and Nanophotonic Devices 

(solar cells)
• Laser-Based Micro- and Nano-Packaging and 

Assembly (laser processing for fabrication of 
environmentally friendly devices, such as high-
brightness white LEDs, light-weight, thin-film 
solar cells, advanced batteries, etc.)

• Physics and Simulation of Optoelectronic 
Devices (materials for optoelectronic devices; 
wide bandgap semiconductors, e.g., lasers, 
LEDs, detectors, solar cells, etc.; band structure, 
band offsets, gain and recombination in II-VI 
and nitride-based III-V structures, materials and 
microstructures for mid-infrared optoelectronic 
devices)

 In 2010, these continuing conferences in 
SPIE Photonics West move to the San Francisco 
Moscone Center, which has 60,000 square feet of 
rooftop solar panels.

Recent Events
Two conferences in the UK in September brought 
together scientists whose research is aimed at 
understanding climate change and designing 
highly efficient illumination devices. At the 
time this issue went to press, Waleed Abdalati, 
head of NASA’s Cryospheric Sciences Branch 
at Goddard Space Flight Center (USA), was 
scheduled to offer insights at a SPIE Europe 
Remote Sensing plenary session on how and why 
polar ice is changing, and what the changes may 
mean. Airborne and space-based views of Earth 
and other innovative tools have been important 
in advancing understanding of polar ice, providing 
context as well as information for understanding 
what these changes may mean for life on Earth.
 Conferences on remote sensing of clouds and 
the atmosphere and for agriculture, ecosystems, 
and hydrology at this symposium in Cardiff, Wales, 
are intended to increase scientists’ ability to analyze 
effects of climate change on agricultural crops, 

Earth-
Friendly 
Metrology
A conference on 
metrology for energy and 
environmentally friendly 
production will be part 
of SPIE Europe’s Optical 
Metrology symposium 
14-18 June 2009 in 
Munich, Germany. 

ICTP Winter 
College
Optics in Environmental 
Science will be the theme 
for the 2009 annual 
ICTP Winter College 
in January. The Abdus 
Salam International 
Centre for Theoretical 
Physics (ICTP) fosters 
the advancement of 
research in the physical 
sciences by hosting this 
annual event in Trieste, 
Italy. SPIE is among co-
sponsors, contributing 
funds for support of 
the Winter College and 
other optics activities 
and providing the ICTP 
with free access to the 
SPIE Digital Library. SPIE 
has suggested the 2010 
Winter College focus on 
optics and energy. 

Solar 

“Light in a Box” uses 1 Watt 
of energy from a solar panel 
to power two LED lamps. 
The packages are lighting up 
the developing world.
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assess soil moisture, and track weather systems.
 A new conference on illumination optics was 
also created for SPIE Europe Optical Systems 
Design in Glasgow, Scotland. Featured papers 
accepted for the conference focus on advancing 
technologies for optimization and system 
design as well as insights on LED and EUVL 
applications. 

Annually Green
 At SPIE Optics+Photonics in August in 
San Diego, CA (USA), many of the annual 
conferences had a decidedly green hue and 
several plenary speakers made presentations 
about renewable energy. 
 Several conferences addressed advances 
in sustainable technologies for solar and 
alternative energy systems, covering solar cells, 
concentrators, and other components for solar-
power generation systems, and an all-conference 
plenary presentation by Richard King, director of 
the U.S. Department of Energy’s Solar Decathlon, 
received much attention. In the competition, 20 

college and university teams design, build, and 
operate an attractive and energy-efficient solar-
powered house.
 Remote sensing conferences promoted new 
capabilities for detecting fire and weather 
systems, and new technologies to increase 
airplane stability and improve the ability to 
avoid hazards.
 Sensing for agricultural applications was 
also prominent at SPIE Optics+Photonics. 
Technologies for assessing water resources 
and soil moisture and for analyzing changes in 
crops and forest vegetation were presented in a 
conference on Remote Sensing and Modeling 
of Ecosystems for Sustainability. Conferences on 
atmospheric and environmental remote sensing 
also covered new developments in collection 
of data gathered by satellites and other sources.
 Nanoscience plenary and conference speakers 
reported on the use of naturally occurring 
materials in fabrication of nanomaterials for 
tiny sensors and devices. A wide range of 
nanoscience, nano-engineering, and photonics 
technologies that enable potential applications of 
nanotechnology, such as increased functionality 
of semiconductors, was also presented.
 Featured speakers in sessions on solid-state 
lighting and organic light-emitting diodes looked 
at trends and opportunities in the marketplace 
for new, more affordable lighting as well as 
in more efficient components in computers, 
television screens, and other applications. Dave 
Irvine-Halliday, cofounder of the Light Up 
The World Foundation, was one such speaker, 
describing how the developing world has made 
use of inexpensive lighting solutions from LEDs. 
An online-only article and link to a video 
interview about LUTW is available at spie.org/
spieprofessional. n

Panels 
at SPIE HQ
SPIE has made an 
investment in cost-
efficient, sustainable 
energy by installing a 
15 kW solar electric 
system on the roof of its 
headquarters in the USA. 

Innovation 
Summit
Innovation experts will 
focus on the markets 
for solar technology, 
biophotonics, and LEDs at 
an all-day SPIE Photonics 
Innovation Summit 6 
November in California. 
See page 46.

Attendees at SPIE 
Optics+Photonics 2008 were 
treated to a multi-media 
presentation on the Solar 
Decathlon. Pictured at far 
left is the energy-efficient 
solar home built by students 
from Technische Universi-
tat Darmstadt (Germany). 
Darmstadt took first place 
in the 2007 contest with a 
box-like building that had 
louvered, folding doors on all 
four sides. The University of 
Maryland won second place, 
and Santa Clara University’s 
entry (at right) earned a 
third-place award for a liv-
able, energy-efficient, solar-
powered house that also 
produced enough electricity 
to operate the electric ve-
hicle in foreground. Many of 
the universities will compete 
in the 2009 event.

Dave Irvine-Halliday, 
LUTW cofounder
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Industry and Innovation
SPIE Photonics West, 24-29 January, shines a light on 
innovation, business regulations, industry connections, and 
the very latest in optical applications.

By	Beth Kelley

I In a quickly evolving industrial market, it 
is important for photonics entrepreneurs and 
researchers alike to know the different industry 
standards and laws. A new workshop debuting 
at SPIE Photonics West in January will address 
international export compliance regulations for 
U.S.-generated technologies.
 The International Traffic in Arms Regulations 
(ITAR), developed and administered by the 
U.S. Department of State, have existed for many 
years, but awareness of the regulations among 
optics suppliers inside and outside the defense 
sector has lagged, despite the severe penalties 
that can result from violations.
 Of particular concern are components, 
designs, software code, and test data, which 
can fall under the regulations if they are used 
in a defense-related product. Potentially, even 
seemingly innocuous components such as 
mirrors or lenses could fall under the rules, 
as could companies whose primary business is 
non-defense-related.
 Kerry Scarlott, an attorney with the Boston 
law firm of Posternak Blankstein & Lund, 
will teach the course at SPIE Photonics 
West. Scarlott regularly counsels technology 

entrepreneurs and other business owners 
about international trade and has considerable 
expertise with ITAR. A workshop on ITAR 
will also be presented at the SPIE Defense, 
Security + Sensing symposium in April 2009, 
where it is of primary concern.
 SPIE Photonics West offers more than 75 
technical courses and professional development 
workshops on both emerging and foundational 
topics for people at all stages of their careers. 
Other workshops geared toward industry will 
be on project management for rapid product 
development, establishing new technology 
ventures, patents, intellectual property, and 
ladership skills for engineering project leaders.

Industry Events
 SPIE Photonics West, 24-29 January 2009, 
is internationally recognized as the largest and 
most prestigious event of its kind. Part of that 
prestige comes from its history of premiering the 
best and the brightest innovations and newest 
technologies.
 Engineers and systems integrators developing 
devices and components will find the building 
blocks for innovation at the exhibition and in 
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the conference rooms. SPIE Photonics West is also 
the place to see new applications serving the fields 
of biomedicine, nanotechnology, lasers, optical 
communications, life sciences, and more.
 The inaugural Prism Awards for Photonics 
Innovation are to be presented Wednesday, 
28 January at the event, which comprises four 
symposia and two exhibitions. Sponsored by SPIE 
and Laurin Publishing, the Photonics Innovation 
awards will honor the best innovative products or 
processes that were brought to market between 
September 2007 and September 2008. Judging 
will be based on the problem addressed and the 
practicality of the innovation solution.
 The Prism awards are just one example of 
SPIE’s dedication to ingenuity and bringing new 
products to light.
 A summit for leaders of photonics clusters 
and other photonics-driven businesses is also 
scheduled to take place during the week-long 
event. SPIE Photonics West provides an ideal 
environment for making connections with other 
companies and across national boundaries. The 
photonics cluster events held in January 2008 
were deemed a huge success and extremely useful 
by those who attended.
 The SPIE Photonics West Exhibition will be 
held 27–29 January. The exhibition floor has a 
diverse assortment of products and companies to 
explore. Technologies featured include IR sources 
and detectors; camera, displays, and electronic 
imaging components; fiber optic systems; optics 
and optical components; and sensors.

 BiOS is the largest symposium for biomedical 
optics in North America, bringing together 
researchers, clinicians, and technical experts from 
all over the world. The patent citations that come 
out of BiOS conferences have grown exponentially 
over the past few years. BiOS is divided into five 
program tracks: Photonic Therapeutics and 
Diagnostics; Clinical Technologies and Systems; 
Tissue Optics, Laser-Tissue Interaction, and 
Tissue Engineering; Biomedical Spectroscopy, 
Microscopy, and Imaging; and Nano/Biophotonics. 
Returning symposium chairs are James Fujimoto 
of the Massachusetts Institute of Technology 
(USA) and R. Rox Anderson, Wellman Center 
for Photomedicine (MA).
 BiOS even has its own exhibition, held 24–25 
January with more than 130 companies. This 
specialized exhibition provides the opportunity for 
attendees to explore new technologies in molecular 
imaging, nano/biophotonics, therapeutic lasers, 
spectroscopic/microscopic imaging, biosensors, and 
other products for the medical field.

 The LASE symposium on lasers and applications 
addresses advances in basic laser device research. 
Conferences explore laser materials, device and 
system engineering for various applications, 
free-space communications, and laser use on the 
industrial manufacturing floor. Don Harter, IMRA 
Corp. (MI), and Peter Herman, University of 
Toronto (Canada), are symposium chairs, with 
Henry Helvajian of The Aerospace Corp. (CA) 
and Friedrich G. Bachmann, ROFIN-SINAR 
Laser GmbH (Germany), serving as co-chairs.

  
 
 Chad Mirkin, Northwestern University 
(IL), is a plenary speaker at MEMS-MOEMS, 
which tackles the fast-growing market of 
micro- and nanofabricated electromechanical 
and optical components and their steadily 
multiplying applications to products and 
systems. His talk is titled “Massively Parallel 
Soft Pen Nanolithography.” Mirkin is known 
for his development of nanoparticle-based 
biodetection schemes, the invention of Dip-
Pen Nanolithography, and contributions to 
supramolecular chemistry. Albert K. Henning, 
NanoInk, Inc. (CA), is the MOEMS-MEMS 
symposium chair, and is aided by symposium 
co-chair Thomas J. Suleski, University of North 
Carolina, Charlotte.

 Paras Prasad, professor at the University at 
Buffalo (NY), has been invited to present a plenary 
at the OPTO symposium. The lineup of programs 
for integrated optoelectronic devices includes a 
new applied conference, Optical Communication: 
Systems and Sub-systems, chaired by Benjamin 
B. Dingel of Nasfine Photonics, Inc. (NY). The 
other OPTO programs are Photonic Integration, 
Nanotechnologies in Photonics, Displays 
and Holography, Semiconductor Lasers and 
LEDs, Optoelectronic Materials and Devices, 
and Advanced Quantum and Optoelectronic 
Applications. James G. Grote, Air Force Research 
Laboratory (OH), is the OPTO symposium chair, 
and he is joined by E. Fred Schubert, Rensselaer 
Polytechnic Institute (NY), as symposium co-
chair.
 More information: spie.org/pw.

Farewell,
San Jose

Member 
Discounts
SPIE members receive a 
discount on all conference 
and course registration fees. 
Members also get discounts 
on books and subscriptions 
to the SPIE Digital Library, 
where all conference 
proceedings and SPIE 
journal articles are stored 
dating back to 1990.

This is the last year SPIE 
Photonics West will be held 
at the McEnery Convention 
Center in San Jose, CA.

Beginning in 2010, SPIE 
Photonics West moves 50 
miles north to the Moscone 
Center in San Francisco 
to accommodate the size 
of this growing event 
and because of plans to 
remodel the convention 
center in San Jose.

The Moscone Center 
complex has more than 
700,000 square feet of 
exhibit space, 106 meeting 
rooms, and approximately 
123,000 square feet of 
lobby space. Committed 
to sustainability, Moscone 
also has 60,000 square feet 
of solar panels installed on 
its roof.
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Summit Translates  
IP Into Profit

I Innovation and commercialization experts 
will tackle three burgeoning technologies—
photovoltaics,  solid-state lighting, and 
biophotonics—as well as funding and intellectual 
property issues at the SPIE Photonics Innovation 
Summit 6 November. 
 The all-day event in Burlingame (CA) 
(San Francisco area) will focus on technology 
innovation and revenue growth and is being 
organized by SPIE. Cooperating organizations 
include the Haas School of Business and the 
Lester Center for Entrepreneurship & Innovation 
at University of California Berkeley and the Palo 
Alto Research Center (PARC). 

 Henry Chesbrough 
will give the opening 
keynote  addres s  on 
open innovation, a term 
popularized in his best-
selling 2006 book Open 
Innovation: The New 
Imperative for Creating and 
Profiting from Technology. 
Chesbrough is an adjunct 
professor and executive 

director of the Center for Open Innovation at 
the Institute of Management, Innovation and 
Organization at UC Berkeley. 
 Chesbrough will discuss the current research in 
open innovation, why it is an important approach 
in today’s market, and how an organization can 
implement it. 
 Author John Kao and Joseph Goodman of 
Stanford University will also make keynote 
presentations Goodman has been involved with 
numerous photonics start-up companies.
 The SPIE Photonics Innovation Summit offers 
opportunities for photonics entrepreneurs and 
innovators to network with peers, discover new 

companies, and learn key strategies to thrive 
in our constantly expanding industry. Summit 
chair Steve Eglash, president and CEO of 
Cyrium Technologies, will close the event with 
a discussion on how to utilize the information 
presented throughout the day.

Topics Ripe for Innovation
 The breakout session “Solar Technology: 
When Cost Competitive?” will address the 
technology innovations and commercial growth 
of solar power that are expected to bring prices 
down to affordable levels. The shift will create 
a high-stakes race for market dominance based 
on reduced cost, increased yield, and longer 
lifetime.
 Speakers Richard Swanson, founder, president, 
and CTO of SunPower (CA); Chris Eberspacher, 
vice president of Engineering at Applied Materials 
(CA); and Scott Elrod, vice president and director 
of Hardware Systems Labs at PARC (CA), will 
discuss strategies to move technologies to market. 
They will also lend their insights on innovation 
strategy and navigating from startup to mass scale 
in the solar industry.
 Peter Visser, project manager of the OLLA 
Project for Philips Lighting, and George Craford, 
CTO of Lumileds, will speak during the session, 
“The Next, Next Generation of Lighting: LEDs 
and OLEDs.” This session focuses on innovation 
management across the field of solid-state lighting 
and how to prepare for the mainstreaming of LEDs 
and OLEDs in the next decade.
 The session on “Biophotonics: Innovation 
in Process and Procedure” will feature industry 
experts Lesa Mitchell of the Kauffman Foundation 
and Jean-Luc Vanderheyden of GE Healthcare 
discussing their success at accelerating the 
movement of ideas to the marketplace in the 
complex field of healthcare.
 The “Paths to Funding” session will have 
speakers discussing financing options and how to 
bridge one phase of funding to another. Jennifer 
Ernst, PARC director of business development, 
will discuss “Working with Corporate Partners.” 
John Lushełsky, U.S. Department of Energy, 
Solar Energy Technology Program, will give a 
talk on government funding. Craig Cornelius of 
Hudson Clean Energy Partners will present the 
talk, “Transition from Venture Capital to Private 
Equity to Project Finance.” 
 More information: spie.org/innovation.

Innovation
“Open innovation is a 
paradigm that assumes 
that firms can and should 
use external ideas as well 
as internal ideas, and in-
ternal and external paths to 
market, as the firms look to 
advance their technology.”

–Henry Chesbrough

“Innovation flows from 
shifts in mind-set that can 
generate new business 
models, recognize new 
opportunities, and weave 
innovations throughout the 
fabric of society. It is about 
new ways of doing and 
seeing things as much as it 
is about the breakthrough 
idea.”

–John Kao

8 am to 6 pm 
6 November 2008

San Francisco 
Airport Marriott Hotel 
Burlingame, CA

spie.org/innovation
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Telecom Rebirth?
A symposium in Asia considers an industry 
renaissance.

D Driven by the growth of long-distance 
telecommunications traffic, the market for optical 
communications equipment and technologies is 
predicted to soon rebound from its collapse of 
several years ago. That’s the optimistic forecast 
of Robert Tkach, director of the Transmission 
Systems and Networks Research Department at 
Bell Laboratories, Alcatel-Lucent (NJ).
 Tkach will be one of several plenary speakers 
at the SPIE Asia-Pacific Optical Communications 
Symposium in Hangzhou, China, in late October. 
His talk, “Technologies for a Renaissance in Long-
Distance Optical Communications,” will discuss 
the telecom market collapse and examine trends 
in network traffic and capacity that are pointing 
to an increased need for optical communications 
systems in the next decade.
 A new report indicates that the development 
and use of broadband has flourished over the last 
four years and that broadband plays a critical and 
positive role in the workings of the economy. The 
Organisation for Economic Co-operation and 
Development (OECD) reports that the number 
of broadband subscribers in some 30 member 
countries has increased 187% since December 
2004, reaching 221 million in June 2007.
 “As broadband connections proliferate, 
connections are faster and less expensive,” the 
report for the June 2008 OECD Ministerial 
Meeting also states. The report also highlights 
challenges that a telecom renaissance will 
face, including the policy debate over whether 
regulations for traditional copper telephone 
infrastructure should be applied to all-fiber 
networks.
 In addition to Tkach, who received the John 
Tyndall Award earlier this year in recognition 
of his outstanding contributions in optical-fiber 
technology, other plenary speakers, conference 
participants, workshop moderators, and leading 
industry representatives will discuss the latest 
developments in optical communications at the 
Zhejiang International Conference Center, 26-30 
October.

APOC Events
 More than 600 contributed and invited papers 
will be presented during the week on network 
architecture; optoelectronic materials and devices 
such as plasmonics, semiconductor diode lasers, 
and quantum dots; fiber amplifiers and grating 
devices; optical switching; and dozens of other 

related topics. In addition, on Friday, 31 October, 
attendees will have the opportunity to visit 
Fuyang City to explore business opportunities 
with local fiber-optic companies and government 
officials.
 Plenary speakers on Monday, 27 October, 
include Tkach; Dieter Bimberg, chair of Applied 
Solid State Physics at Technical University 
of Berlin (Germany) who will talk about 
nanophotonic devices; and Yoshio Itaya, executive 
director of NTT Electronics Corp.’s Science and 
Core Technology Lab Group (Japan), whose 
presentation is titled “Photonic Challenges 
Toward Future Broadband Society.”
 On Tuesday, 28 October, telecom carriers, 
systems and component vendors, and government 
representatives from China and elsewhere will 
participate in a full-day Industry Forum co-chaired 
by Qian Mao, of FiberHome Technologies Group 
(China) and Herwig Zech of Nokia Siemens 
Networks Transport Systems (Shanghai).
 The Industry  Forum wil l  emphasize 
international business and market developments 
and business opportunities with presentations 
from telecom executives:
• Ted Chang, StrataLight Communications
• Herve Fevriers, Xtera Communications
• Patrick Leisching, Nokia Siemens Networks
• Stan Lumish, JDSU Uniphase Corp. 
• Michael Minneman, dBM Optics, Inc 
• Bardia Pezeshki, Santur Corp. 
• Xulei Sang, Alcatel-Lucent
• Xiongyan Tang, CNC Labs 
• Matt Walker, OVUM
• T.J. Xia, Verizon
 Workshops on Sunday, 26 October, will focus 
on sustainable development in the industry, 
optical network deployment, and on challenges 
and opportunities for the next generation of 
systems and networks. 
 General chairs for the conference are Lars 
Thylen, director of the Joint Research Center 
of Photonics operated by Sweden’s Kungliga 
Tekniska Högskolan (the Royal Institute 
of Technology) and Zhejiang University in 
Hangzhou; Wei Yang, president of Zhejiang 
University; and Bingkun Zhou, president of 
the Chinese Optical Society and professor of 
electronic engineering at Tsinghua University 
(China).
 For more information: spie.org/apoc

Conferences
@
SPIE APOC
26-30 October

Passive Components and 
Fiber-Based Devices

Optoelectronic Materials 
and Devices

Optical Transmission, 
Switching, and Subsystems

Network Architectures, 
Management, and 
Applications

http://spie.org/apoc
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SPIE Photomask Technology
6-10 October 2008, Monterey, CA 

Aart J. de Geus, chairman and CEO of Synopsys, 
Inc. (USA), is the keynote speaker at the 
28th annual SPIE/BACUS symposium for the 
worldwide photomask industry. 

SPIE Asia-Pacific Optical 
Communications
26-30 October 2008, Hangzhou, China 

Plenary presentations are on nanophotonic 
devices by Dieter Bimberg, Technical University 
of Berlin (Germany); nanophotonic challenges 
for the broadband by Yoshio Itaya, NTT 
Communications (Japan); and technologies for 
a telecom renaissance by Robert W. Tkach, Bell 
Labs, Alcatel-Lucent (NJ). See page 47.

SPIE Lithography Asia—Taiwan
4-6 November 2008, Taipei, Taiwan 

Semiconductor researchers, developers, and 
innovators will present the latest on optical 
microlithography, resist material and processing, 
and LCD applications. 

SPIE Photonics Innovation 
Summit
6 November 2008, San Francisco, CA

Innovation experts, including keynote speaker and 
author Henry Chesbrough, focus on the markets of 
solar technology, biophotonics, and LEDs.

International Symposium on
Optical Instrument and Technology
16-19 November 2008, Beijing, China 

Co-sponsored by SPIE and the China Instrument 
and Control Society, all aspects of optics, from 
optoelectric instruments to MEMS/NEMS 
technology, will be explored at OIT.

International Symposium on 
Optomechatronic Technologies
17-19 November 2008, San Diego, CA

ISOT is the world’s largest technical symposium 
on optomechatronics.

SPIE Asia-Pacific Remote 
Sensing
7-21 November 2008, Noumea, New Caledonia 

The conference on remote sensing for monitoring 
of island ecosystems and threats to the global 
environment is being held on a quickly developing 
island with an incredibly preserved ecosystems.

International Symposium on
Advanced Optical 
Manufacturing (AOMATT)
19-21 November 2008, Chengdu, China

For those interested in the manufacturing and 
testing of optics, this event will have a special 
emphasis on bioscience and nanotechnologies. 
SPIE is a technical co-sponsor.

SPIE Smart Materials, Nano-and 
Micro-Smart Systems 
9-12 December 2008, Melbourne, Australia 

This symposium affords opportunities for in-depth 
communication with researchers and developers 
in smart materials, smart structures, smart micro- 
and nanoengineering devices and systems, and 
nano- and microtechnology.

International Symposium on
Fiber Optics and Photonics
13-17 December 2008, Indian Institute of 
Technology Delhi, India

The biennial international conference provides a 
forum for interaction and exchange of ideas among 
scientists, engineers, and researchers actively 
engaged with photonics. SPIE is a co-sponsor.

IS&T/SPIE Electronic Imaging
18-22 January 2009, San Jose, CA

IS&T/SPIE Electronic Imaging is the must-attend 
event for anyone working in electronic imaging. 
Three new conferences this year are 3D Imaging 
Metrology, Digital Cinema, and Multimedia for 
Education.

SPIE Photonics West
24-29 January 2009, San Jose, CA

The biggest event of the year in photonics 
research and innovation. See page 44.

SPIE Spectroscopy 
Technology+ 
Applications
Look for information soon 
about SPIE Spectroscopy 
Technology+Applications in 
Boston on 3 November.

Log On
Find up-to-date information 
about, or register for, SPIE 
events at  
spie.org/conferences.



Flexible Optical B.V.
 Creator of Smart and Adaptive Optical systems

Walter Benjamin
German writer and philosopher

Adaptive optics brings us back to consciousness

The camera introduces us to unconscious optics as does psychoanalysis to unconscious impulses
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