
October 2009

Laser Innovations

Display Markets

Productive “Stupidity”

Green 
Entrepreneur 
Delta Electronics’  
Bruce Cheng
 





1October 2009     SPIE Professional    

Volume 4, Number 4 (ISSN 1817-4035)

12

4

16

30

38

President’s Letter
	 3	 Conferences	Generate	Innovation

Career
	 4	 Green	Entrepreneur

Bruce Cheng has put an emphasis on energy 
conservation and environmental protection since the 
day he founded Delta Electronics in 1971.

	 8	 Growing	an	Optics	Economy
The ESA and other organizations support business 
incubators.

Industry
	 9	 Are	Patent	Pools	Right	for	You?	

Learn about the advantages and disadvantages of 
forming a pool to cross-license patents.

	 10	 Photonics	for	a	Better	World
	 12	 Dynamic	Braille

EAP technology is making advances in the 
development of refreshable Braille displays.

	 14	 Display	Markets	Flex	Upward
Innovations in the display market include flexible 
display screens. 

Advancing the Laser
	 16	 Laser	Innovations

Jeff Hecht writes that despite challenges, innovation 
in the laser industry is accelerating faster than ever.

	 20	 FEL	Transformation
Free electron lasers emerge from being a laboratory 
curiosity. 

Membership
	 24	 Report	from	the	2009	Annual	Meeting
	 26	 SPIE	Election	Results
	 27	 SPIE	Award	Winners
	 28	 Collaborative	Learning	

Employees at ELCAN in Texas reach out to future 
scientists and engineers.

Education
	 30	 Productive	Stupidity

Professor Martin Schwartz feels “stupid” when he 
conducts research. He thinks you should, too.

	 32	 Worldly	Optics
An early career professional from Edmund Optics learns 
valuable lessons through international experiences.

	 34	 Optics	Extends	Reach	
New optics programs reach beyond traditional borders. 

Events
	 36	 Lithography	in	Asia	

SPIE Lithography Asia in November will provide a 
rich forum for the latest developments in the industry.

	 38	 SPIE	Photonics	West	2010
A preview of what to expect in San Francisco.

	 40	 SPIE	Events	Around	the	World



SPIE Professional     October 20092

The Member Magazine of SPIE
spie.org/spieprofessional

Managing Editor
Kathy Sheehan
kathys@spie.org
+1-360-685-5538

Graphic Artist
Carrie Binschus

Copy Editor
Beth Kelley

Contributors
Dhanashree Bairat, Kevin Closson,  
Yoseph Ben-Cohen, Bruce Cheng,  
Stacey Crockett, Rich Donnelly, Jeff Hecht,  
Beth Kelley, Andrew Lynch, George Neil,  
Amy Nelson, Martin A. Schwartz, and  
Kathy Sheehan 

Editorial Advisory Board
James G. Grote, chair, Air Force Research Lab.; 
Derek Abbott, Univ. of Adelaide, Australia; 
Anand Asundi, Nanyang Technological Univ., 
Singapore; Kristen Carlson Maitland, Texas A&M 
Univ. at College Station; Jason M. Eichenholz, 
Ocean Optics; Leo Irakliotis, Univ. of Chicago; 
Morley Stone, Air Force Research Lab

2009 SPIE President
María J. Yzuel

SPIE Executive Director
Eugene G. Arthurs

SPIE Director of Education and 
Community Services
Krisinda Plenkovich

SPIE Director of Publications
Eric Pepper

Advertising Sales
Gayle Lemieux
gaylel@spie.org
+1-360-685-5537

Volume 4, Number 4
SPIE Professional (ISSN 1817-4035) is publish ed 
quarterly by SPIE, 1000 20th St., Bellingham, WA 
98225-6705 USA.

© 2009 Society of Photo-Optical Instrumentation 
Engineers (SPIE). All rights reserved. The articles 
published in SPIE Professional reflect the work and 
thoughts of the authors. Every effort has been made 
to publish reliable and accurate information herein, 
but the publisher is not responsible for the validity 
of the information or for any outcomes resulting 
from reliance thereon. Inclusion of articles and 
advertisements in this magazine does not necessarily 
constitute endorsement by the editors or SPIE. The 
magazine accepts no responsibility for unsolicited 
manuscripts or artwork; they will not be returned 
unless accompanied by a stamped, self-addressed 
envelope. Send materials to SPIE Professional, P.O. 
Box 10, Bellingham, WA 98227-0010 USA.



3October 2009     SPIE Professional    

T
Conferences Generate Innovation

Student 
Leadership 
Workshop
Some 130 students 
from 89 SPIE chapters 
in 22 countries traveled 
to San Diego in August 
for a two-day leader-
ship workshop at SPIE 
Optics+Photonics. Many 
also presented papers at 
the technical conferences. 

The annual workshop is 
just one of the services 
that SPIE provides to 
encourage young people 
to employ optics and 
photonics to help solve 
the world’s problems. 

Experts from academia, 
industry, and govern-
ment joined me in sharing 
insights and information 
about networking, project 
management, career 
choices, communication 
skills, and leadership.

Well over 100 students 
attended a keynote lun-
cheon to hear SPIE CEO 
Eugene Arthurs speak 
about opportunities in the 
field. “The last century was 
the century of electronics,” 
Arthurs said, “but the 
21st century belongs to 
photons.”

 This is my fourth and last letter to you in SPIE 
Professional magazine as SPIE President. I have 
had the privilege to work with you in this role all 
year for the benefit of the optics and photonics 
community. 
 In the last few months, I have met with professors, 
researchers, and students to discuss cutting-edge 
fields of research, the optical technologies that they 
are developing, and their applications. I attended 
three conferences (SPIE Europe Optical Metrology, 
Education and Training in Optics and Photonics 
or ETOP, and SPIE Optics+Photonics) and have 
made several visits to important institutions in 
Europe. 
 One topic of these conversations that I’d 
like to address here is the different models of 
scientific conferences in our field. In addition 
to these recent discussions, I’ve also talked 
with colleagues over the years about the service 
that SPIE provides to the optics and photonics 
community with its conferences and exhibitions. 
I have received very positive comments and some 
complaints about the value of big conferences 
with many tracks.
 For instance, sometimes you cannot attend 
all the papers you would like because they are 
scheduled at the same time. Conversely,  small 
conferences can be focused on such  narrow topics 
that you meet only people working in your field. 
 SPIE Symposia Committee members are always 
looking for new ideas. SPIE organizes some small 
conferences but we are better recognized by the 
big and successful conferences and exhibitions 
that are a great value for the scientific community. 
The volunteers and SPIE staff work together 
to introduce new research fields and new 
technologies in the conferences.
 I have had a long discussion about this with John 
Pellegrino, chair of the SPIE Symposia Committee. 
He notes that it is inevitable that several activities 
of interest happen simultaneously at large events.
 “That is the nature and strength of scientists 
and engineers,” he says. “We are interested in 
and curious about how the world works in all of 
its different ways and have an endless supply of 
exciting ideas to pursue. These symposia enable 
us to concentrate in depth in some areas and hear 
about tantalizing new discoveries across many 
more—spurring new ideas and opening our minds 
to new ways to pursue them.”
 John has collected a number of other 
observations from Symposia Committee members, 
conference attendees, and personal experience 
over the years. He writes:
 “One of the most exciting and stimulating 

María J. Yzuel
2009 SPIE President

things about being part of a scientific 
community is the opportunity to listen, 
share, and engage with others in a 
variety of technically oriented forums. 
Whether one prefers the bustling 
energy of a large symposium, teeming 
with experts eager to share ideas and 
companies demonstrating the latest 
developments and offerings, or an 
intimate gathering where one can 
dive deep into the esoterics of an 
emerging topic, such gatherings exist 
to help people engage and further the goals of 
the community—the advancement of science 
and technology, education, and exploration of 
fundamental knowledge.
 “The larger symposia provide a venue for 
highlighting multidisciplinary activities and the 
intersections of different aspects of traditional 
disciplines. Connections between biology, 
photonics, and electronics; photonics, energy, and 
the environment; or signal processing, neurology, 
image processing, and sensing, are examples of 
areas ripe for both study and development for the 
commercial market.
 “The mix of attendees with such diverse 
expertise enables networking and idea generation,” 
he says.
 “Industrial exhibitors also bring a valuable 
perspective, with their expertise in state-of-the-
art technology and suggestions for new ways 
to employ the latest research tools and applied 
systems. The technical presentations, invited 
presentations and perspectives, and exhibitions 
combine to significantly enhance the value of the 
symposia to participants.”
 I think John has captured the essence of SPIE’s 
conference and networking mission. Thanks, 
John, for sharing your valuable viewpoint. 
 I encourage you to help improve our service 
to the community with your input on future 
symposia. Indeed, SPIE conferences are  successful 
precisely because each chair, program committee 
member, presenter, exhibitor, and attendee 
contributes to the programs. 
 Please write to me with your thoughts at 
governance@spie.org. 

An expanded version  
of this President’s 
Letter is at spie.org/
spieprofessional.
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Bruce Cheng explains why going green is the right thing to do.
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Solar
Stadium
The spiraled, dragon-
shaped roof of the 
main stadium for the 
2009 World Games in 
Kaohsiung, Taiwan (on 
the cover), is carpeted 
with 8,844 solar panels 
from Delta Electronics, 
covering 14,155 square 
meters. 

The eco-friendly building 
is the largest stadium 
in the world entirely 
powered by solar energy. 
It generates 1.14 million 
kW h of electricity annu-
ally for stadium use and 
for powering up to 800 
nearby households.

The NT$300 million  
(US $150 million) facility 
has two JumboTron 
screens, and Delta’s 
photovoltaic system illu-
minated the opening and 
closing ceremonies of 
the World Games as well 
as the rugby and flying 
disc events with 3,300 
lux in July.

 Delta Electronics CEO Bruce Cheng is known 
as the godfather of energy conservation in Taiwan 
business circles, having made environmental 
protection, sustainability, and energy savings 
cornerstones of his power supply company. The 
engineer and entrepreneur founded his company 
nearly 40 years ago to supply TV components for 
the Taiwanese market. Delta (www.deltaww.com) 
is now the world’s largest provider of switching 
power supplies and DC brushless fans, and its 
business includes display solutions, LED lighting 
products, and solar energy systems. Cheng has 
pioneered lead-free manufacturing and mercury-
free LCD components in the industry, and his 
Taiwan and USA offices and production facilities 
have won praise for their energy-saving designs. 
He leads by example. Cheng was the first person in 
Taiwan to own a Toyota Prius when he imported 
the hybrid from the United States in 2004.
 SPIE Professional asked Cheng to share his 
business successes and challenges and his rationale 
for becoming a “green” entrepreneur.

SP: What motivated you to leave TRW and 
start your own business in 1971?

BC: I worked in TRW for five years and learned 
a great deal in production, engineering, and 
quality control from that experience. During the 
late 1960s, Taiwan’s TV industry was booming, 
and along with it came issues such as component 
shortages and the high cost of imported Japanese 
knock-down kits. TV manufacturers for our 
domestic market suffered the most. I took this as a 
good opportunity to start my own business to help 
domestic manufacturers solve their component-
supply issues.

SP: What kinds of optical technologies, 
products, and/or innovations are at the forefront 
of Delta Electronics’ business today?

BC: Delta Electronics has been investing 
significant resources to develop technologies and 
products that are energy efficient and friendly 
to the environment. Examples of our efforts in 
optical businesses include LED lighting, high-
performance display products, and e-paper 
applications.
 In LED lighting, Delta offers both street lamp 
and indoor solutions. Our LED street lighting 
surpasses all other current products in efficiency. 

R.C. Liang, CEO of DelSolar and Delta’s CTO (left), and Delta Electronics CEO 
Bruce Cheng (center) discuss the company’s e-paper with SPIE Executive 
Director Eugene Arthurs.

We also introduced a series of LED indoor 
applications with innovative features that enable 
better lighting quality with reduced electricity 
consumption.
 Delta provides a wide range of high-performance 
display products such as HDTV, a video wall, 
home theater projector, and large venue projectors 
for the professional market. We also developed 
the industry’s first full HD LED Home Theater 
DLP Projector featuring an energy-saving, high-
resolution picture with a wide color gamut and 
extra-long lifetime.
 For e-paper, we have partnered with Bridgestone 
Corp. to develop QR-LPD (quick response liquid 
powder display) technology which is reflective in 
nature and therefore consumes much less energy 
than LCD screens because it does not need any 
backlight. Prototypes of e-readers, e-labels, and 
signage are almost ready and we will bring these 
products to market very soon.

SP: You have been called the “godfather of 
energy conservation” and Delta has won several 
awards for adhering to its mission to provide 
“innovative, clean, and efficient energy solutions 
for a better tomorrow.” Can you discuss your 
reasons for putting such an emphasis on energy 
conservation for your company and provide some 
examples or results of that focus?

BC: Delta was founded in 1971 at a time when 
lots of foreign electronic companies came to 
Taiwan to set up manufacturing bases. We started 
from scratch to develop electronics components 
to meet market demand. We witnessed the 

Delta Electronics, Inc.’s mixed-use office and 
factory building in Tainan, southern Taiwan (left), 
is a certified “gold-rated” green building and was 
named “2006 Green Building of the Year” by the 
Taiwan Ministry of Interior. The building saves 
50% more water than conventional buildings and 
achieves up to 31% in energy savings. Continued on page 6  
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Bruce Cheng
Delta Electronics founder 
Bruce Cheng is firmly 
committed to socially re-
sponsible and sustainable 
business practices.

Cheng donated NT$250 
million (US$7.6 million) 
for a research building 
at National Cheng Kung 
University earlier this year. 
Two years ago, he donated 
NT$100 million (US$3 
million) to construct a 
separate building at NCKU, 
the Y.S. Sun Green Building 
Research Center, and in 
2001 he donated one mil-
lion shares of Delta Elec-
tronics stock to establish a 
technology lectureship.

Cheng earned a B.S. in 
electrical engineering at 
NCKU and received an 
honorary doctorate there 
in 2007. He was named 
the NCKU Outstanding 
Alumnus in 1995.

Taiwan’s CommonWealth 
magazine named Cheng 
the “Most Admired Execu-
tive” in 2007 and 2008, and 
the business periodical 
named the company the 
most admired in the 
electronics industry for six 
consecutive years.

The Committee on Small 
Body Nomenclature of the 
International Astronomical 
Union approved the name 
of “Chengbruce” for as-
teroid 168126 in July 2008. 

t Continued from page 5 

massive abuse of natural resources and severe 
environmental pollution at that time, the result 
of industrialization. We also experienced energy 
shortages due to a rapid increase in demand. We 
believed energy conservation was the best solution 
to the problem, and we made it our corporate 
mission to develop high-efficiency switching 
power supplies and provide the world with energy-
efficient solutions. We then extended our product 
lines from power supplies to display products and 
LED lighting, driven by our firm belief in energy 
conservation and environmental protection.

SP: Delta has also been a leader in business 
practices that protect the environment. What 
environmental practices does Delta use in its 
operations, factories, and offices? 

BC: We built the first green factory in Taiwan; 
our Fremont office in California (USA) won 
g r e e n  b u s i n e s s 
certification from the 
county authority; and 
development of our 
corporate green map 
was a world first. Delta 
is a pioneer in lead-free 
manufacturing, and we apply higher standards 
to our operations than international standards 
such as WEEE (Waste Electrical and Electronic 
Equipment) and RoHS (Restriction of Hazardous 
Substances). We designed and built an energy 
recycling system to reclaim up to 85% of 
electricity used in the burn-in process. We also 
applied insulation materials on equipment used in 
soldering and plastic injection molding processes 
to reduce heat dissipation as well as create a more 
pleasant working environment for our employees. 
Not to mention that Delta has installed solar 
systems in all of our offices and factories worldwide 
to generate renewable energy. 

SP: What effect have these practices had on 
your bottom line?

BC: Our green practices not only help us reduce 
cost but also give us a competitive advantage in 
earning more business. For example, Delta is a 
certified green partner to SONY and has priority 
over other suppliers in business considerations. 
Because people are increasingly conscious 
of energy conservation and environmental 
protection, customers are inclined to do business 
with reputable green corporations, and they are 
also willing to pay a reasonable premium for the 
benefit they get. Delta is able to grow and make a 
profit from practicing what we preach as a socially 
responsible green corporation. In addition, our 

reputation as a “green corporation” has also 
helped us attract talent to join Delta.

SP: What Delta products or processes that are 
environmentally friendly or particularly energy 
efficient are you most proud of?

BC: Delta is the world’s largest maker of 
switching power supplies with market-leading 
efficiency of 90% and above for most of our 
power supplies. Each year, we invest heavily 
to advance our technology and the results so 
far are satisfactory. Among recent progress, our 
achievements in telecom power systems and PV 
systems are particularly noteworthy. We not only 
increased the efficiency of our new generation 
telecom base station power system from 90% 
to 92%, but we also reduced the size by two 
thirds and achieved market leadership in both 
China and India, the fastest growing markets in 
the world. We also successfully completed the 
world’s largest stadium solar energy system for the 

2009 World Games in 
Kaohsiung. Although 
the capacity of this 
solar energy system was 
1 megawatt by design, 
the actual electricity 
generated exceeded our 

expectation. These examples clearly demonstrate 
our orchestrated efforts to realize our corporate 
mission of providing innovative, clean, and 
efficient energy solutions for a better tomorrow.

SP: What was Delta’s role in the solar roof for 
Kaohsiung’s World Games Stadium?

BC: Delta designed and installed the entire 
solar system for Kaohsiung’s 2009 World Games 
Stadium. (See page 5.) This rooftop system consists 
of solar cells from DelSolar, a subsidiary of Delta, 
and Delta’s own photovoltaic (PV) inverters with 
98% conversion efficiency. Since the project was 
completed in October 2008, it has been generating 
an average of 3,200 kW hours of electricity per day 
or 1.1 million kW h per annum, which is more 
than enough to fulfill the needs of the stadium 
itself. Excess electricity is then transmitted back 
to the grid. We estimate this system can reduce 
660 tons of CO2 emissions. Encouraged by this 
success, Taipower recently engaged Delta for a 
project to build a 1.5 megawatt solar energy system 
on the rooftop of its largest coal-fired power plant 
in Taiwan. The field work officially kicked off in 
April 2009 and the whole project is scheduled to 
be completed in May 2010.

SP: Is the global economic turmoil causing 
you to cut back on your R&D, professional 
development for employees, donations to 

Our	green	practices	
give	us	a	competitive	

advantage.



7October 2009     SPIE Professional    

universities and charitable organizations, or any other aspect 
of your business?

BC: No, absolutely not. We have not reduced our investment 
in R&D and human resources development. On the contrary, 
we are speeding up our pace in new product developments and 
expanding our talent pool with professional, new recruits to 
strengthen our capabilities. We believe human capital is our 
most precious asset, while technology is the foundation of the 
company, and new products are what our future relies on. We 
have also increased our professional development activities 
during the economic downturn as employees are more available 
and better motivated to learn than at times when they are 
fully occupied with business obligations. We consider these 
investments critical for our continued success and we are 
confident that when the market turns up, Delta will stand out 
even stronger than before.

SP: What is the key factor to Delta Electronics’ growth and 
success?

BC: Delta set its mission to provide innovative, clean, and 
efficient energy solutions in its early years and consistently 
put it into concrete action. This provides a clear direction for 
us to devote our efforts and resources coherently. I believe our 
culture of innovation, quality, teamwork, agility, and customer 
satisfaction is the key to our growth.

SP: What are the biggest challenges to Delta’s continued 
growth and success?

BC: I would say change is the biggest challenge for Delta, 
and probably for most other companies as well. Technologies 
evolve at unprecedented speed and the marketplace is even 
more dynamic than before. Flexibility and adaptability are 
probably not enough anymore. To stay ahead, we have to 
gauge the trends and guide the organization in anticipation of 
the new world soon to come. My worry is that our people may 
be so used to and proud of our past success that they will not 
dare to change. So I want to take this chance to remind and 
encourage our people to change and change quickly. Only those 
who continue to spot new trends and act quickly and decisively 
to grab the opportunities can win in the future.

SP: What kind of entrepreneurial risks did you take at the 
beginning? How are those risks different or similar to the risks 
that Delta Electronics takes now?

BC: Funding was actually the single largest risk I had to manage 
in the early days. I was lucky enough to have a fully devoted 
team to work around the clock and deliver what we promised to 
customers. Despite that, we did suffer from capital shortage and 
cash flow problems. Fortunately, our financial condition improved 
as we earned more business due to our superior product quality and 
services. Money is not a restrictive factor to Delta any more. As I 
said earlier, I think the ability to foresee market requirements and 
change in anticipation of the trends is the key to future business 
success. Delta is still not good enough in this regard. We have lots 
of room for improvement in our speed and boldness to change. 
I am sure our people will take up the challenge to change with 
courage and confidence as long as we have our minds set on it. n

Get Access
Save as an SPIE Member when you buy or renew  
a personal subscription.

Member Pricing
25 downloads / 1 year: $145 — Save $105
50 downloads / 1 year: $195 — Save $140 
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* Some papers included in multiple categories.
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Growing an Optics Economy

G Government and business groups have been 
offering a variety of stimulus plans to get the 
global economy back on track over the last 
year or so. 
 Incubation centers for technology startups, 
including those involving optics and photonics 
technologies, have received a fair amount of 
attention as a way to kickstart the economy, 
and they have a long history of success.

Aerospace Technology
 The European Space Agency (ESA), 
the German Aerospace Center (DLR), the 
German federal state of Bavaria, and the 
German bank Kreissparkasse München 
Starnberg on 3 August opened the fourth ESA 
Business Incubation Centre for the transfer of 
aerospace technology to other sectors.
 The new center, in Oberpfaffenhofen, about 20 
kilometers from Munich, offers young companies 
and business startups an ideal environment for 
using their aerospace expertise in marketable 
new products. 
 Over the next four years, some 40 company 
startups are expected to be supported in 
Oberpfaffenhofen, adding further impetus 
to the success of ESA technology transfer 
and business incubation. The ESA earlier 
established incubation centers in the Netherlands 
(Noordwijk), Italy (Frascati), and Germany 
(Darmstadt). To date, 65 startups have been 
guided towards business success, including 
etamax’s ‘G-WaLe’ at the center in Darmstadt. 
G-WaLe is the first system to use signals from 
navigation satellites to measure and report in 
near-real time the prevailing water level of 
endangered river sections. Potential customers 
include agencies for high-water protection and 
management of water resources, and insurance 
companies.

Jena Incubators
 The ESA effort builds on the success in 
Jena (Germany) of three business incubators, 
the Technology and Innovation Park, the 
Bioinstrumentation Centre, and the Innovation 
and Founders’ Laboratory for New Materials and 
Processes (IGWV). Since 1991, for instance, the 
Technology and Innovation Park has supported 
more than 175 companies in the startup and 
stabilization phases in the fields of communication 
and software development, laser technology and 
micro-systems engineering, sensor technology 
and optics, as well as medical engineering.
Their ideas and corporate profiles include the 

automated manufacture of aspherical lenses, 
microfabrication of superconductive sensors, 
miniaturized technological solutions for chemical 
analysis, optical measurement technology, 
and new medical engineering solutions for the 
production of patient-specific implants.
 Looking into the future, optics visionaries in 
the south of France have proposed Optopolis, 
a city of the future that will promote the 
commercialization of photonics innovations and 
knowledge transfer. Optopolis will be set up as an 
extension of the Hôtel Technoptic and is designed 
to be both a business incubator and support center 
for SMEs.

University Help
 Newcastle University (UK) supports business 
incubation through the North East Technology 
Park (NETPark) and, with an investment of 
£7.2m from British government, a state-of-the-art 
scientific center.
 NETPark focuses on physical sciences, such as 
plastic electronics, micro-electronics, photonics, 
nanotechnology, and their application in the 
fields of energy, defense, and medical-related 
technologies. The park has incubated 118 
companies.
 The Newcastle University Innovation Centre 
for Nanotechnology opened earlier this year and 
fosters investment in and commercialization of 
green technology companies and products. 
 The Beckman Laser Institute at the University 
of California at Irvine (USA) has a Photonic 
Incubator aimed at developing new biomedical 
systems for medical diagnostics, therapeutics, 
and cellular/molecular analysis. The Beckman 
incubator utilizes the institute’s existing facilities, 
scientific, and medical expertise as well as 
extensive corporate contacts for technology 
transfer. n

The new ESA incubator facility in Oberpfaffenhofen, 
Germany.
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French
Institute
Spinoff
IOTech, the technology 
transfer office at the 
Institut d’Optique in 
Orsay, France, fosters 
the incubation of optics 
businesses by sup-
porting startups through 
public subsidies, the use 
of its own technological 
or financial means, and 
through the loan of 
equipment.

Public subsidies come 
from institutions such 
as the National Agency 
for Promotion of Re-
search (ANVAR) and 
the Centre Regional 
pour l’Innovation et le 
Transfert de Technologie 
(CRITT).

One of IOTech’s success 
stories is GENOPTICS, 
a spinoff company from 
research at the institute’s 
Laboratoire Charles 
Fabry. GENOPTICS, 
which specializes in a 
biological sensor that 
uses surface plasmon 
resonance imagery to 
study in vitro protein-
ligand interactions, was 
acquired by a French 
affiliate of HORIBA Sci-
entific earlier this year.
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Patent Pools: Right for Your Business?

OBy	Kevin Closson

 One of the most talked-about topics in the world of high 
tech is patent pools, agreements between two or more patent 
holders to aggregate some or all of their patents for the purpose 
of cross-licensing.
 They have gained attention recently because of their 
prominent use in several industries and technology fields, most 
notably for intellectual property involving RFID, DVD, MPEG 
and wireless communications.
 The formation of a patent pool is a good strategy any time an 
industry has multiple entities holding patents with overlapping 
or interconnected claims. 
 Proponents hail patent pools as imperative for continued 
innovation. Opponents, however, say they have the opposite 
effect, stifling innovation and creating yet another market 
barrier for non-incumbents. 
 Confusion about what patent pools are, how they affect 
businesses both inside and outside the pools, and how and when 
to set up and participate in them further obscures the picture.
 Patent pools aren’t a panacea to patent litigation. As with 
any group effort, there are advantages and disadvantages to 
participation. 

 First, a lone holdout can effectively block the implementation 
of a patent pool. Without the participation of substantially all 
key patent holders, they just don’t work. Even though the pool 
participants agree to cross-license freely, the pool itself can be 
held hostage by patent holders outside the pool.
 Patent pools are also often difficult to form and expensive 
to administer.
 The major advantage to pooling is that doing so lowers 
transaction costs, reduces litigation, and reduces the expense 
of negotiating with myriad patent holders over IP rights. 
 This is a benefit that goes to those inside the pool as well 
as the rest of the industry. Moreover, patent pools usually 
accompany the establishment of industry standards, which is 
useful to participants and non-participants alike. n

More Online
Nerac’s Kevin Closson discusses how small and large 
companies can make patent pools work in a full-length 
article online. Use your SPIE member login at spie.org/
spieprofessional to learn more about the history, evolution, 
and current trends with patent pools. 



SPIE Professional highlights some of the optical technologies that bring 
tangible social, environmental, health, and economic gains to humanity.

UV Disinfects water
 Long exposure to UV wavelengths is unsafe 
for living organisms, but it’s great for treating 
water. Ultraviolet radiation of wastewater has 
been used for a number of years in Europe, the 
Middle East, and China, and all drinking water 
in St. Petersburg (Russia) has been disinfected 
with UV since December 2007.
 With new environmental rules set to take effect 
in the United States in 2012, several U.S. cities 
are adopting UV treatment systems as a safe, 
effective water treatment strategy.
 The new Environmental Protection Agency 
requirements demand at least two types of 
disinfectant or filtration systems for all municipal-
provided water by April 2012, says Enio Sebastiani 
of the San Francisco Public Utilities Commission.
 Most cities already have filtration systems or 
chemical treatment plants which add chlorine to 
the water. UV treatment plants are considered a 
good option not only for their effectiveness, but 
because they are affordable to install and do not 
introduce anything new into the water.
 UV water treatment works by pumping water 
into a reactor with UV lamps that can produce 
40 millijoules per square centimeter of short-
wave and mid-wave UV light (between 200-300 
nanometers). These wavelengths are germicidal, 
deactivating about 99% of organisms like 
Cryptosporidium and Giardia, which are typically 
resistant to chlorine. The lamps themselves are 

low-energy.
 The first and largest U.S. water 

treatment plant to employ 
UV technology, the Seattle 

Cedar Water Treatment 
Facility began operating 

in 2004. It treats 180 
million gallons of 

water per day. 
“We used to just 
chlorinate” the 

city water, says Alex 
Chen, Seattle Public 
Utilities senior water 

quality engineer. “Now 
in addition, we oxidate 

and radiate the water.”
 Brian Altland,  UV 

product manager at Calgon 
Carbon Corp., explains that 

when hydrogen peroxide is added, the UV creates 
OH radicals which oxidize compounds in the 
water, including contaminants.
 Calgon Carbon is supplying 12 UV reactors 
to the city of San Francisco for its Tesla Portal 
Treatment facility, now under construction. 
When completed, it will be the largest in 
California, treating up to 320 million gallons 
of drinking water per day. Lawrence Livermore 
National Labs is also installing UV treatment 
systems for its water supply.
 New York City is constructing the Catskill/
Delaware UV Disinfection Facility, and it will 
be the largest UV treatment plant in the world, 
supplying over 90% of the city’s drinking water. 
Expected to begin operating in 2012, the facility 
will use 56 low-pressure, high-output UV reactors 
to treat some 1.3 billion gallons of water daily.

Satellites Sense Disease, Pollution
 EDEN, a group of laboratories and public-
health agencies in 24 European and African 
countries, is using satellite data to foresee when 
and where epidemics will strike next so that 
appropriate countermeasures can be taken.
 David Rogers, an expert in ecology and disease 
at Oxford University, for instance, has linked 
satellite data on photosynthesis to the health 
and size of tsetse flies to suggest the likelihood of 
sleeping sickness striking in Africa.
 Similarly, researchers at NASA’s Goddard 
Space Flight Center studying climate data from 
satellites warned authorities in Africa in 2007 of 
a warming trend in the Indian Ocean that was 
similar to one in 1997 leading to a devastating 
outbreak of Rift Valley fever. Preventive measures 
kept the number of deaths in Africa to 50% less 
than would have probably occurred. 
 Space and ground-based optical technologies are 
also being used to reduce air pollution, determine 
levels of aid needed after natural disasters or other 
humanitarian crises, and save money. 
 Two German inventors won a 2008 innovation 
prize for devising a system for optimizing unused 
freight space in lorries and containers. Mario 
Neugebauer and Jürgen Anke of ubigrate GmbH 
use GPS tracking data and ultrasonic sensors inside 
trucks and containers to increase the efficiency 
of shipping transport and thereby reduce carbon 
dioxide emissions and shipping costs.  n

–Beth Kelley is an SPIE editor.
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Better Health
Through Optics
• University of Texas at 

Austin and Stanford Uni-
versity (USA) engineers 
have patented a laser 
microscalpel for surgeons 
to operate on tissue one 
cell at a time, precisely 
targeting cancer, epilepsy, 
and other diseases while 
leaving healthy sur-
rounding cells alive.

• Two University of Arizona 
(USA) researchers have 
received a $2.4 million 
grant to design, build, and 
evaluate two versions of 
an ovarian cancer medical 
imaging and screening 
instrument that uses 
holographic components 
in a new type of optical 
microscope.

• Aculight Inc. of Bothell, 
WA (USA), is devel-
oping an optical neural 
technique for mitigating 
hearing loss among 
soldiers. The technique 
involves laser nerve 
stimulation.

A Calgon UV system.
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Braille
Innovations
The Center for Braille 
Innovation (CBI) is 
developing resources for 
the scientific community 
to facilitate development 
of low-cost electronic 
Braille display devices 
and the much-sought-
after “Holy Braille” of a 
full-page Braille display.

Noel Runyan of Team 
CBI at the National 
Braille Press and founder 
of Personal Data Sys-
tems says the center is 
working on an actuator 
specification table for 
a Braille display that 
can serve as a tool for 
developers to define 
and document the key 
requirements of actua-
tors for Braille and other 
tactile displays. 

“Our CBI team is also 
developing Web pages 
that include a prior art 
listing of all known Braille 
display projects, at least 
those developments that 
got as far as patents, 
lab tests of hardware, or 
actual prototypes,”  
Runyan says. “This 
should make it much 
easier to evaluate 
the potential of new 
technologies, in light of 
alternative approaches 
that failed or that turned 
into viable products.”

Runyan’s team is working 
with the EAP community 
and welcomes contri-
butions from anyone 
who wants to take part. 
Contact him at Noel@
PersonalDataSystems.
com.

Dynamic Braille
The ability to read a full page of Braille text using refreshable 
displays would help people with visual impairments benefit 
from the growing advances in computer technology. 

By	Yoseph Bar-Cohen

 Research with electroactive polymer (EAP) 
technology is giving hope to people with visual 
impairments around the world who someday may 
be able to read text on an inexpensive, full-page, 
refreshable Braille display.
 The development of low-cost, efficient, 
refreshable displays for Braille text would 
give Braille readers access to state-of-the-art 
digital technology and the enormous volume 
of information on the Internet, opening doors 
for educational, employment, and recreational 
opportunities. 
 The World Health Organization estimates 
there are about 314 million visually impaired 
individuals globally, including 45 million who 
are blind. Many have been missing out on the 
computer revolution because they cannot access 
text-messaging, e-mail, and other technologies 
that use computer-controlled devices and 
electronic displays.
 Although there are numerous challenges to 
devising low-cost mechanisms, 
materials, and processing techniques 
for a refreshable Braille display, 
advances in EAP technology may 
make those capabilities feasible in 
the not-too-distant future.
 The new Center for Braille 
Innovation (CBI) at the Boston-
based National Braille Press recently 
started collaborating with the 
EAP community to accelerate 
development of full-page Braille 
displays and bring their cost down 
significantly. Most commercially 
available Braille displays cost several 
thousand U.S. dollars, according 
to Noel Runyan, a member of the 
CBI team.
 Because of the unique possibilities 
that effective EAP materials can 
provide for the Braille-reading 
community, the broad topic of 
haptic/tactile interfaces will also 
be the focus of a special session 8 
March, 2010 at the Electroactive 

Polymer Actuators and Devices (EAPAD) 
conference at SPIE Smart Structures and 
Materials+Nondestructive Evaluation and Health 
Monitoring. 

Challenge
 Over the last few centuries, many tools have 
been developed to assist blind persons, including 
the writing code using raised dots known as 
Braille. (See Braille Development page 15.) It 
consists of rectangular shaped cells of raised dots 
arranged in column pairs. 
 Unlike visual perception of conventional text, 
Braille systems involve tactile perception and require 
developing the skill to read and decode the dots. 
Such tactile displays may include single character 
presentation devices, single line units, and full-page 
presentation boards filled with characters. 
 Producing a full-page Braille display is difficult 
because it requires packing many small actuated 
dots into a small, closely spaced arrangement 

A prototype developed by scientists at SRI International uses 
an actuator array and dielectric elastomer diaphragm with 
thin metal traces that activate individual dots. It combines 
pressurized air and dots having diameter of 1.6 mm activated 
by 5.68 kV, producing displacement of 450 μm. Recently, they 
investigated enhancements of the design using thickness 
mode displacements, and they are considering presenting the 
results at the EAPAD conference in March 2010.
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without interferences. Specifically, the dot diameter should be 
about 1.5 mm, the raising height approximately 0.5 mm, and 
a desired actuation force of at least 0.15 N [Kato et al., 20071; 
Matysek et al., 20092]. 
 A standard Braille page is 11” by 11.5” (28 cm × 30 cm) 
and has room for 25 lines of 40 characters per line, with each 
page totaling 6000 to 8000 dots. The small dimensions and 
the complexity of producing a reliable display that addresses 
the daily wear and tear pose great challenges for developers, 
and the small market for active displays makes the cost high. 
Constraining the active display to one cell would address 
the size issue. But the disadvantage is that the user’s fingertip 
would not be able to dynamically 
sweep across the Braille characters, 
and relative movement is necessary 
for optimal tactile sensation and 
reading.
 Commercia l  and reported 
prototypes of Braille displays are 
generally electro-mechanical 
devices that raise dots through 
holes in a flat surface. Over the 
years, various actuators and novel 
mechanisms were developed 
and tested using such actuation 
mechanisms as electromagnetic, piezoelectric, thermal, 
pneumatic, and shape memory alloys. Some, using piezoelectric 
stacks, have become available in commercial form, but most of 
them are limited to single characters and single line displays. 

Developers
 Many EAP materials that have emerged in recent years, 
however, are making it increasingly feasible to pack many 
actuators in a small area without interferences, opening up 
enormous potential for the development of active, full-page 
Braille displays. Pioneering these efforts, the author conceived 
a refreshable Braille display in 1998 after he was inspired by 
people with vision impairments holding a convention at a 

Washington, DC, hotel where he was staying [Bar-Cohen, 
19983; Bar-Cohen, 20044]. This concept uses an EAP actuator 
array made of a field-activated type material. Rows of electrodes 
on the top surface and columns on the bottom of the EAP film 
allow activating individual elements in the array. 
 Each of the elements is mounted with a Braille dot and 
is lowered by applying a voltage across the thickness of the 
selected element. 
 Since 2003, other researchers have reported the development 
of EAP-based actuators:
• Carolina State University [di Spigna, et al., 20095]
• Darmstadt University of Technology, Germany [Schlaak et 

al., 20056; Matysek et al., 20092]
• Penn State University [Ren et al., 
20087]
• SRI International [Heydt and 
Chhokar, 20038] 
• Sungkyunkwan University, South 
Korea [Choi et al., 20049; Lee et al., 
200410; Choi et al., 200911]
• University of Tokyo, Tokyo, and 
the National Institute of Advanced 
Industrial Science and Technology 
(AIST), Osaka, Japan [Kato et al., 
20071]

• University of Wollongong jointly with Quantum 
Technologies, Sydney, Australia [Spinks et al., 200312, Ding 
et al., 2003a13 and 2003b14, Spinks and Truong, 200515, 
Spinks and Wallace, 200916]

 The developers used such materials as conducting polymers, 
dielectric elastomers, ferroelectric, ionic polymer-metal 
composite (IPMC) and polyvinylidene fluoride (PVDF) films. 
The focus of these efforts has been on developing miniature 
actuated small pins/dots that can be packed into a small area 
while generating sufficient displacement and force. 
 The EAP actuators that have been developed activate 

Continued on page 15  
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A refreshable Braille display developed at Sungkyunkwan University, South Korea, uses dielectric elastomer EAP with bubble 
shape dots. The prototype is shown being tested by a blind person in an overall view and a close up on the fingers.
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Development	of	effective	

EAP	actuated,	low-cost	

active	Braille	displays	would	

significantly	improve	the	life	

of	many	people	with	visual	

impairments	while	further	

advancing	the	field	to	benefit	

many	other	applications.
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Display Markets Flex Up
Improvements in brightness and energy efficiency for displays may 
drive consumer costs down and manufacturers’ revenues up.

By	Dhanashree Bairat

 Several breakthroughs have been made in 
display technology in the past couple of years, from 
CRT (cathode ray tube) to more advanced displays 
such as LCD, plasma, touch-screen, and now the 
flexible display screen (with Organic LED). 
 Leading companies in the field, such as 
Samsung, Philips, Sharp, Sony, Toshiba, and 
LG, are employing display technology for TVs, 
desktop computers, laptops, mobile phones, and 
other electronic imaging devices.
 The breakthrough innovations are affecting the 
brightness of the displays, the price, and energy 
efficiency, and the market is responding.

Market Overview
• The total global next-generation display market 

is expected to be worth US$16.9 billion by 
2014, out of which 42% of total revenues will 
be accounted for by the Asian market.

• A Chinese government subsidy program for 
consumers trading up from CRT to LCD home 
appliances in urban areas has resulted in an 
increase to the 2009 LCD TV forecast for 
China, from 18.8 million units to 23.6 million 
units.

• DisplaySearch expects LCD TV sales to 
increase to 127 million units this year, an 
increase of 7 million units from 2008. 

• LCD TV brands such as Samsung, Philips, 
Sharp, Sony, Toshiba, Vizio, and LG are 
planning to increase LED backlights for TV 
screens because of reduced cost compared to 
the CCFL (cold cathode fluorescent lamp) 
structure.

• LED backlights in desktop computer monitors 
are expected to reach 31 million units in 2012, 
according to DisplaySearch. 

• The DisplaySearch market analysis on touch 
panels forecasts the total touch-screen market 
growing to $9 billion by 2015, from $3.6 billion 
in 2008, with a compound annual growth rate 
of 14% by 2015.

• Mobile phones are the biggest application 
of touch screens in terms of unit shipments; 
DisplaySearch forecasts the penetration rate 
of touch-screens in mobile phones will reach 
nearly 40% by 2015. 

See page 36 for more 
information about 
lithography and the 
display industry at SPIE 
Lithography Asia.

• The capacitive touch-screen and touch-button 
controller segment is projected to hit 1.3 billion 
units by 2012, a 44% compounded annual 
growth rate, according to Gartner Inc.

• New technology in display screens with OLED 
is a hot topic for producing flexible displays 
made from polymers. Sony and Samsung SDI 
have developed the world’s thinnest active-
matrix OLED screen for flexible display. 
According to iSuppli, the OLED market for 
flexible displays will be worth $2.9 billion in 
2011.

Trends
 Sales of mobile phones, especially those with 
touch-screen displays, are driving the growth in 
the market.
 Touch-screen displays with capacitive 
technology provide more brightness, and external 
elements such as dust or water do not affect them.
 Whether using touch-screen or resistive-touch 
technology, mobile phones and their multi-
functional displays for GPS, video conferencing 
and movies, better picture resolution, and user-
friendly technology have become the key driving 
factors for cell phone consumers.
 Another trend is in the production of more 

Advances  
in Flexible  
Displays
Arizona State Uni-
versity’s Flexible 
Display Center (FDC) 
announced in June the 
first a-Si:H active matrix 
flexible OLED display 
to be manufactured di-
rectly on DuPont Teijin’s 
polyethylene naph-
thalate (PEN) substrate. 

The flexible display 
uses Universal Display 
Corp.’s phosphorescent 
organic light-emitting 
diode (PHOLED) tech-
nology and materials 
and the FDC’s propri-
etary, low-temperature 
process and bond-
debond manufacturing 
technology. 

The U.S. Army, which is 
funding research at the 
center, is one of many 
possible users for a 
flexible screen that will 
bend and potentially roll 
up for easy transport. 
The 4.1-inch mono-
chrome quarter video 
graphics array (QVGA) 
also has potential as 
a wearable computer 
application. 

In February, the FDC, 
with partners E Ink 
Corp. and DuPont Teijin 
Films, demonstrated 
the world’s first touch-
screen active matrix 
display on a flexible, 
glass-free substrate.

A flexible display mockup.

(P
ho

to
 c

ou
rt

es
y 

of
 A

SU
 a

nd
 P

hi
lip

 S
pe

ar
s.

)



15October 2009     SPIE Professional    

energy-efficient displays incorporating green 
technology. With more public awareness towards 
environmentally friendly products, brands such as 
Apple, Sony, Samsung, and Philips are improving 
display efficiency with TFT-LCD and PC/TV 
technology. Recognizing that plasma and LCD 
screens consume more power, manufacturers are 
also making advances with OLED displays which 
consume less power and offer flexibility.
 Advances in display technology will continue 
to provide better options for imaging solutions in 
the future. Due to the low power consumption 
and wide applications, the next generation 2-D, 
one-sided display is expected to have the largest 
market segment, with Asia dominating because 
of its low labor and manufacturing costs. 
 Consumers will go for thin screen displays that 
are lightweight, reliable, provide more brightness, 
and are energy efficient and cost effective.  n

–Dhanashree Bairat is a Nerac analyst who helps 

companies in telecommunications, 
semiconductors, television, 
ne twork ing,  and  wi re l e s s 
c ommun i ca t i on s  uncove r 
potential market opportunities 
and find solutions in product 
development. Bairat draws on 
her experience in designing analog 

and digital circuitry in telecommunications, television, 
and semiconductor industries. She earned a bachelor’s 
degree in electronics at TKIET College of Engineering 
(India) and has a diploma in business management 
from NMIMS college of Management Studies in 
Bombay. Nerac Inc. is a global research and advisory 
firm for companies developing innovative products 
and technologies. 

More Online
Log on to spie.org/spiepro-
fessional to read more about 
developments in the display 
field. 

For the most current news 
and technical articles on 
displays, sign up for SPIE 
Newsroom updates via 
e-mail or news feed at spie.
org/news-illumination.

t Continued from page 13 

t Continued from page 14

The acronym EAP in upper case is expressed in the 
6-dot code based on Runyan17 (left) and the common 
English 8-dot Braille code system at right.

various mechanisms consisting of moving 
levers; rolled film over pre-strained spring; 
bimorph configuration; multi-layered 
array; and a diaphragm with spring-backed 
elements, taking advantage of the pre-
strain.
 While these recently developed displays 
are close to performing at the required 
specifications, there are still challenges 
that prevent them from becoming a commercial 
product. One is the need for low-activation 
voltage when using field-activated type EAP 
such as dielectric elastomers and ferroelectric 
EAP. It is desirable to reduce the voltage to a few 
hundred or less rather than the few thousand 
volts currently required for the field-activated, 
EAP-based devices. Other challenges include the 
insufficient force in the case of IPMC as well as 
the short cycling life of the conducting polymers. 
Also, there are issues related to their reliable 
operation and limitations in mass production. 

Other applications 
 EAP materials are being considered for use in 
many other applications beyond Braille displays, 
such as haptic and tactile interfaces/displays 
for interaction with and/or through computers. 
Employing EAP for such interfaces can contribute 
greatly to applications such as teleoperators 
and simulators, computer interfaces and video 
games (e.g., joysticks and Wii), robotics, touch 
screens, tactile displays, and surgical force-

feedback devices. These applications represent 
an enormous market for the development of the 
required EAP actuators and can significantly help 
advance this field.  n

–SPIE Fellow Yoseph Bar-Cohen 
is a senior research scientist and a 
group supervisor at the Jet Propulsion 
Laboratory, California Institute of 
Technology, in Pasadena, CA 
(USA), where he develops electro-
actuated mechanisms for space-
based and terrestrial applications. 

He established the Nondestructive Evaluation and 
Advanced Actuators Technologies Lab at JPL in 1991. 
Some of the research reported herein was conducted at 
JPL, CalTech, under a contract with NASA. 
 Full references cited in this article are available 
online at spie.org/spieprofessional. A video interview 
with Bar-Cohen is available at spie.org/newsroom.

Braille
Development
Louis Braille developed the 
writing code that carries 
his name when he was a 
teenager by modifying the 
night-writing communication 
method developed by French 
Army Capt. Charles Barbier. 

Barbier’s code, with 12 dots 
and dashes per alphabetical 
character, was intended 
to allow soldiers to com-
municate silently at night. 
However, it was rejected 
as too complicated, and he 
took his invention in 1821 
to the Royal Institute for 
Blind Youth of Paris where 
Braille was a student. Braille 
reduced Barbier’s code to  
6 dots per character, which 
he arranged in two columns 
of up to three dots each. 

Braille’s innovation made the 
code much easier for finger-
tips to sense through touch 
and for significantly faster 
reading. In recent years, the 
Braille code was extended 
to 8 dots with two columns 
of four dots, increasing the 
possible combination of 
symbols from 64 to 256. 
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Despite formidable challenges, 
innovation in the laser industry is 
accelerating faster than ever.

By	Jeff Hecht

 The roots of modern laser technology go back to a burst 
of innovation in the years following Theodore Maiman’s 
demonstration of the ruby laser in 1960. Most major types of lasers 
were first demonstrated in those early years, but their technology 
has advanced greatly since then and today is on a roll. 
 Lasers have achieved an amazing diversity in their first half 
century. Red laser pointers are commonplace as cat toys, trade-
show giveaways, or bar-code readers in supermarkets. Hundreds 
of millions of diode lasers are mass-produced each year, vital 
parts of common consumer products like CD and DVD players. 
Argon-fluoride excimer lasers, a type developed in the 1970s, 
perform refractive surgery and write the patterns on state-of-the-
art electronic chips. And the defense industry has innovated with 
both small and giant lasers for range-finding and weapons.

Three Approaches
 Efforts to develop the first laser focused on three approaches to 
producing the population inversion needed to generate stimulated 
emission:
• Discharge excitation of a gas
• Optical pumping of an alkali metal vapor
• Optical pumping of a solid
 Maiman succeeded in optical pumping of ruby because he 
understood the material and recognized that flashlamps could 
provide the high pump intensity needed to produce a population 
inversion in ruby, a three-level laser. 
 The first to extend Maiman’s work were Peter Sorokin and Mirek 
Stevenson at the IBM T. J. Watson Research Laboratory (USA). 
They used flashlamp pumping to demonstrate the first four-level 
laser, uranium in calcium-fluoride crystals in November 1960. 
Because ruby is a three-level laser, with its lower laser level in the 
ground state, more than half of the light-emitting chromium atoms 
must be excited to produce a population inversion. 
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 Four-level lasers such as uranium don’t require 
depopulation of the ground state, easing pump 
requirements. Uranium never proved practical 
because it required cryogenic cooling, but it 
showed the way to developing four-level solid-
state lasers.
 The next big step in solid-state lasers was 
laser action on the 1.06-micrometer line of 
neodymium. The first demonstration was Nd-
doped calcium tungstate, demonstrated in 1961 
by L.F. Johnson and K. Nassau at Bell Labs 
(USA). Later that year, Elias Snitzer at American 
Optical showed that a thin glass rod doped with 
neodymium also could lase. Neodymium had 
particularly good laser properties; developers 
studied many other crystalline hosts. 
 The winner of the first round of laser crystal 
development was Nd-doped YAG, with laser 
action first demonstrated in 1964 by J. E. Geusic, 
H. M. Marcus and L. G. Van Uitert of Bell Labs.
 Snitzer’s work also sowed the seeds for another 
technology that would blossom much later: fiber 
lasers. American Optical had hired him to work 
on fiber optics, and his first efforts to demonstrate 
lasers had been in optical fibers with their cores 
doped with rare earth elements. 
 His neodymium-glass laser was essentially a 
thick fiber. Later he demonstrated that a length of 
neodymium-doped glass could amplify a signal—
the first optical amplifier. But many years would 
pass before those applications took off.

CW Gas Lasers
 The f irst  continuous-wave laser  was 
demonstrated 12 December 1960 by Ali Javan, 
William Bennett, and Donald Herriott at Bell 
Labs. They used an electric discharge to excite 
a mixture of helium and neon to emit on the  
1.15-µm line of neon. The experiment was a 
tough one and took nearly a year for others to 
replicate. But being able to generate a coherent 
beam made it possible to align flat-cavity mirrors 
parallel with each other in a Fabry-Perot cavity, 
making it easier to demonstrate other gas lasers.
 The next big step in gas lasers came in 1962 
when Alan White and J. Dane Rigden made a 
He-Ne laser oscillating on the 632.8-nanometer 
red transition. A visible continuous-wave laser 
opened the door to many new applications. 
 Emmett Leith and Juris Upatnieks at the 
University of Michigan’s Willow Run Laboratory 
(USA) used the red laser to make the first 
three-dimensional laser holograms. Spectra-
Physics and Optics Technology Inc. soon were 
manufacturing red He-Ne lasers to sell for research 
and commercial applications. 
 Other types of discharge-powered gas lasers 
soon followed. In 1963, C. Kumar N. Patel of 

Bell Labs decided that exciting laser action 
on vibrational transitions of molecules should 
produce higher power than atomic transitions. 
His first choice was carbon dioxide, and on his 
first try he got tens of milliwatts on the 10.6-µm 
line, a big increment for early gas lasers.
 Adding nitrogen raised the output to 10 watts, 
enough to attract military interest. Military 
contractors built giant versions, eventually reaching 
8.8 kilowatts in a monster with a 230-meter beam 
path. The breakthrough to tens of kilowatts came 
when Ed Gerry and Arthur Kantrowitz of the Avco 
Everett Research Laboratory (USA) demonstrated 
the gas-dynamic CO2 laser in 1966, a development 
that remained classified until 1970, when those 
lasers reached 100 kW. 

Vapor Lasers
 Meanwhile, discharge excitation spawned 
a large family of ion and metal-vapor lasers 
emitting at modest powers in the visible and 
near ultraviolet, notably argon, krypton, helium-
cadmium, and copper vapor. Chemical reactions 
powered another group of infrared molecular 
lasers, including hydrogen-fluoride lasers which 
eventually reached hundreds of kilowatts. 
 Steve Jacobs, Paul Rabinowitz, and Gordon 
Gould at TRG Inc. (USA) demonstrated optical 
pumping of cesium vapor in 1962, but optical 
pumping of metal vapors proved impractical.
 However, in 1966 Sorokin showed that organic 
dyes dissolved in liquids could be optically 
pumped, and Bernard Soffer at Korad (USA) 
soon took advantage of dyes’ broad bandwidth to 
develop dye lasers tunable across a broad range, 
leading to breakthroughs in laser spectroscopy.

Semiconductor Diode Lasers

SPIE is celebrating laser 
technology during the run-
up to the 50th anniversary 
in 2010 of the first demon-
stration of a working laser.

The SPIE Advancing the 
Laser tribute looks at the 
rich array of applications 
for the technology and 
includes a Web site (spie.
org/advancingthelaser) 
with articles by and about 
past and current laser 
luminaries and special ac-
tivities throughout the year. 
A major salute to laser 
technology will be held 
during SPIE Photonics 
West in San Francisco.

SPIE is also 
a founding 
partner and 
sponsor with 
OSA and APS 
of LaserFest  
(laserfest.
org), with 
outreach 
activities for 
the general 
public and 

K-12 students and educa-
tors.

Test engineers monitor Northrop Grumman’s Joint 
High Power Solid State Laser Phase 3 system ear-
lier this year. The diode-pumped neodymium laser 
weapon is being developed for the U.S. military.

Continued on page 18  
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t Continued from page 17 

In contrast to some of the larger laser systems, IPG Photonics 
has a new diode laser for plastic and metal welding, brazing, 
cladding, and medical applications that comes in the smallest 
package available on the market. This laser offers a choice of 
wavelengths across the 9xx nm spectral range and delivers 
100W power out of a 0.12 NA, 105-μm core fiber.

 Semiconductor diode lasers were late bloomers. Robert 
Hall of the General Electric R&D Labs made the first one in 
1962 and was followed within weeks by three other groups. 
But their lasers required cryogenic cooling and couldn’t 
emit continuously. It wasn’t until 1970 that development of 
semiconductor heterojunctions allowed room temperature 
operation for a few seconds, with Zhores Alferov of Russia’s 
Ioffee Institute narrowly beating Bell Labs. 
 It took more years of painstaking development to extend 
lifetimes enough to make diode lasers usable. When Laser 
Diode Laboratories (USA) introduced the first commercial 
room-temperature CW diode laser in 1975, it was rated to emit 
around a few milliwatts for a few thousand hours, and cost a 
few thousand dollars (US). 
 By then, diode laser technology was advancing rapidly, 
powered by interest in fiber-optic communication systems. The 
first generation of fiber-optic systems used gallium-arsenide 
lasers emitting at 850 nanometers, but just as Bell Labs reported 
extrapolated lifetimes of a million hours for GaAs lasers, 
Masaharu Horiguchi of NTT (Japan) opened lower-loss fiber 
windows at 1300 and 1550 nm. J. Jim Hseih of MIT Lincoln 
Laboratory (USA) developed InGaAsP diode lasers emitting 
in those windows, then started his own company, Lasertron, 

to manufacture them.
 GaAs lasers found different niches. The biggest one in numbers 
is optical data storage on audio CDs and CD-ROMs. GaAs lasers 
also can be assembled into closely packed arrays that when cooled 
can crank out kilowatts of light. 

Uses of Lasers Today
 Today 808-nm GaAs lasers have 
become common pump sources for solid-
state neodymium lasers, replacing lamp 
pumping for many applications because 
diode pumping is far more efficient. 
 The range of diode-laser applications 
is broad and amazing at both extremes. 
It’s remarkable to see diode-pumped, 
frequency-doubled neodymium lasers 
packaged in pen-sized, battery-powered 
green laser pointers available on the 
Internet for under $50 US.
 Early this year, Northrop Grumman 
demonstrated a massive diode-pumped 
neodymium laser that generated a 105-
kW beam for five solid minutes. The next 
steps in the military-sponsored program 
are field trials against potential targets and 
developing a version compact enough to 
be used as a plane- or truck-mounted high-
energy laser weapon. 
 Diode pumping and f iber-optic 
communications also helped fiber lasers into 
the mainstream. David Payne’s experiments 
with erbium-fiber lasers at Southampton 
University (UK) led to the development 
of fiber amplifiers for the 1550-nm 
communications window, where they 
became part of the backbone of the global 
telecommunications network. Meanwhile, 
ytterbium-doped fiber lasers emitting have 
carved out a niche in industrial materials 

spie.org/giving

SPIE annually provides over $1.9 million  
in support of photonics education programs. 

 SPIE Scholarships
 Education Outreach Grants
 Student Chapters
 Student Activities
 Best Student Paper Prizes
 Free Posters
 Free Educational CDs, DVDs, and Videos
 Women in Optics
 Education and Training in Optics and Photonics Conference (ETOP)
 Hands on Optics (HOO): K-12 Outreach
 Science Fairs
 Optics Education Directory
 Free SPIE Journal Access in Developing Nations
 Active Learning in Optics and Photonics (ALOP): Teacher Training
 International Centre for Theoretical Physics (ICTP) Winter College
 Visiting Lecturers Program
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processing, delivering hundreds or thousands of watts. 
 IPG Photonics (USA) just reported a staggering 10 
kilowatts from a single-mode fiber laser. Multimode 
fiber lasers have reached 50 kW, and—incredible as it 
seems—are in the running for use as short-range laser 
weapons because of their small size and high efficiency. 

Innovation and Diversity
 Research lasers are also amazingly sophisticated 
tools. Titanium-sapphire lasers, pumped by diode-
pumped frequency-doubled neodymium lasers, can 
generate trains of femtosecond pulses which can be 
manipulated to become a femtosecond frequency 
comb, spanning more than an octave in frequency 
and able to measure optical frequencies with amazing 
accuracy. They are likely to become the basis of 
tomorrow’s optical clocks and new generations of 
precision measurements. 
 Two major new research lasers an hour’s drive 
apart in California were commissioned this year. 
The giant National Ignition Facility at the Lawrence 
Livermore National Laboratory in California will fire 
multi-megajoule pulses to ignite fusion reactions in 
tiny targets filled with hydrogen isotopes, creating 
micro-stars in the laboratory. 
 The Linac Coherent Light Source, a free-electron 
laser built in the two-mile linear accelerator at the 
Stanford Linear Accelerator Center, will generate the 
most intense and most coherent hard x-ray pulses ever 
available to study the properties of atoms and materials. 
(See FEL Transformation article on page 20.)
 The future will see more growth in laser applications 
from esoteric research to seemingly mundane 
components of consumer products. Manufacturers 
are turning out more types of lasers that make new 
wavelengths available from the ultraviolet and visible 
to the terahertz range. 
 The industry faces formidable challenges, including 
developing shorter-wavelength light sources to write 
finer details onto semiconductor chips. There may be 
bumps in the road, but laser innovation is charging 
ahead after half a century.  n

–Jeff Hecht is a science and technology writer and author 
of “Laser Pioneers” and “Beam.”

Technical Articles
About Lasers
The SPIE Newsroom has the latest technical articles, 
product updates, and video interviews about laser 
technologies. Go to spie.org/news-lasers. 

Call for Papers

• Micro/Nano Technologies

• Disruptive Organic and Bio Photonics

• Highly Integrated and Functional Photonic Components

• Advances in Laser and Amplifier Technologies

• Photonics in Industrial Applications

Conferences: 12-16 April 2010
Exhibition: 13-15 April 2010

The Square Conference Centre
Brussels, Belgium

www.photonicseurope.org

Submit your abstract
by 9 November 2009

NEW

LOCATION

Connecting minds for global solutions
Gain visibility at the essential photonics and laser conference
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FEL Transformation
Free electron lasers emerge from being a laboratory 
curiosity to becoming a major source of photons 
for materials research in previously unavailable 
wavelength regions.

By	George R. Neil

 The free electron laser (FEL) has endured wild levels of optimism 
about its capabilities in the last three decades as well as near 
elimination because of pessimism about its cost and potential.
 Today, however, the FEL has emerged as a vibrant research 
tool with an exciting future of delivering tunable coherent light 
to resolve some of the most important outstanding questions in 
materials science, biology, and condensed matter physics.
 In 1976, when free electron laser oscillation was first demonstrated 
by John Madey and co-workers at Stanford University (USA), the 
initial excitement was on the potential of this light source to produce 
exceptionally high average powers for defense and other applications. 
In subsequent years, funding and expectations for the FEL’s use in the 
U.S. Strategic Defense Initiative inflated rapidly but burst with the 
demise of the Soviet Union and the results of meager experimental 
demonstrations.
 In the United States, the fallout from that disillusionment lasted 
more than a decade with little support from funding agencies and 
the general belief that FELs were little more than an expensive, 
large, laboratory curiosity with capabilities that were exceeded by 
simpler, cheaper, conventional laser systems. 
 There was broader support for research on FELs worldwide, 
with more than 35 operational systems by 2000. However, even 
there, the FEL existed in a niche market and seemed more a source 
in search of an application. Even as late as 2001, reports for the 
U.S. Department of Energy (DOE) and the National Science 

Behind George Neil is a computer simulation image of electro-
magnetic fields accelerating electrons in the superconducting 
resonators of the European XFEL, a research facility under con-
struction in Germany that will produce high-intensity, ultra-short 
x-ray flashes with the properties of laser light.  
(Photo courtesy DESY/European XFEL)
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Foundation (NSF) suggested little practical use for 
such systems except in special wavelength ranges. 
 That situation has now changed with 
considerable  interest  f rom researchers 
worldwide, substantial funding for national and 
international research facilities, and exciting 
growth opportunities which point to a vibrant 
foreseeable future in R&D, especially in materials 
science. Industrial and other applications remain 
unfulfilled, but they, too, may emerge as the 
technology catches pace with requirements.
 What has changed in the R&D landscape that 
makes the FEL community so excited today? 

Accelerator Technology
 The enabling drivers for this momentum are 
advances in the accelerator technology that powers 
the FEL. It is worth taking a moment to recall the 
components of a FEL and how they interrelate. 
 The FEL converts a small fraction of the power 
of a relativistic electron beam to tunable coherent 
light using a device called an undulator or wiggler. 
The undulator is an alternating magnetic field 
of fixed wavelength which gets one Doppler 
shift and one relativistic Lorentz contraction 
to shorter wavelength. Roughly speaking, the 
output wavelength is the undulator wavelength 
divided by four times the electron beam energy 
squared in MeV. Thus a 3 centimeter undulator 
wavelength will yield infrared output for 100 
MeV electron beams and 1 Angstrom output for 
15 GeV electrons. 
 High peak currents are required for high gain; 
perhaps even over 1 kA, but these currents 
are only provided for very short periods of 100 
femtoseconds or less. If high average power is 
desired, the electron pulses must be repeated at 
high repetition rates in the MHz region and above. 

Superconducting cavities 
made of niobium are 
assembled in ultraclean 
environments to avoid dust 
contamination which could 
lead to breakdown in the 
high electric fields.
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preaccelerator

Beam dump
Stops electronics in 
water-cooled block
of metal

Accelerator
Microwave cavities
accelerate electrons
to desired energy
(10 to 400 MeV)

FEL
Sinusoidal magnetic
field converts electron
energy to light
(10 µm to 0.1 µm)

Injector
Laser pulse releases
electrons from photo-
cathode. High voltage 
accelerates electrons
to a few MeV.
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Continued on page 22  

Gain falls with electron 
beam energy, so very long 
undulators are required for 
ultra-short wavelengths: 
10m to even 100m.
 The Second Law of 
Thermodynamics (via 
Liouville’s Theorem) says 
you can’t make a photon 
beam brighter than the 
electron beam it is drawn 
from. Therefore, there is 
a high priority on creating 
and maintaining very high 
brightness electron beams. 
 The electron beam 
is formed in an injector 
g e n e r a l l y  f r o m  a 
photoca tho de  pu l sed 
by a mode-locked drive 
laser in the visible or UV. 
Substantial advances in 
the performance of such 
i n j e c t o r s  h a v e  b e e n 
achieved in the last decade 
due to improved handling of space charge forces.

Energy Recovery
 Another accelerator advance has been 
in the use of superconducting cavities as a 
means for accelerating the electrons. These 
virtually eliminate ohmic losses of the microwave 
accelerating fields and permit efficient continuous 
beam production. They also permit the recovery 
of the spent electron beam power after lasing. 

An electron beam is formed in an injector as illustrated above.

21October 2009     SPIE Professional    



SPIE Professional     October 200922

 This energy recovery operation substantially 
reduces microwave power requirements and 
provides significant system level benefits.

New Laser Systems
 Two systems illustrate the range of impact 
that these technologies have had on the FEL 
field and point toward future developments and 
applications.
 The Jefferson Lab FEL is an example of the 
application of superconducting radio-frequency 
technology. The accelerator technology used for 
this machine was developed to support nuclear 
physics research, specifically the Continuous 
Electron Beam Accelerator Facility (CEBAF), a 
5 GeV machine used to explore our understanding 
of the atomic nucleus, nucleon binding, and how 
quarks pair up to make up those nucleons. 
 The electron accelerator of the JLab FEL 
produces a 10 mA 
average current beam 
at up to 120 MeV 
in energy. The JLab 
FEL has been used to 
produce up to 14.3 kW 
of average power at 1.6 
micron wavelength in a continuous train of 150 
fs bunches at 75 MHz. The system has lased from 
0.7 to 11 microns and can tune over a factor of 6 
or more in wavelength in a few seconds, although 
doing this at full power is problematic due to 
mirror coating technology. 

Industrial Applications
 Applications of such high average power UV 
to near infrared include not only basic science 
studies but possible industrial applications. For 
example, work at Vanderbilt University (USA) has 
shown that complex organics can be deposited on 
substrates through resonant laser ablation, a process 
that excites a molecular resonance of the molecule 
gently enough that it doesn’t crack, as would be 
the case with conventional pulsed laser deposition 
(PLD). This opens the possibility of high-volume 
PLD production of organic video display circuitry. 
 At the UV end of the spectrum, a new laser 
micro-engineering station at Jefferson Lab is 
getting ready to produce picosats: 50-gram 
satellites with thrusters, telemetry, etc., out of 
machined ceramics with the physical properties 
(hardness, etc.) determined by the UV exposure. 
The FEL’s high power in a tunable train of 
subpicosecond pulses to prevent heat stress cracks 
makes this the only possible laser source capable 
of meeting the technical need.
 After converting up to 2% of the electron beam 
power to light, the electrons are sent through 

the accelerator a second time at 180 degrees 
out of rf phase. Their energy is converted back 
to microwaves at high efficiency, and when the 
electrons have decelerated to below 10 MeV, they 
are dumped in a water-cooled copper block. 

Linear Accelerators
 This energy recovery operation is serving 
as a prototype for systems such as the Energy 
Recovery Linac (ERL) being developed at Cornell 
University (USA), which may accelerate beams 
of several hundred milliamps up to 2500 MeV 
to produce short, ultra-bright x-ray synchrotron 
light pulses for materials research. Dozens of 
undulators would be provided on Cornell’s ERL 
to allow many researchers to access radiation 
simultaneously.
 At the short end of the wavelength spectrum 
is the Linac Coherent Light Source (LCLS) 
at the SLAC National Accelerator Laboratory 
at Stanford University (USA) (formerly the 

S t a n f o r d  L i n e a r 
Accelerator Center). 
Using the last third 
of the SLAC linac 
to accelerate a high 
charge pulse to 15 GeV, 
the LCLS recently 

reached saturation to become the world’s first 
1.5 Angstrom laser. 
 The brightness provided by this source is 
extraordinary: 1033 photons/sec/mrad2/mm2/0.1% 
BW, eight orders of magnitude brighter than 
anything humankind has previously produced at 
this wavelength. The pulses are so intense that a 
substantial distance between the undulator output 
and the first optic must be provided to allow the 
beam to diverge, else the optic be destroyed by 
the 1 mJ pulse.

Rich Research Program
 Although only a single portal of the LCLS 
wiggler is in use at a time, a rich research program 
is planned of condensed matter physics, warm 
dense plasmas, biological imaging (holograms of 
previously living cells which blow apart within 30 
fs of being imaged), high field studies, etc. Despite 
the very aggressive specifications, the system 
quickly achieved its operating goals and is proving 
to be robust in its initial performance tests.

4th Generation Light Sources
 These FELs and ERLs span the range of ideas 
incorporated in what has come to be known in 
the x-ray community as Fourth Generation Light 
Sources (4GLS). 
 Over the past several decades, scientific 
research on storage rings (third-generation 
light sources) has produced greatly improved 

t Continued from page 21

The Energy Recovery 
Linac, or ERL, is a 
fourth-generation light 
source being developed 
at Cornell with support 
from the National Science 
Foundation. ERLs have 
the potential to generate 
synchrotron radiation with 
brightness about 1000 
times greater than that of 
third-generation storage 
rings, resulting in highly 
coherent x-radiation.

Nikolay Zheludev and a 
team at the University 
of Southampton (UK) 
have reported the first 
proof-of-concept dem-
onstration of a tunable, 
electron-beam-driven, 
nanoscale radiation 
source in which light 
is generated as free-
electrons travel down a 
‘light-well,’ a nano-hole 
through a stack of alter-
nating metal and dielec-
tric layers. Their research 
demonstrates near-
infrared emission and 
the possibility that the 
concept can be scaled to 
other wavelength ranges 
by varying the periodicity 
of the structure. More at: 
arxiv.org/abs/0907.2143

The SLAC National 
Accelerator Laboratory 
(www.slac.stanford.
edu) in Menlo Park, 
CA, is home to a two-
mile-long linear ac-
celerator, the longest in 
the world. Originally a 
particle physics research 
center, SLAC is now a 
multipurpose lab for 
astrophysics, photon 
science, accelerator, and 
particle physics research 
operated by Stanford 
University for the U.S. 
Department of Energy. 
Six scientists have been 
awarded the Nobel Prize 
for work carried out at 
SLAC.

The	enabling	drivers	for	

renewed	optimism	for	the	FEL	

are	advances	in	accelerator	

technology.
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capabilities for photon beams. For example, much 
of our knowledge of protein structure has come 
from x-ray scattering measurements on second- 
and third-generation sources. 
 Storage ring synchrotron radiation sources are, 
however, near the end of a development path, 
having nearly reached ultimate performance 
limits for systems that recycle the electrons. 
 Fourth-generation light sources are not 
expected to displace third-generation rings but 
rather to augment their capability. Because the 
electrons do not remain in 4GLS systems long 
enough to reach thermodynamic equilibrium, 
higher beam brightnesses are achievable. 
 Substantially shorter pulses are also possible 
in linear-accelerator-driven systems so that 
x-ray studies of materials (such as protein) and 
molecular dynamics are envisioned on 10 fs 
timescales. Advantageously, free electron lasers 
on 4GLS sources can produce higher brightness 
than synchrotron radiation from the same 
beam because the electrons bunch at optical 
wavelengths and emit their radiation collectively 
(that is, the electron micro-bunches oscillate in 
phase so their electric fields add coherently and 
the radiation is proportional to the square rather 
than linearly with the number of electrons).

Future Challenges
 Both the NSF and the Office of Basic Energy 
Sciences in DOE are developing plans to 
exploit these new capabilities. DOE has issued 
a document detailing the photon characteristics 
desired for answering a set of grand challenges 
in science for the 21st Century, Next Generation 
Photon Sources for Grand Challenges in Science and 
Energy. These grand challenges were identified in 
a series of workshops as 
• How do we control materials processes at the 

level of the electron?
• How do we design and perfect atom- and 

energy-efficient synthesis of new forms of 
matter with tailored properties? 

• How do remarkable properties of matter emerge 

Grand
Challenges
The Grand Challenges 
adopted as scientific goals 
by the DOE’s Office of Sci-
ence are general enough 
that the impact on society 
would be dramatic from 
answering even one of 
them. 

For example, discovering 
how we can tailor atoms 
and energy-efficient forms 
of matter will directly lead 
to more efficient and lower 
cost photovoltaics. 

The tailoring of material 
hardness through laser 
exposure of ceramics 
has direct application in 
the production of turbine 
blades where a hard exte-
rior reduces corrosion while 
a softer but tough inner 
core gives the strength to 
prevent shattering of the 
blade at high speeds. 

In the area of under-
standing how complex 
correlations result in ma-
terials properties, a whole 
new field of spintronics, 
controlling information 
flow and storage through 
the correlated spins of 
electrons, has developed.

In terms of producing new 
materials, work on pho-
tosynthesis by catalyzed 
chemistry on artificial sys-
tems is already underway. 
Why shouldn’t we be able 
to harness solar power for 
the production of synthetic 
fuels more efficiently than 
living systems? 

–George Neil

An aerial view of the LCLS x-ray laser. 
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The SPIE Newsroom has a 2008 video 
interview with Fred Dylla, former associate 
director of the Jefferson Lab FEL, in which 
Dylla explains how U.S. government invest-
ment in the FEL as a user facility has led to 
important commercial and medical applica-
tions. See: spie.org/dyllainterview

from the complex correlations of atomic and 
electronic constituents, and how can we 
control these properties?

• How can we master energy and information on 
the nanoscale to create new technologies with 
capabilities rivaling those of living things? 

• How do we characterize and control matter 
away from—and especially very far away 
from—equilibrium? 

 The tools required to answer these questions 
will involve the construction of new research 
facilities costing as much as $1 billion. Already 
such facilities are under construction in Japan 
and Germany to supplement the capability of the 
LCLS at Stanford.
 It is a formidable challenge to the light 
source community to achieve the characteristics 
required, but answering these questions will 
occupy the best minds in materials science for 
many decades. The benefits that will accrue from 
that achievement will benefit future society in 
ways that cannot now be imagined. 
 It is an exciting time to be involved in this 
development. n

–George R. Neil is associate director of Free Electron 
Lasers at the Thomas Jefferson National Accelerator 
Facility in Virginia (www.jlab.org/fel). His PhD from 
the University of Wisconsin is in nuclear engineering. 
He joined Jefferson Labs to manage the CEBAF Linac 
construction in 1990 after 13 years at TRW Defense 
and Space Systems Group (now part of Northrop 
Grumman) in California.
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SPIE expresses its 
deepest appreciation to 
Ryan Hannahoe and 
John Greivenkamp for 
their help and generosity 
in making special events 
at SPIE Optics+Photonics 
a success.

Hannahoe, director of 
client support services 
at the Fair Dinkum Skies 
Observatory (USA), 
shared his passion for 
educating others at the 
astronomy event. He dis-
played his award-winning 
astronomy photos, gave 
more than 25 workshops 
on astronomical imaging, 
and coordinated a live 
data feed from an Austra-
lian observatory during 
the symposium. See 
ryanhannahoe.nmskies.
com. 

Greiven-
kamp, a 
professor 
at the 
College 
of Optical 
Sciences, 
University 

of Arizona (USA), brought 
the historical telescope 
collection permanently 
housed at the university 
to the symposium and 
generously shared his 
time and advice at the 
telescope display. See 
www.optics.arizona.edu/
antiques.

Report from

SPIE Annual General Meeting
 Members met for the 2009 Annual General 
Meeting of the Society on 4 August 2009 in 
San Diego, CA, in conjunction with SPIE 
Optics+Photonics symposium held 1-6 August. 
Included here are summaries of reports presented 
at the meeting.

President’s Report
 SPIE 2009 President 
María J. Yzuel presented 
a pictorial overview and 
summary of her year-to-
date as president. Early in 
her presidency she, along 
with SPIE Director Marta 
de la Fuenta, visited the 
Institute of Solar Energy 

and CIEMAT in Madrid. Her travels continued 
with a trip to SPIE Photonics West in San Jose, 
CA, where many of the Society’s committee 
meetings and board meeting were held. 
 Upon her return to Europe, she visited the 
UNESCO offices in Paris with SPIE Executive 
Director Eugene G. Arthurs. During this visit, 
they discussed the continued support of the 
Active Learning of Optics and Photonics 
(ALOP) program and the value of this project 
in sponsoring education in optics in developing 
countries.
 In February and March, Yzuel attended 
the Industry Affiliates Day of the College of 
Optical Sciences at the University of Arizona. 
She also met with OSA leadership during this 
event. Continuing on to Mexico, 
she met with representatives of 
several SPIE Student Chapters 
at a workshop held at the CIO 
(Centro de Investigaciones en 
Óptica) in Leon. She also visited 
the University of Guadalajara 
and the University of Guanajuato 
and met with the Academia 
Mexicana de Optica (AMO) 
President Eric Rosas.
 Yzuel’s later visits in Europe 
included attendance at SPIE 
Europe Optics+Optoelectronics 
in Prague where she met with 
members of the Photonics Society 
of Poland and the president of the 
newly formed Society for Optics 
CS (former Czech and Slovak 
SPIE Chapters). In Germany 

Left to right: María Yzuel, Hans Tiziani, Ferenc Krausz, and Ralph James 
in June at the Max Planck Quantum Optics Institute where Krausz is 
the director.

she attended the SPIE Europe Optical Metrology 
conference co-located with the World of 
Photonics Congress in Munich. During this visit, 
she also toured the Max Planck Quantum Optics 
Institute and the Technical University of Munich. 
She then visited the Ecole Polytechnique in Paris 
and the Institut d’Optique Graduate School, also 
in Paris. She attended the Education and Training 
in Optics and Photonics (ETOP) in Wales and 
visited with professors at Imperial College and 
University College in London.

Treasurer’s Report
 SPIE 2009 Secretary/
Treasurer Brian Lula, PI 
(Physik Instrumente) L.P., 
reported on the financial 
health of the Society. He 
indicated that this had 
been a challenging year 
for industries in our field. 
He added that while the 

Society assets had dropped by 14.9% from 2007 to 
2008, this is considered very favorable compared 
with many other organizations. 
 SPIE ended 2008 with total net assets of 
$51,272,000, down from $57,476,000 at the end 
of 2007. Although net assets had dropped at the 
end of 2008, they are expected to make a partial 
recovery by the end of 2009. 
 He added that the Society has a conservative 
investment portfolio which had helped to protect 
our investments. He thanked the Financial 
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Advisory Committee and the Investment 
Subcommittee for their continued efforts in 
maintaining the Society reserves.

Executive 
Director’s Report
 SPIE Executive Director 
Eugene G. Arthurs invited 
attendees to celebrate the 
2009 International Year 
of Astronomy with the 
Society. He added that 
several events had been 

planned during the week, including an astronomy 
viewing event at the welcome reception the 
previous evening and a telescope display in the 
exhibit celebrating the 400th anniversary of the 
invention of the telescope. 
 In addition, SPIE is presenting the Advancing 
the Laser tribute to mark the 50th anniversary of 
the invention of the first laser and is a founding 
partner and sponsor with OSA and APS of 
LaserFest. 
 Advancing the Laser showcases laser luminaries 
and advances with online features, in new and 
special open-access technical publications, and 
with events such as a major celebration at SPIE 
Photonics West in January. 
 LaserFest will present outreach 
and educational  activit ies 
targeting the general public 
and students, via informational 
videos, educational programs, and 
other tribute events.
 Arthurs highlighted the 
growth in student membership 
and reiterated the importance of 
the young members to the future 
of the Society. A conference for 
Student Chapter leaders held 
earlier in the week was attended 
by  130 s tudent  members , 
representing 89 Student Chapters 
and 22 countries. He mentioned 
other education activities that 

SPIE leads or participates in, including ALOP 
and the Abdus Salam International Centre for 
Theoretical Physics Winter College held in 
Trieste, Italy. He talked about the 2009-2010 
Education Directory (Web site and printed 
catalog) that is a joint venture with OSA 
and contains information about universities, 
colleges, and other educational institutes that 
offer programs in optics and photonics. He also 
presented information about the education CDs 
developed by SPIE and titled Careers in Optics, 
Light in Action, and Light at Work. 
 He concluded by thanking the volunteers who 
serve the Society and added his thanks to the staff 
in Bellingham, WA. He noted that three staff 
with long tenure at SPIE had retired during the 
previous year, including Janice Walker, Carole 
Dougherty, and Bonnie Peterson. All three will 
be a great loss to the headquarters. 
 The next meeting of the corporation will be 
held at SPIE Optics+Photonics 2010. n

–SPIE members can request a copy of the full minutes 
of the meeting by contacting Bobbie Lively at bobbie@
spie.org.

SPIE President  
María Yzuel, left, and 
Newport representatives 
Jay Jeong, Keshav Kumar, 
Rick Sebastian, and  
Beda Espinoza recognized 
recipients of the Newport 
and Spectra-Physics 
Research Excellence 
Travel Awards at SPIE 
Optics+Photonics.

SPIE Fellow John 
Greivenkamp discusses 
the antique and his-
toric telescope collection 
that he brought to SPIE 
Optics+Photonics from 
University of Arizona. The 
collection features more 
than 60 telescopes and 
associated items from 
the 17th to the mid-20th 
centuries. 

See an interview with 
Greivenkamp at  
newsroom.spie.org.

 2007 2008
Assets $57,476,000 $51,272,000

Liabilities $16,649,000 $16,509,000

Total Net Assets $40,827,000 $34,763,000

Operating Revenue $31,329,000 $33,921,000

Operating Expense $27,311,000 $30,072,000

Operating Surplus $4,018,000 $3,849,000

Non-Operating Surplus/(Deficit) $1,432,000 ($9,842,000)

Surplus $5,450,000 ($5,993,000)
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SPIE Election Results
 SPIE President María J. Yzuel announced election results for the SPIE members who will serve as officers and directors of the Society 
beginning in January 2010. The announcement was made at the Annual General Meeting of the Society, 4 August.

 Ralph B. James of Brookhaven 
National Laboratory (USA) will serve 
as 2010 President of the Society. 
 James is Program Manager and Senior 
Scientist at Brookhaven. He received 
an MS and PhD in Applied Physics at 
the California Institute of Technology 
and is a five-time winner of the R&D 
100 Award for research in optical and 
photonic devices. In November, he will 

receive his latest R&D 100 Award for his role in developing a 
compact gamma camera for high-resolution imaging of prostate 
cancer. James and Brookhaven associate scientist Yonggang Cui 
are the principal co-inventors of the technology which uses a 
high-resolution cadmium zinc telluride-based gamma camera 
originally developed for national security applications. 
 An SPIE Fellow, James has previously served on the Board 
of Directors and numerous SPIE committees and has chaired 
nine SPIE conferences.
 James’ technical interests are in photonic and electro-optical 
instrumentation, sensors, imaging, semiconductor detectors, 
lasers, laser processing of materials, nanotechnology, nonlinear 
optics, and biomedical imaging. James has 11 patents and is 
the editor of 13 books on sensors, spectroscopy, and imaging.

Katarina Svanberg of Lund University 
Hospital (Sweden) will serve as the 2010 
President-Elect. Svanberg is professor 
of Oncology and Chief Physician in 
Oncology at Lund University. She 
received her MD and PhD in Medical 
Science from Lund and is a recipient 
of the SKAPA Innovation Prize. An 
SPIE Fellow, she is interested in clinical 
oncology for the abatement of human 

malignant diseases and optical spectroscopy for detection and 
treatment of malignant tumors.

 Eustace Dereniak, director of the 
University of Arizona (USA) Optical 
Detection Lab, was elected as 2010 Vice 
President. He is an SPIE Fellow, former 
SPIE Board Member, and professor 
of optical sciences and electrical and 
computer engineering who has previously 
worked in industry. His primary research 
emphasis is on the development of 
infrared radiation detection. His MS 

in electrical engineering is from the University of Michigan 
and his PhD in optical sciences from Arizona. Dereniak has 
published four books.

Ralph B. James

Katarina Svanberg

Brian A. Lula

Eustace Dereniak

 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. An SPIE Fellow and 
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. 

Directors elected for a three-year term 
beginning in 2010 are also SPIE Fellows: 

Katarzyna Chalasinska-Macukow, 
Uniwersytet. Warszawski (Poland)

Robert Lieberman,  
Intelligent Optical Systems (USA)

Ralph Tatam,  
Cranfield University (UK)

Bruce J. Tromberg,  
University of California, Irvine 
(USA)
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2009 SPIE President’s Award
 Optical metrology and instrumentation 
innovator Hans Tiziani has received 
the 2009 SPIE President’s Award for 
meritorious service to the Society and 
to the optics and photonics community. 
Tiziani, a professor emeritus of the 
University of Stuttgart (Germany), was 
recognized for his leadership and support 
of SPIE technical programs, for his 
service on the SPIE Board of Directors, 

and for his comprehensive guidance on how SPIE should best 
serve the community in Europe.
 “Hans Tiziani’s deep knowledge and insights have been called 
on many times at the highest level of German science and 
innovation,” said SPIE President María Yzuel. “His sensitivity 
and care for people illuminate everything that he does.”
 Drawing on distinguished careers in both industry and 
academia, Tiziani has been uniquely positioned to help foster 
relationships for SPIE with many leaders in the complex pattern 
of community organizations in Europe, she said. “He recognizes 
SPIE’s unique strengths and seeks what is best for optics and 
photonics in Europe.”

SPIE Directors’ Award 2009
 SPIE Fellow Bruce 
J. Tromberg has 
received the SPIE 
Directors’ Award for 
2009 in recognition 
o f  a  decade  o f 
outstanding 
leadership as editor-
in-chie f  o f  the  
SPIE Journal  of 

Biomedical Optics.
 His tireless commitment and dedication 
to the journal has helped it become one 
of the top-ranked journals in optics. 
Since 2001, the journal has achieved an 
annual impact factor that has consistently 
ranked in the top 5 of optics journals. JBO 
increased its publication frequency from 
quarterly to bimonthly in 2004 and has 
seen a more than five-fold increase in the 
number of papers published annually since 
Tromberg became editor.
 Tromberg has long been active with 
SPIE Committees and was recently elected 
to serve on the Board of Directors. He 
previously served on the board from 2004 
to 2006. 

More SPIE Awards

Register for a course at SPIE Photonics West
• Biomedical Optics
• Lasers and Applications in Science and Engineering
• Integrated Optoelectronic Devices
• MOEMS-MEMS: Micro- and Nanofabrication

SPIE Courses

Get the training you need to stay 
competitive in today’s job market.

spie.org/education

Tiziani

Tromberg

Kingslake Medal for 2008
 Dutch scientists Milan Maksimovic, 
Manfred Hammer, and E.W.C. van Groesen 
have been named recipients of the 2008 
Rudolf Kingslake Medal and Prize for the 
most noteworthy original paper to appear 
in “Optical Engineering,” the flagship journal 
of SPIE. Their paper, Coupled optical defect 
microcavities in one-dimensional photonic 
crystals and quasi-normal mode, appeared in 
the November 2008 issue of OE.
 “Photonic crystals have revolutionized 
the study of the optical physics of materials,” 
said Eustace Dereniak, chair of the Kingslake 
Award committee. “This paper presents a 
straightforward and reasonable approach for 
analyzing multi-cavity structures and reveals 
that micro-cavities are defect structures that 
support higher valued transmission modes.”
 The recipients will share a $2000 
honorarium.

Maksimovic

van Groesen

Hammer
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Collaborative Learning
ELCAN employees reach out to future scientists and engineers.

I
By	Beth Kelley

technology for the Richardson Independent 
School District. 
 ELCAN also designed a wiki-style Web site for 
ELCAN volunteers, MST parents, and students. 
The dual-purpose site allows students to gain 
practice working with a Web site and serves as 
an open communication tool with contact and 
event information. “Everyone can use it at school 
or when they are at home, so it creates an always-
open link for the partnership,” Klocek says.

Tutors and Mentors
 Vaughan says the ELCAN tutors are especially 
helpful when it comes to assisting students after 
school hours with their science fair projects. 
MST is a Title I school, meaning that more 
than 40% of its students come from low-income 
households. “We require that all of our students 
participate in the science fair, which can be a little 
difficult for our students who are economically 
disadvantaged,” Vaughan says. 
 Last year marked the first robotics competition, 
which Vaughan, Hayes, and other school district 
staff considered a huge success. Vaughan hopes to 
tap into ELCAN employees’ expertise and expand 
the robotics program this school year. “This year 
we’ve got enough robotics kits for six or seven teams 

School Aid
When collaborating with 
volunteers, schools need 
to play an active role in 
keeping the lines of com-
munication open, principal 
Angela Vaughan says. “Just 
find that contact person 
that can really be your 
voice for that company, and 
keep sending them things. 
Let them know what you’re 
doing.” 

Vaughan also suggests that 
“a lot of times, companies 
don’t quite know what we 
need or how to fit it into a 
school district or a school 
setting. Being able to talk 
through that and having 
that conversation would  
be key.”

About ELCAN
ELCAN Optical Technolo-
gies is a global provider of 
precision optical and elec-
tronic solutions for medical, 
defense, security, industrial, 
commercial, and entertain-
ment customers.

With a legacy spanning 
almost 160 years in the de-
sign and fabrication of fine 
optics, ELCAN founding 
companies include Ernst 
Leitz (Germany) and Texas 
Instruments (U.S.A.). 
ELCAN is an acronym for 
Ernst Leitz CANada. 

Today, ELCAN is part of 
the Raytheon group of 
companies, with more 
than 1300 employees and 
500,000 square feet of 
manufacturing facilities in 
Midland, Ontario (Canada); 
Richardson, TX (USA); and 
Málaga, Spain. 

A 2009 math contest winner at MST magnet school, center, accepts his 
prize. Also pictured are ELCAN employees, left to right, Janet Baker, Mark 
Conlon (next to prize winner) Jon Spangler, Barbara Johnson, Paul Klocek, 
and Darren Hennigan. 

 If students do not take an interest in science, 
technology, engineering, or math before middle 
school, they are unlikely to ever consider these 
subjects as potential career paths. 
 When Pau l  K locek , 
general manager of ELCAN 
Optical Technologies in 
Richardson, Texas, (USA) 
and former SPIE board 
member, learned of this 
sobering statistic through 
an NSF study, he decided 
to do something to help 
inspire the next generation 
of scientists and engineers. 
He and a group of other ELCAN employees 
were connected with a local K-6 elementary 
school through Richardson Independent School 
District’s outreach offices in 2005. 
 This program at the Math, Science, and 
Technology (MST) magnet school has evolved into 
an educational partnership now in its fourth year. 
 Acceptance into the MST magnet school 
is based on a lottery system, explains school 
principal Angela Vaughan, and the school 
provides an incredible opportunity for students 
to get hands-on experience with math, science, 
a n d  t e c h n o l o g y, 
including classes with 
a technology-certified 
teacher. However, the 
Dallas area school 
cannot provide the 
real-world expertise 
that working engineers 
can, and that’s where 
ELCAN volunteers 
step in. The volunteers 
provide tutoring for 
students, host math 
competitions, and help 
judge at events. 
 ELCAN has also 
provided materials 
a n d  t e c h n o l o g y, 
including interactive 
whiteboards known 
as SMART boards, 
says Sandra Hayes, 
executive director of 

Paul Klocek
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per classroom,” an unheard-of number, Vaughan adds.

Community Partners
 Both Klocek and Vaughan emphasize the 
collaborative nature of this project. “A committee 
of ELCAN volunteers regularly meets with the MST 
principal, specialists, and teachers to continuously 
add content and evolve the partnership,” Klocek says. 
 As a member of the board of the Metroplex 
Technology Business Council (MTBC), Klocek is now 
working to replicate the ELCAN/MST partnership 
model in more than 100 schools all over north Texas.  
 “It does not take a heroic effort to have a significant 
impact on students and the people in your organization,” 
says Klocek. “Any organization will find this interaction 
with the students equally inspirational to the volunteers. 
People want to be a part of organizations that support 
these types of community activities.”
 To read more about the importance of engaging 
youngsters in science, math, and engineering and 
to see the National Science Foundation study that 
inspired Klocek, go to the online version of this 
article at spie.org/spieprofessional. n

–Beth Kelley is an SPIE editor.
SPIE Grants for  
Education Outreach
The second round of SPIE Education Outreach Grant 
recipients has been announced. Eleven universities, 
optics centers, science centers, primary and sec-
ondary schools, industry associations, international 
optical societies, and other organizations gained 
support for their outreach efforts and potential to 
increase optics awareness.

The winners are:
• CREOL Association of Optics Students, 

Florida, USA
• International Laser Center, MV Lomonosov 

Moscow State University, Russian Federation
• Optics Institute of Southern California, USA
• Pierre Chavel, Institut d’Optique Graduate 

School, France
• Rochester section of Optical Society of 

America, USA
• Latvijas University, Riga, Latvia
• Institute for Physical Research, Yerevan State 

University, Armenia
• Three Rivers Community College, Connecticut, 

USA
• Université Laval SPIE Student Chapter, 

Québec, Canada
• University of Maryland SPIE Student Chapter, 

USA
• Chulalongkorn University, Bangkok, Thailand

The first round of 2009 grant recipients had 18 
recipients. Next year’s deadlines for applications 
are 15 January and 31 May. 

More information: spie.org/outreach

spie.org/ebooks

SPIE eBooks Launch  
Fall 2009
SPIE eBooks are offered as collections with perpetual 
access and unlimited sitewide simultaneous use within 
your institution. Titles cover a wide range of fundamental 
and cutting-edge topics in optical science and technology 
valuable to scientists and engineers in academia and 
industry as well as to students.

Three collections available include: 

Classics Recent New Titles
(1989-2003)  (2004-2008) (2009 & 2010)

Each collection features

· SPIE Field Guides: key information in 14 areas that 
students and practicing engineers and scientists need 
in the lab and in the field

· SPIE Tutorial Texts: stand-alone tutorials in 
specific topics in optical science and technology at 
introductory and intermediate levels

· SPIE Monographs and Handbooks: authoritative 
professional reference books, textbooks, and 
handbooks in optics and photonics.

Tell Your Librarian
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A university educator says that if science students and researchers  
don’t feel stupid, they’re not really trying to make discoveries. 

By Martin A. Schwartz

 I recently saw an old friend for the first time 
in many years. We had been PhD students at the 
same time, both studying science, although in 
different areas. She later dropped out of graduate 
school, went to Harvard Law School, and is 
now a senior lawyer for a major environmental 
organization. At some point, the conversation 
turned to why she had left graduate school. 
 To my utter astonishment, she said it was 
because it made her feel stupid. After a couple of 
years of feeling stupid every day, she was ready to 
do something else. I had thought of her as one of 
the brightest people I knew, and her subsequent 
career supports that view. 
 What she said bothered me. I kept thinking 
about it; and sometime the next day, it hit me. 
 Science makes me feel stupid too. It’s just that 
I’ve gotten used to it. So used to it, in fact, that I 
actively seek out new opportunities to feel stupid. 
 I wouldn’t know what to do without that 
feeling. I even think it’s supposed to be this way. 

Tests Make You Feel Smart
 Let me explain. For almost all of us, one of the 
reasons that we liked science in high school and 
college is that we were good at it. That can’t be 
the only reason. Fascination with understanding 
the physical world and an emotional need to 
discover new things has to enter into it too. But 
high-school and college science means taking 
courses, and doing well in courses means getting 
the right answers on tests. If you know those 
answers, you do well and get to feel smart. 
 A PhD, in which you have to do a research 
project, is a whole different thing. 
 For me, it was a daunting task. How could 

I possibly frame the questions that would 
lead to significant discoveries; design and 
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interpret an experiment so that the conclusions 
were absolutely convincing; foresee difficulties 
and see ways around them, or, failing that, solve 
them when they occurred? My PhD project was 
somewhat interdisciplinary and, for a while, 
whenever I ran into a problem, I pestered the 
faculty in my department who were experts in 
the various disciplines that I needed. 
 I remember the day when Henry Taube (who 
won the Nobel Prize two years later) told me 
he didn’t know how to solve the problem I was 
having in his area. I was 
a third-year graduate 
student and I figured 
that Taube knew about 
1000 times more than 
I did (conservative 
estimate). If he didn’t 
have  the  answer, 
nobody did. 
 That’s when it hit 
me: Nobody did. That’s 
why it was a research problem. And being my 
research problem, it was up to me to solve. 
 Once I faced that fact, I solved the problem 
in a couple of days. (It wasn’t really very hard; I 
just had to try a few things.) The crucial lesson 
was that the scope of things I didn’t know wasn’t 
merely vast; it was, for all practical purposes, 
infinite. That realization, instead of being 
discouraging, was liberating. If our ignorance is 
infinite, the only possible course of action is to 
muddle through as best we can. 

Science Is Supposed to Be Hard
 I’d like to suggest that our PhD programs often 
do students a disservice in two ways. First, I don’t 
think students are made to understand how hard 
it is to do research. And how very, very hard it 
is to do important research. It’s a lot harder than 
taking even very demanding courses. What makes 
it difficult is that research is immersion in the 
unknown. We just don’t know what we’re doing. 
We can’t be sure whether we’re asking the right 
question or doing the right experiment until we 
get the answer or the result.
 Admittedly, science is made harder by 
competition for grants and space in top journals. 
But apart from all of that, doing significant 
research is intrinsically hard and changing 
departmental, institutional or national policies 
will not succeed in lessening its intrinsic difficulty. 
 Second, we don’t do a good enough job of 
teaching our students how to be productively 
stupid – that is, if we don’t feel stupid it means 
we’re not really trying. I’m not talking about 
‘relative stupidity’, in which the other students in 
the class actually read the material, think about 
it and ace the exam, whereas you don’t. I’m also 

Martin A. Schwartz is 
professor of microbiology 
and biomedical engineer-
ing at UVA Health System, 
University of Virginia in 
Charlottesville (USA). He 
received his PhD in physi-
cal chemistry at Stanford 
University.

not talking about bright people who might be 
working in areas that don’t match their talents. 
Science involves confronting our `absolute 
stupidity’. That kind of stupidity is an existential 
fact, inherent in our efforts to push our way into 
the unknown. 
 Preliminary and thesis exams have the right 
idea when the faculty committee pushes until the 
student starts getting the answers wrong or gives 
up and says, `I don’t know’. 
 The point of the exam isn’t to see if the 

students get all the 
answers right. If they 
do, it’s the faculty who 
failed the exam. The 
point is to identify the 
students’ weaknesses, 
partly to see where 
they need to invest 
some effort and partly 
to see whether the 
students’ knowledge 

fails at a sufficiently high level that they are ready 
to take on a research project. 

We Are Ignorant By Choice
 Productive stupidity means being ignorant by 
choice. Focusing on important questions puts us 
in the awkward position of being ignorant. One 
of the beautiful things about science is that it 
allows us to bumble along, getting it wrong time 
after time, and feel perfectly fine as long as we 
learn something each time. 
 No doubt, this can be difficult for students 
who are accustomed to getting the answers right. 
No doubt, reasonable levels of confidence and 
emotional resilience help, but I think scientific 
education might do more to ease what is a very 
big transition: from learning what other people 
once discovered to making your own discoveries. 
 The more comfortable we become with being 
stupid, the deeper we will wade into the unknown 
and the more likely we are to make big discoveries.

Reprinted with permission from the Journal of Cell 
Science 121, 1771 (2008). n
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One	 of	 the	 beautiful	 things	

about	science	is	that	it	allows	

us	to	bumble	along,	getting	 it	

wrong	time	after	time,	and	feel	

perfectly	 fine	 as	 long	 as	 we	

learn	something	each	time.	

Congressional
Fellowship

SPIE and 
the Optical 
Society of 
America 
have 
selected 
Matthew 
McMahon, 

senior principal scientist 
at Second Sight Medical 
Products, as the Arthur H. 
Guenther Congressional 
Fellow for 2009-10. Mc-
Mahon will serve a one-year 
term working as a special 
legislative assistant on the 
staff of a member of the 
U.S. Congress or a congres-
sional committee.

“Matthew’s background 
in biomedical optics is 
particularly relevant now,” 
said Eugene Arthurs, execu-
tive director of SPIE. “He 
has sound policy experi-
ence and through his work 
demonstrates dedication 
and leadership in applying 
science to solve important 
health problems facing 
people across the globe.”

McMahon is the developer 
of a retinal prosthesis to 
restore sight to people 
blinded by retinal degenera-
tions. He has directed inter-
disciplinary R&D teams and 
worked with engineering, 
regulatory, and clinical 
affairs staff to improve the 
product and to facilitate the 
regulatory approval process 
necessary to commercialize 
the device.

The fellowship program 
brings technical back-
grounds and external 
perspectives to the 
decision-making process in 
Congress. 
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Worldly Optics
An engineer’s first-hand global experiences teach valuable lessons  
about the optics and photonics industry.

By	Andrew Lynch

 One only needs to attend an SPIE event for verification 
that the world is indeed “flat.” Seasoned veterans of the optics 
and photonics industry have certainly become accustomed to 
the complex relationships between North America, Europe, 
and Asia for decades now. For recent college grads who have 
grown up with the Internet and the rise of Web 2.0, much 
can still be learned about the industry only through first-hand 
international experience.
 Living and working in a foreign country can work wonders 
for both self-improvement purposes and cultural appreciation, 
but some of the less tangible benefits can have even greater 
worth. As an applications engineer for Edmund Optics, I was 
lucky enough to spend a year and a half in Singapore, working 
closely with sales, engineering, and manufacturing disciplines. 
Singapore, much like Hong Kong, is an extremely worldly city 
where both Eastern and Western influences are deeply woven 
into the societal fabric. This unique mix yields both refreshing 
and interesting business challenges.

Nuances of Language
 It’s difficult enough to “speak optics” to begin with, and many 
of us in the field are intimately familiar with how hard it is to 
describe optical principles to a layperson. Although optics and 
photonics are omnipresent in everyone’s lives nowadays, most 
people simply do not know how a remote control magically 
turns on their TV, let alone how eyeglasses and contacts correct 
their vision. Now imagine adding another layer of cultural 
diversity and language differences on top of that. 

 In Singapore, for example, most conversations are in 
Singlish–a very unique version of the Queen’s English that 
incorporates vocabulary and speech patterns from Malay, 
several different Chinese dialects, Tamil, and others. When 
you are already getting blank stares from calling a “lift” an 
“elevator” or mispronouncing your lunch order, you probably 
won’t have much luck referencing such optical concepts as 
“f-number,” “etendue,” or “vignetting” to someone on the 
shop floor. In this respect, “vignetting” probably comes across 
sounding like some sort of exotic Italian dish (rather than a 
concern of blocked off-axis light in imaging systems), which 
only makes your audience wonder when lunch is.
 Language barriers and differences from country to country 
can be both frustrating and comical, but it pays to have 
experience with such nuances. I remember trading e-mails 
with colleagues from various parts of Asia and Europe prior 
to meeting them and working with them and how often there 
were minor misunderstandings in said e-mails which could 
potentially have major consequences if left unchecked. 
 For example, consider an innocuous double negative 
statement such as “We can’t have Part A not have X 
requirement.” In the United States, double negatives are 
generally understood to resolve as a positive. In this example, 
I am confident that a U.S. colleague would understand the 
statement to mean “This part needs to have X requirement”. 
If that same statement was sent to colleagues throughout Asia 
and Europe, it’s a good bet that it would be misunderstood by 
some. Three months later, you would have a whole lot of Part 
A’s that may not meet spec.

Ounce of Prevention
 Translation problems, assumptions, and hidden meanings 
abound in international correspondences, so it’s helpful to 
know what to look for in advance and how to avoid possible 
pitfalls.
 There was once a time when I would draft a single e-mail 
and send it concurrently to Germany and China. Now that 
I know better, I specifically draft and tailor a separate e-mail 
to each, keeping in mind the subtleties that will maximize 
comprehension on the other end. In this case, the e-mail to a 
colleague in Germany would likely be much longer. I would 
make sure to clearly express and explain every detail, whereas 
the e-mail to a colleague in China may be much pithier, with 
concise and clear sentences set off line by line. 
 That being said, these “modifications” are very much a 
two-way street, as I have noticed foreign colleagues tailoring 
correspondences to me and other colleagues as well.
 Learning to ask the right questions and to read between the 

Lynch visited the island of Bintan, Indonesia, approximately 
45 km southeast of Singapore.
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lines in correspondences with people of different 
cultures also takes a considerable amount of first-
hand experience. For example, only by living 
and working in Asia did I learn that a “yes” is 
not always a “yes.” Depending on the context, 
the person may actually mean “no” and is trying 
to save face or does not really want to commit 
to something. Since learning various approaches 
and possible pitfalls, back and forth e-mail chains 
and misunderstandings from my correspondences 
have significantly decreased over time.

Different Markets
 Besides learning linguistic nuances, spending 
time in a different part of the world also helps 
to give an appreciation for what the optics and 
photonics markets are truly like in different 
countries, an appreciation that cannot be 
gained by simply looking at how many optical 
components the country imported in the last 
year, or by solely attending a tradeshow here 
and there. An international experience also 
gives an appreciation of application trends and 
sales-approach differences. 
 In Singapore, for example, I’ve learned that 
more often than not I’m going to be working 
with a value-added manufacturer. The system 
in question is likely either semiconductor 
inspection equipment or a biomedical device. In 
either case, my customer is probably looking for 
components that meet performance requirements 

designed by a parent company in the West, at a 
price that meets or beats a competitor in the East. 
Armed with this knowledge (and some lunch or 
dinner appointments), one would stand a much 
better chance at establishing a new business 
relationship. 
 Elsewhere in Southeast Asia, I am probably 
going to be working with an electronics 
manufacturer and speaking with someone from 
the factory floor who needs help setting up a basic 
imaging system. I may or may not be talking to 
the head decision maker in these first exchanges, 
but I have the advantage of already knowing that 
they probably do not have many places to turn for 
vision system expertise within their own country. 
 Similarly, one can learn to be prepared ahead 
of time to talk to the Australian with the mining 
application, the German with the automobile 
inspection application, and the American trying 
to build a space shuttle in a basement. 

Personal and Professional Value
 Forging personal relationships with new 
vendors, customers, and colleagues around 
the world goes a long way for both personal 
development and corporate worth. Travel, and 
having a global engineering presence, facilitates 
more worldly knowledge and tactics. 
 Whether new to the professional working 
world or just new to the industry, international 
experience can often be an invaluable asset to 
individuals and businesses alike. It is one thing 
to be told how valuable international experience 
is, but to truly experience it first-hand is the best 
way to look beyond one’s own culture and better 
appreciate our exciting global industry.  n

–Andrew Lynch is a U.S.-born and raised applications 
engineer at Edmund Optics headquarters in New 
Jersey (USA). He has a BS in physics and astronomy 
from University of Rochester (USA).
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Lynch at the Petronas Twin Towers in Kuala 
Lumpur, approximately 300 km northwest of 
Singapore.

Living and working in a 

foreign country can work 

wonders for both self-

improvement purposes and 

cultural appreciation.
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Optics Extends Reach
New optics programs and centers reach out beyond traditional borders.

Melikechi 
Noureddine

 Growth in the fields of optics and photonics is widespread, 
both geographically and in scope. New optics programs in 
higher education are acutely aware of this and are working 
collaboratively with other institutions and industry to train 
future optical technicians and engineers. 
 Delaware State University’s Center 
for Research and Education in Optical 
Sciences (CREOSA) has had great success 
reaching out to different populations since 
its inception in 2006. The overarching 
goal of CREOSA has been to reach out to 
groups typically underrepresented in college 
programs, including optics. So far CREOSA 
has enrolled 22 undergraduates. With the 
launch of a graduate program last year, 
approximately a dozen grad students have enrolled as well, 
about half from underrepresented groups.
 CREOSA’s outreach and promotion of optics includes hosting 
summer programs for undergraduates and high school teachers, 
providing outreach to local schools, and working with high 
tech companies to better prepare students for the workforce.
 SPIE is assisting that effort with a donation of reference 
books and other support.

 In Europe, the European Commission is supporting the 
Erasmus Mundus program which offers a master of science 
degree in photonics that requires students to take courses in at 
least two different countries. Organized by Ghent University 
(Belgium), participating universities include Free University 
of Brussels (Belgium), University of St. Andrews, and Heriot-
Watt University (U.K.), Royal Institute of Technology 
(Sweden), Zhejiang University (China), University of Tokyo 
(Japan) and the University of Sydney (Australia).
 Tying into industry and the current job market is a big goal 
for educational institutions with optics and photonics programs. 
 Hawaii educators, working with the New England Board 
of Higher Education PHOTON2 project, have developed 
new curricula to prepare that state’s students for high-tech 
careers in optics and photonics and enable them to pursue 
high-paying jobs. A program at Maui Community College will 
enable students to apply for a bachelor’s degree through the 
University of Hawaii system.
 Read more about programs at Babson College, Oregon Institute 
of Technology, Rochester Institute of Technology, University of 
California Irvine, and the European Institute of Innovation and 
Technology in the extended version of this article online. Go to spie.
org/spieprofessional.  n
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company. SPIE courses are taught by world-renowned experts from industry 
and academia, and run from one-day to three-day sessions of concentrated 
instruction. Give your company a competitive edge with a well-trained staff.

Save Time and Money
Bring industry experts to your facility. Your team will acquire new knowledge 
and skills without a loss of productivity.

spie.org/inco

Strengthen your company and your staff’s 
performance with SPIE In-Company Training.

Gayle Lemieux, SPIE Training Coordinator • Tel: +1 360 685 5537 • gaylel@spie.org



35October 2009     SPIE Professional    



W
Lithography Forum in Taiwan
 With Asia continuing to be a major player in the 
microelectronics industry, SPIE Lithography Asia, 18-19 
November in Taipei, will provide a rich forum for the latest 
research and developments in microlithography techniques 
for chips and displays.
 The symposium’s two program tracks and plenary talks by four 
top lithography experts with experience in Asia will examine 
current issues in computational lithography, EUV lithography, 
defect inspection, LCD applications, emerging resist materials, 
and related topics in the semiconductor industry.
 Providing their perspectives on the industry at plenary 
sessions will be:
• SPIE Fellow Burn Lin, senior director of micropatterning 

Taiwan Semiconductor Manufacturing Co. and one of four 
symposium chairs

• SPIE Fellow and former SPIE Board Member Christopher 
J. Progler, CTO of Photronics

• Kinam Kim, executive VP and general manager of 
semiconductor R&D at SAMSUNG 

• Cheng-Wen Wu, director of the Electronics and 
Telecommunications Research Institute in Taiwan

 The experts’ discussion on the current and future electronics 
manufacturing process is expected to 
be watched particularly closely at the 
symposium because of the global economic 
recession and slowdown in the market.
 Kim, for instance, said earlier this year 
that he believes that emerging applications 
for lithography in the aerospace, robotics, 
automotive, health care, and IT industries 
will help with the recovery effort. His 
plenary talk will address the future of the 
silicon industry and the challenges posed 
by nanolithography.
 Progler also has previously spoken 
about changes in the industry, coining 
the term “compography” to depict the 
broad diversification of mask-making into 
computational lithography. Progler’s talk 
will highlight progress and challenges in 
mask manufacturing for high-end IC and 
LCD applications and the evolving business 
model of commercial mask making. 
 Other top lithography researchers and 
industry leaders will give presentations 
during the two-day symposium at the 
Sheraton Taipei Hotel.
 An exhibition showcasing the latest 
equipment, technology and services will 
also be held.
 Symposium chairs: Alek C. Chen, ASML; 
Woo-Sung Han, SAMSUNG; Burn J. Lin, 
TSMC;  Anthony Yen, TSMC.
 For more information: spie.org/
lithoasia.  n

Lin Progler Kim Wu
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Lasers Are Focal Point
 The inaugural year in San Francisco for SPIE 
Photonics West, after 15 years in San Jose, will 
coincide with a number of activities, displays, and 
featured speakers marking the 50th anniversary of 
the first demonstration of a working laser.
 Highlights of the “Advancing the Laser” 
tribute at SPIE Photonics West include an onsite 
Khet tournament; an inspiring laser technology 
“experience” at the welcome reception; a museum-
style display of new and historic lasers; and 
multimedia laser and hologram demonstrations.
 SPIE Photonics West will be held 23-28 
January 2010 at the Moscone Center, a facility 
that can accommodate the growing need for 
conference and exhibition space.
 The annual event includes 85 technical 
conferences and two exhibitions and expects 
growth despite economic troubles around the world. 
Programs cover advances in lasers, biomedical 
optics, optoelectronics, and MOEMS/MEMS.
 Internationally recognized as the largest and 
most prestigious event of its kind, Photonics 
West also includes North America’s largest 
exhibition covering light-driven technologies 
(Tuesday through Thursday, 26-28 January) and 
the awarding of the Prism Awards for Photonics 
Innovation (Wednesday, 27 January.)

 At LASE, the event that bridges the gap 
between laser science and real world applications, 
three plenary speakers will focus on the ultrafast: 
• Andreas Tünnermann, Fraunhofer Institute 

for Applied Optics and Precision Engineering 
(Germany)

• Paul B. Corkum, University of Ottawa and Lab 
for Attosecond Science, National Research 
Council Canada (Canada)

• Holger Lubatschowski, Laser Zentrum 
Hannover e.V. Biophotonics/Lasermedicine 
(Germany)

 The LASE symposium addresses advances in 
basic and applied laser device research. Some 600 
presentations in 13 conferences will explore topics 
surrounding semiconductor lasers and LEDS, 
nonlinear optics, and laser source engineering. 
A conference on lasers for next generation 
accelerators and light sources will cover HHG 

lasers for seeding, synchronization between 
e-beams or x-ray beams to the femtosecond level, 
and structures for laser acceleration.
 Don Harter, IMRA America Inc. (USA), and 
Peter Herman, University of Toronto (Canada), 
are symposium chairs for LASE 2010. Alberto 
Pique of the Naval Research Lab (USA) and 
Friedhelm Dorsch of TRUMPF Photonics (USA) 
are co-chairs.

 The BiOS symposium, the largest event for 
biomedical optics in North America, is estimated 
to host 1500 presentations. 
 Returning symposium chairs are James Fujimoto 
of the Massachusetts Institute of Technology 
(USA) and R. Rox Anderson, Wellman Center 
for Photomedicine (MA).
 BiOS has its own exhibition, held Saturday 
and Sunday, 23-24 January, and an always popular 
“Hot Topics” session Saturday evening.

 The MOEMS-MEMS technical program 
explores how micro- and nanofabricated 
electromechanical and optical components will 
provide the missing link to the mass-produced 
miniaturized products and systems of the future.
 Plenary speakers are:
• Yogesh Gianchandani, National Science 

Foundation and University of Michigan 
(USA)

• Tom Bifano, Boston University and Boston 
Micromachines (USA)

• Wilfried Mokwa, RWTH Aachen University 
(Germany)

 The lineup of programs for integrated 
optoelectronic devices, OPTO, includes 1200 
papers in 27 conferences. 
 E. Fred Schubert, Rensselaer Polytechnic 
Institute (NY) is symposium chair; James G. Grote, 
Air Force Research Laboratory (OH), and Liang-
Chy Chien of Kent State (OH), are co-chairs. n
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More information:  
spie.org/pw





SPIE Professional     October 200940

 Events Around the World

Advertiser  
Index
Applied Optics 
Research Cover 2
www.aor.com 

Future Fab  
International 39
www.future-fab.com

LaCroix Optical 2
www.lacroixoptical.com

OKO  
Technologies Cover 3
 www.okotech.com

Optical Research  
Associates Cover 4
www.opticalres.com

Optimax Systems,  
Inc. 9
www.optimaxsi.com

Software Spectra,  
Inc. 2
www.sspectra.com

University of  
Rochester 35
www.optics.rochester.edu

Inter-Institute Workshop on  
Optical Diagnostic and Biophotonic 
Methods from Bench to Bedside
1-2 October 2009
Bethesda, MD, USA 

20th International Conference on 
Optical Fibre Sensors
5-9 October 2009
Edinburgh, UK

International Conference on 
Optical Instrumentation and 
Technology
19-22 October 2009
Shanghai, China 

International Symposium on 
Multispectral Image Processing 
and Pattern Recognition
30 October-1 November 2009
Yichang, China 

Asia Communications & Photonics 
Conference and Exhibition  
(ACP 2009)
2-6 November 2009
Shanghai , China

SPIE Lithography Asia-Taiwan
18-19 November 2009
Taipei, Taiwan
See preview on page 36
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17-21 January 2010
San Jose, CA, USA 

SPIE Medical Imaging
13-18 February 2010
San Diego, CA, USA

SPIE Advanced Lithography
21-26 February 2010
San Jose, CA, USA
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Log On
You can always find  
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23-28 January 2010
The Moscone Center
San Francisco, CA, USA

23 January, Saturday
BiOS conferences · Hot Topics · Exhibition

24 January, Sunday
Technical conferences · BiOS exhibition · 
Professional development workshops

25 January, Monday
Technical conferences · MOEMS/MEMS 
plenary · SPIE Fellows lunch · Advancing 
the Laser events

26 January, Tuesday
Photonics West Exhibition · Technical 
conferences · OPTO plenary · Student Lunch 
with the Experts · Industry panels · Women 
in Optics presentation · Holography technical 
event · Laser communications technical event

27 January, Wednesday
Technical conferences · LASE plenary · 
Industry panels · Prism Awards for Photonics 
Innovation · Photonics West Exhibition

28 January, Thursday
Technical conferences · Photonics West 
Exhibition

See page 38 for more information.
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