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PRESIDENT’S LETTER

We practitioners in photonics are well 
aware that light does far more than 
illuminate dark spaces.

 Light-based technologies save lives, power 
computers, enable mobile telephone and internet 
communications, enhance personal and national 
security, provide sustainable and cheaper energy 
sources, add more dimension—literally—and 
value to entertainment, and more.
 Also important is the significant economic 
impact of photonics, with photonics R&D creating 
many highly skilled jobs.
 However, photonics as a field suffers an identity 
problem in some important areas of the world, 
with a resulting lack of awareness of the field’s 
potential to solve problems and its worthiness of 
funding and other support. 
 The leadership of SPIE is working to address 
this problem straight on.
 One way is through providing resources for 
policy makers and the public on the scope, 
contributions, and capability of the industry.
 Armed with clear ideas of what “photonics” 
means and its ability to improve the economy and 
our quality of life, elected and appointed officials who 
are tasked with making decisions about economic 
policy can make better-informed decisions.
 Students looking for educational choices that 
will enable them to make a positive difference in 
the world as well as make their way in life will 
be better aware of the range of jobs in photonics, 
and the job satisfaction they may expect to find.

 In the European 
Union, industry-driven 
Photonics21 has helped 
raise awareness and 
support for the field 
through publications 
including a 2007 report 
on “Photonics in Europe: 
Economic Impact,” and 
this year’s “Lighting the 
Way Ahead: Second 
Strategic Research Agenda in Photonics.”
 SPIE leadership, participating as members of 
Photonics21, has contributed to this effort and 
presents updates and other background to EU 
commissions looking at particular issues. See 
photonics21.org.

Harnessing	light	
 In the United States, SPIE leadership 
participated on the committee that developed 
the 1998 report on “Harnessing Light: Optical 
Science and Engineering for the 21st Century,” 
issued by the National Research Council.
 This year, SPIE is part of a coalition spearheading 
an update of “Harnessing Light,” to refresh and 
reinforce the store of available information 
on photonics. Some funding has already been 
provided by the NSF and DARPA, and SPIE will 
invite contributions from throughout academia, 
industry, research institutes, and the associations 
serving photonics. We can all do our part.

 What opportunities do you 
have to share information about 
the important contributions of 
photonics R&D? 
 How can you use your 
own experience to increase 
understanding among your 
c o m m u n i t y  a b o u t  w h a t 
photonics provides at home 
and in the world?
 I encourage you to join SPIE 
in working to bring recognition 
to the benefits that photonics 
provides .  Write  to  us  at 
governance@spie.org.

Ralph B. James,		
2010 SPIE President

SPIE funding for
optics outreach
SPIE	Education	Outreach	
grants	provide	funds	for	
projects	that	increase	
awareness	about	the	
importance	of	optics	and	
photonics.	Thirty-two	
non-profit	organizations	
from	around	the	world	
received	SPIE	grants	this	
year,	including	the	13	below	
whose	applications	were	
approved	in	the	second	
round	of	funding	for	2010.

In	2009,	SPIE	provided	$2	
million	for	scholarships,	
grants,	and	other	activities	
supporting	research	and	
education	in	optics	and	
photonics.	

For	more	information	or	
to	apply	for	a	future	grant,	
go	to	spie.org/outreach.	
Application	deadlines	for	
2011	grants	are	31	January	
and	31	May.
•	 Alpha	Eta	Mu	Beta,	

Biomedical	Engineering	
Honor	Society	(USA)

•	 Fruitvale	High	School	
(USA)

•	 Kimball	Union	Academy	
(USA)

•	 Mindanao	State	Univer-
sity-MSAT	(Philippines)

•	 Montana	Space	Grant	
Consortium	(USA)

•	 Optics	Institute	of	
Southern	California	
(USA)

•	 OSA	Rochester	Section	
(USA)

•	 Palouse	Discovery		
Science	Center	(USA)

•	 Pisgah	Astronomical	
Research	Institute	(USA)

•	 Riverside	County	Office	
of	Education	(USA)

•	 Saratov	State	University	
(Russia)

•	 Taras	Shevchenko		
National	University	of	
Kyiv	(Ukraine)

•	 University	of	California,	
Santa	Barbara	(USA)

Visibility of Photonics 
The SPIE leadership works to raise awareness about the 
benefits of R&D in photonics for improving quality of life.

Source: The Organization for Economic Cooperation and Development.

Gross	domestic	expenditures	on	R&D	as	a	
percentage	of	GDP	for	a	select	group	of	countries.
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I was born in 1947 and grew up in Israel, graduating as an 
electrical engineer without suspecting I would spend many 
years in optics. In 1973, after completing my mandatory 

army service (Even the Israeli Army makes mistakes.), I moved 
to Vancouver, Canada.
 I was a bit surprised to find very little high tech here 
compared to what I was familiar with in Israel. All I knew 
about Vancouver was that it is beautiful and not cold (In the 
pre-Internet days, I picked up this information from an atlas, 
based on the isotherms.). The Canadian Embassy in Tel Aviv 
was no help. They just sent me the standard tourist brochure 
emphasizing the endless wilderness of British Columbia, not 
exactly what I wanted to hear when arriving as a penniless 
immigrant. On the other hand, I knew that if a million people 
could make a living in Vancouver, 
so could one more.
 I spent the first few years as 
a hardware designer (DSP and 
Telecom) at MDA, one of the best 
companies in Vancouver. At the 
time, shortly after my first son was born, I was looking for a 
project I could do at home, so I could spend more time with 
my infant son. (Such ideas come only with your first born.) 

DIY	film	recorder
 MDA was buying high-speed film recorders to record 
satellite imagery for about $400,000 apiece, so I boldly told the 
management I could design a recorder that would do a better 
job for a tenth of the price. Not being biased by any knowledge 
of the subject, I proposed a fresh approach. 
 The management, free of similar biases, agreed and gave me 
one year. After a crash course in optics, I changed the design, 
but surprisingly managed to deliver a shippable prototype in 
12 months with only one person working with me. I had a 
small metalworking workshop at home, many of the machines 
home-built, and this allowed me to fabricate most of the parts 
for the prototype myself.
 I now have a wonderful CNC machine shop at home, but I 
don’t have the boundless enthusiasm of those days. However, I 
still build all my prototypes myself, finding it to be faster than 
sending out drawings and waiting for parts. 
 That film recorder, sold under the name FIRE 240, became 
a hit, and the operation was spun out of MDA as a separate 
company, Cymbolic Sciences, which is using the same basic 
architecture today. One nice thing in optics is the very long 
life of products. Many good products enjoy a life of 30 and even 
50 years with little fundamental change. 

Data	storage	problem
 This initial “beginner’s luck” plus my unbounded optimism 
(There are no pessimistic entrepreneurs.) caused me to search 
for a difficult problem combining optics, electronics, and 
mechanics in order to start a company around it. There are 
only three large commercial markets using products combining 
the three: optical data storage, semiconductor manufacturing, 
and printing. Together with another MDA fellow, Ken 
Spencer, we started Creo. 
 The modest mission of Creo was to solve the world’s data 
storage problem by combining the high-aerial storage density 
of optical disks with the volumetric efficiency of tape. (This 
was 1984, before the great advances in magnetic storage aerial 
density.) The fact that an optical tape recorder was considered 

a very difficult project, tried, and 
given up on by large players such 
as RCA and Philips, only made it 
more interesting. 
 This was the beginning of a very 
interesting 21-year period in optics. 

The person whom I give credit for most of the optics I learned 
is David Kessler, who was recommended to me as an optical 
designer. I negotiated with him to join Creo, but when he 
finally declined, I was left without an optical designer and a 
project ready to go, so I went back to the optics books. 

First	business	lessons
 Being young and having no exposure to business (My 
father was a writer.), I confused technical difficulty with 

An entrepreneur’s adventures in not seeing the light.

By Dan Gelbart

Start with a simple product to gen-

erate cash soon and use the cash to 

develop a more ambitious product.

Photo by Dirk Fabian
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Continued on page 9  

Dan	Gelbart	is	tech-
nology	adviser	to	
Kardium	Inc.	and	a	
co-founder	of	Creo,	now	
part	of	Eastman	Kodak	
Co.,	Cymbolic	Sci-
ences,	and	MDI.	Often	
credited	as	the	father	of	
modern	computer-to-
plate	technology,	Gelbart	
has	more	than	100	U.S.	
patents	and	has	twice	
received	the	British	Co-
lumbia	(Canada)	Science	
Council	Gold	Medal.	

Gelbart	is	an	adjunct	
professor	at	University	
of	British	Columbia	and	
had	the	honor	on	16	May	
2010	of	being	the	first	
person	to	activate	Ted	
Maiman’s	original	ruby	
laser	since	Maiman’s	
death	in	2007.	He	dem-
onstrated	Maiman’s	laser	
during	a	symposium	at	
Simon	Fraser	University	
(Canada)	celebrating	the	
laser’s	golden	anniver-
sary.	See	a	video	of	the	
demonstration	at		
spie.org/x40717.xml

Maiman’s	autobiography,	
The Laser Odyssey,	was	
published	using	a	Creo	
laser-based	pre-press	
system.

financial rewards. At Creo, we had an idea not 
to use private investors. Instead, we would be 
self-funded by doing custom R&D for other 
companies in parallel to developing our own 
products (another bad idea). We were also 
helped by the Canadian government, which 
gives money to any startup that has a good track 
record of successes and is seriously committed 
to spending it.
 After a few years of hard work, we were able to 
start manufacturing optical tape recorders. The 
financial rewards were small compared to the 
heroic efforts that went into the development. 
 The whole process reminds me of the fellow 
whose Social Security number matched the 
winning number in the lottery. Amazing, but he 
got nothing. If there is a lesson to be learned here 
it is to start with a simple product, to generate 
cash soon, and use this cash to develop a more 
ambitious product. 
 The optical tape recorder was an unusual 
product for a startup in more than one way. It 
required components with extreme mechanical 
tolerances and servo components with extreme 
electro-mechanical performance. Since they 
were not commercially available, we had to 
develop and manufacture them. The optical 
tape was made by ICI in the UK, who are wiser 
but poorer for it. 

Making	lemonade	from	lemons
 While the optical tape recorder was a bad 
product choice, it was an excellent opportunity 
for generating new technology for other projects. 
A bit like the Russian proverb: “There is no such 
thing as a useless person; you can always use them 
as a bad example.” 
 After this project, everything looked easy. 
When we wanted to get some R&D and 
production work from other companies, we just 
gave their technical people a demo of the optical 
tape recorder. After that, they had no doubts we 
could meet their requirements. This is how we 
got the contract to develop and manufacture 
a PCB film plotter for Orbotech and several 
imagesetters and proofers for Dai Nippon Screen. 
These machines, of which hundreds were made, 
funded Creo and created good profits. 

Computer-to-Plate	system
 Working on optical data storage made me 
aware of the resolution advantages of using 
very nonlinear recording materials. The film 
recorders I had worked on before used integrating 
media, a silver halide film which was subject to 
reciprocity. So even small amounts of stray light 
and aberration added up quickly and degraded 
the film. When recording on a non-integrating 
material such as an optical disk surface, the data 
bits look perfect even if the optical beam is not. 
 This is due to a combination of the sharp 
threshold of thermal processes (such as melting) 
and lack of integration: The stray heat of the 
previous bit evaporated before the new bit was 
written, so the recording process can be designed 
(by using 2D interleaving) to have complete 
freedom from “proximity effects.” 
 At about the same time Kodak developed a 
thermal printing plate, and this gave Creo the 
opportunity to come out with the first successful 

Gelbart reconditioned the power supply for Ted 
Maiman’s original ruby laser and fired it for a 
tribute symposium on 16 May 2010. 

Gelbart has a prototyping facility at his home, with a lathe and other equipment.
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SPIEDigitalLibrary.org

Research driving technological innovation 
The world’s largest collection of optics and photonics research

Conference	Proceedings
Original research papers written by  
engineers and scientists doing advanced 
R&D and presented at approximately  
25 technical symposia, including:

SPIE	Journals	
Peer-reviewed articles on applied  
research in key areas of optics  
and photonics.

• Monographs  • Tutorial Texts 

• Field Guides

eBooks
The SPIE eBooks collection written 
by leading authors includes: 
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“Computer-to-Plate” system using thermal plates and invisible 
light at 830 nm to achieve higher resolution than traditional 
systems at half the wavelength.
 The writing is done using a 240-channel light valve developed 
by Creo. The cross section of each pixel exposure is almost square 
instead of Gaussian, giving exceptionally good process control. 
 Creo was sold to Kodak in 2005 for about $1 billion, and I 
retired from optics a happy man. n

An	entrepreneur		
in	spite	of	being	novice	and	naïve	…	
 Amos Michelson met Dan Gelbart in the 1980s when he 
(Amos) was general manager of Optrotech, which was reselling 
imagesetters from Germany at about $100K a pop. Amos was 
looking for an imagesetter that was twice as fast, twice as large, 
and offered four times the resolution.
 David Nims, a colleague, suggested a tiny company in 
Vancouver, Canada, whose chief engineer was Dan Gelbart.
 David and Amos take a plane from Israel to Vancouver to 

Beginner’s	Luck
t Continued from page 7

meet with Dan. They ask Dan how much money he needs to 
develop the photoplotter engine. 
 Dan says $500,000. Amos keeps a straight face. 
 Then they ask Dan how much each engine would cost.  
Dan says $35K. 
 Amos makes a noise, now almost completely convinced the 
guy was nuts. Dan misunderstands the grunt and then quotes 
$28K per engine. 
 Amos calls a timeout so he can chew David out for flying 
halfway around the world to meet with a wacko engineer. 
Somehow, David convinces Amos to take a chance on the guy.
 Dan delivers the first engine in 1989, about a year after the 
first meeting. It’s got a motor inside from a household furnace. 
The optical resolution changer was based on a model airplane 
servo unit. 
 Does it meet the spec? Baby, it exceeds the spec. Creo ends 
up shipping more than 300 units and supplies spare parts for 
machines in the field well into the 2000s. n

– From DJ Dunkerley at www.prepresspilgrim.com. 

Note: Dunkerley is a former Creo employee. Michelson 
became the CEO of Creo and is the current chairman of  
Kardium, where Gelbart is technology adviser.
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Branding Your Career 
Corporations aren’t the only ones concerned about marketing a brand.  
Learn how to build a personal brand for your career in optics and photonics.

• Valuable and relevant in the minds of your 
target audience—such as your employer, 
prospective employers, and colleagues

• True and demonstrable; don’t pick something 
you can’t really deliver

• Unique, or at least distinct from what everyone 
else has to offer

 For example, if you have a special interest 
in telescopes, you could develop your personal 
brand around adaptive optics. If your company 
is active in this area (and this knowledge is thus 
valuable), if you get extra training in that subject 
(demonstrably true), and if few other engineers in 
your area are focused on this (unique), then you 
may have hit on the right niche for your brand. 

VolunteerWrite

SP
E
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ork
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By Ruth P. Stevens

The world of work is changing fast, and 
one important way to keep up is to build 
a “personal brand” for yourself and your 

career. A brand is, simply, an image in people’s 
minds that makes something memorable and 
different from other similar things. When it comes 
to you, a personal brand is what people think of 
when they think of you. 
 A strong, positive personal brand can help you 
get the work you want, the salary you deserve, 
and the opportunities for training, growth, 
and development that you dream of. In short, 
a personal brand makes you more valuable to 
employers and opens doors.
 How do you create a personal brand? First, 
you need to come up with a way to differentiate 
yourself. What sets you apart from the pack? 
Where do you shine? 
 Your point of differentiation can 
be professional, like a subject-matter 
expertise, or personal, for example, 
based on such factors as your 
personality, your background, or 
your location. Whatever point 
of differentiation you choose to 
focus on, it must be:

10 SPIE Professional | OCTOBER 2010

Tactics 
to promote
your brand
•	 Volunteer

•	 Speak

•	 Write

•	 Blog

•	 Network
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 You may think that being a generalist makes 
you more broadly valuable than focusing on a 
specialty. Paradoxically, the narrower the niche 
you choose, the more powerful a brand it will be, 
based on memorability and uniqueness. 

Promoting	your	brand
 Once you have selected your point of 
differentiation, it’s time to promote it. In the 
engineering world, there are many ways to make 
your brand known. Begin with the tactic that feels 
most comfortable to you, and add more tactics 
over time. 
 Volunteer. Nominate yourself to serve on a 
committee or two for SPIE or other professional 
associations in your niche. Help out. Speak up. 
Take a leadership role. 
 Write. Submit article ideas to editors at your 
industry publications. If your company has a PR 
department, let the professionals there know you 
are willing to write for the industry trades. Andrew 
Lynch, a solutions engineer at Edmund Optics 
who has written articles for SPIE Professional 
(October 2009), Photonik, and NASA Tech Briefs, 
says “I have received lots of positive feedback from 
my writing within the industry. In addition, people 
at Edmund Optics know and appreciate my work.” 
 Speak. If you have some new results or research 
to share, submit session proposals to conferences 
in your industry. 
 Be visible online. Raising your profile online is 
essential to building awareness about your personal 
brand. Create a detailed profile on LinkedIn, 
emphasizing your points of differentiation. Be sure 
to also clean up any indiscretions there may be 
in your old Facebook presence. Start a blog about 
your subject-matter expertise, or build your own 
website with your name as the domain. 
 Network. Do whatever you can to keep in 
touch with colleagues, employers, customers, 
competitors, past and present. Email and Twitter 
are useful tools for reaching out. 

Practice	your	elevator	speech
 Craft your elevator speech. You need to have a 
quick and vivid answer to the inevitable question 
that comes up when meeting new people: “So, 
what do you do?” You want to be able to describe 
yourself—and your brand—in fewer than 50 
words. So write up some descriptors and try them 
out in public. You’ll get a good sense over time of 
what captures people’s interest and what falls flat.
 I’ve found that converting your elevator speech 
into a two-part story can help. The first part begins 
with the phrase, “You know how…” and sets up 
an interesting problem. The second part begins 
with “Well, I …” and explains how your unique 
point of differentiation delivers a solution to the 
problem. For example, when asked, “So, what do 

you do, anyway?” an optical engineer might say, 
“You know how doctors are looking for new ways 
to close wounds without sutures?”
 The questioner nods.
 “Well, I design laser systems that allow surgeons 
to bond cuts with practically no scarring.” 
 To help you strategize about personal branding, 
I recommend you pick up The Potato Chip 
Difference (www.potatochipdifference.com) by 
Michael A. Goodman, which shows you how to 
apply classic marketing techniques to building 
your career. 
 Don’t worry that your personal brand could 
be static for the rest of your life. You can—and 
should—continue to refine your brand image and 
guide its evolution as your interests and those of 
your industry change over time. Determining a 
clear personal brand now will help your career 
grow and evolve. n

–Ruth P. Stevens (www.ruthstevens.com) consults 
on customer acquisition and retention and teaches 
marketing at Columbia University Business School 
(NY) where she obtained her MBA. She is the author 
of Trade Show and Event Marketing and The DMA 
Lead Generation Handbook. She serves on the board 
of directors for Edmund Optics and is past chair of 
the DMA Business-to-Business Council and past 
president of the Direct Marketing Club of New York.

Leadership  
Series
Looking	for	more	advice	
about	becoming	a	
successful	optics	and	
photonics	professional?	
The	Leadership	Series	
is	a	collection	of	online	
and	print	articles	for	
students	and	early	career	
professionals.	Articles	
in	the	series	focus	on	
leadership	in	the	field	of	
optics	and	photonics,	
with	tips	and	information	
about	everything	from	
entrepreneurship	trends	to	
trust	in	the	workplace	and	
volunteering.

Find	the	Leadership		
Series	online	at		
spie.org/leaderseries

To	comment	on	or	
contribute	to	the		
series,	please	e-mail	
spieprofessional@spie.org

Mark your Calendar for these two 
spring events in Munich, Germany
22-26 May 2011
Munich ICM · International Congress Centre, Münich, Germany

www.spie.org/eom www.spie.org/ebo

Sponsored by: Cosponsored by:
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Exciting times 
in astronomy 
“There	seems	to	
be	a	renaissance	in	
astronomy	right	now	
with	larger	instru-
ments	and	better	
science,”	says	Arnie	
Bazensky,	manager	of	
field	sales,	Western	
U.S.	Operations,	
for	SCHOTT	North	
America.

The	new	generation	
of	extremely	large	
telescopes	being	
developed	“will	be	
able	to	look	very	far	
back	into	time	to	see	
light	that	emanates	
very	close	to	the	Big	
Bang,”	he	says,	and	
we’ll	be	able	to	learn	
about	the	formation	
of	stars	and	galaxies	
and	the	creation	of	
our	universe.

“The	question	that	
most	astronomers	
ask	is:	‘Are	we	alone	
here?’	These	tools	are	
being	developed	to	
provide	that.”

The	team	developing	
the	Thirty	Meter	Tele-
scope	(TMT)	gathered	
industry	representa-
tives	to	discuss	the	
project	a	few	years	
ago,	Bazensky	says.	
Photos	and	framed	
correspondence	from	
leading	scientists	of	
the	early	20th	century,	
including	Albert	
Einstein,	filled	the	
meeting	room.

“It	was	very	inspira-
tional	to	see	the	con-
tinuity	of	the	thought”	
among	the	group	of	
scientists	developing	
the	TMT,	Bazensky	
says,	“especially	now	
that	we	can	provide	
such	great	tools	and	
such	great	materials.	
It’s	very	exciting.”

Although more than a dozen 6- to 10-meter 
telescopes built over the last 20 years are 
producing “fantastic science,” advances 

in glass making, telescope design, instrument 
engineering, and adaptive optics has sparked a 
kind of renaissance in the astronomy world. A 
new generation of huge ground-based telescopes, 
more than twice the size of the largest in current 
use, is being designed and expected to go online 
around 2018. 
 Members of the astronomy community are 
hoping the Giant Magellan Telescope (GMT) at 
25 meters, the Thirty Meter Telescope (TMT), 
and the 42-meter European Extremely Large 
Telescope (E-ELT) will be able to solve the 
deepest mysteries of the universe such as 
whether there are other planets that can 
support human life, how the first stars were 
formed, and what is the nature and origin 
of dark energy.
 Robert Gilmozzi, head of the European 
Southern Observatory’s Telescope 
Division and principal investigator 
of the E-ELT, says that big telescopes 
such as the Keck, Very Large Telescope, 
Gemini, and Subaru “are producing 
fantastic science.” 

At the same time, however, they are producing 
new questions that may only be answered well 
after these new extremely large telescopes (ELTs) 
see first light.
 “The playground for these new telescopes is 
the whole history of the universe,” he noted in a 
plenary talk at SPIE Astronomical Telescopes and 
Instrumentation earlier 
this year. With 
10 and 20 
times the 

A new era of extremely large telescopes is about to begin.

ASTRONOMY
RENAISSANCE



OCTOBER 2010 | SPIE Professional 13

INDUSTRY

Priorities
The	National	Academies	
Astro2010	Survey	Com-
mittee	recommends	that	
the	United	States	become	
a	partner	in	the	GMT	or	
TMT	projects	by	committing	
funds	for	construction	and	
operations.	Its	August	2010	
report,	“New	Worlds,	New	
Horizons	in	Astronomy	and	
Astrophysics,”	prioritizes	the	
most	important	activities	for	
astronomy	and	astrophysics	
over	the	next	10	years.	

A	large	optical	and	near-
infrared	telescope	like	the	
GMT	or	TMT	will	provide	a	
spectroscopic	complement	
to	the	James	Webb	Space	
Telescope	(JWST),	the	
Atacama	Large	Millimeter	
Array	(ALMA),	and	the	Large	
Synoptic	Survey	Telescope	
(LSST),	it	said.	The	LSST,	an	
8.4-meter	telescope	to	be	
sited	in	Chile,	was	ranked	as	
the	highest	priority	among	
the	planned	ground-based	
astronomy	projects.

For	space-based	programs,	
the	committee	recom-
mended	priority	support	
for	the	Wide	Field	InfraRed	
Survey	Telescope	(WFIRST),	
the	Laser	Interferometer	
Space	Antenna	(LISA),	and	
the	International	X-ray	Ob-
servatory	(IXO).

More:	spie.org/astro2010	

collecting power of current generation telescopes 
and the ability to combine data from other 
observatories—both ground- and space-based, the 
ELTs under development are expected to have the 
ability to catch the first glimpses of the creation 
of the universe.
 For instance, the European ELT will be able to 
measure the dark energy that is accelerating the 
expansion of the universe, Gilmozzi says. “You will 
actually see the universe accelerate in real time, 
… catching it, if you will, in the act.”

Precision	optics	and	mirrors
 If the next-generation telescopes are to 
successfully address fundamental questions in 
cosmology and astrophysics and explore the 
universe at the time of the Big Bang, there will be 
a high demand on the quality and precision of the 
optics, instruments, technologies, and materials.
 All three of the ELTs will be built with 
segmented mirrors, a design technology pioneered 

by TMT Project 
Scientist and

SPIE Fellow Jerry 
N e l s o n  o f  t h e 
U n i v e r s i t y  o f 
California at Santa 
Cru z .  Us ing  th i s 
design, the segmented 
mirrors form a bowl-
shaped  re f l ec t ing 
surface that is lighter 
and more powerful 
than a monolithic 
mirror.
 The  GMT wi l l 
have large segments, 
about 8.4 meters in 
diameter,  and the 
TMT and E-ELT will 
have close-packed, 
more economically 
sized segments.
 The large, primary mirrors for the GMT are 
being built at the University of Arizona’s Steward 
Observatory Mirror Lab. SCHOTT, which has 
been supplying large-format mirror substrates 

made of its Zerodur material since 1968, is 
one of the organizations under consideration 
to provide secondary mirrors for the GMT 

and multiple segmented pieces for the E-ELT 
and TMT.
 A SCHOTT team has been in intensive 
discussions with the organizations building the 
new telescopes, especially with regard to the 
specifications for the thermal expansion behavior 
and the homogeneity of the mirror material. 

An architectural concept drawing  
of the planned E-ELT. 

ASTRONOMY

Continued on page 36  

Courtesy of ESO/Swinburne Astronomy Productio
ns.

Artist’s rendering of the seven mirrors on the GMT. 

Courtesy of the GMTO Corp.
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Scientists fight stray emissions and glare from lighting fixtures.

By Beth Kelley

INDUSTRY

Light pollution is more than just a hazy-
looking glow in the night sky. Excessive and 
stray light is a waste of energy, interferes with 

astronomical observations, disrupts ecosystems, 
affects animal migration and navigation, and can 
cause adverse effects on human health and safety. 
 Unfortunately, light pollution is not seen as a 
serious issue in many places, and more and more 
artificial light is entering our atmosphere every 
year. Now astronomers, lighting engineers, and 
dark-sky advocates are taking action against 
light pollution, raising awareness with public 
education, designing better lights, and getting 
political.

“Dirty”	night	sky
 Before the industrial revolution, there wasn’t 
much artificial light in the world. Today, most of 
us in the developed world have access to light 24 
hours a day. These hundreds of millions of lights 
usually send light out in all directions, including 
up into the sky at night. The major sources of this 
light pollution include streetlights, advertising 
signs, skyscrapers, factories, and illuminated 
sporting venues. 
 “All of the major urban centers across the world 
have severe amounts of light pollution,” says Scott 
Kardel, public affairs coordinator at the Palomar 
Observatory near San Diego. “It is estimated that 
20% of the world’s population can no longer see 
the Milky Way from where they live,” he says. 

 According to the First World Atlas of Night 
Sky Brightness, the night sky is brighter than a 
first-quarter moon for 96% of the European Union 
population, 97% of the United States, and 50% 
worldwide.
 The U.S. National Parks Service Night Sky 
Team has documented light from over 200 miles 
away affecting night skies. Light pollution or “light 
trespass” has been growing by 4% each year.

Wasted	resources
 There are many repercussions for all this 
misdirected light. One is wasted energy. The 
International Dark-Sky Association (IDA) 
estimates that 22% of all energy produced in the 
U.S. goes toward lighting, and that one-third of 
that lighting is wasted at an annual cost of about 
30 million barrels of oil and 8.2 million tons of 
coal—amounting to a total of about $2 billion. 
The oil alone adds to global warming, generating 
14.1 million tons of CO2 per year into the 
atmosphere, according to the U.S. Department 
of Energy. 
 Reducing the light pollution generated from 
public outdoor illumination would have a 
significant impact on energy conservation, the 
DOE says.
 People often cite safety as a reason for leaving 
lights on at night, but it actually can cause 
more of a safety hazard, since light pollution 
causes diminished nighttime visibility. “If you 

On Palomar Mountain, 
where the Palomar 
Observatory is located, the 
unaided view of the night 
sky is limited because of 
light pollution from San 
Diego County (top).
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The	International	Dark-
Sky	Association	(www.
darksky.org)	regards	
any	adverse	effect	of	
artificial	light,	including	
sky	glow,	glare,	light	
trespass,	light	clutter,	
decreased	visibility	at	
night,	and	energy	waste,	
as	light	pollution.

Use	your	SPIE	Member	
login	to	view	the	
expanded	version	of	
this	article	at	spie.org/
spieprofessional
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have a poorly shielded light fixture that’s overly 
bright, like over a crosswalk, it actually makes it 
harder to see,” says Bill Wren, special assistant 
to the superintendent, University of Texas at 
Austin, McDonald Observatory (USA). This 
is particularly true for middle-aged and older 
drivers, he says.

Where’s	the	Big	Dipper?	
 Probably the most commonly known 
consequence from light pollution is that it affects 
astronomers, pilots, and anyone who needs—or 
wants—to see the stars and planets at night.
 “The night sky is something of enormous 
wonder,” says Roger Angel, Regents Professor at 
the University of Arizona Steward Observatory. 
However, he says, “Most kids have never really 
even seen it because you don’t see it from cities.” 
 That’s a problem because it’s important to 
interest young people in the natural world, he says.
 Although astronomers can travel to sites where 
light pollution isn’t such a problem, established 
observatories near big cities struggle against seeing 
through the glow from streetlights, porch lights, 
and other light clutter.
 “The use of broad-band light sources has a 
great impact on spectroscopy,” an important 
astronomical tool, says Kardel. The murky haze 
of light pollution blocks all wavelengths of light, 
making it impossible to see the night sky, even 
with astronomical instruments. 

Flip	the	switch
 Fortunately, there are easy solutions to this 
problem. One is simply turning off lights. Some 
places in the UK and elsewhere are initiating 
“dark hours” where all lights are turned off for a 
few hours each night. 
 Another way to limit light pollution is by 
controlling the angle in which light is directed 
from a luminaire. The “acorn” style streetlight 
is an example of a device that emits light in 
all directions, and it is one of the worst light 
polluters. Light trespass can be reduced by 
limiting the amount of light emitted from a 
fixture more than 80 degrees above the nadir 
(the angle pointing directly downward from the 
light source).
  The Illumination Engineering Society (IES) of 
North America classifies different non-polluting 
luminaires based on their angle: full cutoff (0%), 
cutoff (10%), and semi-cutoff (20%). 
 The Dark-Sky Association has created a 
“Fixture Seal of Approval” for companies 
interested in certifying their bulbs and fixtures 
as dark-sky friendly. To qualify, fixtures need to 
be full cutoff. 
 In Las Cruces, NM, home of Las Cruces 
Astronomical Observatory, all new outdoor 
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Warning lights
only as needed
Radio	towers,	wind	
turbines,	and	other	
tall	structures	typi-
cally	beam	bright	lights	
out	for	airplane	safety,	
causing	light	trespass	to	
anyone	within	sight	of	
the	towers.	

OCAS	(Obstacle	Collision	
Avoidance	Systems),	
a	company	based	in	
Norway,	has	developed	
what	are	essentially	mo-
tion	detectors	for	wind	
turbine	towers.	A	low-
power,	ground-based	
radar	will	detect	and	
track	any	aircraft’s	prox-
imity	to	the	tower	and	
allow	the	tower’s	visual	
warning	lights	to	remain	
at	a	low	beam	until	an	
aircraft	is	detected.

lighting has been required to utilize full-cutoff 
designs since 2000, and existing outdoor lighting 
must be brought up to code by 2010.

Spotlight’s	on	you
 The challenge is getting people to invest in 
the issue and take action. Very few government 
entities have ordinances or regulations in 
place to help curb light pollution. And where 
regulations do exist, they often are not well-
known and therefore not enforced. Often it is 
cities with astronomy observatories nearby that 
spearhead the efforts to turn down the glare 
and protect the rights of their citizens against 
light trespass. 
 The San Diego area has some of the toughest 
ordinances on the books. Astronomers at Palomar 
are very active in raising awareness of light 
trespass. Being near large municipalities allows for 
plenty of outreach and education opportunities. 
Palomar is launching a program this fall where 
astronomers loan sky-brightness meters to local 
teachers. 
 “They can make measurements with their 
students and compare them to the sky brightness 
measured at Palomar and other sites that will be 
using the same instruments to monitor the sky,” 
Kardel says. Palomar also has a new program 
in the works called One Star at a Time that 
encourages people to take control of their own 
lighting and take an active role in limiting light 
pollution. 
 “Most people are quite unaware that light 
pollution impacts more than just astronomers 
and that there is potentially a substantial amount 
of money that can be saved by using smarter 
lighting,” Kardel says. “Getting people out under 
a sky with little or no light pollution can show 
them what the sky is supposed to look like.”
 The IDA has been very active in raising 
awareness, creating groups, and approaching 
governments. The organization has developed 
a set of model lighting ordinances, the IES/IDA 
Model Lighting Ordinance, to assist astronomers 
and governments. Still open to public comment 
and input, once IDA approves the final language 
in the model ordinance, “It will be the ideal 
template to use to work with local planners 
to create outdoor lighting standards in your 
community,” says Bob Parks, IDA executive 
director.

Spread	the	word,	not	the	light
 The McDonald Observatory in Texas is also 
reaching out to communities to try and preserve 
their near-pristine dark-sky conditions. Wren and 
others at the observatory are involved in outreach 

Traditional acorn-shaped 
streetlights (top) scatter 
light in all directions, 
including up to the night sky 
where illumination is not 
needed or wanted. A better 
streetlight has a shield on 
top to reduce light pollution. 

Continued on page 16  
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programs, advocating with municipalities, 
and bringing students to the observatory to 
see the stars in action. The observatory also 
offers supplementary funding for municipalities 
interested in upgrading their lights.
 Wren says when dealing with city governments, 
it’s the money-saving potential that ends up 
catching people’s interest. “When I talk to groups, 
I usually don’t harp on the dark-sky issue. But 
when I start talking about how much money is 
being wasted on poorly 
designed light fixtures, 
they perk up,” Wren 
says.
 Parks and Wren both state that holding star 
parties and stargazing events are some of the 
most effective ways to raise awareness about light 
pollution. “People are amazed to see what they 
are missing,” when they have a chance to look 
at the night sky through a telescope, Parks says. 
“You can then point to the acorn lights that are 
one of the worst light fixtures in existence as part 

of the problem. People then see the connection 
and really get it.”
 Education about light pollution is key. 
“Anything that can raise public awareness is 
useful,” Kardel says.
 Wren adds: “It’s 90% public education. It’s just 
the question of informing people and how it will 
benefit them.”
 Other organizations are reaching out to 
lawmakers and international organizations. The 
American Medical Association has passed a 
resolution demanding stricter light-pollution 
regulations and enforcement of light-trespass 

codes already in place.
 In New Zealand, 
representatives from 
t h e  L a k e  Te k a p o 

Starlight Reserve Working Party and the 
Department of Conservation attended a 
UNESCO World Heritage Committee meeting 
in August 2010 to request that the Lake Tekapo 
area become the first World Heritage Starlight 
Reserve. They argued that stars and planets are 
part of natural heritage, that the sky is a cultural 
resource, and that Lake Tekapo was one of the 

Light	Pollution
t Continued from page 15

Light from the Milky Way illuminates the night sky above the Hobby-Eberly Telescope at the McDonald Observatory in Texas on a 
clear night with area light pollution minimized.
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Blue light from many LEDs can add 

more to the sky glow.

You can  
participate
GLOBE	at	Night	(www.
globeatnight.org)	is	an	
annual	citizen-science	
campaign	to	encourage	
people	all	over	the	world	
to	record	the	brightness	
of	their	night	sky.	

For	two	weeks	every	
March,	when	the	moon	
is	not	out	during	the	
early	evening	and	the	
constellation	of	Orion	
can	be	seen	everywhere,	
participants	match	the	
appearance	of	Orion	with	
seven	star	maps	of	pro-
gressively	fainter	stars	
found	on	the	website.	
They	then	submit	their	
measurements	online.
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last on Earth that could be classified as having “pristine” night 
viewing. Astrotourism is an income source for the area.

Dangers	of	LEDs
 LEDs seem like a good solution for outdoor lighting, since 
they are more energy efficient than many alternative light 
sources. But LEDs that include light from all wavelengths are 
closer to sunlight than traditional bulbs. 
 “Such light sources are broadband in color, making it difficult 
or impossible to isolate individual spectral lines,” Kardel says. 
“Further, many of these light sources have a large amount 
of blue light in their spectrum. Blue light disproportionately 
brightens the sky, by some 15-20%, so any of the blue portion 
of the spectrum from these lights will add more to sky glow than 
other colors.”
 Parks says glare from these fixtures will be perceived as more 
intense than other light sources like high-pressure sodium 
(HPS). “The broad-spectrum white light will have a profoundly 
negative effect on light scatter and sky glow. It is estimated that 
broad-spectrum white light will produce 200% more scatter 
and sky glow than a high-pressure sodium light source with 
equivalent lumen output,” Parks says. “The higher blue light 
content of LED has the potential to interfere with circadian 
rhythms and cause sleep disorders.”
 Some LED manufacturers are designing their lights with 
light trespass in mind, and some have been certified dark-sky 
compliant. 
 Gerhard Eisenbeis, professor of biology and zoology 

at University of Mainz (Germany), found that different 
streetlights attract and kill vastly varying numbers of insects. 
The least disruptive were those using the “warm” variety of 
LEDs that emit less blue light. 
 “Much more research needs to be done on this issue before 
widespread adoption of LED lighting occurs,” Parks concludes. 
Most astronomers advocate the use of low-pressure sodium 
lighting near observatories.
 For now, simply raising awareness, asking people to turn 
their lights off, and leading by example are powerful acts that 
everyone can participate in and help aid the cause. 
 “Talk to people and governments. Be persistent,” says 
Kardel. “Also, seek out help whenever you can get it. Amateur 
astronomers are passionate about the night sky and want to 
protect it. They can be of great help in getting the word out 
and educating people on the issues.” n

–Beth Kelley is a science and technology writer.

The glow from San Diego and the surrounding region in Cali-
fornia is present almost every night around the 200-inch Hale 
Telescope at the Palomar Observatory. 
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‘Frankencamera’ goes mobile

Stanford University’s open-source digital photography 
software platform, “Frankencamera,” which allows users 
to create novel camera capabilities, is now available as a 

free download for Nokia N900 “mobile 
computers.” 
 “We are releasing code so that people 
can create new imaging applications,” 
says Stanford professor Marc Levoy, who 
leads the Frankencamera engineering 
team.
 The revolutionary open-source 
camera could be used to extend a 
camera’s “dynamic range,” or its ability 
to handle a wide range of lighting in 
a single frame. The process of high-
dynamic-range imaging is to capture 
pictures of the same scene with different 
exposures and then to combine them into a composite 
image in which every pixel is optimally lit. Until now, this 
was done with photo software or by “dodging and burning” in 
a darkroom.
 The Stanford researchers also have been awarded a $1 
million National Science Foundation grant, shared with 
colleagues at MIT, to make professional-style, single-lens reflex 

(SLR) cameras, equipped with the software platform, for free 
distribution to computational photography professors around 
the United States. Non-academics could buy the camera at cost. 

  Frankencamera began in 2006 with the idea 
that computational photography shouldn’t be 
relegated to klunky equipment in academic 
labs. Instead, it should be developed for use in 

the field on portable, consumer-friendly 
cameras. 
 More: tinyurl.com/sucamera
 High-dynamic-range (HDR) 
photography is a built-in feature in 

Apple’s iPhone 4. The iPhone camea 
can take three photos with different exposure 

levels in quick succession. It then processes the 
photos into one image. 
 The HDR feature is available with the 
iPhone’s proprietary 4.1 software and from  apps 

developed by third-party developers .  n

See	SPIE	on	Facebook:	facebook.com/spie.org
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Frequency combs
Germany’s	Theodor	Hänsch	
shared	half	the	2005	Nobel	
Prize	in	Physics	with	
American	John	Hall	for	
development	of	laser-based	
precision	spectroscopy,	
including	the	optical	fre-
quency	comb	technique.

The	frequency	comb	
technique	made	it	possible	
to	measure	with	extreme	
precision	the	number	of	light	
oscillations	per	second,	with	
an	accuracy	of	fifteen	digits.

The	laser-based	measure-
ment	technology	has	deep-
ened	our	knowledge	of	the	
properties	of	matter,	space,	
and	time	and	brought	
advancements	to	extremely	
accurate	optical	clocks	and	
satellite-based	navigation	
systems	such	as	GPS.

Laser  
applications
In	additional	to	
numerous	applications	in	
interferometry,	microscopy,	
spectroscopy,	etc.	lasers	
are	used	to:
•	 Measure	gas	and	fluid	

flow	in	automobiles
•	 Sense	acceleration	and	

rotation
•	 Study	airflow	around	

aircraft,	missiles,	and	
projectiles

•	 Ensure	smooth	surfaces	
on	camera	lenses

•	 Measure	distance	and	
displacement

•	 Measure	temperature	
and	pressure	variation

Lasers expanded the concept and applications  
of optical interferometry.

By Mitsuo Takeda and Malgorzata Kujawinska

ADVANCING THE LASER

As in many other fields of optics and 
photonics, the advent of lasers has 
brought about a revolutionary change 

in optical metrology. Since early times, the 
principles of optical metrology have been based 
on ingenious use of various physical parameters 
that characterize light, such as amplitude, phase, 
optical frequency, wavelength, coherence, and 
the state of polarization. Therefore the crux of 
problems in optical metrology lies in how precisely 
these parameters can be controlled so that object 
information can be best encoded into and decoded 
from light with the highest possible precision. 
 The use of lasers marked the first time in the 
long history of optical metrology that such highly 
controlled light became available for use as a 
physical medium in object information acquisition 
for sensing and measurement, and it opened up 
new possibilities in optical metrology. For example, 
frequency-stabilized lasers, with their light strongly 
confined in the spectral domain, provided a well-
defined standard for dimensional metrology, while 
ultrashort pulse lasers, with their light strongly 
confined in the time domain, enabled high-
resolution range finding. 
 The impact of lasers on optical metrology is 
too large and too widespread to be covered in this 
short article. We therefore restrict our focus to 
how lasers have changed industrial interferometry, 
where the term interferometry is used in the broad 
sense to include holographic interferometry and 
speckle interferometry. 

Enabling	OCT
 The introduction of the laser as a light source 
for optical interferometry was of particular 
importance for industrial applications. Heterodyne 
interferometry, using a shot-noise-limited beat 
signal between two different optical frequencies of 
laser light generated by a Bragg cell or a stabilized 

Zeeman laser, permitted ultrahigh-resolution 
surface profilometry with height resolution 
reaching ~1 Angstrom. Laser interferometry, 
based on homodyne phase detection by the phase-
shift technique or the spatial-carrier technique 
combined with modern fringe analysis, is now 
widely used for full-field testing of optical surfaces. 
 The strength of phase-measuring laser 
interferometry lies in its ability to determine the 
phase down to the range of nanometers. However, 
this strength is accompanied by the weakness that 
the detected phase is wrapped into the range of 
(–π,π) with ambiguity by integer multiples of 
2π. Because of this phase ambiguity, one fails 
in measurement when an object under test, 
e.g., a micromachine, has large discontinuities 
corresponding to phase jumps more than π.
 Spectral domain interferometry using an 
optical-frequency tunable laser has given us a 
solution to this problem, which arose from the 
monochromaticity of laser light. Spectral fringes, 
generated by scanning the optical frequency of 
the frequency-tunable laser, carry unambiguous 
depth information about the discontinuous object 
heights in their fringe frequencies. This technique 
of spectral interferometry making use of the 
frequency tunability of lasers formed the basis 
of today’s advanced frequency domain optical 
coherence tomography (OCT). 

Holographic	techniques
 Another significant change to optical 
metrology brought about by the laser was the 
expansion of optical interferometry to include 
interference of random optical fields scattered 
from diffuse surfaces or propagated through a 
turbid medium. 
 Of utmost importance in this respect was the 
emergence of holographic interferometry and 
speckle metrology in which the coherence of 
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superposition of many random optical fields 
scattered from diffuse surfaces, were first regarded 
as noise or a nuisance that unavoidably appears 
when imaging is performed with laser light. Soon 
researchers became aware that random laser 
speckles carry useful information about the object 
surface by which laser light is scattered. 
 In speckle photography, speckle patterns 
observed on the object’s surface are used as 
unique markers that indicate individual locations 
on the object surface, and deformation and/or 
displacement of the object are detected from the 
local movement of these speckle markers. 
 Speckle interferometry makes use of the 
interference between the random optical field on 
a diffuse object surface created by scattering and 
the reference optical field, which can have either a 
smooth or random wavefront. Unlike conventional 
interferometry, which gives the object information 
directly with a fringe contour map, the random 
speckle pattern observed on the object surface does 
not give any direct information about the object 
by itself. However, when the object is deformed, 
e.g., by thermal loading or by external force, the 
speckle pattern changes its distribution due to the 
change in the optical path difference introduced by 
the deformation. The difference between the two 
speckle patterns before and after the deformation 
reveals the distribution of the deformation, which 
is usually visualized as a fringe contour map by 
rectifying the 2D difference distribution. 
 With the combined use of high-resolution 
image sensors and modern fringe analysis, speckle 
metrology has now become an indispensable 
means of nondestructive testing for industrial 
applications and civil engineering. 
 Even with these very limited instances 
described above, we can see the large impact the 
laser has had in the evolution of modern optical 
metrology for industrial applications. Together 
with our colleagues in the field of industrial 
optical metrology, we would like to celebrate the 
50th anniversary of laser. n
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laser light plays a fundamental role. The ability of 
holography to record and reconstruct the optical 
field from a 3D object permits interference between 
two optical fields recorded at different instants of 
time before and after the object is deformed and/
or displaced. 
 Another important feature that distinguishes 
holographic interferometry from conventional 
interferometry is that it is applicable to general 
objects with unpolished surfaces. These unique 
features of holographic interferometry have 
found many successful industrial applications best 
exemplified by the nondestructive testing of a tire 
for an automobile. An alternative holographic 
technique, often used for vibration analysis, is 
time-average holography. A vibrating surface is 
recorded in a hologram with a recording time 
longer than the period of vibration so that only 
the static interference fringes generated by the 
light from the vibration nodes are recorded in the 
hologram while the dynamic fringes generated by 
the light from the vibration loops are averaged 
out during the long recording time. Thus the 
reconstructed image visualizes the vibration 
modes as a fringe contour map.
 The use of a short-pulse laser offers another 
possibility of light-in-flight recording by holography. 
A short pulse reference beam illuminating the 
hologram at an oblique angle serves as a time-
gating window as it traverses the hologram so 
that each part of the hologram reconstructs the 
object at a different instant of time and enables 
the visualization of light in flight.
 Recent advances in CCD and CMOS technologies 
have made it possible to record a hologram 
digitally with a high-resolution image sensor and 
to reconstruct the optical field numerically with a 
computer or optically by a spatial light modulator. 
This technique of digital holography has added such a 
new function to holographic interferometry that two 
optical fields recorded at different times and different 
locations can be compared directly on the basis of 
numerical data by performing arbitrary numerical 
operations such as propagation and focusing of light 
and aberration corrections. 
 Besides holographic interferometry, holography 
has introduced another important function of 
wavefront shaping into optical interferometry. 
With a computer-generated hologram, one 
can synthesize a desired aspheric wavefront 
which serves as a prototype standard for the 
interferometric testing of an aspheric surface. 

Speckle	interferometry
 Speckle phenomena have been known 
for a long time, ever since lasers came to be 
used for holography and optical information 
processing. These laser-induced granular intensity 
distributions, resulting from the coherent 

SPIE Fellow Mitsuo 
Takeda is a professor at 
the University of Electro-
Communications in 
Tokyo and president of 
the Optical Society of 
Japan. He is the 2010 
winner of the Dennis 
Gabor award, given by 
SPIE in recognition of 
his contributions to the 
development of holography 
and optical metrology.
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SPIE members help Boy Scouts
SPIE	Student	Member	Mark	Stahl	and	SPIE	Fellow	H.	Philip	Stahl	introduced	
optical	engineering	to	more	than	2,400	youth	at	the	Boy	Scouts	of	America	
(BSA)	2010	National	Jamboree.

With	SPIE	cosponsoring	the	engineering	merit	badge	instructional	tent	for	the	
Jamboree,	Phil	Stahl	developed	instructional	materials	satisfying	requirements	
of	the	merit	badge	with	modules	on	the	laser	and	telescope.

The	Stahls	also	took	turns	hosting	a	“Meet	an	Engineer”	session.	Phil	Stahl	talked	
with	the	Scouts	about	how	NASA	is	using	the	engineering	method	to	design,	build,	
and	test	the	James	Webb	Space	Telescope.	Mark	Stahl	talked	with	the	Scouts	about	
his	job	as	a	junior	engineer	doing	laboratory	research	with	the	U.S.	Army	Aviation	
and	Missile	Research	Development	and	Engineering	Center,	and	how	they	can	get	
funding	from	the	Army	to	support	their	education.

SPIE Fellow Malgorzata 
Kujawinska is a professor 
of applied optics and 
photonics at Warsaw 
University of Technology 
and a vice president of 
Photonics21. She is a past 
president of SPIE and 
a former vice president 
of the International 
Commission for Optics. 
She received the 2010 
SPIE Directors Award.
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By Bruno La Fontaine

During the last four decades, society has 
seen an explosion of the capabilities 
of microelectronics devices, such as 

computing power and data storage capacity. This 
tremendous improvement in performance has had 
a profound impact on the global economy and 
almost all areas of human activity. At the heart 
of this improvement 
is the exponential 
i n c r e a s e  i n  t h e 
number of devices on 
semiconductor chips 
over time, as described 
by Moore’s Law. The 
principal factor enabling such scaling has been 
the relentless progress of lithography.
 To achieve a higher density of devices on 
a microelectronics chip, which leads to faster 
switching times, larger memory and lower cost, 
the circuits need be delineated with a finer and 
finer brush. In optical lithography, the size of this 
brush, or the resolution, is defined by the following 
equation:

the cost of increasing the lens NA or reducing the 
k-factor is deemed excessive, a shorter wavelength 
is introduced.

End	of	mercury	arc	lamps
 Initially, mercury arc lamps were used as light 
sources of lithography exposure tools. Narrowband 

filters were used to 
select single emission 
lines. The g-line (λ = 
436 nm) was used first 
until i-line (λ = 365 
nm) lithography was 
adopted for production 

in the late 1980s. 
 Below 365 nm, the choice of optical materials 
became much more limited and chromatic 
aberrations could not be compensated as 
effectively in the lens design. This led to the 
introduction of excimer lasers, which have 
a significantly narrower bandwidth than the 
mercury arc lamps. Krypton-Fluoride (KrF) lasers 
(λ = 248 nm), introduced in the late ’80s as 
lithography sources, became broadly used in the 
mid-1990s. Argon-Fluoride (ArF) lasers (λ = 193 
nm) were introduced in the late ’90s but were used 
more widely starting at the 90 nm node (around 
2003) for patterning critical layers.
 Since the introduction of excimer lasers as 

Jain’s role in
excimer laser
lithography

The progression to light sources with 

shorter and shorter wavelengths is 

a key driver of the miniaturization of 

microelectronics devices.

SPIE	Fellow	Kanti	Jain	
developed	excimer	
laser	lithography	tech-
nology	at	IBM	and	pub-
lished	the	first	paper	
on	the	technology	at	
SPIE	Microlithography	
in	1982.	His	invention	
is	now	used	worldwide	
for	semiconductor	inte-
grated	circuit	manufac-
turing.	

Jain	is	professor	of	
electrical	and	computer	
engineering	at	the	
University	of	Illinois	at	
Urbana,	Champaign	
and	founder	and	CEO	
of	Anvik	Corp.,	a	tech-
nology	company	that	
designs,	develops,	and	
manufactures	advanced	
excimer-laser-based	
microlithography	and	
photoablation	systems	
for	high-throughput	
production	of	micro-
electronic	packages,	
flat-panel	displays,	
printed	circuit	boards,	
flexible	electronics	and	
displays,	and	MEMS.

He	is	the	author	of	
the	SPIE	Press	book,	
Excimer Laser Lithog-
raphy	(1990),	and	a	past	
member	of	the	Board	of	
Directors	of	SPIE.

He	was	elected	to	the	
National	Academy	of	
Engineering	(USA)	in	
2009	for	contributions	
to	the	development	of	
high-resolution,	deep-
ultraviolet	excimer	
lithography	for	micro-
electronic	fabrication.	

Evolution of spectral power for KrF and ArF 
excimer lasers
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λw = k1 –––––

 NA

 In this equation, w is the width of the finest 
feature that can be resolved in a dense pattern, λ 
is the wavelength of the light source used, NA is 
the numerical aperture of the lens used to image 
the circuit patterns onto the silicon chip, and k1 
(known as the k-factor) is a factor describing the 
ability of the recording process to resolve small 
features.
 While the lens of the lithographic exposure 
tool dictates the NA, and the photoresist 
process used largely determines the minimum 
achievable value of k1, it is the light source 
that defines the wavelength used. As such, 
the progression to light sources with shorter 
and shorter wavelengths is a key driver of the 
miniaturization of microelectronics devices.
 Overall improvements in resolution typically 
follow this trend: For a given wavelength, the lens 
NA is increased and the k-factor reduced. Once 
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Continued on page 22  
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lithography light sources, their performance has improved 
greatly in two key areas: power and bandwidth.
 The higher power levels enable higher productivity 
(throughput) while narrower spectral widths reduce chromatic 
aberration, providing better resolution and larger depth-of-
focus. Since their introduction, the spectral power metric 
(power/bandwidth) of KrF and ArF lasers has increased by 
20× and 100× respectively, as shown on page 20. This trend 
has required significant development of new technologies to 
maintain or improve laser component lifetime and to maintain 
stable operation at higher power levels. 
 The first KrF lasers for lithography operated at 500 Hz, 
a power of 5 W, and had a bandwidth of 3 pm. Nowadays a 
state-of-the-art 193 nm light source, such as the Cymer XLR 
600ix, operates at a repetition rate of 6 kHz, a power of up to 
90 W, and has an E95 integral bandwidth of less than 0.35 pm 
over its entire lifetime (See below.). 
 The development and introduction of two-stage Master 
Oscillator Power Amplifier (MOPA) sources enabled this 
continued power and the spectral power-scaling required to 
support higher productivity, high-
resolution 193 nm exposure tools. 
Scaling is enabled by generating the 
narrow bandwidth light at lower 
power in one chamber (MO) then amplifying the power in 
a second chamber (PA) while retaining and stabilizing the 
spectral characteristics.

Excimer	laser	developments	
 Recent excimer laser developments continue to support the 
race to manufacture circuits of ever-increasing density. With 
hyper-NA (NA=1.35) immersion lithography being the last 
ArF-based lithography solution to be used in production, the 
k-factor is being pushed to its limits and the lithography process 
control becomes excessively difficult. 
 The active control of the laser bandwidth allows 
lithographers to match the critical dimensions (CDs) of various 
features on their chips, for different exposure tools over time. 
This is based on the fact that the projected or aerial image of 
different features has a systematic dependence on the level 
of chromatic aberrations, which can be adjusted through 
bandwidth control. 
 In a similar fashion, the laser can be tuned to larger 
bandwidth values to provide larger overall depth of focus 
for specific circuit layouts. This application, known as laser 
focus drilling, works especially well for 2D features where the 
contrast of the aerial image is very good at best focus but tends 

Bandwidth stability 
over 2 billion pulse 
gas lifetime. (FWHM: 
full width at half of the 
maximum energy; E95: 
bandwidth contain-
ing 95% of the laser 
energy)

One of the key challenges of EUV 

lithography is throughput.

to deteriorate rapidly at out-of-focus conditions. By deliberately 
introducing a larger spectral width, chromatic aberrations in 
the lens generate a series of aerial images at a broader range 
of focus positions, improving the overall depth of focus at a 
very modest expense of image contrast. 
 Pushing ArF immersion lithography further requires the use 
of double-patterning techniques, which is based on more than 
one exposure per level and potentially reduces the throughput 
of the lithographic process. ArF lasers with higher power 
levels are being developed to help maintain a high level of 
productivity when using double-patterning techniques.

EUV	lithography	challenges
 Although ArF immersion has extended optical lithography 
beyond expectations through double patterning techniques, it 
has come at the price of higher process cost, complex restricted 
design rules, and the explosion of mask costs. EUV lithography 
offers the promise of a much simpler lithography process (single 
exposure, large k-factor and greater depth-of-focus). 
 One of the key challenges of EUV lithography is throughput. 

Because the reflective optics used 
for this technology has a finite 
reflectivity of approximately 70%, 
the transmission of the light from 
the source to the wafer, which is 

typically achieved with more than 11 reflections, is very 
small. This puts stringent power requirements on the EUV 
lithography light source. 
 EUV sources capable of delivering sufficient power to 
support high-volume manufacturing are achieved using 
laser-produced plasmas (LPPs). The LPP source uses a pulsed 
high-power RF-pumped CO2 laser system (>10 kW power) 
operating at a wavelength of 10.6 μm and repetition rates of 
typically 50 kHz. The laser beam is focused to a waist diameter 
of ~100 μm onto tin-droplet targets inside a vacuum vessel. 
A droplet generator produces droplet sizes of about 30 μm in 
diameter at the same repetition rate as the laser. The small 
droplet size minimizes the cost of the tin fuel and improves 
the effectiveness of debris mitigation by reducing the quantity 
of residual tin within the source chamber. 
 Droplets are generated at a speed in excess of 60 m/s with 
inter-droplet timing stability better than 0.2% of the period. 
Droplet position is controlled with a closed-loop steering 
system using a feedback signal from targeting cameras in the 
plasma chamber. When irradiated by the laser, each tin droplet 
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Lasers	and	Moore’s	Law
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Pixel Rate Challenge
A	measure	of	lithography’s	progress	of	is	given	by	the	growth	of	the	number	of	
pixels	that	a	lithography	exposure	tool	can	print	per	unit	area	(e.g.,	in	one	exposure	
field).	This	number	is	proportional	to	w–2.	Over	the	years	spanning	the	introduction	
of	g-line	lithography	to	that	of	hyper-NA	immersion	lithography,	this	number	has	in-
creased	roughly	by	more	than	3	orders	of	magnitude,	as	shown	in	the	figure	at	right.	

During	that	time	period,	the	source	wavelength	progressed	from	436	nm	down	to	
193	nm	and	now	to	13.5	nm;	the	NA grew	from	~0.28	to	1.35;	and	the	k-factor	was	
reduced	from	~1	down	to	~0.2	(including	recent	progress	in	double	patterning).

By	enabling	lithography	at	shorter	actinic	wavelengths,	lasers	have	contributed	
significantly	to	the	increase	in	lithographic	pixel	density	(enabling	greater	den-
sity	of	devices	on	a	chip).	From	i-line	lithography	to	ArF	lithography,	the	source	
wavelength	reduction	led	to	an	approximate	pixel	density	gain	of	3.6×.	Going	
to	EUV	lithography,	the	wavelength	change	should	contribute	more	than	a	10	×	
overall	increase	in	pixel	density.

The	challenge	will	be	to	maintain	the	rate	at	which	these	pixels	can	be	written.

First LPP EUV source for use in commercial EUV exposure 
tool. The source is shown at Cymer’s facility during its final 
test sequence.

EUV light reflected by the multi-layer collector, past the inter-
mediate focus (IF) point.

is evaporated, ionized and heated to the optimal temperature 
at which the plasma produces EUV photons most efficiently.
 These photons are collected by a multi-layer coated 
ellipsoidal collector mirror, covering approximately 5 sr solid 
angle, and refocused to a point known as the intermediate 
focus (IF) where they can be used by the lithography exposure 
tool. Debris mitigation consisting of a hydrogen gas curtain is 
incorporated to protect the multi-layer coating on the collector 
from tin deposition and etching due to plasma ions, both of 
which would result in reflectivity loss and ultimately reduce 
collection efficiency and power output.
 Recently, Cymer has shipped the first LPP EUV source for use 
in commercial EUV exposure tools to ASML. This EUV source is 
shown above, without its CO2 drive laser, as it appeared during its 
final test sequence at Cymer’s facility in San Diego, CA.
  An image of the EUV light reflected by the multi-layer 
collector, past the IF point, is also shown above. The raw 
EUV power produced by this source is currently of the order 
of 40-50 W and is expected to exceed 100 W before its final 
integration into the EUV exposure tool to be delivered to 
semiconductor chip manufacturers. Second- and third-
generation sources are planned with clean EUV exposure 
power levels exceeding 250 W and 350 W, respectively. 

These are expected to support high-volume manufacturing 
starting in the 2012-2013 timeframe.

Volume	and	cost	considerations
 The need for cost-effective lithography drives high 
productivity from the lithography exposure tool and high 
power from the light source, whether it is an excimer laser or 
an EUV laser-produced plasma source. Excimer laser power 
and performance has contributed to the outstanding gains in 
lithography productivity and extendibility over the last two 
decades. The successful development of current EUV LPP 
source technology is the beginning of a similar journey from 
development to high volume manufacturing that will enable 
the continuation of Moore’s Law. n

–SPIE Fellow Bruno La Fontaine is senior 
director of EUV lithography applications at 
Cymer and chair of the EUV Lithography 
conference at SPIE Advanced Lithography. 

The author acknowledges the contributions 
of Nigel Farrar, Daniel Brown, and David 
Brandt of Cymer.
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A traveling exhibit developed by SPIE of more than 120 
vintage lasers and photo panels showing the full extent 
of laser technology will be on display at the University of 

Arizona (UA), College of Optical Sciences, Tucson, AZ, through 
the end of the year.
 Organized by SPIE, the vintage laser exhibit includes loans 
from companies throughout the laser industry as well as from 
private collectors including Jeff Hecht, Robert Hess, Richard 
Stone, and Kathleen Maiman, wife of Theodore Maiman, 
inventor of the first laser.
 The traveling laser display is a small part of the original 
displayed at SPIE Photonics West in January and at SPIE 
Optics + Photonics in August. Versions of the display have 
been on tour to more than 10 countries and 30 events. 
 The SPIE laser display at the UA Flandrau Science Center 
coincides with the return of the popular laser light shows 
there. “The Flandrau exhibits and events will demonstrate 
how curiosity-driven science can lead to profound and 
transformational changes,” says Pierre Meystre, Regents’ 
Professor of physics and optical science at UA.
 A virtual version of the laser museum is posted online 
at spie.org/x39914.xml and is part of SPIE’s Advancing the 
Laser: 50 Years and into the Future anniversary tribute. The 
Advancing the Laser tribute includes a series of more than 
30 SPIE Newsroom video interviews with laser luminaries 
posted on newsroom.spie.org. Among the videos are interviews 
with Gérard Mourou (École Polytechnique), inventor of 
CPA (chirped pulse amplification); Adolf Giesen (German 
Aerospace Center), disk laser pioneer; and Kumar Patel 
(Pranalytica), inventor of the CO2 laser. 
 The series also includes a video of a special reactivation of 
Maiman’s first laser at the laser’s 50th anniversary celebration 
at Simon Fraser University in Vancouver, BC (Canada), earlier 
this year. 
 Visit the SPIE Virtual Laser Museum and learn more about 
the golden anniversary of the laser at AdvancingTheLaser.org.
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SPIE Election Results

SPIE President Ralph B. James announced the 2010 election results at the 3 August Annual 
General Meeting of the Society in San Diego, CA, USA. Terms for officers and directors 
begin 1 January 2011. Of the 10,290 eligible voting members, 1,359 ballots were returned for 

a participation rate of 13%.

2011	Society	Officers:

President: Katarina Svanberg
Svanberg is professor of oncology and chief physician in oncology at Lund 
University (Sweden). She received her MD and PhD in medical science from 
Lund University. Svanberg is an SPIE Fellow and a recipient of the SKAPA 
Innovation Prize. She has given invited talks at more than 85 international 
conferences and 30 universities. Her technical interests include clinical oncology 
for the abatement of human malignant diseases and optical spectroscopy for 
detection and treatment of malignant tumors. She has supervised activities for 
a large number of PhD students in biomedical optics.

President-Elect: Eustace N. Dereniak
Dereniak is a professor at the College of Optical Sciences, University of Arizona 
(USA), where he received the 2006 Award of Distinction for Undergraduate 
Teaching. He received his MS in electrical engineering from the University 
of Michigan, Ann Arbor, and his PhD in optical sciences from the University 
of Arizona. Dereniak is an SPIE Fellow and serves on the SPIE Strategic 
Planning Committee. He has also served as an SPIE conference chair in Infrared 
Detectors and Focal Plane Arrays, Infrared Photoelectronics, Semiconductor 
Photodetectors, Imaging Spectrometers, and Infrared Technology. His technical 
interests include IR detectors and 2D arrays, photodetector arrays, materials of 
detectors, and germanium vs. silicon.

Vice President: William H. Arnold
Arnold is chief scientist and vice president of the Technology Development 
Center at ASML USA, Inc. He received his MS in physics from the University 
of Chicago and a BA in physics from Hampshire College. Arnold is a Fellow 
of the Society and has served on numerous committees, including as chair of 
the Publications Committee. He has also been senior editor of the SPIE Journal 
of Micro/Nanolithography, MEMs, and MOEMs since 2002. His technical 
interests include optical and EUV lithography; semiconductor devices and chip 
manufacturing, and nanoscale processing for future electronic and photonics 
devices. 

Secretary/Treasurer: Brian A. Lula
Lula is the president and CEO of PI (Physik Instrumente) LP. He graduated 
in mechanical engineering from Centennial College, Ontario (Canada), and 
completed advanced engineering courses at the University of Michigan. His 
technical interests include micro and nanopositioning technologies, telescope 
mechanical/optical system design and fabrication, astronomical imaging, and 
optical manufacturing and testing. Lula is an SPIE Fellow and a world-class 
CCD astronomical imager/educator with published photos in popular astronomy 
magazines such as Sky & Telescope, Astronomy, CBS national and local TV news, 
and NASA’s Astrophoto of the Day. He was featured in a personal exhibit at 
the Smithsonian National Air and Space Museum in Washington, DC.

New members 
of SPIE Board 
of Directors
Three-year	term		
begins	2011

Peter Hartmann 
director,	Market	and	
Customer	Relations,	
Advanced	Optics,	
SCHOTT	AG	(Germany)

Joseph M. Howard 
optical	engineer,	NASA	
Goddard	Space	Flight	
Center	(USA)

Jacobus “Jim” 
Oschmann 
vice	president	and	
general	manager,	
Ball	Aerospace	&	
Technologies	(USA)

Lisa M. Tsufura 
marketing	manager/
product	manager,	CVI	
Laser	Group	(USA)

Toyohiko Yatagai 
professor,	Utsunomiya	
University	(Japan)	
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Two receive awards for service

SPIE Past Presidents Malgorzata Kujawinska 
and Kevin Harding have received awards for 
their important contributions to SPIE and 

long-time service to the Society. The awards were 
presented by SPIE President Ralph James at SPIE 
Optics + Photonics in August.
 Both Harding and Kujawinska are SPIE Fellows 
with expertise in optical metrology. 
 Harding received the 2010 SPIE President’s Award 
in recognition of his contributions and dedication to 
SPIE in governance, industrial and global outreach, 
symposia, and educational activities. 
 Harding, principal engineer and optical 
technology leader at GE Global Research, 
served as SPIE President in 2008. Harding has 
also served as conference chair or co-chair on 
15 SPIE conferences and taught over 60 short 
courses industry-wide on machine vision optics, 
3D imaging, laser sensors, and optomechanical 
technology. He has contributed over 100 papers, 
including three trade journal articles and six book 
chapters in the area of optical inspection and 
measurement technology, and he has received 
35 patents. Harding has worked in the field of 
optics for more than 30 years. Before joining GE, 
Harding was director of the Electro-Optics Lab at 
the Industrial Technology Institute. 

Teacher Training
SPIE	President	Ralph	
James	honored	Minella	
Alarcon,	project	leader	
for	the	UNESCO	program	
ALOP	(Active	Learning	in	
Optics	and	Photonics),	for	
her	work	and	her	organiza-
tion’s	success	in	pro-
moting	science	education	
in	developing	nations.	

ALOP	has	been	training	
educators	around	the	
world	to	increase	un-
derstanding	of	science	
through	optics	and	photo-
nics	since	2004.	The	ALOP	
team	is	made	up	of	faculty	
from	universities	around	
the	world,	and	it	collabora-
tively	developed	learning	
modules	and	hands-on		
activities	as	well	as	
designed	and	fabricated	
workshop	materials.

ALOP	is	supported	
financially	by	numerous	
organizations	including	
UNESCO,	SPIE,	the		
National	Academies,	
and	the	Abdus	Salam	
International	Centre	for	
Theoretical	Physics	(Italy).	
It	has	held	13	workshops	
and	trained	more	than	400	
teachers	to	date.	

Kujawinska, left, and SPIE President-Elect 
Katarina Svanberg

Left to right:  James, Harding, and SPIE  
President-Elect Katarina Svanberg

in Huntsville, AL, and Optical Science Center 
in Tucson, AZ. She has authored 15 monographs 
and book chapters on optical metrology and 
automatic fringe pattern analysis, and more 
than 200 scientific publications in journals and 
conference proceedings. 
 Kujawinska will serve as symposium chair for SPIE 
Optical Metrology, 23-26 May 2011 in Munich, 
Germany. She co-authored an article on page 18 on 
how lasers revolutionized optical metrology.

Guenther	Congressional	
Fellow	Selected
 SPIE and the Optical Society (OSA) have 
selected Marcius Extavour, a quantitative 
risk analyst at Ontario Power Generation 
(Canada), to serve as the Arthur H. Guenther 
Congressional Science and Engineering 
Fellow for 2010-2011. 
 The Congressional Fellowships program 
is designed to bring technical and science 
backgrounds and external perspectives to 
the decision-making process in Washington, 
DC, and to help broaden awareness of the 
value of scientist- and engineer-government 
interaction. Extavour will serve a one-year 
term working as special legislative assistant to a 
member of the U.S. Congress or congressional 
committee. 
 Extavour’s research includes work on solar 
cell efficiency and the fundamental quantum 
mechanical dynamics of atomic gases.
 “I consider it a privilege to have been 
selected to represent SPIE and the OSA as the 
2010-2011 Guenther Congressional Fellow,” 
Extavour said. 

 Kujawinska received the 2010 SPIE Directors’ 
Award for her outstanding service to SPIE in 
many standing committees, as director, and as 
SPIE President in 2005.
 Kujawinska is a professor of applied optics and 
photonics at Warsaw University of Technology 
and a vice president of Photonics21. She is also 
a former vice president of the International 
Commission for Optics. She has been a visiting 
professor at the National Physical Laboratory, 
Oxford University, University Franche-Comte, 
Ecole de Mines in St. Etienne, Alabama University 

Left	to	right:	James,	
Alarcon,	and	Kathleen	
Robinson,	manager	of	
education	services	at	SPIE.
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Report from
SPIE Annual General Meeting 

SPIE members met for the 2010 Annual General Meeting of the Society on 3 August in San 
Diego, CA, (USA) in conjunction with SPIE Optics + Photonics symposium held 1-5 August. 
Several reports and presentations were made, but no voting took place. SPIE members can 

request a copy of the official minutes of the meeting by emailing governance@spie.org.

President’s	report
 SPIE President Ralph B. James 
of Brookhaven National Lab 
announced the election results 
(See page 24.) and presented an 
overview of his presidential year 
thus far.

 “It’s the best job anywhere for those who 
want to serve the global optics and photonics 
community,” James said.
 James reported on his efforts to channel his 
skills in R&D and experience in leadership into 
useful inputs for the Society. In his activities 
involving public policy in the United States, 
James said he focuses on the economic imperative 
of photonics; the need for continuity and long-
term support in R&D funding; and science, 
technology, engineering, and math education. 
 James also reviewed his participation in 
meetings of the Council of Scientific Society 
Presidents and with SPIE and OSA leadership. 
He also discussed the need for updating the 
“Harnessing Light” report, global outreach, and 
industry engagement, and he asked all SPIE 
members to become more involved in the Society.

Treasurer’s	report
 SPIE Secretary/Treasurer Brian 
Lula of PI (Physik Instrumente) LP  
reported on the financial status of the 
Society. He explained that 2009 fared 
much better than 2008 financially, 
due in great part to the recovery of 

the financial markets. Total assets trended upward 
from 2008, which he described as a “rollercoaster” 
year. There were approximately $44 million in net 
assets at the end of 2009, 54% of which was in the 
operating reserve fund.

 There was diligent effort from staff to keep the 
Society running efficiently during challenging 
economic times. These efforts contributed to a 
2009 operating surplus of $3.8 million, which 
matched the 2008 figure despite a drop in revenue. 
 Lula projects a surplus of $2.6 million at the 
end of 2010. He added that the Society has a 
conservative investment portfolio which has 
helped to protect our investments. He thanked 
the Financial Advisory Committee and the 
Investment Subcommittee for their continued 
efforts in maintaining the Society reserves.

Executive	Director’s	report
 SPIE Executive Director Eugene 
Arthurs paused for a moment of 
silence at the beginning of his 
report to remember friends of the 
Society who have passed away 
since the 2009 Annual General 
Meeting, including SPIE Past 

President Robert L. Rodgers who served from 
1961 to 1963.
 Arthurs said he was pleased with the social and 
economic impacts that the 50th anniversary of 
the laser have had on the photonics community. 
After celebrating the 400th anniversary of the 
telescope in 2009, SPIE created the Advancing 
the Laser tribute to recognize this important 
anniversary and also partnered with the OSA, 
the IEEE Photonics Society, and the American 
Physical Society to create LaserFest. “Through 
the efforts of both programs, more attention has 
been brought to photonics than we could have 
ever imagined,” Arthurs said. 
 Although SPIE membership totals are seeing 
modest growth, student membership—and student 
leadership in particular—is growing quickly, Arthurs 
said. He also noted healthy growth of the SPIE Early 
Career Professional program and the increasing 
importance to SPIE members of social media sites 
and tools such as LinkedIn, Twitter, and Facebook 
where SPIE has a growing presence.
 The SPIE Digital Library remains the most cited 
resource in optics- and photonics-related patents 
in the world, Arthurs said, and 133 eBooks are 
currently available. He also noted the appointment 
of editors to two new SPIE journals. The editor of 

New benefit
for SPIE  
members
All	new	and	renewing	
SPIE	members	now	
receive	a	subscription	to	
the	SPIE	Digital	Library	
for	10	downloads	of	their	
choice,	in	addition	to	a	
subscription	to	one	SPIE	
Journal.

Watch	for	this	new	
member	benefit	when	
you	renew	your	SPIE	
membership.

Primary	authors	of	pa-
pers	presented	at	SPIE	
conferences	will	also	re-
ceive	five	complimentary	
downloads	after	their	
proceedings	papers	are	
published	in	the	library.

	SPIE Offers 
3 iPhone Apps
SPIE	now	has	three	apps	
at	the	iTunes	store	for	
iPhone,	iPodtouch,	and	
iPad	users.	

In	addition	to	SPIE	Pro-
files	and	SPIE	conference	
programs	to	keep	track	
of	people	and	events	on	
your	device,	we	offer	the	
introductory	“lite”	version	
of	the	SPIE Field Guide to 
Geometrical Optics.

See	spie.org/mobile

 2008 2009
Assets $51,272,000 $59,813,000
Liabilities $16,509,000 $16,539,000
Total Net Assets $34,763,000 $43,274,000
Operating Revenue $33,921,000 $31,257,000
Operating Expense $30,072,000 $27,413,000
Operating Surplus $3,849,000 $3,844,000
Non-Operating Surplus/(Deficit) ($9,842,000) $4,881,000
Surplus/Deficit ($5,993,000) $8,725,000
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SPIE Reviews is Bill Rhodes, and the editor for the Journal of 
Photonics for Energy is Zakya Kafafi. 

Education	and	outreach
 Arthurs congratulated the 116 recipients of 2009 SPIE 
scholarships who received $292,000 in funding and the 29 
recipients of SPIE education outreach grants. SPIE is becoming 
a body to accredit optics and photonics programs at universities 
through the accrediting agency, ABET. SPIE has nominated 
an ABET Board representative and an alternate, selected and 
trained six program evaluators (PEVs), and assigned PEVs to 
two optics programs up for review this fall. 
 The Society has an ongoing interest in supporting optics 
in the developing world, and SPIE is focusing outreach in 
specific avenues such at the Winter College on Optics at the 
International Center for Theoretical Physics (ICTP) in Italy. 
SPIE also supports a nearby laboratory at ICNFN by paying half 
the salary of the lab director. 

ROI	on	optics	investment
 Arthurs noted that in the UK (and increasingly in the 
United States), the public is beginning to question the return 
on investment for R&D. Investment in science returned a 
great deal of economic benefit in pre-globalization days, he 
said, but it doesn’t appear to do that anymore, at least to the 
average taxpayer. The EU is countering this attitude through 
the Photonics21 platform, which SPIE strongly supports, and 
other efforts. Arthurs said the optics and photonics community 
has to come up with a strong argument for the value of 
investment in R&D. 
 In the United States, the Office of Management and Budget 
has warned the heads of agencies and departments that funding 
requests for the FY2012 budget should be tied to outcome-
oriented goals and that timelines should be established for 
evaluating the performance of the research. A July memo 
from the OMB stresses the importance of science metrics and 
quantifiable returns for budget submissions. The OMB also 
asked agencies to focus on addressing six big challenges:
• Promoting sustainable economic growth and job creation
• Defeating the most dangerous diseases, achieving better 

health outcomes for all, and reducing health care costs
• Moving toward a clean energy future to reduce dependence 

on energy imports while curbing greenhouse gas emissions
• Understanding, adapting to, and mitigating the impacts of 

global climate change
• Managing the competing demands on land, fresh water, and 

the oceans for the production of food, fiber, biofuels, and 
ecosystem services based on sustainability and biodiversity

• Developing the technologies to protect our troops, citizens, 
and national interests

 Arthurs urged all scientists to become familiar with these 
challenges and shape their research accordingly. SPIE also needs 
to start focusing efforts within these grand themes, he said. 
 Arthurs, who also showed a video about SPIE’s ties to the 
optics industry, noted the re-launch of the industry website 
optics.org, which is bringing a sharpened focus to cleantech, 
defense, life sciences, and industrial applications of optics 
and photonics. SPIE acquired ownership of the site earlier 
this year. n

spie.org/NewTitles

New from SPIE Press

New from SPIE Digital Library

Try a free demo of a new iPhone App
SPIE Field Guide to  
Geometrical Optics–LITE
Take Field Guides to a new level—usable equations, 
linked terms, bookmarking, note taking, and 
interactive figures.

Field	
Guide

LITE

Get New Titles Updates— 
Bi-monthly emails with new Press books 
and Conference Proceedings
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Editor’s	Recommendation:	
Journal of Biomedical Optics
 Ruikang K. Wang, professor at Oregon 
Health & Science University (USA) and 
an editorial board member of the Journal 
of Biomedical Optics, recommends “Speckle 
fluctuation spectroscopy of intracellular motion 
in living tissue using coherence-domain digital 
holography,” in the May/June issue of the 
Journal of Biomedical Optics.
 Authors Kwan Jeong, John J. Turek, and David 
D. Nolte report on how they performed fluctuation 
spectroscopy on dynamic light scattering, which 
was captured using coherence-domain digital 
holography. They obtained the spectral response 
of tissue that was perturbed by temperature, 
osmolarity, and antimitotic cytoskeletal drugs. 
 Different perturbations induced specific 
spectrogram response signatures that can show 
simultaneous enhancement and suppression in 
different spectral ranges. 
 The authors note that dynamic speckle from 
3D coherence-gated optical sections provides a 
sensitive, label-free measure of cellular activity up 
to 1 mm deep in living tissue and that specificity 
to cellular functionality had not previously been 
demonstrated.
 Diagnostic approaches using dynamic speckle 
and 3D imaging are important for monitoring 
blood flow and for assessing the health of living 
tissue, tissue viability, pharmacological toxicity, 
and cancer progression.
 Nolte is a frequent presenter at SPIE conferences 
and has submitted a paper for SPIE Photonics West 
2011 on fluctuation imaging.
 This work, which is open access in the SPIE 
Digital Library at spiedl.org, was supported by 
a National Science Foundation grant. Jeong 
gratefully acknowledges financial support from 
the STX Foundation.
 Source: Journal of Biomedical Optics 15, 030514 
(2010); doi: 10.1117/1.3456369. 

What	would	Edison	do?
 In a plenary talk on solid-state lighting at SPIE 
Optics + Photonics, SPIE Fellow Ian Ferguson 
(University of North Carolina, Charlotte) 
drew inspiration from Thomas Edison to discuss 
the innovations that are needed before SSL 
technologies can replace incandescent lamps. 
He reviewed “Edison-like” contributions to this 
next-generation lighting by researchers at Georgia 

OPV, OLEDs  
in new SPIE  
e-journal
Authors	in	conferences	
on	OLEDs	and	organic	
photovoltaics	at	SPIE	
Optics	+	Photonics	
are	participating	in	a	
new	publishing	model,	
with	their	August	2010	
manuscripts	being	re-
viewed	as	submissions	
for	special	sections	in	
the	new	SPIE	Journal 
of Photonics for Energy	
(spie.org/jpe),	in	lieu	of	
proceedings	publica-
tion.	

Other	interested	journal	
authors	working	in	
appropriate	fields	
are	invited	to	submit	
manuscripts	for	review	
as	well.	

The	journal	will	launch	
in	January,	with	SPIE	
Fellow	Zakya	Kafafi,	
director	of	the	materials	
research	division	at	
the	National	Science	
Foundation,	as	editor.	
The	journal	will	be	freely	
available	in	the	SPIE	
Digital	Library	for	the	
first	year.

Institute of Technology, who are coauthors of the 
paper published in the SPIE Digital Library. 
 Ferguson also discussed how SSL sources 
may enable new functionality beyond simple 
illumination, noting recent evidence for the 
positive health benefits of full-spectrum light-
emitting diodes (LEDs) in regulating circadian 
rhythm, our physiological “clock.”
 Source: Proceedings of SPIE 7784, 77840A 
(2010); doi:10.1117/12.863800 

Plenary speaker SPIE Fellow Ian Ferguson on 
solid-state lighting at SPIE Optics + Photonics.

Special	journal	sections	
on	nanophotonics
 The Journal of Nanophotonics had several special 
sections this year, including one with selected 
papers from the 2nd Mediterranean Conference on 
Nanophotonics and one honoring Craig F. Bohren.
 Manuscripts from the October 2009 conference 
in Greece focus on devices (metamaterial-, 
plasmon-mode-, and waveguides-based) as well 
as on nanophotonics-related measurement 
techniques such as differential evanescent light-
intensity imaging.
 T h e  s p e c i a l  s e c t i o n 
c o m m e m o r a t i n g  t h e 
70th birthday of Bohren, 
distinguished professor emeritus 
of meteorology at Pennsylvania 
State University, has papers on 
scattering by nanoparticles and 
other nanostructures. A video interview with 
Bohren is also available at spie.org/jnp. 
 Future special sections will cover nanostructured 
thin films, metamaterials, nanophotonics 
materials, and nanoengineering.
 Source: spiedl.org/jnp 

Read	more	R&D		
Highlights	online	at		
spie.orjg/spiepro	or	
spieprofessional
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Three	win	Kingslake	Medal	
for	design	of	femtosecond	
laser	pulse	shaper
 The 2009 Rudolf Kingslake Medal 
and Prize has been awarded to Hans 
Knuppertz, Michael Bohling, and 
SPIE Fellow Jürgen Jahns of Fern 
Universität (Germany) for their paper, 
“All-reflective planar-integrated free-
space micro-optical femtosecond pulse 
shaper,” published in the December 
2009 issue of Optical Engineering. 
 The Kingslake Award Committee 
recognized the vitally important 
technology of shaping optical pulses 
with durations in the femtosecond 
range, without dispersion, for numerous 
applications in material processing and 
biomedical research. The SPIE journal 
article describes a novel design for a 
compact pulse shaper that adopts an 
all-reflective optical system fabricated 
by micromachining, and which has the 
potential of integrating a spatial light 
modulator for advanced signal filtering.
 Source: Optical Engineering 48, 
123001 (2009); doi: 10.1117/1.3269689

Efficient	solar	concentrators
 Roland Winston, director of the 
Energy Research Institute at the 
University of California, Merced, 
reviews the calculations that will make 
possible an increase in efficiency of 
solar concentrating power generation 
in “Design principles of the first fixed 
4X solar concentrator.” Efficiency is 
limited by sun-earth geometry, with the 
maximum concentration subject to the 
laws of nonimaging optics. 

 Winston told a conference at SPIE 
Optics + Photonics that he expects 
to be able to achieve 5X efficiency by 
“maximally matching the acceptance 
of concentrators to the sun’s direction.”
 Source: Proceedings of SPIE 7785, 
77850B (2010); doi: 10.1117/12.863248

“Smart”	membrane	systems	
can	control	gas	with	light
 A new membrane developed at the 
University of Rochester blocks gas from 
flowing through it when one color of 
light is shined on its surface and permits 
gas to flow through when another color 
of light is used. 
 The membrane is a piece of hard 
plastic riddled with tiny holes that 
are filled with liquid crystals and a 
dye. When purple light illuminates 
the surface of the membrane, the dye 
molecules straighten out and the liquid 
crystals fall into line, which allows gas to 
easily flow through the holes. But when 
ultraviolet light illuminates the surface, 
the dye molecules bend into a banana 
shape and the liquid crystals scatter into 
random orientations, clogging the tunnel 
and blocking gas from penetrating.
 Controlling a membrane’s permeability 
with light is preferable to controlling it 
with heat or electricity—two readily 
used alternative methods—for several 
reasons, according to Eric Glowacki, a 
co-author of a paper presented at SPIE 
Optics + Photonics in San Diego. For 
example, light can operate remotely; 
instead of attaching electrical lines 
to the membrane, a lamp or laser can 
be directed at the membrane from a 
distance. This could allow engineers 
to make much smaller, simpler setups. 
The membrane could also be useful in 
controlled drug delivery and any tasks 
that require the ability to turn the flow 
of gas on and off. 
 The paper is titled “Photoswitchable 
gas permeation membranes based on 
azobenzene-doped liquid crystals II. 
Permeation-switching characterization 
under variable volume and variable 
pressure conditions.” Glowacki’s co-
authors are K. Hunt, D. Abud, and K.L. 
Marshall.
 Sources: University of Rochester 
and Proceedings of SPIE 7775, 77750G 
(2010); doi: 10.1117/12.860635

SPIE Fellow Jürgen Jahns receives 
the Rudolf Kingslake Medal from SPIE 
President-Elect Katarina Svanberg for a 
paper he coauthored. 
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Surprise can be an 

effective education 

and outreach tool.

By Kathy Sheehan

Who says science education can’t be fun? 
Easy? Or visually beautiful?
 Science photographer Felice 

Frankel creates gorgeous, innovative images 
that explain scientific phenomena to students, 
researchers, funding agencies, and the general 
public. Her images—some acquired through 
microscopes and others taken of everyday objects 
that she “re-presents” as a scientific principle in 
abstraction—teach about quantum mechanics, 
nanostructures, prisms, lenses, and other physical 
behaviors and properties.
 Frankel is one of many in a growing community 
of scientists committed 
t o  c o n v e y i n g  t h e 
importance, need, and 
beauty of science to the 
world at large. SPIE 
supports such outreach 
efforts by providing 
numerous opportunities 
and grants in support of 
science education.
 At SPIE Optics + 
P h o t o n i c s  i n  S a n 
Diego in August, for 
example, SPIE hosted 
an “Optics Outreach 
Olympics” and an all-
day conference on 
Optics Education and 
Outreach, as well as an 
SPIE Women in Optics 
presentation featuring 
Frankel and her work, 
which is considered highly instructive and 
artistic.

Abstract	beauty
 Frankel holds research positions at Harvard 
University, Harvard Medical School’s Systems 
Biology, the Wyss Institute, and the Massachusetts 
Institute of Technology, collaborating with 
science and engineering researchers to visually 
represent their work. She explains the need for 
scientists to make their work accessible to those 
outside their field in her 2002 book, Envisioning 

Science: The Design and Craft of the Science Image. 
 Her many prizes and awards include the 
Photographic Society of America’s 2009 Progress 
Medal “for the innovative creation of images 
through synthesizing photographic artistry and 
computer technology to visually clarify scientific 
phenomena.”
 In her most recent book, No Small Matter, 
Science on the Nanoscale, Frankel and her coauthor, 
renowned Harvard chemist George M. Whitesides, 
cultivate critical thinking about and interest 
in science by describing and depicting various 
phenomena in nanoscience. 

 T o  e x p l a i n 
i n t e r f e r e n c e  a n d 
diffraction in quantum 
mechanics and how 
white light can be turned 
into a “spectral peacock’s 
tail” of color, Frankel 
propped a prism on a 
box in front of window 
blinds in her home. 
The resulting colorful 
photograph is a way 
to show the wave-like 
nature of light to young 
scientists and the general 
public. 
 Frankel also uses a 
photo of a light shining 
through a household 
magnifying glass  to 
illustrate the techniques 
of photolithography 

(pictured on the cover). A droplet of water 
suspended from a tiny pipette shows how a liquid 
lens works.
 The book also uses visual metaphors and 
digital manipulation to illustrate the elusive and 
sometimes unexpected behavior on the quantum 
level. A digitally altered image of a crystal apple 
casting a square shadow, for instance, is a metaphor 
for the contradictions and surprises often found 
in quantum physics. The image teaches people 
that light behaves in counterintuitive ways at the 
quantum level, she explains.

SPIE President Ralph 
James with Felice Frankel.

SPIE	Women	in	Optics	
promotes	personal	and	
professional	growth	
for	women	through	
community	building,	
networking	opportuni-
ties,	and	encouraging	
young	women	to	
choose	optics	as	a	ca-
reer.	The	next	Women	
in	Optics	event	will	be	
at	SPIE	Photonics	West	
in	January	2011.

No Small Matter, Science on the Nanoscale 
reveals the virtually invisible realities and pos-
sibilities of nanoscience. Published by Harvard 
University Press in 2009, Frankel co-authored 
the book with George Whitesides. More infor-
mation  www.felicefrankel.com.
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 The glass apple “is both visually and tactilely 
pleasing and seemed in some ways to crystallize 
the notion of a quantum world where an apple 
isn’t really an apple,” the book explains. “What 
you glimpse depends on how and when you look. 
Even the act of looking changes the thing that 
is looked at.”  n

Top left: A drop of water is suspended from a 
clear plastic pipette tip, approximately 3 centi-
meters long. The water forms a lens, drawing 
the lines of the color tiles in the background 
into sharp focus. Top right: White light passing 
through window blinds and a prism separate 
into colors. Bottom left: The digitally-created 
shadow from this “quantum apple” is a meta-
phor for the sometimes bizarre behaviors 
discovered in nanoscience. Bottom right and on 
the cover: Felice Frankel’s photo, “Writing with 
Light,” is intended to illustrate the techniques 
of photolithography. Just as children can use 
sunlight and a magnifying lens to burn a piece of 
paper or wood, photolithographers use light and 
lenses to write intricate patterns on transistors 
and microchips that are used in cellphones, mu-
sic players, and all kinds of electronic devices. 
In real life, lithographers use powerful lasers 
(This photo was digitally rotated 180 degrees 
on its horizontal axis by SPIE with permission.) 
Read about the development of laser applica-
tions for lithography on page 20.

Photos ©
 Felice Frankel.

www.spie.org/eom www.spie.org/ebo

Sponsored by: Cosponsored by:

Connecting minds for global solutions

28–31 March 2011 
Strasbourg, France
Palais de la Musique et des 
Congrès

Energy, Engineering, Education, 
and the Environment

Present your work at the forefront  
of efforts to create sustainable solutions 
and Green Economy opportunities.

www.spie.org/egp

Submit your abstract by 4 October 2010

Call for Papers
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Outreach  
Olympics
SPIE	Student	Chapters	
from	the	USA,	Mexico,	
Canada,	Thailand,	South	
Africa,	and	Turkey	par-
ticipating	in	the	first	Op-
tics	Outreach	Olympics	
and	their	projects:	
•	 INAOE,	Optics	Toys	
•	 Three	Rivers	Com-

munity	College,	
Exploring	Polarized	
Light	Art	

•	 University	of	Toronto,	
Laser	Graffiti	

•	 Stellenbosch	Univer-
sity,	3D	Stereo	Vision	

•	 Koç	University,	Solar	
Boat	Race	

•	 University	of	Calgary,	
Bridging	the	Gap	
Between	Astronomy	
and	Optics	

•	 Chulalongkorn,	SPIE	
Road	Show	

•	 University	of	Laval,	
Laser	Odyssey	

•	 Centro	de	Inves-
tigaciones	en	Óptica,	
Light	as	an	Energy	
Source	

•	 University	of	Arizona,	
Cow	Eye	Dissection	

•	 Northwestern	Univer-
sity,	Science	behind	
the	Optical	Magic

Students from the winning teams at the Optics Outreach Olympics.

Students and educators 
make optics more 
“visible” to the outside 
world.

By Kathy Sheehan

Participants in the SPIE Optics Outreach 
Olympics and at an all-day conference on 
Optics Education and Outreach at SPIE 

Optics + Photonics in August understand how 
visual imagery can help engage young people in 
science education and make optics more visible 
to the general public.
 The Optics Outreach Olympics among 11 
SPIE Student Chapters was designed for members 
of the optics community to share and promote 
successful outreach efforts. A panel of judges rated 
the presentations and awarded medals to the top 
three teams. 
 A “gold medal” was awarded to a team 
from the Optics Department at Instituto 
Nacional de Astrofisica Óptica y Electrónica 
(INAOE) (Mexico) (www.inaoep.mx) for the 
kaleidoscopes, periscopes, and other “optics toys” 

that they help Mexican youth build to understand 
the principles of optics and photonics. The team 
offers simple and inexpensive templates so kids 
can go home and build their own 3D glasses and 
other objects that could spark an interest in a 
career in science.
 The silver medal went to the Three Rivers 

schools to interest young people in science and 
math and to show how similar the cows eyes are 
to human eyes and to cameras. 
 “Gross!” is often the students’ first response, 
she says, “until they look at them, and we explain 
the different parts.” Then, “the response quickly 
changes to ‘Cool!’”

Community College (Connecticut, USA) (www.
trcc.commnet.edu) SPIE Student Chapter for its 
demonstration of polarized-light art. Students 
at Three Rivers use the project to show grade-
school children how flowers and other shapes 
made out of clear cellophane can be colorized 
using light and polarizers.
 A bronze medal was awarded to the University 
of Toronto (Canada) (www.utoronto.ca) SPIE 
Student Chapter for its popular laser graffiti project.

Shock	value
 A team from the University of Arizona that 
brought several specimens of dissected cow eyes 
was also popular with the judges and attendees. 
Katie Schwertz, who received her master’s degree 
in May, said UA students have used the animal 
eyes in programs at middle schools and high 
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ETOP 2011 in Tunisia
The	2011	Conference	on	Education	and	Training	in	
Optics	and	Photonics	will	be	held	8-10	July	2011	in	Tunis,	
Tunisia.

The	biennial	conference,	held	in	Africa	for	the	first	
time,	will	bring	together	leading	optics	and	photonics	
educators	from	all	levels	and	orientations	to	discuss,	
demonstrate,	and	learn	about	new	developments	and	
approaches	to	teaching.	SPIE	is	a	co-sponsor	of	the	
conference.	Abstracts	are	due	15	February.

More:	www.esprit-prepa.com/etop/

 “It was the same thing for me when I first dissected a cow 
eye,” Schwertz says. “I approached it with a lot of trepidation 
but quickly found that it was a really neat experience.”
 Judges for the competition were SPIE Senior Members 
Theresa Axenson of Lockheed Martin Co. (USA) and Cristina 
Solano of the Centre de Investigaciones en Óptica (Mexico), 
Melanie Stuart of San Diego State University (USA), and Marc 
Nantel of Ontario Centres of Excellence (Canada). 
 The event, which will be repeated in 2011, also included a 
tournament of the laser game Khet, a laser light show by Sean 
Kearney (LaserGuy Productions), and a demonstration of 
simple telescope optics by SPIE member Richard Youngworth 
(Light Capture). 
 Winners of the Khet tournament, in order of finish, 
were SPIE members Adad Yepiz Escalante (Tecnológico de 
Monterrey), Hugo Lemieux (Université Laval), Rafael Cosman 
(La Jolla High School), and Andrea Rosales-Garcia (Boston 
University).

Best	practices	in	education
 In addition to supporting the Active Learning in Optics and 
Photonics (ALOP) and Education and Training in Optics & 
Photonics (ETOP) conferences, SPIE sponsored an all-day 
Optics Education and Outreach conference where educators 
shared their approaches to engaging students in optics.
 The Optics + Photonics conference, chaired by G. Groot 
Gregory, product manager for LightTools at Optical Research 
Associates, had sessions on professional development, 
curriculum development, and assessment for educators, and 
presentations covered informal education such as in student 
outreach projects and science camps as well as formal programs 
for kindergarten students on through graduate school. 
 “It’s easy to see that many in the community are contributing 
to projects on education and outreach,” Gregory said, “so I 
wanted to have a forum that catered to individuals who are not 
likely to share their experiences at large meetings like ETOP.” 
 Marc Nantel of Ontario Centres of Excellence described 
a collaboration between industry and academic leaders to 

establish a bachelor’s degree and a certificate program in optics 
in the Canadian province, and Dan Curticapean, a professor 
at Hochschule Offenburg (Germany), showed how visual 
simulations can be used on mobile devices for e-learning to 
illustrate equations in 3D, gravitational relativity, and other 
concepts important to optics and photonics.
 A presentation by Marco Molinaro illustrated how he and his 
colleagues at the Center for Biophotonics at the University of 
California, Davis, overcame the challenge of engaging students 
in the study of photonics through a first-year undergraduate 
course that utilized a variety of approaches including interactive 
demonstrations, discussions with researchers, hands-on 
laboratories, and the creation of public presentations to 
communicate biophotonics to others. 
 The student projects included presentations at local schools 
and a farmers’ market and through online videos. Some of 
the more creative videos included a cartoon story about 
“Photon Phoebe” and a simulated “Dating Game” in which 
the contestant who knows the most about optics gets the date. 
 Gregory said the one-day conference was successful and he 
will chair a second conference at SPIE Optics + Photonics in 
2012. Papers are open access on the SPIE Digital Library.  n

University of Arizona representatives at the SPIE Outreach Olympics (left to right): Leonardo Montilla, Katie Schwertz, Zach 
Newman, Laura Coyle, and Samantha White (left). Middle school students think the dissected cow’s eye is gross.



34 SPIE Professional | OCTOBER 2010

PHOTONICS FOR A BETTER WORLD

Share
your story
Articles	in	our	Photonics	
for	a	Better	World	series	
highlight	optics	and	
photonics	technologies	
that	bring	tangible	gains	
to	humanity.

Do	you	have	a	story	to	
tell	about	the	work	that	
you	or	colleagues	do	to	
make	the	world	a	better	
place?	Write	to	us	at	
spieprofessional@spie.
org

Read	more	articles	in	
this	series:		
spie.org/betterworld	

New eyes restore vision, make movies
 Researchers in the USA, Australia, Sweden, 
the UK, and elsewhere are working on implants, 
neurostimulators, and bionic devices to  
restore vision to those who have significant 
vision loss. 
 Biosynthetic corneas have dramatically 
improved the sight of 10 Swedes, according to a 
study published in Science Translational Medicine 
earlier this year, and the Boston Retinal Implant 
Project in the United States has developed a 
microelectronic retinal implant that they hope 
will restore functional vision to patients with 
certain forms of retinal blindness. The Boston’s 
group prototype receives visual information from a 
microchip in eyeglasses worn by the patient. The 
microchip then activates electrodes that stimulate 
nerve cells that carry signals to the brain.
 And in Toronto, a filmmaker who was blinded 
in one eye in a childhood accident has opted to 
bypass a device that would restore some of his 

vision. Instead, Rob Spence now wears a built-in 
camera in his eye socket.
 “I am a filmmaker, … so naturally I decided to 
modify my prosthetic eye into a video camera,” 
Spence says about his so-called Eyeborg project. 
The first-of-its-kind device is the size of a dime 
and contains a tiny camera, circuit board, wireless 
transmitter, and rechargeable battery. It can 
transmit live images of everything he sees.

Contributors to the
SPIE Education Fund

For information about the SPIE Education Fund
+1 360 676 3290

SPIE thanks the individuals and 
organizations for their contributions 
to the SPIE Education fund in 2009.

LEAD 
the way in providing optics and 

photonics education around the globe

ENCOURAGE 
responsible science and engineering 

for a sustainable future and  
a higher quality of life

SUPPORT
the Society’s efforts to build  

a better future with light
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Mapping flood areas in Pakistan
 Satellite data from around the world are being used to 
generate essential maps of flood-stricken Pakistan where up 
to 20 million people were affected this year.
 Among the important imagery from optical instruments 
were maps of the saturated soils created by the European 
Space Agency’s new Soil Moisture and Ocean Salinity 
(SMOS) satellite. SMOS, launched in November 2009, 
carries an 8m-wide interferometric radiometer that senses 
the natural emission of microwaves coming off the surface 
of the Earth and then helps to create images of brightness 
temperature. Variations in the sogginess of the soil modify 
the signal, providing data for maps of soil moisture and 
ocean salinity.
 The International Charter on Space and Disasters was 
activated in August to respond to the disaster in Pakistan. 
Maps generated via the Charter are essential because they 
use the very latest satellite imagery to show exactly how 
far the flood waters have spread, enabling rescue teams on 
the ground to identify the best way to access those stranded 
and in need. This is especially important because this year’s 
flood has affected such a vast area, estimated at a third of 
the country.

New medical imaging tool 
 Scientists in Buffalo (USA) have developed an imaging 
approach capable of monitoring in real-time apoptosis, 
the transformations that cellular macromolecules undergo 
during programmed cell death. The work could help realize 
the potential of customized molecular medicine, in which 
chemotherapy, for example, can be precisely targeted to 
cellular changes exhibited by individual patients. It can 
also be a valuable drug development tool.
 Apoptosis is essential to normal development, healthy 
immune system function, and cancer prevention. The 
limitations of conventional microscopy methods have 
kept much about this structural reorganization a mystery. 
The University at Buffalo research was reported in the 
Proceedings of the National Academy of Sciences.

RPI develops coating to kill MRSA bacteria
 Building on an enzyme found in nature, researchers at 
Rensselaer Polytechnic Institute (USA) have created a 
nanoscale coating for surgical equipment, hospital walls, and 
other surfaces which safely eradicates methicillin resistant 
staphylococcus aureus (MRSA), the bacteria responsible 
for antibiotic resistant infections.
 “We’re building on nature,” says Jonathan S. Dordick, director 
of Rensselaer’s Center for Biotechnology & Interdisciplinary 
Studies. “Here we have a system where the surface contains 
an enzyme that is safe to handle, doesn’t appear to lead to 
resistance, doesn’t leach into the environment, and doesn’t 
clog up with cell debris. The MRSA bacteria come in contact 
with the surface, and they’re killed.”
 The new coating marries carbon nanotubes with 
lysostaphin, a naturally occurring enzyme used by non-
pathogenic strains of Staph bacteria to defend against 
staphylococcus aureus, including MRSA. n
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Astrophysicists
win Kavli Prize
SPIE	Fellow	and	TMT	
Project	Scientist	Jerry	
Nelson,	founding	
director	of	the	Center	
for	Adaptive	Optics	at	
University	of	California,	
Santa	Cruz,	was	among	
eight	scientists	recog-
nized	earlier	this	year	
with	the	Kavli	Prize.

He	shared	the	award	for	
astrophysics	with	Roger	
Angel	of	the	University	
of	Arizona	and	British	
scientist	Raymond	
Wilson	of	the	European	
Southern	Observatory	
and	formerly	of	Imperial	
College	London.

Working	separately	on	
adaptive	optics	sys-
tems,	Nelson	and	Angel	
improved	the	structure	
of	telescopes,	making	
them	more	powerful	and	
allowing	them	to	provide	
higher-resolution	im-
ages.	

Wilson,	also	a	pioneer	
in	adaptive	optics,	has	
helped	astronomers	
gaze	further	into	space	
by	using	computers	to	
correct	for	the	distorting	
effects	of	gravity,	wind	
and	temperature	on	
telescopes.

See	an	SPIE	Newsroom	
video	interview	with	
Nelson	at	spie.org/
nelson-video	

 “The requirements for the 42-meter E-ELT and 
the TMT in California directly match Zerodur,” 
says Peter Hartmann, director of marketing and 
customer relations at SCHOTT and recently 
elected to the SPIE Board of Directors.
 SCHOTT is also involved with a number of 
other astronomical projects using specialized 
mirrors. One is the Advanced Technology 
Solar Telescope, which will use a SCHOTT-
built 4-meter off-axis, aspheric mirror. When 
completed and in operation in Hawaii, estimated 
around 2018, the ATST will be the world’s largest 
solar telescope.
 “We are really proud that we have been 
awarded the order for the ATST primary 
mirror,” says Thomas Westerhoff, manager of all 
SCHOTT activities for the Zerodur product line, 
who has co-authored numerous papers for SPIE 
astronomy meetings.

Giant	Magellan	Telescope
 The Giant Magellan Telescope (www.gmto.
org) is the smallest of the three proposed super-
large telescopes and will rely on seven big mirrors, 
rather than hundreds of small ones, as its primary 
mirror.
 To be located in Las Campanas, Chile, its 
design calls for six off-axis paraboloid mirrors, 
each 8.4 meters (27.5 feet) across, arranged in a 
hexagonal circle around a central seventh mirror. 
These mirrors will form a single 25.3-meter-
diameter primary mirror assembly. Polishing of 
the first, 20-ton mirror is now underway at the 
Steward Observatory lab. 
 The GMT secondary mirror will be composed 
of seven thin adaptive shells, with each segment 
mapping to a single primary mirror segment. 
The adaptive secondary mirror will provide 
diffraction-limited performance over modest fields 
of view and ground-layer adaptive optics over a 
field of 10-20 arcminutes in diameter. 
 An international consortium of leading 
educational and research institutions from the 
United States, South Korea, and Australia will 
build and operate the GMT at an estimated 
cost of U.S. $700 million. The non-profit Giant 
Magellan Telescope Corp. is based in California.

Thirty	Meter	Telescope
 The TMT (www.tmt.org) will be the world’s 
most advanced ground-based optical, near-
infrared, and mid-infrared observatory, according 
to a consortium of the Association of Canadian 
Universities for Research in Astronomy, the 
California Institute of Technology, and the 
University of California, which will build it on 
Mauna Kea in Hawaii.

 A 30-meter-diameter primary mirror (above) 
will be composed of 492 hexagonal, aspheric 
segments, each approximately 1.44 meters wide, 
with a thickness in the range of 50 mm. The 
design calls for 4-meter-class secondary and 
tertiary mirrors. The TMT should detect the first 
luminous objects in the universe, catching the 
“act” of the first formation of the stars, according 
to Gilmozzi.
 It will also study the physics of objects that the 
future James Webb Space Telescope is expected 
to find. The projected cost of the TMT is about 
US $1 billion.

European	Telescope	
will	be	extremely	large
 The European Southern Observatory (www.
eso.org) plans to build the 42-meter E-ELT in 
Chile’s Atacama Desert, about 20 kilometers 
from the Very Large Telescope, at a cost of about 
€960 million. 
 The E-ELT is designed as a Nasmyth telescope 
with adaptive optics built into the telescope. This 
drove the optical layout to five mirror segments: 
a three-mirror anastigmat and two flat-folding 
mirrors providing the adaptive optics.
 The adaptive optics system has 2.5-meter 
mirror supported by 5000 or more actuators to  
distort its own shape 1000 times per second and 
a 2.7-meter mirror for the final image corrections.
 The 42-meter-diameter primary mirror assembly 
will be composed of nearly 1000 hexagonal 
segments, allowing the E-ELT to gather 15 times 
more light than the largest optical telescopes 
operating today. Each segment will be about 1.43 
meters wide from corner to corner and 50 mm 
thick. The secondary mirror will be as large as 6 
meters in diameter. The 4.2-meter tertiary mirror 
will relay the light to the adaptive optics system. n

Astronomy	Renaissance
t Continued from page 13

An artist’s rendering of the backside of the pri-
mary mirror assembly for the TMT, with its 492 
aspheric mirrors. 

Courtesy of TMT Observatory Corp.

Presentations 
available
To	view	presentations	
from	Robert	Gilmozzi	
and	other	plenary	
speakers	at	SPIE	
Astronomical	
Telescopes	and	
Instrumentation	go	to	
spie.org/as
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Courtesy of TMT Observatory Corp.
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Working for a Better World

Photonics devices and technologies help 
make the world a greener, brighter, safer, 
and healthier place to live. SPIE Photonics 

West 2011 will showcase the many technologies, 
products, and researchers dedicated to making the 
world better through photonics. SPIE Photonics 
West will be held 22-27 January 2011, at the 
Moscone Center in San Francisco, CA (USA). 
 One way SPIE is contributing to a greener 
world through photonics is by hosting its first 
Green Photonics virtual symposium (spie.org/
virtual-green). This innovative online event 
will highlight papers addressing technologies 
that have an impact on energy sources, energy 
efficiencies, sustainability, conservation, and/
or other “green” focused components. This 
includes using an online “venue” that will allow 
researchers from all around the world to easily 
search relevant papers. And it’s easier on the 
environment. 
 Energy, sustainability, and conservation are 
inherently interdisciplinary, and the new Green 
Photonics virtual symposium brings together the 
latest developments in a broad range of photonics 
applications across Photonics West. SPIE Fellow 
Stephen Eglash of the new Precourt Institute 
for Energy at Stanford University (USA) chairs 
this event.
 SPIE Photonics West (spie.org/pw) is an 
ideal launch pad for this interdisciplinary green 
symposium, since Photonics West by nature 
reaches across many disciplines and fields with 
its other symposia—Biomedical Optics (BiOS), 
Lasers and Applications (LASE), Optoelectronic 
Materials, Devices, and Applications (OPTO), and 
Micro and Nanofabrication (MOEMS-MEMS).

 Separate Green Photonics tracks in the virtual 
symposium will cover 
• Solid-state lighting and displays
• Laser-assisted manufacturing and micro- and 

nanofabrication
• Communications
• Renewable energy generation: fusion and 

photovoltaics
 Awards will be presented for best papers in each 
of the tracks.
 Photonics West’s move to San Francisco in 
2010 was a huge success, and the program is 
expected to be even bigger this year. Nestled in 
a city known for its environmental activism, the 
Moscone Center is dedicated to making a minimal 
footprint on the environment, with a large rooftop 
solar panel array, an aggressive recycling program, 
and other earth-friendly choices. The Moscone is 
also located in the heart of downtown, providing 
easy access to the good food and rich cultural life 
that San Francisco has to offer.

BiOS
 BiOS is the world’s largest international 
biomedical optics and biophotonics conference, 
and has long provided a central axis for 
the innovation of medicine and medical 
technologies, the application of these lifesaving 
devices, and business and market resources 
to make sure these technologies reach the 
right people. Co-chairs and SPIE Fellows 
R. Rox Anderson, Massachusetts General 
Hospital and Harvard School of Medicine, 
and James Fujimoto, Massachusetts Institute of 
Technology, have guided this event to include 
a multitude of technologies, from photonics-

Third year for 
Prism Awards
The	2010	Prism	Awards	
for	Photonics	Innovation	
(PrismAwards.org)	will	
be	presented	by	SPIE	
and	Photonics	Media	at	
a	gala	banquet	during	
SPIE	Photonics	West,	
Wednesday,	26	January.

The	global	competition	
recognizes	photonics	
products	and	technolo-
gies	that	improve	life,	
break	conventional	
ideas,	and	solve	prob-
lems.	Finalists	will	be	
listed	in	the	January	
SPIE Professional.	

Awards	will	be	made	in	
11	categories:
•	 Defense	and	Security
•	 Green	Photonics/

Energy	Efficiency
•	 Life	Sciences	and	

Biophotonics
•	 Information	and	

Communication
•	 Optics	and	Optical	

Components
•	 Scientific	Lasers
•	 Industrial	Lasers
•	 Other	Light	Sources
•	 Detectors,	Sensing,	

Imaging,	and	
Cameras

•	 Test,	Measurement,	
Metrology

•	 Nanophotonics
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Present your latest advances 
at two co-located European meetings 

www.spie.org/eom www.spie.org/ebo

Sponsored by: Cosponsored by:

www.spie.org/eoocallwww.spie.org/emtcall

Call for Papers
Submit your abstract
by 8 November 2010

18–20 April 2011
Prague, Czech Republic · Prague Congress Centre

Connecting minds for global solutions

based therapies to tissue optics to biomedical spectroscopy 
and microscopy. 
 The Photons Plus Ultrasound: Imaging and Sensing 
conference, chaired by Alexander A. Oraevsky, TomoWave 
Laboratories Inc. and Lihong V. Wang, Washington University 
in St. Louis, showcases an up-and-coming technology and is one 
of the fastest growing meetings at BiOS this year, Fujimoto says.
 “Photoacoustics can achieve superior imaging depths 
compared to other optical modalities,” he says, “because 
ultrasound transducers have very high sensitivity, and optical 
attenuation from scattering occurs on only a single pass.”

LASE
 After more than 50 years of hard work, lasers and laser 
research are still producing cutting-edge breakthroughs and 
leading to new technologies. LASE has helped bring many of 
these breakthroughs to light by supporting conferences on hot 
technologies such as VECSELs, which have received much 
attention in the past few years. 
 “The new conference, Vertical External Cavity Surface 
Emitting Lasers (VECSELs), with approximately 40 papers, to 
my opinion is a very good number for a first-time conference,” 
says Friedhelm Dorsch, head of process sensor systems at 
TRUMPF. Dorsch is 2011 LASE symposium chair along with 
Alberto Piqué of the U.S. Naval Research Lab.

OPTO
 Optoelectronic devices and materials have seen a huge 
surge of interest lately due to their applications in alternative 
energy and energy conservation. Many of the 
green technologies now on the market, as well as 
better display screens, faster communication, and 
more robust optical storage devices, got their start 
within the walls of past OPTO conferences and 
talks. OPTO addresses the latest advancements in 
integrated optoelectronic devices, semiconductor 
lasers, LEDs, as well as nanotechnologies, displays, 
holography, and optical communications.
 The semiconductor laser program is particularly 
strong at OPTO as well as LASE.
 Liang-Chy Chien of Kent State University 
(USA) is symposium chair.

MOEMS-MEMS
 For 25 years, MOEMS-MEMS has enabled 
the mass production of miniaturized products 
and systems of the future, and it is one of the 
best places to see photonics technology in 
action, helping make the world a better place. 
This includes everything from automated body 
monitors to car safety devices to your laptop 
computer. 
 Symposium chair and SPIE Fellow Thomas 
Suleski, University of North Carolina at 
Charlotte, says he is excited about the joint 
session targeting the technology area of “green” 
MEMS/MOEMS and energy harvesting in 
micro- and nanodevices. The joint session is 
shared between the conferences Micromachining 

and Microfabrication Process Technology XVI and Reliability, 
Packaging, Testing, and Characterization of MEMS/MOEMS and 
Nanodevices X. 
 Several other MOEMS-MEMS conferences have joint sessions 
discussing photovoltaics, space exploration, and lithography, as well 
as the overall universality of micro- and nanofabrication and the 
reliability and applications of devices. This symposium is a great 
place to see the latest devices and learn about new ways they are 
being applied.

Career	Track
 Other events of note at SPIE Photonics West: The annual job 
fair takes place 25-26 January, 2011. Whether you’re interested in 
attending workshops, discussing career options with employers, 
building your network, or gaining visibility with hiring companies, 
the job fair provides something for people at all stages of their career.

Industry	and	Exhibition
 The Photonics West Exhibition will run from 22–27 January, 
with a BiOS-specific exhibition running 22 and 23 January. As 
the flagship event for companies in the industry, the Photonics 
West exhibition showcases the newest tools, applications, and 
innovations within the laser and photonics industry. Dozens of 
new products are launched every year in the exhibition hall. 
The exhibition floor is the unofficial meeting place for the latest 
innovators, products, top companies, and industry leaders.

–Beth Kelley is a science and technology writer.
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You	can	always	find		
the	most	up-to-date	infor-
mation	about,	or	register		
for,	SPIE	events	at		
spie.org/conferences
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Incheon (Korea)

SPIE/COS Photonics Asia
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Beijing (China)
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SPIE Photonics West
22-27 January
San Francisco, CA (USA)
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Join	 SPIE	 at	 the	 inaugural	 USA	 Science	
&	 Engineering	 Festival	 and	 Expo	 (www.
usasciencefestival.org)	 in	 Washington,	 DC,	
in	 October.	 Hosted	 by	 Lockheed	 Martin	 in	
cooperation	 with	 more	 than	 500	 science	
organizations,	 the	 festival	 begins	 10	 October	
and	culminates	with	a	 free,	 two-day	Expo	on	
the	National	Mall	and	surrounding	area	23-24	
October.	Its	aim	is	to	re-invigorate	the	interest	
of	 the	 nation’s	 young	 people	 in	 science,	
technology,	 engineering,	 and	 math	 with	
educational	and	entertaining	science	activities	
and	exhibits.

The	 Expo	 will	 feature	 interactive	 activities	
with	light	at	the	SPIE	booth	(No.	282,	between	
Third	 and	 Fourth	 Streets	 NW	 on	 the	 Mall);	 a	
biophotonics	booth	staffed	by	SPIE	member	
Marco	 Molinaro,	 chief	 education	 officer	 at	
the	NSF	Center	for	Biophotonics	Science	and	
Technology	 at	 the	 University	 of	 California,	
Davis;	 and	 laser	 demonstrations	 at	 the	
LaserFest	booth.	

Imaging Science at 
Winter College 2011
SPIE	 is	 a	 co-sponsor	 of	 the	 annual	 Winter	
College	 on	 Optics	 at	 the	 Abdus	 Salam	
International	Centre	for	Theoretical	Physics	
in	 Italy.	 Held	 31	 January	 through	 11	
February	 2011,	 the	 annual	 event	 will	 bring	
together	outstanding	researchers	in	imaging	
science	 to	 lead	 lectures,	 workshops,	 and	
other	 training	 activities	 on	 computational	
imaging,	 3D	 imaging,	 ultra-high-resolution	
microscopy,	and	related	topics.	

The	 Winter	 College	 is	 generally	 aimed	 at	
researchers	 from	developing	countries,	but	
students	 and	 post-doctoral	 scientists	 from	
developed	 countries	 are	 also	 welcome	 to	
attend.

More	information:	www.ictp.it

IS&T/SPIE Electronic Imaging
23-27 January
San Francisco Airport, CA (USA)

SPIE Nanomaterials, 
Nanofabrication, and Organic 
Electronics
31 January-3 February
Adelaide, SA (Australia)

FEBRUARY 2011

SPIE Medical Imaging
12-17 February
Lake Buena Vista, FL (USA)

SPIE Advanced Lithography
27 February-4 March
San Jose, CA (USA)






